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Abstract  

This deliverable is an update of the concepts, architecture and specification of the MEDIEVAL Wireless 
Access component as specified on previous deliverable D3.1 [3]. Its objective is to present an updated view 
of the research activities performed in the Work Package, and also to confirm the architecture and show the 
required changes performed in the specification of each technology to tackle the new requirements imposed 
by different use cases. 
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Executive Summary 
The purpose of this deliverable is twofold. On the one hand we present the relevant scientific work 
performed since the delivery of D3.1. The work described is structured considering the different modules 
that compose the MEDIEVAL Wireless Access, namely the L2.5 Abstraction, the Contention-based Wireless 
Access and the Coordination-based Wireless Access. On the other hand, this deliverable also presents a 
complete and final version of the specification of each module and their interfaces. This updated 
specification takes into account the experience gained while implementing the first prototypes of each 
module. 

Regarding the first module, the L2.5 Abstraction, we have been focused on standardization and 
implementation activities. On the one hand, several contributions (which can be found at the end of this 
document) have been submitted to the IEEE 802.21 Working Group (WG) and its amendments. On the other 
hand, we have also been working on the update of IEEE 802.21 primitives to account for new versions of 
technologies such as Long Term Evolution-Advanced (LTE-A). In addition, recently a new task group (IEEE 
802.21d, Multicast Group Management) has been created based on the work developed by MEDIEVAL. 
Researchers from MEDIEVAL are leading the contributions to this new group, being already in charge of 
developing the Requirements Document. Regarding implementation, in this document we present an 
evaluation of the implementation of the ODTONE software, which will serve as basis for the L2.5 
Abstraction module implementation. For the Coordination-based Wireless Access, we present the Media 
Independent Handover (MIH) C interface which is used by the LTE-A Link Service Access Point (SAP) and 
for the Contention-based Wireless Access, the WLAN Access we present the IEEE 802.11 Link SAP that 
has been developed. 

As reported in D3.1, the technology being considered for the Contention-based Wireless Access is the 
upcoming IEEE 802.11aa specification. The research conducted focuses on the mathematical analysis of this 
technology, in order to be able to estimate the performance achieved by each of the Groupcast mechanisms 
proposed in the specification. This deliverable presents the first complete analytical models for the 
throughput of the legacy No Ack/No Retry multicast and the four Groupcast mechanisms defined in the 
specification: Groupcast with Retries (GCR) Unsolicited Retries (UR), Directed Multicast Service (DMS), 
GCR Immediate Block Ack and GCR Delayed Block Ack.  

For this technology also, this deliverable presents a high level analysis on the feasibility and major problems 
encountered while using Jumbo Frames. The major issue encountered during the analysis for the wireless 
access is the starvation of the users that are not using Jumbo Frames versus the ones that are. The previous 
analysis has been carried with on-going evaluation tests currently being performed on a wireless test-bed. 
Regarding the use of Jumbo Frames in LTE, this deliverable presents simulations performed in ns-3, which 
identify the criteria that permit to decide when the use of Jumbo Frames improves the overall performance. 

As for the Coordination-based Wireless Access, the research reported in this deliverable is divided into 
several parts that correspond to the different new functionalities included in MEDIEVAL. First, MEDIEVAL 
is contributing to the scientific community with a new LTE simulation module for ns-3 network simulator. 
The improvement on the simulation model focuses on providing a new link layer abstraction to reduce the 
computational requirements of simulating the LTE environment. This deliverable also presents the 
improvements on the Modulation Coding Scheme (MCS) assignment and on new error prediction 
procedures. The second research topic focuses on optimizing the performance of LTE for video traffic. This 
deliverable shows the characteristics of the Orthogonal Frequency-Division Multiple Access (OFDMA) 
system and the effectiveness of the MEDIEVAL proposal by using a theoretical approach. Finally, the last 
topic addressed in this deliverable is the impact of LTE relay at Packet Data Convergence Protocol (PDCP) 
level. The evaluation of the addition of an LTE Relay in the MEDIEVAL architecture has been enhanced 
with a more thorough analysis of the literature. The changes in the signalling of the radio interface 
introduced by this Relay have been described with a higher level of details, leading to the analysis of the 
impacts and benefits of such an addition on the overall MEDIEVAL scheme.  

The last part of the deliverable is devoted to reporting the implementation status. Current activities have been 
focused on L2.5 Abstraction implementation, validating ODTONE and creating the interface between the 
ODTONE and OpenAirInterface platforms. This work is extended with new tests, concretely to a thorough 
evaluation of discovery mechanisms allowing both the discovery and capability exchange of MIH-enabled 
entities. 
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Abbreviations 
3GPP  Third Generation Partnership Project 

AMC  Adaptive Modulation and Coding 

AP  Access Point 

API  Application Programming Interface 

AQM  Abstraction QoS Marker module 

AWGN  Additive White Gaussian Noise 

BER  Bit Error Rate 

BLER  Block Error Rate 

CB  Code Block 

CDMA  Code Division Multiple Access 

CECT  Cognitive Exploitation of Cooperative Technologies Module 

CM  Connection Manager 

CQI  Channel Quality Indicator 

CRC  Cyclic Redundancy Check  
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DCF  Distributed Coordination Function 

DHCP  Dynamic Host Configuration Protocol 
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DL_GBR  Downlink GBR 

DL_MBR Downlink MBR 

DMS  Directed Multicast Service 

DNS  Domain Name System 

eMBMS  evolved MBMS 

eNB  eNodeB 

EPC  Evolved Packet Core 

ESM  EPS Session Management 

EPS  Evolved Packet System 

E-UTRAN  Evolved Universal Terrestrial Radio Access Network 
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FM  Flow Manager 

GBR:  Guaranteed Bit Rate 
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IEEE  Institute of Electrical and Electronics Engineers 

IETF  Internet Engineering Task Force 
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JMB  Jumbo Frames Mechanisms module 

L25  Layer 2.5 Abstraction module 

L2PRLY PDCP-level Relay module 

LMA  Local Mobility Anchor 

LTE  Long Term Evolution 

LTE-A  LTE Advanced 

MAC  Medium Access Control 

MAG  Mobile Access Gateway 

MAR  Mobility Access Router 

MBMS  Multicast/Broadcast Multimedia Service 

MBR  Maximum Bit Rate 

MCS  Modulation Coding Scheme 

MDE  Mobility Decision Engine 

MEDIEVAL MultimEDia transport for mobIlE Video AppLications 

MIB  Mutual Information per coded Bit 

MICS  Media Independent Command Service 

MIES  Media Independent Event Service 

MIESM  Mutual Information Effective SINR Metrics 

MIIS  Media Independent Information Service 

MIH  Media Independent Handover 

MIHF  Media Independent Handover Function 

MIMO  Multiple-Input Multiple-Output 

MMAS  Measurements and Medium Access Strategies module 

MME  Mobility Management Entity  

MMIB  Mean Mutual Information per coded Bit 

MN  Mobile Node 

MSS  Maximum Segment Size 

MT  Mobile Terminal 

MTU  Maximum Transmission Unit 

NAPTR  Naming Authority Pointer 

NAS  Non-Access Stratum 

NS-3  Network Simulator 

ODTONE Open Dot Twenty One 

OFDMA Orthogonal Frequency-Division Multiple Access 

OPMIP  Open Proxy Mobile IP 

PAR  Project Authorization Request 

PBU  Proxy Binding Update 

PBS  Personal Broadcast 

PDCP  Packet Data Convergence Protocol 
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PDN  Packet Data Network 

PHY  Physical Layer 

PLCP  Physical Layer Convergence Procedure 

PMIPv6  Proxy Mobile IPv6 

PoA  Point of Attachment 

PoS  Point of Service 

QAM  Quadrature Amplitude Modulation 

QCI  QoS Class Identifier 

QoE  Quality of Experience 

QoS  Quality of Service 

QPSK  Quadrature Phase Shift Keying 

RABMAS  Radio Access Bearer Management to Access Stratum 

RABMSM  Radio Access Bearer Management to Session Management 

RB  Resource Block 

RF  Radio Frequency 

RN  Relay Node 

RRC  Radio Resource Control 

RRM  Radio Resource Management 

RSCP  Received Signal Code Power 

RSRP  Reference Signal Received Power 

RSRQ  Reference Signal Received Quality 

RSSI  Received Signal Strength Indicator 

RTS  Request To Send 

RTT  Round-Trip Time 

SAP  Service Access Point 

S-GW  Serving Gateway 

SIFS  Short Inter-Frame Space 

SINR  Signal to Interference plus Noise Ratio 

SJF  Super Jumbo Frame 

SMREG  Session Management Registration 
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SRV  Service record 

STCP  Scalable Transmission Control Protocol 

SVC  Scalable Video Coding 
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TB  Transport Blocks 
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UMTS  Universal Mobile Telecommunications System 

UR  Unsolicited Retry 
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1 Introduction 
This deliverable focuses on the specification of the MEDIEVAL Wireless Access modules and internal 
interfaces. The specification work regarding the interfaces between the Wireless Access subsystem and other 
MEDIEVAL subsystems will be reported in D1.3 [2]. 

In the deliverable D3.1 [3], the MEDIEVAL Wireless Access subsystem architecture has been presented. 
This architecture relies on the use of a L2.5 abstraction layer that enables the upper layer users (the other 
MEDIEVAL subsystems) to use the contention-based and coordination-based technologies in a media 
independent way. 

This deliverable hence provides an updated version of the Wireless Access subsystem specification and of 
the scientific work performed since the previous D3.1. 

As explained in D3.1, the MEDIEVAL architecture aims at providing common video optimization 
functionalities that can be used in the technologies being tackled by MEDIEVAL, 3GPP LTE-A for the 
cellular access and IEEE 802.11 for the WLAN access. In the Wireless Access subsystem, these 
functionalities basically enhance multicast support for wireless optimization, by employing groupcast 
handling at the WLAN access and evolved Multicast/Broadcast Multimedia Service (eMBMS) at the LTE-A 
access. Also, the concept of using larger frame sizes (e.g., Jumbo Frames) able to take advantage of today’s 
and tomorrow’s data rate increases is being analyzed for each specific access. This deliverable extends 
previous work, presenting new results on the different behaviour. 

In order to access the different mechanisms made available by both technologies, a common interface for 
LTE-A and WLAN was defined in D3.1. As such, this interface provided technology-agnostic means to 
access this behaviour in order to facilitate the deployment and operability of heterogeneous scenarios.  

This interface is implemented in the Wireless Access subsystem through the L2.5 Abstraction layer which, in 
the one hand, provides technology-agnostic access and control to link-layer information (e.g., link events and 
parameter values) towards high-level entities (e.g., decision modules residing both at the network and mobile 
terminal) and, in the other hand, enables the remote exchange of such information and control primitives 
between different physical entities. This L2.5 Abstraction layer is built from the existing base services and 
mechanisms provided by the IEEE 802.21 Media Independent Handover (MIH) services. This deliverable 
further extends this interface to provide new interfaces required by the scenarios tackled in MEDIEVAL. 
Furthermore our L2.5 abstraction layer is also being extended to support multicast groups, following the 
steps of the recently created IEEE 802.21d. 

The structure of the deliverable is organized as follows. Section 2 identifies the key contributions of this 
deliverable, specifying the planned dissemination of results. Section 3 presents the research work, divided in 
three main blocks, the L2.5 Abstraction (subsection 3.1), the Contention-based Wireless Access (subsection 
3.2) and the Coordination-based Wireless Access (subsection 3.2). Each of these sections present the relevant 
research work produced for the MEDIEVAL modules that were identified in the previous deliverable D3.1 
[3]. Section 4 provides an update on the specification provided in D3.1. The deliverable further evolves into 
section 5, by reporting the implementation work performed for the validation of each component. Lastly, the 
deliverable concludes and summarizes in section 6. 
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2 Key Contributions 
The list below represents the contributions offered by the MEDIEVAL project related to the work regarding 
the Wireless Access. The work reported in D3.1 has been devoted basically to the design and implementation 
of the new MEDIEVAL mechanisms, including the different multicast mechanisms, LTE-A schedulers and 
video optimizations and the L2.5 abstraction design, implementation and evaluation. 

 

The key contributions of the Wireless Access subsystem detailed in this deliverable are summarized as 
follows: 

• On-going MEDIEVAL contribution on standardization efforts within the IEEE 802.21 WG can be 
found in Annex A as a result of the research conducted for the L2.5 Abstraction Layer. It is worth 
highlighting how the work performed in MEDIEVAL has yield to a new task group within IEEE 
802.21, the IEEE 802.21d Multicast Group management. Annex B provides the different 
contributions to the IEEE 802.21 Working Group and its amendments.  

• The analysis and evaluation of the ODTONE, the IEEE 802.21 implementation employed in 
MEDIEVAL has been published in [59]. 

• Regarding the contention-based wireless access, the evaluation of IEEE 802.11aa MAC 
Enhancements [6] is planned to be submitted to the “IEEE Network Special Issue on Video over 
Mobile Networks” journal during July 2012. The research conducted provides of analytical 
mechanisms to compute the throughput obtained by using each of the Groupcast mechanisms in the 
specification in a variety of situations. 

• A state-of-the-art research regarding Jumbo Frames in WLAN has been provided. Currently, 
experimentation in real wireless test-bed is being performed to validate the results and to be able to 
characterize the performance gain of their use and extract rules showing when is worthy to use this 
technology. 

• The mapping of MIH primitives to LTE protocols and within the OpenAirInterface platform is also 
proposed. This mapping has been contributed to IEEE 802.21, which on its next revision will 
incorporate an updated mapping to LTE procedures based on MEDIEVAL work. 

• Regarding the coordination-based wireless access, an accurate link performance metric at a low 
computational cost by relying solely on the knowledge of the Signal to Interference plus Noise 
Ratio (SINR) and of the MCS is proposed. This new entity has been inserted in the ns-3 simulator 
[71] with the objective to provide an accurate evaluation of the user's performance. From a 
MEDIEVAL's perspective, this new module permits to better assess all the contributions that 
cannot be implemented into the platform, while still providing a reliable and realistic analysis.  

• The framework explained above, has been exploited for Jumbo Frames technology in LTE. In 
particular, we have performed ns-3 simulations in different possible network scenario, identifying 
the criteria that permits to decide when Jumbo Frames technology improves the overall 
performance.  

• Regarding the LTE medium access strategy, we shown that a soft Quality of Service (QoS) 
resource allocation can provide the same guarantee (i.e., number of users served) of a hard QoS 
resource assignment with fixed guaranteed rates, but also it can serve a set of additional users with 
a looser rate guarantee. We believe that the proposed model, which is derived from aggregate 
capacity evaluations, can have direct influential consequences on both the allocation and the quality 
provision paradigm of multimedia traffic in the LTE networks. 

• A theoretical analysis addressed the impacts of introducing a relay operating at Packet Data 
Convergence Protocol (PDCP) level in the LTE-A wireless access. Following a thorough review of 
the literature, the main principles were described, including a detailed study of the impacts on the 
signalling and procedures and an evaluation of the benefits that a relay can bring to the overall 
operation of the network. 
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• A new C interface to the ODTONE MIH implementation has been proposed. Once its testing has 
been completed, this interface will be published as part of the openairinterface.org open source 
initiative and in the ODTONE web site [73]. 
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3 Scientific Work 
The purpose of this section is to present the progress in terms of scientific work carried on since previous 
Deliverable D3.1. First analytical results coming from simulation work are also included. 

3.1 L2.5 Abstraction (L2.5) 

3.1.1 Standardization 

The time elapsed from the delivery of D3.1 to the D3.2 submission has been a very convulsed time regarding 
the IEEE 802.21 standardization activities performed by the MEDIEVAL project. Since June 2011 three 
main activities have been carried out. The first one corresponds to taking care of resolving all comments rose 
in the last Letter and Sponsor Ballot regarding previous MEDIEVAL contributions already included in the 
IEEE 802.21b draft standard. This stage has already finished and we are proud to announce that the current 
IEEE 802.21b standard (which was approved in the March 2012 meeting) includes contributions from this 
project. The second activity has been participating in and leading the Future Project Planning Ad-Hoc group. 
This Ad-Hoc group held several audio-conferences and discussed during several slots in several meetings 
(July, September and November 2011). MEDIEVAL has participated in the audio conferences and meetings 
through two participants, from University Carlos III of Madrid(UC3M) and Instituto de Telecomunicações 
(IT) Aveiro. As a result of this discussion the group decided that a Project Authorization Request (PAR) will 
be written for two amendments to the main standard.  

One of these amendments is tightly coupled with MEDIEVAL work and has been proposed by the 
MEDIEVAL representatives during the Ad-Hoc meetings. Based on MEDIEVAL work, it relates to the 
possibility of using Multicast at the MIHF level for IEEE 802.21 signalling. The current specification (as 
amended by IEEE 802.21b) does not consider the possibility of defining group of users based on the 
MIHF_ID, even more, the transaction state machine defined will brake if multicast at the MIHF_ID level is 
used. Through the tight relation between MEDIEVAL members and Toshiba, in March 2012 a Project 
Authorization Request (PAR) and 5C documents were submitted to the IEEE 802 EC, which approved the 
creation of a new Task Group, IEEE 802.21d Group Management Solutions Annex B. During the last 
months, we have been taking active part in the development of the new standard, defining the basic 
requirements and developing new solutions suitable to its scope. 

The different contributions to IEEE 802.21 and its amendments performed since D3.1 have been included in 
this document for reference, they can be found in Annex A. 

3.1.2 Mapping of MIH primitives to EPS/LTE protocols 

3.1.2.1 Introduction 

The Evolved Packet System (EPS) is the next step of network system following the UMTS (commonly 
known as 3G) which brings strong enhancement and improved performance to mobile communications. In 
the EPS, the control part of the system is simpler and more efficient. The figure below shows the control 
plane protocol stacks linking the Mobile Terminal (MT), or User Equipment (UE), to its e-NodeB (enhanced 
NodeB or eNB) acting as the Point of Attachment (PoA) and the associated Mobility Management Entity 
(MME), acting as an Access Router or Point of Service (PoS). This control plane provides functions for the 
network access connection, disconnection, address activation, mobility and user plane resource allocation.   
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Figure 1: EPS Control Plane for Access Network interfaces [35] 

 

Since the 3GPP system is not easily accessible, the exchange of 802.21 primitives should be performed at 
Layer 3 level, e.g. mapping on the Non-Access Stratum (NAS) protocol. This is what is proposed in the 
section 3.1.2.2.1. However, since the OpenAirInterface platform allows interacting directly with the Radio 
resource Control protocol operating at layer 2, it seems interesting to bypass the 3GPP Layer 3 and perform 
the mapping directly at Layer 2. This is what is proposed in section 3.1.2.2.2.  

Finally, Figure 2 illustrates how the MIH reference model could be applied to the EPS system. 

 

 
 

Figure 2: MIH reference model for EPS systems 

 

3.1.2.2 Mapping 

3.1.2.2.1 Mapping with the NAS protocol  

The table below shows the proposed mapping and its rationales. It is followed by a very short summary of 
each of the 3GPP procedures and primitives used. 

 

Primitives 3GPP NAS protocol 

Link_Detected N/A Attach 

MT Signal Quality* 
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Link_Up SMSM-ACTIVE 

RABMSM-ACTIVATE 

Attach 

Activate Default EPS bearer context 

Modify EPS bearer context 

Link_Down SMSM-DEACTIVEATE  

SMSM-STATUS  

RABMSM-DEACTIVATE  

RABMSM-STATUS  

RABMAS-RAB-RELEASE 

Detach 

Deactivate EPS bearer context 

ESM Status 

Link_Parameters_Report SMSM-MODIFY  

RABMSM-MODIFY 

Tracking Area Update 

Link_Going_Down N/A  N/A 

Link_Handover_Imminent N/A N/A 

Link_Handover_Complete RABMAS-RAB-ESTABLISH 

RABMSM-MODIFY 

Tracking Area Update 

Activate Default EPS bearer context 

Activate Dedicated EPS bearer context 

Link_PDU_Transmit_Status N/A  N/A 

Link_Capability_Discover N/A  N/A  

Link_Event_Subscribe N/A  Packet Domain Event reporting* 

Link_Event_Unsubscribe N/A  Packet Domain Event reporting* 

Link_Get_Parameters N/A  EPS QoS Dynamic parameters* 

MT Signal Quality* 

Link_Configure_Thresholds SMREG-PDP-MODIFY  Modify EPS bearer context 

Link_Action / Disconnect N/A Detach 

Deactivate EPS bearer context 

Link_Action / Low Power N/A MT Set Functionality*  

Link_Action / Power Down N/A Detach 

Link_Action / Power Up N/A Attach 

Table 1: Proposed mappings with NAS protocol 

Some of the 3GPP primitives have been crossed off because they do not exist anymore in the related 3GPP 
specifications. 

 

Rationales 

This mapping is based on 3GPP service procedures and commands.  

When the 802.21 primitive involves some interaction between the mobile terminal and the network, this 
mapping refers to NAS procedures. The NAS protocol [36] has been selected because it is the EPS 
equivalent of the Layer 3 protocols (SMREG, RABMSM, RABMAS) that were used for the 
MIH_3GLINK_SAP mapping. The NAS procedures are used by the protocols for mobility management and 
session management between the UE (or MT) and MME in the EPS. When relevant, an equivalent signalling 
is defined between the eNB or point of Access and the MME, as part of the S1-AP protocol [37]. 

The mapping table lists NAS procedures rather than primitives to remain generic and compatible with both 
sides: MT and network nodes. From a general point of view, the end of the NAS procedure should trigger 
MIH events, and NAS procedures should be triggered by the reception of MIH commands. 
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When the 802.21 primitive implies a local action only, the corresponding local AT command defined for the 
operations inside the MT, as specified in [38], is used (AT means ATtention; this two character abbreviation 
is always used to start a command). These commands are marked with a (*) in the mapping table. This 
mapping would have to be extrapolated for network nodes, since equivalent commands are usually 
implementation dependant in the network equipments, and thus not specified. 

Same as in the 3GPP mapping proposed by the 802.21 specification, a NAS procedure or AT command can 
be mapped to more than MIH primitive. 

Summary of the NAS procedures used (from [36]) 

Attach: The attach procedure is used to attach to an Evolved Packet Core (EPC) Network for packet services 
in EPS. 

Detach: The detach procedure is used by the UE to detach from EPS services, by the network to inform the 
UE that it is detached or by the network to inform the UE to re-attach to the network and re-establish all 
connections. 

Activate Default EPS bearer context: The purpose of the default bearer context activation procedure is to 
establish a default EPS bearer context between the UE and the EPC. The default bearer context activation 
procedure can be part of the attach procedure. The default EPS bearer context does not have any Traffic 
Flow Template (TFT) assigned during the activation procedure. This corresponds to using a match-all packet 
filter. The network may at any time after the establishment of this bearer assign a TFT to the default EPS 
bearer and may subsequently modify the TFT or the packet filters of this default bearer. 

Activate Dedicated EPS bearer context: The purpose of the dedicated EPS bearer context activation 
procedure is to establish an EPS bearer context with specific QoS and TFT between the UE and the EPC. 

Modify EPS bearer context: The purpose of the EPS bearer context modification procedure is to modify an 
EPS bearer context with a specific QoS and TFT. 

Deactivate EPS bearer context: The purpose of the EPS bearer context deactivation procedure is to deactivate 
an EPS bearer context or disconnect from a Packet Data Network (PDN) by deactivating all EPS bearer 
contexts to the PDN. 

ESM Status: The purpose of the sending of the EMM STATUS message is to report at any time certain error 
conditions detected upon receipt of EMM protocol data. The EMM STATUS message can be sent by both 
the MME and the UE. 

Tracking Area Update: The MME knows the location of the UE with the granularity of a few cells, called the 
Tracking Area (TA). The TA update procedure is always initiated by the UE and is used for purposes such as 
updating the registration of the actual TA of a UE in the network, updating certain UE specific parameters in 
the network, recovering from certain error cases. 

 

Summary of the AT commands used (from [38]) 

Packet Domain Event reporting: This command enables or disables sending of unsolicited result codes, such 
as network detach, context activation, modification or deactivation. 

EPS QoS Dynamic parameters: The execution of this command returns the QoS parameters (QCI, DL_GBR, 
UL_GBR, DL_MBR, UL_MBR) of an established PDP Context. 

MT Signal Quality: The execution of this command returns the received signal quality parameters: RSSI, 
BER (channel bit error rate), RSCP, Ec/No (energy per chip divided by the noise power), RSRQ, RSRP. 

MT Set Functionality: This command allows to select the level of functionality in the MT. Level "full 
functionality" is where the highest level of power is drawn. "Minimum functionality" is where minimum 
power is drawn. 

3.1.2.2.2 Mapping with the RRC protocol 

When Radio Resource Control (RRC) [39] is reachable (e.g. in the OpenAirInterface platform), it is also 
interesting to establish a direct mapping between the 802.21 primitives and the RRC protocol. This mapping 
is the one that will implemented in the MEDIEVAL demonstrator. 
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Primitives LTE/RRC procedure 

Link_Detected System Information 

Link_Up RRC Connection establishment 

RRC Connection re-establishment 

RRC Connection reconfiguration 

Link_Down RRC Connection reconfiguration 

RRC Connection Release 

Link_Parameters_Report Measurement report 

Link_Going_Down N/A 

Link_Handover_Imminent N/A 

Link_Handover_Complete RRC Connection reconfiguration 

 

Link_PDU_Transmit_Status N/A 

Link_Capability_Discover N/A 

Link_Event_Subscribe Measurement configuration 

Link_Event_Unsubscribe Measurement configuration 

Link_Get_Parameters Measurement configuration 

Link_Configure_Thresholds Measurement configuration 

Link_Action / Disconnect RRC Connection Release 

Link_Action / Low Power N/A 

Link_Action / Power Down RRC Connection Release 

Link_Action / Power Up RRC Connection establishment 

 

Table 2: Proposed mappings with RRC protocol 

Summary of the RRC procedures used (from [39]) 

System Information: Broadcast at the cell level of system information, including NAS common information, 
cell parameters, neighbouring cell information or common channel configuration etc. 

RRC Connection establishment: The purpose of this procedure is to set-up the connection of the radio 
interface. This procedure is also used to transfer the initial NAS dedicated information/ message from the UE 
to the eNB. 

RRC Connection re-establishment: The purpose of this procedure is to re-establish the RRC connection 
when a valid UE context is known in the network. 

RRC Connection reconfiguration: The purpose of this procedure is to modify an RRC connection, e.g. to 
establish/ modify/ release radio channels, to perform handover, to setup/ modify/ release measurements. 

RRC Connection Release: The purpose of this procedure is to release the RRC connection, which includes 
the release of the established radio bearers as well as all radio resources. 

Measurement configuration: In the RRC procedures, measurements performed by the UE are reported to the 
network. The UE reports the measurement information in accordance with the measurement configuration as 
provided by the eNB. The eNB provides this configuration, applicable for a connected UE, using the 
RRCConnectionReconfiguration message. In the OpenAirInterface platform, some measurements can also 
be configured for local reporting to the upper layers. 
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Measurement report: The purpose of this RRC procedure is to transfer measurement results from the UE to 
Evolved Universal Terrestrial Radio Access Network (E-UTRAN). In the OpenAirInterface platform, the 
reporting can also be performed locally towards the upper layers. 

3.1.3 MIH Discovery Mechanisms Evaluation 

The MIH standard plays an important role in the MEDIEVAL project, not only through the provision of a 
media-independent way of access link layer commands and informational events, but also by providing a 
generic protocol allowing for optimized handover control. This MIH Protocol, exchanged remotely via 
802.21-enabled entities either via L2 or L3 transport, requires that these entities have previously undergone a 
discovery process. For example, when an 802.21-enabled MN first connects to an access network it can 
initiate discovery procedures in order to find its 802.21 PoS in that network. Moreover, this discovery 
procedure can also be associated with an 802.21 capability exchange, allowing the different 802.21 entities 
to not only discover one another, but to also find out and indicate their supported 802.21 events, commands 
and information elements. 
The 802.21 standard does not mandate a specific discovery procedure, since the different supported link 
technologies can operate in widely distinct ways for this matter. As such, it just defines a set of messages 
(i.e., MIH_Capability_Discover.request and MIH_Capability_Discover.response), which can be invoked 
using L3 transport (i.e., IPv4 or IPv6) or using L2 Management Frames (i.e., WLAN Beacon Frames), 
allowing entities to discover one another and their capabilities. Moreover, the IETF has also defined the 
means to integrate parts of the 802.21 discovery process within the Dynamic Host Configuration Protocol 
(DHCP) [61] and Domain Name System (DNS) [62] protocols. 
The following sub-sections introduce a thorough comparison study of the performance obtained by the 
different discovery methods, when implemented over an open-source 802.21 implementation, ODTONE 
[73]. 

3.1.3.1 L3 Discovery Mechanisms 

The following subsections describe the existing possibilities on L3 MIH services discovery. For this work, 
these procedures have been implemented and are available over ODTONE. Due to space restrictions, we 
have left out implementation details, focusing instead on the description of the discovery mechanisms. 

Using Unicast/Multicast Capability Discovery 

The IEEE 802.21 standard defines a specific MIH primitive for discovering peer MIHFs and their 
capabilities, MIH Capability Discover request, which can be sent in a unicast way to a specific MIHF 
destination, or in a multicast way to a multicast domain. In its response, each peer indicates its MIHF 
identifier and supported MIH services. Figure 3 shows an example of a capability discover message 
broadcasted by a MT. In this case, only PoS1 is configured to reply to these messages. When this process is 
finished, the MT has enough information to start registering with remote MIHFs, initiating its remote 
interaction through the sending of commands or registering events. 

 
Figure 3: Broadcasted MIH Capability Discovery message 
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Using DHCP 

L3 mechanisms are primarily used to obtain information needed about a peer MIHF, such as its transport 
address, MIHF ID, and which MIH services it provides. [61] specifies the necessary modifications allowing 
DHCP to provide that information, with additional fields in 802.21-specific DHCP options being introduced 
into DHCP Inform and Ack messages. Only these two messages require changing, since, at this point, the 
MT is not requesting for an IP address. When a MT lacks the network information for accessing MIH 
services, or when it needs to change the MIH service due to handover, a 802.21-enabled DHCP client is able 
to be triggered by a capability discover request, and query a DHCP server to obtain a PoS MIHF ID and IP 
address (as shown in Figure 4). In our design, we have provided an optional enhancement allowing the PoS 
to also become aware of the MTs MIH capabilities, through a bi-directional capability exchange. This 
enables the PoS to register for link events from the MT (e.g., to be aware of link conditions). 

 

 
Figure 4: MIH Services Discovery using DHCP 

 

Using DNS 

In [62], it is defined the DNS procedures and service tags for PoS discovery. In this case, an 802.21-enabled 
DNS client is able to be triggered by a capability discover request, and perform a Naming Authority Pointer 
(NAPTR) query, receiving records identifying MIH services and available transport protocols (as shown in 
Figure 5). With this information, the DNS client is able to do a Service location query (SRV), returning a 
listening port and the target name. Using DNS enables the MIH-User to discover the IP address, port and 
transport protocol of a PoS. The optional bi-directional capability exchange between the MT and the PoS is 
also applicable in this scenario. 
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Figure 5: MIH Services Discovery using DNS 

 

Using DHCP and DNS 

When a MT requests the discovery of MIH services, the DHCP server can reply with a domain name list, 
instead of an IP address. A MT can use DNS over this list to discover the PoS in not only its current, but also 
different domains, i.e., when a MT is in a visited network and the PoS is at the home network or when the 
PoS is in a third-party remote network. The resulting signalling procedure is a combination of the Capability 
Discovery phases presented in Figure 4 and Figure 5, but when the DHCP phase finishes, the DHCP User 
signals the MIHF with a MIH Capability Discovery response triggering the DNS phase. 

Using DHCP at Bootstrap 

The previous deployments considered a MT already connected to a network, asking for a PoS. However, we 
argue that these procedures can also be done at bootstrap, when the MT attaches to the network and requests 
an IP address, taking advantage of MIH options available in Discover, Offer and Request DHCP messages, 
as well as the options already mentioned at the beginning of subsection 3.1.3.1. However, as shown in Figure 
6, these procedures are triggered by a L2 attachment event MIH Link Up indication, and not by a MIH-User. 
This means that forwarding the MTs capabilities to the PoS, as well as sending the PoS capabilities towards a 
MIH-User, is not mandatory. In our implementation, we have provided an optional mechanism allowing this 
information interexchange, enabling the MIH-User to have knowledge about the PoS at bootstrap. 
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Figure 6: MIH Services Discovery using DHCP at bootstrap 

 

Using DHCP at Bootstrap and DNS 

This scenario describes a joint DHCP and DNS operation (as described at the beginning of subsection 
3.1.3.1), but also considering that the DHCP step occurs at bootstrap. In this way, the MIHF is able to obtain 
the IP address of the PoS, even if the DHCP discovery step returns a domain name list. The necessary 
signalling is identical to the one shown in Figure 6, but with the DHCP procedure conclusion triggering a 
DNS phase. This procedure also supports the optional steps for bi-directional discovery between the MT and 
the PoS, as well as forwarding the PoS address to the MIH-User. 

3.1.3.2 L2 Discovery Mechanisms 

This approach covers the case where the PoS are co-located with a PoA, and the MT is able to communicate 
with it via L2 Management frames. These are technology-dependent procedures and therefore, they only 
enable the discovery of MIHF entities on the same L2 cloud. For our evaluation, we implemented these 
mechanisms for WLAN. 

Listening to Enhanced Media Dependent Beacons 

This approach introduces a MIH Capability Discover response message within the existing Information 
Elements of a L2 Beacon message. In this way, a MT is able to scan and identify which available PoAs 
support MIH mechanisms, aiding in the best candidate selection.  

L2 Capability Discovery Exchange 

Here, the MT transmits a L2 Probe Request frame with its own capabilities, by encapsulating a MIH 
Capability Discover request message in an 802.11 Information Element. The PoA, receiving this message, 
encapsulates its own capabilities in the L2 Probe Response frame. This procedure enables the MT to discover 
PoA-PoS entities and their capabilities in a single transaction. 

3.1.3.3 Novel Local Discovery Mechanism 

The capabilities information exchanged between peer MIHFs is mostly dependent on the MIH support of the 
different Link SAPs. These can vary with time as the MT activates and deactivates interfaces, or even hot-
plugs new ones. As such, we developed a novel local discovery method allowing the MIHF to discover its 
Link SAPs and their capabilities in a dynamic way. The behaviour of this mechanism is divided into three 
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parts. The first deals with discovery, where the MIHF is permanently listening for incoming messages from 
Link SAPs at a fixed port. As shown in Figure 7, when a Link SAP becomes active, it locally sends a Link 
Register indication message to the MIHF, indicating that it wants to register with the MIHF. The MIHF 
processes the message and learns about the Link SAP, storing its ID, listening port, link-layer technology and 
address. Then, the MIHF requests the Link SAP for its capabilities, by sending a Link Capability Discover 
request. This process is done for all Link SAPs in order to provide the MIHF with the full list of capabilities 
belonging to that node. The second part deals with the Link SAP availability, allowing the MIHF to detect 
the presence of Link SAPs. This way, when the MIHF receives a response from a Link SAP it detects the 
Link SAP as active. The last part deals with Link SAP unavailability. When the MIHF does not receive a 
response from a Link SAP, the Link SAP must be considered as inactive or unresponsive. 

 

 
Figure 7: Local Discovery 

 

Evaluation 

In the following section, we describe the scenario implemented in the testbed and we present the results 
obtained for the evaluation of the different mechanisms. Each mechanism was tested 500 times, presenting 
average results with a 95% T-Student confidence interval. These results contain both MIH-User to MIHF 
local interaction, as well as remote interaction between MIHF peers. We evaluated the amount of time taken 
by each mechanism, as well as the size of the information involved. These represent two important factors to 
be considered in time-restricted procedures (such as handovers) and in network procedures limited by load 
generated. 
 
Figure 8 represents the L3 and L2 scenarios used to deploy and evaluate our implementation. The L3 testbed 
is composed by a MT, a PoS and DNS/DHCP servers. The MT is connected to the network via a WLAN AP. 
The link between the AP, the PoS and DNS/DHCP servers is gigabit Ethernet. The L2 testbed is composed 
by an MT and 10 equidistant APs. The MT is not associated with any AP and communications are made via 
L2 Management Frames. All nodes are composed by a VIA Eden 1GHz processors with 1 GB RAM, an 
802.11abgn Atheros 9K radio interface and a Gigabit wired interface. 
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Figure 8: L3 and L2 testbeds 

 
Remote Discovery Mechanisms Comparison 

Table 3 presents experimental results for the total duration (both L3 and L2) as well as the amount of 
information exchanged in each mechanism, indicating also for each the percentage related to MIH 
interaction, against other involved protocols (e.g., DNS and/or DHCP). The fastest L3 discovery was 
achieved using the Broadcast method, using the least amount of information. However, it can only be used in 
scenarios where the PoS and the MT are in the same network domain. When in different networks, DNS and 
DHCP mechanisms need to be used. Results show that, when using DHCP and DNS, the footprint of the 
MIH signalling is always lower than the corresponding L3 discovery mechanism, particularly in the cases 
where both are used, since they compose the majority of the information exchanged between entities in those 
situations (close to 78.3% and 52.4%, respectively, and 76.9% when both are used, when not in bootstrap). 
 

 Mechanism Duration Information Exchanged 
Method Total Time (ms) MIH % Total Size (bytes) MIH % 
DNS 38.9±1.4 27.3 1161 37.7 
DHCP 23.4±0.2 47.6 1002 40.1 
DHCP+DNS 44.8±1.3 23.1 1852 28.6 
DHCP Boot. 304.9±17.4 5.9 1641 26.9 
DHCP Boot. + DNS 308.9±15.2 5.4 2491 22.8 
Broadcast 8.8±0.1 100.0 308 100.0 
MIH L2 Beacon 1970±90 100.0 75 100.0 
L2 Cap. Discovery 5.8±0.2 100.0 308 100.0 

Table 3: Remote Discovery Mechanisms Comparison 

 
For L3 mechanisms, the DHCP bootstrap with DNS discovery is the slowest and most information 
demanding. This is mostly impacted by the DHCP phase, because its occurrence at bootstrap has also to deal 
with not only the PoS discovery, but also the IP address configuration. When compared to the MIH protocol 
exchanges, DNS exchanges take approximately 3 times longer, but negligible when compared with DHCP at 
bootstrap.  DNS is 9 times faster on its own and 7 times faster when DNS is combined with MIH 
mechanisms. However it is still an overall performing method to discover new PoS, since it can be deployed 
in scenarios where the MT is located in a different network. 

For the L2 Listening to Enhanced Media Dependent Beacon, we measured the time between the scan trigger 
and receiving responses at the MT. The average scanning time is about 1.97±0.09s, making it not only the 
slowest L2 but also the overall most time consuming mechanism. However, this time is completely 
dependent on the hardware and on the technology scanning process and it is also the mechanism that requires 
the least amount of MIH information to be transported. Results from the L2 Capability Discovery Exchange 
allowed for a faster exchange than the L3 Broadcast Discovery procedure, despite both exchanging the same 
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amount of MIH information, making it the most performing mechanism. Both L2 discovery mechanisms 
only exchange MIH information for the PoS discovery, reflecting the 100% in MIH time and information. 
However, these are the methods, which use the least amount of data in overall, along with the L3 Broadcast 
method. 

 

Local Discovery Method Evaluation 

We implemented our local SAP discovery mechanism, comparing its performance against the local 
registration of MIH-Users. In our test scenario, the first mechanism required the exchange of 110 bytes of 
information and 2.2±0,002ms, whereas the second required the exchange of 21 bytes and 0.5±0.001ms. The 
higher amount of information and longer time of execution occur because, for SAP registration, the MIHF 
needs to request the capabilities of the SAP, whereas this is not needed in the MIH-User registration. 
However, by having the link capabilities stored in the MIHF, it is able to provide the stored link capability 
information faster when a capability request from a peer entity is received, instead of requesting it locally 
every time. We compared the performance in both situations, and having the capabilities stored at the MIHF 
allows saving at least 3.5ms and 135 bytes of information per capability request. 

We created an additional scenario in our testbed simulating requests done by a MIH-User to a Link SAP. 
Contrary to the default behaviour, our scheme allows the MIHF to maintain up-to-date awareness of the Link 
SAP activity (i.e., on or off due to energy conservation procedures while scanning for PoAs), thus avoiding 
the propagation of unnecessary messages. For this simulation, we consider that a network interface alternates 
between active and inactive states, based on a Poisson distribution with a mean duration of 4s. Each 
simulation run takes 60s, with the interface remaining active for an average of 70% of the simulation time. 
Figure 9 depicts the simulation results obtained by varying the number of request messages received per 
second. Wasted bytes represent the amount of information sent towards the interface while inactive, while 
Updated bytes represent our informational events updating the Link SAP state to the MIHF. Comparing the 
obtained results, the default procedure creates a large amount of information in wasted messages sent to the 
inactive Link SAP, in contrast to our local discovery procedure. For its part, our local discovery procedure 
wastes the bytes of one single request message to detect that the Link SAP becomes inactive (164 bytes in 
average), requiring, however, to update its activation with the MIHF (122 bytes in average). 
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Figure 9: Amount of missed Link SAP requests comparison 
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3.2 Contention-based Wireless Access (WLAN) 

3.2.1 Evaluation of IEEE 802.11aa MAC Enhancements for Robust Audio Video Streaming 

We analyse the throughput of the legacy ”no acknowledgement and with no retries” (No-Ack/No-Retry) 
multicast and the one of the new multicast mechanisms under specification in the recently approved IEEE 
Std 802.11aa-2012 [6], which were introduced in the previous Deliverable D3.1 [3]: GCR Unsolicited Retry 
(UR), Directed Multicast Service (DMS), the GCR Immediate and Delayed Block Acks mechanisms. Our 
analysis builds on the widely used work of Bianchi [7] and assumes that the reader is familiarized with it. 

AP#

Nv

Nrx Nd

τv#

τd#
τd#

τd#

 
Figure 10: Considered scenario for the analysis of IEEE 802.11aa mechanisms 

The next paragraph, describes the assumptions and the scenario shown in Figure 10 upon which we rely for 
our analysis of IEEE 802.11aa MAC enhancements for robust audio video. 
 
We consider two types of traffic: 

• Video traffic which is generated in saturation by Nv =1 video station that corresponds to the AP 
using one of the multicast mechanisms that are the object of analysis. It is addressed towards a 
variable number of video receivers Nrx. In Figure 10, Nv is particularized in a single AP. 

• Data traffic that is generated towards the AP by a variable number of stations Nd in saturation 
conditions and using the DCF mode. 

Nrx are the video receiver stations that form the GCR group and are the recipients of the multicast traffic 
sent by the AP. We assume the same bit error probability per video receiver Pe but no errors occur for data 

traffic. Therefore, the average frame error probability fep with payload Lv bits is: 
( ) vL

efe pp −−= 11  

We differentiate between video collisions – video frames collide with other video or data frames – and data 
collisions – data frames collide with other data frames. 

The collision probabilities for video pcv and data pcd are independent of the backoff stage but they are 
functions of the transmission probabilities for video τv and data τd which represent the likelihood of 
transmitting a video or data frame in a random slot respectively. 

We define the throughput achieved by a multicast mechanism or by the aggregated data stations as the 
average successfully transmitted payload in a slot time over the average slot time: 

[ ]
[ ]durationslottimeE

timeslotinbitspayloadsuccessES =  
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3.2.1.1 No-Ack/No-Retry Throughput Analysis 

In this section we compute the throughput of data stations Sd and video stations Sv when video stations 
transmit using No-Ack/No-Retry multicast mode. Those throughputs are function τv and data τd which are the 
probabilities that data stations and video stations transmit in a randomly chosen slot time, as well as of Nd 
and Nv and can be computed as: 

slot

dSd
d T

LP
S =  

slot

vSv
v T

LP
S =  

where PSd and PSv are the probabilities that a random slot time contains a successful data or video 
transmission, respectively. The terms Ld and Lv are the payloads of the data and video frames, and Tslot is the 
total average slot time duration that is computed as: 

eeCvCvSvSvCdCdSdSdslot TPTPTPTPTPT ++++=  

PCd , PCv and Pe are the probabilities that a random slot time contains a data collision, a video collision or an 
empty slot, respectively. TCd, TCv and Te are the slot time duration in each case. Using No-Ack/No-Retry the 
slot times can be computed as: 
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where PLCPT  is the Physical Layer Convergence Protocol (PLCP) preamble, H  is the MAC header plus the 

Frame Check Sequence (FCS) length, ACK  is the length of the Ack frame and, dR , vR  and cR  are the 
channel bit rates for data, video and control frames respectively. We note that No-Ack/No-Retry multicast 
uses for vR  one of the Basic Service Set. 
We denote pCv the probability that a video transmission attempt collides1. Therefore, the probability of not 
colliding occurs when none of the other Nd data stations are transmitting and can be expressed as: 

( ) ( ) dN
dvc

p τ−− 1=1  

With the above, the probability pSv that a video transmission attempt is successful occurs when it does not 
collide and it does not suffer errors and can be computed as: 

( )( )fevcvvs
ppp −− 11= τ  

For the Nv =1 video transmitting station, the probability that a random slot contains a successful video 
transmission is: 

( ) ( )fedN
dvvsvvs

ppNP −− 11== ττ  

Similarly, if pCd is the probability that a data transmission attempt collides, then the probability of not 
colliding occurs when none of the other Nd -1 data stations nor the Nv =1 video station are transmitting: 

                                                        
1 pCv represents a different event and should not be confused with PCv defined before. While the former refers to the 
conditional probability that an attempt collides, the latter refers to the probability that there is a collision in a randomly 
chosen slot time. 
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( ) ( ) ( )vdN
ddc

p ττ −−− − 11=1 1  

and the probability pSd that a data transmission attempt is successful can be computed as: 

( ) ( ) ( )vdN
dddcdds

pp ττττ −−− − 11=1= 1  

For all the Nd data stations, the probability that a random slot contains a successful data transmission is: 

( ) ( )vdN
ddddsdds

NpNP τττ −− − 11== 1  

Now, if in PCd we only account for slots that contain collisions between data transmissions (crossed data and 
video collisions will be accounted in PCv), we can compute: 
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where we have employed that the probability Pe of an empty slot occurs when there are neither data nor 
video transmissions: 

( ) ( )vdN
deP ττ −− 11=  

The probability Pc that a random slot contains a collision can be expressed as: 

( )evsdsvcdcc PPPPPP ++−+ 1==  

and from the above we can obtain PCv as: 

evsdcdsvc
PPPPP −−−−1=  

Finally, we perform the analysis of the transmission probabilities. In order to compute τv and τd we have to 
consider that: 

• Data is sent in saturation using DCF so τd can be computed according to [7] for each number of data 
stations Nd, using a minimum contention window CWmind and a maximum backoff stage md. 

( )
( )( ) ( )[ ]dm

dcdmindcdmindc

dc
d pCWpCWp

p

21121

212
=

−++−

−
τ  

• Video is sent in saturation using No-Ack/No-Retry multicast which in terms of throughput can also be 
modelled with [7] as a DCF in which no exponential backoff is used: mv = 0. Under these conditions, τv 
can be computed as: 

1
2=

+
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v CW
τ  

3.2.1.2 GCR Unsolicited Retry Throughput Analysis 

In this section, the Nv =1 video station is transmitting video using GCR Unsolicited Retry. Employing this 
mechanism for any number of retries R, the probability PSv that a video transmission attempt is successful 
can be computed as: 

( )( ) ( )( )[ ] ( )( )( )[ ]
1

1111
=111

1

11
=

1

0= +

−−−−
−−−

+

−− +

∑ R

pp
pp

R

pp
p

R

efvcvj

efvc

R

j

efvcv

vs

ττ
 

which considers that a video transmission contains useful data for the throughput when (i) it does not collide 
nor suffer error, and (ii) all previous transmissions with the same content have collided or have suffered 
error. Note that the latter depends on the number of previous retransmissions, which is uniformly distributed 
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between 0 and R (each case with probability 1/(R+1)). We can see that the previous No-Ack/No-Retry 
mechanism is the special case for which R=0. 
The probability pSd that a data transmission attempt is successful does not change with respect to the case of 
No-Ack/No-Retry because a data station does not distinguish between the first video transmission or any of 
the retries that follow which makes τv and τd are equal to the previous case. However, the time slots TSv and 
TCv using GCR Unsolicited Retry (UR), have changed, since now video is sent at the same rate as data 
traffic: Rv=Rd. 
Employing the above pSv in the equations for the No-Ack/No-Retry model we can obtain the throughput for 
data and video stations when using GCR-UR mechanism. 

 

3.2.1.3 Directed Multicast Service Throughput Analysis 

In this section, the Nv =1 video station is transmitting video towards Nrx receiver stations each using Directed 
Multicast Service (DMS). For each of the receivers we will have a unicast flow of video transmitting in 
saturation in DCF mode but also subject to frame errors, and hence, we need to update the model presented 
in [7]. The difference with respect to the previous mechanisms is that DCF will retransmit a frame up to a 
certain retry limit in case not only because of a collision but know also due to an error in the channel, in 
which case it will double the contention window after every failed attempt. Therefore, we need to account for 
the bit error probability in the probability of collision of video traffic in order to solve the video transmission 
probabilities:  

( ) ( ) ( ) vLf
dN

dvc e
pp −−− 11=1 τ  

For data traffic, we have the same case as for the previous mechanisms: 

( ) ( ) ( )vdN
ddc

p ττ −−− − 11=1 1  

In order to find the probabilities τv and τd, we need to solve the non-linear system given by the two previous 
equations and the ones given by [7] for τv and τd  (the same as the one used in No-Ack/No-Retry): 

( )
( )( ) ( )[ ]vm

vcvminvcvminvc

vc
v pCWpCWp

p

21121

212
=

−++−

−
τ  

The throughput analysis for data traffic is the same as for No-Ack/No-Retry but for video traffic it has to be 
updated to account for the video flow to each receiver station as well as for the new time slot durations. The 
throughput of video can be computed as: 

slot

vvs

rx
DMSv T

LP

N
S

1=  

considering that every video receiver will be served periodically with a video transmission after serving the 
rest of video receivers. The time slots for video using DMS are now: 
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3.2.1.4 GCR Immediate Block Ack Throughput Analysis 

In this section, the!AP will transmit to the GCR group formed by the receiver video stations a burst of video 
frames using the GCR Immediate Block Ack mechanism.  
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For each burst attempt each of the first N’ frames can be lost for all the Nrx video receivers because of 
collisions with data transmissions with probability pcv. Each of the remaining N- N’ frames can be lost 
independently for some of the Nrx multicast receivers with a frame error probability ( ) vL

efe pp −−= 11 . 
Figure 11 shows an example of this behaviour. Therefore, in each burst attempt the first Nrtx frames are 
retransmissions of previous frames lost due to collision or errors.  Nnew frames are new, where Nrtx + Nnew = 
N. 

After a complete BlockAckReq-BlockAck control frame exchange cycle, the originator AP updates the 
frames that have been received by each recipient and retransmits the ones that have not been already 
acknowledged in the BlockAck frames. Therefore, a frame will be retransmitted as long as all the receivers 
have not received it. 

 
Figure 11: GCR Immediate Block Ack example scenario 

 
In order to obtain the throughput achieved by GCR Immediate Block Ack, we need to compute the 
expectation of the number of frame transmission attempts E[Natt] that are needed to have the frame be 
received by all Nrx video receivers. 
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Therefore, to compute E[Natt] we first assume: 

• No video collisions pcv = 0, i.e., there are no data transmissions Nd = 0. 

• N = 1 frame bursts which are sent with frame error probability pfe. 

• Nrx video receivers waiting for receive the frame to ACK it. 

The expected number of transmission attempts E[Natt] can be computed as the expected number of 
transmissions to have Nrx nodes receiving the frame: E[Natt] = ENrx. If pfe is the frame error probability, the 
probability of receiving the frame in one transmission is 1- pfe. Assuming independence between receiving 
stations and transmissions, E[Natt] can be stated in a recursive way as follows: 
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where E0 = 0 and time is partitioned into epochs i after which an additional station is receiving the frame. 

If we now consider N frame bursts and still assume no collisions, we can extend the previous analysis to 
express the video throughput as: 
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where vτ  is the transmission probability of the video station, which is the same as for No-Ack/No-Retry, 
because in GCR Immediate Block Ack backoff is always performed with CWmin after every burst attempt.  

Lv is the frame payload and Tslot is the average slot time, in which 
vs
T  and 

vc
T have to be updated as: 
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If we now consider that N’ frames of the burst are subject to video collisions with probability pcv , for N 
frames we have that: 

•  N’ pcv frames collide and do not count as a retransmission, 

•  N - N’ pcv frames are retransmitted E[Natt] times, 

Therefore, video throughput accounting for collisions can be updated as: 
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The throughput analysis for data traffic when the AP is transmitting video using GCR Immediate Block Ack 
is described by the same equation as for No-Ack/No-Retry and GCR-UR but updating the slot durations as 
described above. 

 

3.2.1.5 GCR Delayed Block Ack Throughput Analysis 

The main difference between GCR Immediate and GCR Delayed Block Ack mechanisms is related to the 
BlockAck control frames. In the Delayed case, they are transmitted in different slots and double the CW in 
case of a collision while in the GCR Immediate case. Both data frames and BlockAck control frames are sent 
in a single slot always with CWmin. We have assumed that BlockAcks are sent at one of the Basic Rate Set 
i.e., 6 Mbps and therefore they are not subject to transmission errors. In this way, extending the analytical 
model, which accounts for transmission errors of GCR Immediate Block Ack to the Delayed case is straight 
forward by using the expected number of transmission attempts E[Natt] to have a frame be received by Nrx 
video receivers.  
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The analysis vτ  for the video throughput requires updating the Markov chain model presented in [7] with the 
one shown in Figure 12 in which we differentiate between video transmissions that contain a burst and the 
ones that contain a control frame. 

 
Figure 12: Markov chain model for GCR Delayed Block Ack multicast mode 

 

• If we denote pb the probability that the video station transmission attempt contains a burst then 
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• Otherwise, the video station transmission attempt will contain a control frame with probability 

 1- pb 

 

Solving the new Markov chain as presented in [7], we obtain that: 
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In the case of data stations, their transmission probability dτ  is still given by [7]. Then, solving the non-

linear system formed by equations for vτ , dτ , pcv and pcd, and adapting the previous model, the video 
throughput when using GCR Delayed Block Ack mechanism can be expressed as: 
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In which Tslot  needs to be updated again according to: 
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Again, the throughput analysis for data traffic when the AP is transmitting video using GCR Delayed Block 
Ack is described by the same equation as for No-Ack/No-Retry but updating dτ  and the slot durations as 
described above. 

3.2.1.6 Throughput Performance Evaluation and Validation 

In order to perform the evaluation of the proposed models for the throughput of the new multicast 
mechanisms under specification in the IEEE 802.11aa draft, we have extended our simulation tool used in 
[8] and [9]. This is a C/C++ discrete event simulator that accurately models the behavior of the IEEE 
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802.11g MAC layer. We show that our simulation results closely match those obtained analytically which 
validates the analysis presented in the previous section. 

 
For the validation of the theoretical models for video and data throughput while using any of the presented 
multicast mechanisms, we have particularized the scenario described in Figure 10 with: 

• Nv = 1 video station is an AP that transmits video in saturation towards a variable number of receivers 
Nrx. 

• Nd = 2 and 20 data stations transmit unicast in saturation with a modulation rate of 54 Mbps while 
control frames (ACKs) are sent at 6 Mbps, packet length is 1500 bytes, CWmind = 31 and md = 5.  

• For every Nd we perform a sweep on the number of video receiver stations that form the GCR group Nrx 
from 1 to 20 stations. 

The goals of the previous choices are in the one hand, to compare the performance achieved by each of the 
multicast mechanism while in the other hand to compare how they affect the background unicast traffic. 

The setup for each multicast mechanism is: 

• No-Ack/No-Retry: The legacy multicast service is generating saturation video traffic with a modulation 
rate of 6 Mbps with packets of Lv = 1500 bytes, CWminv = 31 and mv = 5. We assume a bit error rate 
(BER) pe=10-5 due to the lower modulation rate. 

• GCR-UR:  With this mechanism, the Nv = 1 video station generates saturation video traffic with a 
modulation rate of 54 Mbps, packets of Lv = 1500 bytes, CWminv = 31 and mv = 0. The number of 
Unsolicited Retries has been set to R=2. We assume a pe=10-5 due to the higher modulation rate. 

• DMS:  With this mechanism, the Nv = 1 video station generates unicast saturation video traffic with a 
modulation rate of 54 Mbps, packets of Lv = 1500 bytes, CWminv = 31 and mv = 5. The short retry limit 
in unicast has been set to R=8. We assume a pe=10-5 due to the higher modulation rate. 

• GCR Immediate and Delayed Block Ack: With this mechanisms, the video station transmits the bursts 
of N=12 frames at a modulation rate of 54Mbps and a retry limit R=8. 

Figure 13 shows the video saturation throughput for analysis and simulations when Nd = 2 background data 
stations transmit unicast in saturation and Figure 16 does it for Nd = 20. While Figure 14 shows the 
aggregated saturation throughput for analysis and simulations achieved by the Nd = 2 background data 
stations transmit unicast in saturation and Figure 16 does it for Nd = 20. We group the figures by the number 
of background data stations to observe how the bandwidth is split between video and data depending on the 
transmitting video multicast mechanism being employed. 

The first remark for all the figures is that as it was expected from the theoretical models, we can classify the 
results of the mechanisms into dependent on the number of receivers (DMS, GCR Immediate and Delayed 
Block Ack) and independent (No-Ack/Retry and GCR-UR) which will scale better. This is so, because in 
No-Ack/Retry and GCR-UR, the throughput does not depend on the number of receiver stations but only on 
the number of background transmitting data stations, as these mechanisms do not interact at all with the 
receiving stations. In contrast, the other mechanisms require some feedback from the receiving stations in 
order to increase the reliability, which incurs in increasing overhead for increasing receivers that can in turn 
affect in different ways the background data throughput. For example, in the case of DMS, video throughput 
is dependent on the number of receivers but data throughput is independent. This is due to the fact that the 
interaction between the video transmitter and the receivers is transparent to the data stations that do not know 
how many flows there are or to which flow a video transmission corresponds. In the case of the video 
throughput, every new video receiver represents a new flow to serve which decreases the video throughput 
that can be achieved.  

Next remark is that in most cases, GCR Immediate Block Ack provides the highest video throughput at the 
expense of the throughput for background data stations because its transmission policy captures the channel 
for longer periods causing the starvation of background data stations. 

We can also appreciate that GCR UR with R=2 only provides benefits with respect to No-Ack/No Retry only 
in terms of background data throughput. Although the use of a higher modulation coding scheme improves 
the video throughput, the overhead introduced by the GCR UR decreases the video performance as each 
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frame is sent 3 times even if it has been already correctly transmitted. In contrast, the No-Ack/No-Retry 
mechanism only transmits once each video frame, but this transmission is done at 6 Mbps against the 54 
Mbps of the data, which according to the performance anomaly [10] substantially reduces the throughput for 
both much below 54 Mbps. 

The last obvious remark is that when the number of background data stations increases from 2 to 20 data 
background stations, the video throughput decreases while the data throughput increases. 

 

 
Figure 13: Video saturation throughput for Nd=2 data transmitting stations 

 
Figure 14: Aggregated data saturation throughput for Nd=2 data transmitting stations 
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Figure 15: Video saturation throughput for Nd=20 data transmitting stations 

  

 
Figure 16: Aggregated data saturation throughput for Nd=20 data transmitting stations 

 

3.2.1.7 Summary and Future Work 

We have performed the analysis and evaluation of the novel IEEE 802.11aa mechanisms in terms of 
throughput in a WLAN scenario for different traffic conditions and compared them against the legacy 
multicast service of IEEE 802.11. The main results can be summarized as follows: 

• The throughput varies strongly with the traffic conditions and the mechanisms’ parameters such as the 
unsolicited retries R or the burst length N. 
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• Those mechanisms that do not interact at all with the number of receiving stations, i.e., legacy multicast 
and the GCR Unsolicited Retries offer the same performance independently of the number of receivers.  

• On the other hand, the rest of the mechanisms increase their overhead for increasing number of 
receivers. 

In the next steps, we will obtain the reliability models for each multicast mechanism as well as an assessment 
of an algorithm to choose the most appropriate mechanism for a given scenario. 

 

3.2.2 Major Issues Found Concerning Jumbo Frames in WLAN 

The provision of jumbo mechanisms in a new framework such as MEDIEVAL, requires a thorough analysis 
as they are able to deeply affect the well-established traffic exchange procedures. This section highlights a 
set of problems determined through state-of-the-art research, as well as questions raised, which further 
motivate the search for solutions. 

3.2.2.1 The CRC limit 

According to [41], the effectiveness of the 32 bits CRC used by Ethernet decreases with frame size, and is 
not feasible beyond sizes of 12000 bytes. This places Jumbo Frames as a reference value for a frame size up 
to 9000 bytes. Jumbo Frames with sizes beyond this point are called Super Jumbo Frames, and are 
uncommon. With a cap placed at 9000 bytes, it means that it is not easy to take advantage of the limits 
available in IPv4 or IPv6, at least without reconsidering the CRC strategy. Some insight on this can be 
gathered from technologies, which use larger Maximum Transfer Units (MTUs), such as optical networks, 
but any solution on this will need to be crossed against wireless medium usage. 

3.2.2.2 Different MTU in the path 

A major problem when using Jumbo Frames is the different MTU values in the different links. Path MTU 
discovery [49] exists but it relies on ICMP that is fallible (ICMP packets can be lost, and thus MTU 
negotiation can fail). This means that most stacks do not permit applications to send packets that are larger 
than the current ICMP-learned path MTU. This makes it nearly impossible to implement diagnostics to 
detect problems with path MTU discovery. This raises the issue of whether to have end-to-end Jumbo 
support or only last-hop Jumbo support (or even only chosen segments with Jumbo support). 

 

3.2.2.3 Burst drop, delay jitter, sensitive applications 

What will be the usefulness of jumbo when applications want or not to use it? How wills the traffic of 
applications that use larger frame sizes impact the traffic of applications that use a lower frame size? 

Also, for applications that are sensitive to burst drops, delay jitter, etc., it can be argued that large frames are 
a bad idea. 

These are primarily issues related with slot time, i.e., how much will a large packet delay the time available 
to transmit the smaller packets. In [50] it is claimed that optimal frame size is a function of traffic, network 
and host characteristics. Bulk transfers and steady, intense traffic tend to benefit from larger frame sizes, as 
do high-bandwidth, high-reliability networks and more powerful server platforms. How will the wireless 
environment counter this claim, and by how much? 

For bursting, standard transmissions are separated by a time period DCF Inter-Frame Space (DIFS) during 
which all products must contend for airtime to transmit their data. After successfully transmitting one frame, 
products then contend for the airtime again. In a burst transmission, products contend for the airtime once 
before sending a series of data frames in quick succession. The overhead of contending for air time and dead 
time between frame transmissions is reduced to a short Inter-Frame Space (SIFS). 

If there are at least 2 stations both near and far from an AP, the far station will transmit at a lower data rate, 
and thus consume more airtime than the nearby station. By bursting multiple frames, the far station will 
consume the majority of airtime and thus starve the faster, nearby stations of their ability to communicate 
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with the AP. Atheros [52] claims to use a frame bursting technique which provides limits on the airtime used 
to transmit frames, meaning that nearby stations will burst more frames than the far station since the time per 
frame is shorter. 

When considering MTU size for efficient wireless video communications, [56] concludes that a small MTU 
size is expected to have a better performance for poor channel conditions, whereas large packets are 
preferable for good channel conditions. Video performance is expected to be independent of the packet size 
for moderate channel conditions. It shows a sharp rise in the optimal MTU size when the channel condition 
changes from moderate to good. Taking 20 dB as a marginal value, the article concludes that the use of the 
largest possible MTU size provides the optimal results for video communications over wireless networks. 

Another problem with burst traffic is burst assembly. This is largely dependent on hardware and assembly 
algorithms, but [57] states that, regarding 4GB burst size, it was discovered that even 1MB burst size 
required burst assembly times in excess of 1 second. Also, assembly of large size bursts results in high inter-
arrival times and packet delay per burst, and thus should only be considered for transmitting data that is not 
time critical. 

3.2.2.4 Wireless medium fairness  

The wireless medium provides very stringent conditions for increased throughput mechanisms. On the one 
hand, the medium is shared which means that multiple access techniques are employed. These multiple 
access techniques are typically implemented considering the balance between performance and robustness, 
and thus higher MTU size frames are not the subjects of thorough studies. It is commonly accepted that 
configuring multiple access mechanisms to encompass larger MTU frames, would create a negative impact 
in terms of timers, access to the medium, packet re-sending and fairness. Issues such as jumbo cost of 
RTS/CTS need to be evaluated. 

3.2.2.5 Packet Loss in Wireless medium 

Losing a packet with 1500 bytes is less damaging than losing a packet with 9000 bytes. This affects 
particularly real-time video applications, where several frames can be lost. An interesting mechanism is 
presented in [44] for reducing the impact on throughput in scenarios featuring Jumbo Frames where losses 
can occur. Concretely, they apply Partial Recovery and Rate Adaptation mechanisms in WLAN, which help 
reduce the impact of losses. They claim that using Jumbo Frames reduces the cost of RTS/CTS, thus 
reducing collision losses, and therefore improve partial recovery. Also, partial recovery overcomes the low 
transmission rate experienced when collisions occur. However, these studies have only been evaluated on 
frames up to 3000 bytes, due to hardware abstraction layer limitations. 

In [48], the impact of packet payload increase in wireless networks was studied. They claim that "when the 
packet payload is increased, the number of packets sent from the source node is reduced and the packet 
interval becomes longer". Therefore, the channel is free for a longer period of time between packets, which 
reduces the channel reservation competition and increases the probability of getting a free channel. However, 
when the packet size increases, the bit errors caused by the channel increase the probability of a packet error, 
which increases packet loss and throughput degradation. 

On the other hand, [53] claims that having mechanisms that reduce the number of packets sent (such as 
Jumbo) contributes to packet loss reduction. They presented a mechanism which supports jumbo and partial 
drop rebuild, but they claimed that increasing the MTU is not enough. 

[54] develops a mechanism, which transfers data in blocks. The use of large blocks, as the unit of 
transmission, exacerbates hidden terminal situations. Their technique uses a novel ack with holding 
mechanism that sequences block transfer across multiple senders transmitting to a single receiver. This 
lightweight scheme reduces collisions in hidden terminal scenarios while incurring no additional control 
overhead. Transferring data in blocks as opposed to packets provides two key benefits. Firstly, it reduces the 
overhead of each control packet over larger number of data packets. This allows the use of additional control 
packets, for example, to exploit in-network caching, which would be prohibitively expensive at the 
granularity of a packet. Secondly, it enables transport to leverage link-layer techniques such as 802.11 burst 
transfer capability, whose benefits increase with large blocks. Also, Transmission Opportunity (TXOP) is the 
maximum duration for which the network interface card is permitted to send packets in a burst without 
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contending for access. The solution in [54] has a scheduler, which leverages the burst mode and sends a 
TXOP’s worth of data from each concurrent flow at a time in a round-robin manner. 

To increase throughput, 802.11n reduces the 802.11 protocol overheads, such as interframe spacing, physical 
(PHY) layer headers and acknowledgement frames, by aggregating data packets into Jumbo Frames. 
Complementary techniques, such as [55], provide recovery and retransmission capabilities, which can also 
be explored.  

3.2.2.6 Other Considerations 

Currently, existing mechanisms and ideas that deploy Jumbo Frames in different frameworks consider either 
Ethernet or Optical networks as deployment target. As such, one must be aware of solutions provided by the 
literature, since MEDIEVAL focuses on wireless access networks which poses new challenges, e.g.,, the 
wireless medium offers a lower bandwidth than current cabled connections, and [51] claims that longer 
packets at slower rates increase transmission time, which is not at all desirable in wireless. 

Super Jumbo Frames have been considered in [45], where short-range communications are still able to work 
around the 9000B need. But for long range, inter-frame gap tends to increase with Round-Trip-Time (RTT). 
Maximum Segment Size (MSS) is a fundamental scalability factor of increasing importance, for streaming 
performance, as line rate increases. The typical streaming performance benefits derive from addressing the 
bottleneck at the end-host. Packet size is not the critical design factor but rather the average inter-header 
interval. Header congestion occurs when too many individual headers are processing and has table limits 
overfill. Considering layer 4 protocols, stack implementation issues might require tuning, such as TCP 
window size adjustment. The network adapters might need expensive redesign, so increased performance 
needs to be worthwhile to justify the investment. Stacks can consume more kernel memory. What we really 
want is 65kB+ headers, so the data portion can be such that a complete buffer fits in a single Jumbo frame 
packet. 

Testing in Jumbo Frames and Super Jumbo Frames is made difficult by hardware, network and operating 
system restrictions. Also, there is work when comparing IPv4 and IPv6, where [43] shows that passing the 
same payload from IPv4 to IPv6 generates more packets because IPv6 has a larger header. However, the 
frame size limit in IPv6 is greater than IPv4, which can lead to new scenarios. 

Another consideration is the effect of larger frames not only on the frames themselves, but the impact that 
these larger frames can have on upper layers, such as TCP transport protocol. Are transport protocols really 
able to take advantage of larger frames? And, in which conditions? For example, [42] considers that TCP 
throughput has an upper bound based on an equation involving MSS and packet loss rate, as well as the 32bit 
CRC limit. How will TCP behave on frames larger than this CRC limit allows? Also, the article states that 
packet loss occurs when the background traffic increases over 80% of the line speed. The reason is that the 
congestion window is constrained by high packet loss rate and thus becomes the bottleneck. However, they 
hint that STCP performs better because of the aggressing congestion control algorithm. Also, according to 
[46], the UDP header has a 16-bit length field that prevents it from making use of jumbograms. TCP hasn't 
got a length field, but the MSS and Urgent fields are constrained to 16 bits. Checksums with jumbo become 
less accurate. Higher-layer protocols that use the IPv6 Payload Length field to compute the value of the 
Upper-Layer Packet Length field in the checksum pseudo-header described in [47] must instead use the 
Jumbo Payload Length field for that computation, for packets that carry the Jumbo Payload option. Setting 
the UDP Length field to zero may send UDP packets longer than 65,535 octets. 

 

3.2.3 Conclusions and Future Work 

The major constraint for the application of Jumbo Frames, at least directly, in the last hop, is the wireless 
medium. This means that two major problems need to be tackled: wireless medium fairness and packet loss. 
For the later, several solutions have been already presented in the previous sections. A major concern, 
however is if packet loss solutions impact or are able to work with whatever wireless medium fairness 
mechanism is devised. Concerning the second issue, solutions need to consider low-level mechanisms of the 
two different wireless access technologies tackled in the project.  

Once identified the main problems and current solutions used by Jumbo frame deployments not only in 
wireless technologies, but also in Ethernet and optical networks, we will progress in the feasibility analysis 
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of Jumbo Frames in WLAN segments of the MEDIEVAL architecture. First, we will perform the analysis of 
the impact of having both jumbo-enabled and non jumbo-enabled users in the same access point. Next, in 
order to solve packet loss (which is one of the major problems with the usage of Jumbo Frames) we will 
consider the deployment of Partial Recovery and Rate Adaptation mechanisms in WLAN, as identified in 
[44], but providing it with a dynamic motivation through 802.21 commands. 

3.3 Coordination-based Wireless Access (LTE) 

3.3.1 A Lightweight and Accurate Link Abstraction Model 

The purpose of this model is to provide an accurate link performance metric at a low computational cost by 
relying solely on the knowledge of the SINR and of the Modulation and Coding Scheme (MCS). To this aim, 
the model combines Mutual Information-based multi-carrier compression metrics with Link-Level 
performance curves matching, to obtain lookup tables that express the dependency of the Block Error Rate 
on the SINR values and on the MCS being used. In addition, we propose a 3GPP-compliant Channel Quality 
Indicator evaluation procedure, based on the proposed Link Abstraction Model, to be used as part of the LTE 
Adaptive Modulation and Coding (AMC) mechanisms. Finally, we discuss how these contributions have 
been tested, validated and integrated in the ns-3 simulator. From a MEDIEVAL's perspective, this work 
permits to better assess all the contributions that cannot be implemented into the platform, while still 
providing a reliable and realistic analysis with a complete network simulator. 

A system-level simulator such as ns-3 enables a network-based analysis, mostly concerning RRM issues, 
such as resource allocation, mobility and interference management, whereas a link-level simulator focuses on 
point-to-point communication, evaluating the impact of physical layer aspects such as channel coding-
decoding, MIMO gains and so forth. For an accurate evaluation of the user’s performance, besides the MCS 
assigned by the LTE scheduler, it is important to track the residual errors, i.e., after link layer processing, 
that are due to channel phenomena such as fading, multiple-access interference, etc. However, as discussed 
above, a comprehensive simulation of link layer procedures would entail a high computational complexity, 
which is undesirable for multi-user scenarios. With these objectives in mind, we propose a lightweight 
approach to map physical layer parameters such as SINR and MCS onto higher layer Block Error Rate 
(BLER) values. With BLER we refer to the residual error rate after all PHY-layer procedures, i.e., affecting 
the code blocks at the output of the turbo decoder at the receiver side. In addition, we store offline-calculated 
curves returning the BLER as a function of the SINR (considering an AWGN channel model) for each valid 
(MCS, CBsize) pair, where CBsize represents the code block size. These curves have been obtained with the 
Vienna link level simulator [14]. Finally, this offline calculated SINR to BLER mapping is utilized, together 
with the instantaneous MMIB information, to obtain the BLER traces for each user.  

As the link level curves are generated assuming a frequency flat channel response at given SINR, an 
effective SINR is required to accurately map the system level SINR onto the link level curves to determine 
the resulting BLER [11]. This mapping is termed Effective SINR Metrics (ESM); in the literature several 
approaches have been proposed to define the "I" mapping function [12]: 

 
1) EESM Exponential Effective SINR Metrics  

                                                
2) CESM Capacity Effective SINR Metrics  

                                        
3) LESM Logarithmic Effective SINR Metrics  
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4) MIESM Mutual Information Effective SINR Metrics  

This is the approach we are dealing with, for which we will provide a deeper explanation in the next 
subsection. Figure 17 graphically justifies our metrics’ choice [12]. 

 
Figure 17: Prediction comparison (MCS = 1) [12]. 

3.3.1.1 Mutual Information per coded Bit 

The Mutual Information per coded Bit (MIB) can be approximated through the following function, see [11]: 

 
where the parameters have been obtained through numerical fitting and are reported in Table 4.  

 
Table 4: J-function approximation parameters 

Specifically, it has been demonstrated that the MIB of any modulation m can be approximated as 

 
Numerical fittings have been carried out to obtain K, αk and βk for QPSK, 16-QAM and 64-QAM, as re- 
ported in Table 5: Numerical approximations for MIB mapping. 

 
Table 5: Numerical approximations for MIB mapping 

Finally, the Mean Mutual Information per coded Bit (MMIB) can be obtained as follows 
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where N is the number of RBs assigned to a specific user and m is the modulation that this user is exploiting. 

To sum up, the model starts by evaluating the mutual information value for each RB from the corresponding 
SINR samples. Subsequently, the MMIB is computed by averaging (effective SINR mapping) the 
corresponding mutual information values. 

3.3.1.2 BLER Prediction  

The data at the MAC layer of the LTE protocol stack (right above the LTE PHY) is arranged in Transport 
Blocks (TB), whose size depends on the specific configuration of the underlying PHY. TBs are split into a 
number of Code Blocks (CB), which are independently encoded by the turbo encoder at the PHY layer. Each 
CB is then encoded and transmitted over the channel exploiting the N RBs allotted to the user. Here we show 
how to efficiently compute the Transport Block Error Rate (TBLER). 

For the moment, let us focus on the i-the CB of a given TB. As previously mentioned, link-level simulations 
(whose results were obtained using the Vienna LL simulator) have been used to obtain the PHY-layer 
performance in terms of BLER vs. SINR over AWGN channels, accounting for the configuration of the 
PHY-layer turbo encoder in terms of CB length and selected MCS. The 3GPP standard has been considered 
to assess the correct CB sizes in the simulations. As an example, the dotted lines in Figure 18 and Figure 19 
show the BLER as a function of SINR for MCS 1 and 29, respectively. These curves have been calculated 
offline considering the actual LTE PHY layer procedures. As can be seen from these plots, the CB size 
highly impacts the actual BLER performance for a given MCS. 
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Figure 18: BLER for MCS 1 
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Figure 19: BLER for MCS 29  

As mentioned above, the selected CB i is transmitted over the channel using the N RBs that are assigned to 
the user. At the receiver side, a reference SINR value is made available by our ns-3 system level simulator 
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for each of these RBs, returning the SINR vector (SINR1, ..., SINRN), as previously discussed. From here, we 
obtain the MMIB that corresponds to an equivalent SINR for the transmission of CB i over the allotted RBs. 
As a last step to obtain the residual error rate of CB i, we need to map its MMIB onto the corresponding 
BLER, which is referred to here as CBLERi. This is done according to the following procedure. 

In order to reduce the computational burden at simulation time as much as possible, an approximation based 
on the Gaussian cumulative model has been adopted. According to this, the estimated BLER curves as a 
function of MMIB are parameterized as follows 

 
where x is the MMIB associated with CB i, bS,M represents the so-called “transition center” and cS,M is the 
“transition width” of the Gaussian cumulative distribution. S is the code block size and M is the MCS, which 
dictates the actual transmission rate. What we did at this point, was to find suitable pairs (bS,M, cS,M) for each 
MCS and code size. We did so through numerical fitting so that obtained curves would match those 
generated with the Vienna LL simulator.  

To sum up, for any given code block i, the corresponding CBLERi is computed as follows: 

1. Obtain the SINR vector (SINR1, SINR2, ..., SINRN) for CB i. 

2. Obtain the MMIB from this SINR vector.  

3. Use the selected CB size S and MCS M to pick the best fitting parameters (bS,M, cS,M) from a lookup table, 
computed offline. 

4. Use this pair (bS,M, cS,M) to obtain CBLERi. 

The overall Transport Block Error Rate (TBLER) is thus found as 

 
where C is the number of CBs contained in the TB. 

3.3.1.3 Link Adaptation Improvement 

Link adaptation plays a fundamental role in modern wireless communications systems, which need to face 
issues such as strong interference from multiple users and their mobility, which makes the wireless channel 
frequency selective. These facts are coped with by LTE adaptive modulation and coding algorithms. 
Focusing on the downlink scenario, AMC has the role of tracking the perceived SINR and sending back to 
the base station (eNB) a so-called Channel Quality Indicator (CQI) report. Hence, periodically, the UE 
reports to the eNB a single CQI value for all the RBs (the so called wideband CQI). This information is a 
“compressed” representation of the quality experienced by the UE in a specific sub-frame and is used at the 
base station side for the selection of the MCS. This process is continuously executed so as to adapt to 
channel and network dynamics. 

Our model relies on the exploitation of our link abstraction model. Thanks to this approach, we can 
dynamically select the MCS that better complies with a given target transport block error rate for the 
connection, referred to as TBLERth. In the following, we describe our improved CQI evaluation procedure by 
abstracting away from the actual implementation details, i.e., on the actual representation of CQI values (at 
the receiver, e.g., number of CQI levels, etc.) and the subsequent mapping of these CQIs onto a suitable 
MCS (which is done at the eNB). 

Our procedure, which is reported in Figure 20, works as follows. Periodically, each UE computes its 
received power spectrum profile, i.e., a SINR sample is acquired for each possible RB. For any given user i 
= 1,2,...,NUE, it starts from MCS 29, which corresponds to the most aggressive transmission schemes and 
evaluates the TBLER performance considering a transport block composed of all possible LTE RBs. The 
transport block error rate for user i, TBLERi, is estimated taking as input the vector of SINRs for the selected 
user, SINRi, and the MCS that we are currently evaluating. If TBLERi is larger than or equal to the target 
BLER defined by 3GPP (i.e., 0.1), we keep on searching for a better (less aggressive) MCS, the procedure 
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stops otherwise. Thus, the corresponding CQI is obtained in order to satisfy the spectral efficiency 
constraints defined by the 3GPP standard. 

 
Figure 20: Link adaptation improvement procedure 

3.3.1.4 Simulation Results 

In the following we provide some technical results for selected LTE scenarios. Our main goals are: 1) to 
illustrate the usability of the proposed link abstraction model, and 2) to prove the efficiency of the proposed 
link adaptation improvement. 

3.3.1.4.1 Error model 

 
Figure 21: TBLER computation 

We consider a downlink transmission from an eNB to a single static UE. For the wireless channel, we 
account for a Friis free-space propagation model, but note that the conclusions that we draw here are general 
and apply to more sophisticated models as well. The UE is placed 2150 meters away from the eNB and, 
according to the considered propagation loss model, it experiences a SNR of 15.1 dB for all its RBs. 

We first evaluate the BLER performance resulting from the selection of a “safe” transmission scheme, MCS 
17, which corresponds to 16QAM (4 bits per OFDM symbol). As we now show, for this MCS the estimated 
error rate is below the standard TBLER threshold of TBLERth = 0.1. First of all, we extract the mutual 
information value associated with the experienced SNR, as shown in Figure 21. Now, from the selected MCS 
and the maximum number of assignable RBs the TB size is 7272 bits (including the header). Following 
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standard procedures, the TB is split into two code blocks, CB1 and CB2, of size 3684 and 3584 bits, 
respectively. As shown in Figure 21, these code sizes are mapped onto the closest CB size in set S. In fact, in 
our ns-3 simulator fitting parameters are only stored for a subset of all possible CB sizes. Thus, the resulting 
CB size that will be used for the prediction of the CBLER performance is 2560 bits. Now, using the bS,M and 
cS,M parameters associated with the latter code block size and the previously extracted MI, we obtain an 
estimated transport block error rate of TBLER = 0. 

Next, we try to allocate a more aggressive modulation and coding scheme, MCS 18, for which the 
modulation order amounts to 6 bits per OFDM symbol (64QAM). Thus, we repeat the procedure illustrated 
in the previous paragraph, obtaining the mutual information MI, and the fitting parameters bS,M and cS,M. 
These quantities return TBLER = 0.14, which means that MCS 18 is not compatible with the considered 
error requirements. 

3.3.1.4.2 Link Adaptation 

We now consider a scenario with a single UE, where we vary its distance from the eNB. This leads to SNR 
values ranging from about 2 to 30 dB. Also, we consider the standard target transport block error rate of 
TBLER = 0.1. In Figure 22, we show the effective spectral efficiency as a function of the SNR for the actual 
spectral efficiency-based (SE_MCS) and proposed error-based (EM_MCS) MCS selection schemes. The 
effective spectral efficient metric reflects the actual bits per second per unit of frequency that are 
successfully transmitted from the eNB to the UE, by also accounting for the residual error after PHY-layer 
processing. As it can be seen from Figure 22, EM_MCS outperforms the current approach, at all SNR levels. 
This indicates that SE_MCS tends to be too conservative, even though a more aggressive technique can be 
used while still adhering to the target error requirements. 
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Figure 22: MCS assignment comparison 

3.3.1.5 Conclusions 

In this work we introduced a link abstraction model for the system-level simulation of downlink traffic in 
LTE networks using ns-3. Our objective here has been to provide a lightweight but still accurate procedure 
for the computation of the residual errors, after PHY-layer processing, without having to go through the 
detailed simulation of LTE PHY procedures. Toward this end, we combined Mutual Information-based 
multi-carrier compression metrics with Link-Level performance curves matching. This allowed us to obtain 
pre-calculated lookup tables, which can be used in an online fashion to track residual bit errors after physical 
layer modulation and coding procedures. In addition, we have proposed a Channel Quality Indicator 
evaluation procedure, which can be used as part of the LTE Adaptive Modulation and Coding scheme, 
showing its superiority in terms of achievable spectral efficiency with respect to current ns-3 solutions. 
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3.3.2 Evaluation of Jumbo frame techniques in LTE 

The increased usage by mobile phones connected to cellular access networks reaching towards a plethora of 
online services and multimedia content, have been placing the capacity of mobile operators under stringent 
requirements. In addition, the different nature of the kind of traffic traversing the wireless medium shared by 
thousands of users simultaneous, further creates complex scenarios, particularly when any disruption to the 
bandwidth performance if easily perceived by the user (e.g., video traffic). 

In this sense, mobile operators have started to research novel approaches, which aim to tackle these 
performance requirements under increasing complex scenarios. A main course of action by standardization 
bodies, such as the 3GPP, has been in the enhancement of the mechanisms composing the radio access of the 
cellular networks. Examples of the effect introduced by such mechanisms are the reduction of packet loss 
and the increase of throughput in outer zones of the coverage area. Parallel to this, the 3GPP is also 
acknowledging the usage of other mechanisms acting in different functional areas of the EPC. For example, 
this increase in number of cellular users connected online has motivated the interest in capitalizing available 
non-3GPP accesses such as WLAN. Towards that end, different offloading mechanisms, where the mobile 
operator is able to provide discovery, routing and flow information about both 3GPP and non-3GPP 
accesses, is being defined and employed. 

As such, these considerations further pave the way for the definition and experimentation of novel (possibly 
disruptive) mechanisms aiming to optimize the user experience for mobile users reaching for rich content. 
Following this trend, with the aim of optimizing video traffic in mobile environments, the MEDIEVAL 
project is defining and evaluating the usage of enhanced packetization mechanisms, such as the adoption of 
Jumbo Frames. Relying on the evolutions done to both cellular access networks throughput and resilience, 
the MEDIEVAL project is evaluating the opportunistic advantage of using frames of larger size, aiming to 
reduce the amount of overhead imposed by the frame headers, serialization/deserialization and other framing 
operations. The usage of Jumbo Frames can further hinder the network performance when good conditions 
are not met, which not only require the adoption of protective mechanisms (such as resilient Jumbo frame 
mechanisms or smart correction approaches), but also require a concrete assessment of the contribution of 
employing Jumbo Frames in different scenarios. 

In this sense, the MEDIEVAL project is analysing through a detailed simulation study, the impact of Jumbo 
Frames in different situations, composing proximity to the eNB, number of connected users, simultaneous 
existence of both Jumbo and non-Jumbo supporting users, different frame sizes and different kinds of 
traffics. The objective is to determine, for specific situations, not only the validity of using Jumbo Frames, 
but also of detecting when such behaviour enhances the network performance or not.  

 

The simulation tool used is ns-3 [71]. This choice is motivated by the completeness and compliancy of the 
integrated LTE module, as detailed in [72]. 

3.3.2.1 Simulation Scenarios 

A set of ns-3 scripts has been configured to provide a reliable evaluation of the performance profile resulting 
from the activation of jumbo capabilities in LTE scenarios.  

 
Figure 23: Normal vs. Jumbo Frames in LTE scenarios 

 

To do so, we simulated different scenarios with an increasing number of static users downloading a 45 MB 
video file composed alternatively of normal or Jumbo Frames. The UEs are placed in different regions within 
the cell, as shown in Figure 24.  
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REGION MODULATION 

A 64 QAM (MCS 28) 

B 16 QAM (MCS 14) 

C QPSK (MCS 2) 

Figure 24: Cell configuration 

In order to evaluate fair access coordination, we selected a Round Robin scheduler. Thus, all the allotted 
users will necessarily share the same amount of resources within each sub-frame. According to the received 
power level, and its relative MCS, the standard defines a ‘Transport block size table’ indicating the amount 
of data that can be delivered with the resources assigned to user. 

 

To provide a general picture of the effect of Jumbo Frames in LTE networks we will provide the 
performance curves, in terms of delay, of the following three cases: 

 

1) NORMAL: eNB transmitting only normal packets (1500 Bytes) to its users (0% jumbo); 

2) JUMBO: eNB transmitting only jumbo packets (9000 Bytes) to its users (100% jumbo); 

3) HYBRID: eNB transmitting jumbo packets: 

a. only in region A (33% jumbo); 

b. in region A and B (66% jumbo). 

 

In case 1) and 2), the number of users are 3, 6, 9, 12, and 15 where, for each simulation, one third of the 
population occupies each one of the three regions. 

On the other hand, concerning case 3), the number of users is 3, 9 and 15 to provide a better graphical 
representation. 

3.3.2.2 Simulation results 

The time for transmitting a 45 MB video file to each user is depicted in Figure 25 (the gain of Jumbo Frames 
transmissions with respect to the normal case is shown in Figure 26) showing a great performance benefit 
when the number of users is low, especially for the case with 3 users in the network. The same behaviour is 
observed in the hybrid cases in Figure 27 (see Figure 28 for the gain with respect to the normal case). In all 
the figures is evident that decreasing the number of served users, the Jumbo Frames technique can improve 
the performance of the system. In fact, adopting the Round Robin scheduler, the eNB tries to accommodate 
the same portion of the shared resource to each user. In addition, the quality of the link between the user and 
the eNB determines the amount of useful information sent over the wireless channel in a fixed amount of 
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time (i.e., sub-frame): the better the link, the higher the number of information bits sent. Therefore, in the 
case of few users (i.e., 3), the sub-frame can potentially accommodate a lot of information (i.e., many 
packets) for each user, especially when the quality of the link is high. In this case, the usage of normal packet 
causes a waste of resources, due to the high number of normal packet that are allocated in the sub-frame for 
each user. In fact, each packet is characterized by a header, which generates a loss of efficiency if the number 
of packets inserted in the sub-frame is high. Therefore, in this case, the usage of Jumbo Frames is beneficial, 
because many normal packets are aggregated into a single Jumbo Packet, with only one header. This permits 
to save space in the sub-frame and increase the amount of useful information sent in a single sub-frame. As 
highlighted in the figures, when the number of users increases too much, or the quality of the link is low, the 
size assigned to each user is not enough to accommodate a Jumbo Packet, causing a reduction of the gain 
offered by the jumbo technique. 

 
Figure 25: Delay comparison between normal and jumbo cases 

 

 
Figure 26: Gain of the jumbo case with respect to the normal case 

  
  

 
Figure 27: Delay comparison between normal, hybrid and jumbo cases 
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Figure 28: Gain of the jumbo cases with respect to the normal case 

 

Therefore, it is crucial for the eNB to understand when the jumbo frame technique is beneficial with respect 
to the normal case. The criteria that we designed is quite simple and it relies on the size of the region 
assigned to each user in each sub-frame: if this value is high enough to accommodate a jumbo packet for a 
given number of sub-frames, the eNB informs the Service Gateway (S-GW) via MME, see Figure 29, to 
aggregate many normal packets into a single jumbo packet. Here, we have two points that are still open and 
will be assessed in the next future (next deliverable, D3.3): (i) the "confidential interval", that reflects the 
behaviour of a single user for a potential activation of Jumbo Frames technique and (ii) the dimension of the 
jumbo packet. In the first case, we plan to observe the status of each user in order to decide if it is suitable for 
Jumbo Frames transmission.  

This information is decided by the eNB and then is fed back to the S-GW via MME (both collocated in the 
Mobile Access Router (MAR) in the MEDIEVAL architecture) for the packet aggregation. This choice 
permits to separate the usage of Jumbo Frames in the EPS from the source of the video content, which is a 
typical real scenario; in fact, it is difficult for the operator to impose a dimension of the packet directly from 
the source, instead of implementing its own simple data aggregation inside the core network. The second 
case requires however an additional algorithm that optimizes the dimension of the packet subject to the 
dimension established by the resource allocator in the sub-frame. In the case of the MEDIEVAL flattened 
architecture, the LTE PoA decides whether it is suitable to accommodate Jumbo Frames in its cell. It informs 
the Transport Optimization in the MAR, using a “Jumbo_Feasibility_Report” event. Video packets, already 
identified by their marking and aggregated into Jumbo Frames directly in the core network, can be 
transferred as larger packets in the LTE cell. 

 
Figure 29: Modified version of the EPC architecture for LTE for jumbo frame transmissions 
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3.3.3 LTE Resource Allocator Is Suitable for Soft QoS Multimedia Traffic 

Multimedia traffic is expected to be widespread in next generation wireless networks, which will be likely 
based on OFDMA. While multimedia content is heavily demanding in terms of network resources, it is also 
inherently adaptable at the application layer, thereby imposing soft QoS constraints, rather than strict 
requirements on a specific data rate. In this section, we specifically investigate the suitability of such a 
medium access control rationale for this kind of traffic. It turns out that, if properly managed, next generation 
networks, MEDIEVAL architecture included, can accommodate several types of multimedia users, thanks to 
a proper exploitation of user and frequency diversity. However, on the application side a great deal of 
attention should be paid to take advantage of scalability of the video flows and adaptability of this kind of 
traffic, to exploit the network capacity at its maximum. 

3.3.3.1 Introduction 

Nowadays, a growing number of wireless network users are equipped with powerful portable devices (e.g., 
smart phones, tablets), which make it possible to experience innovative multimedia communications. This 
triggers mobile operators to support video traffic delivery in their next generation mobile networks with very 
good quality and in an efficient way, offering multimedia services such as Personal Broadcast (PBS), Mobile 
TV and Video on Demand (VoD) [1]. To satisfy the mobile user expectations, the Evolved Packet System 
has been standardized by the 3GPP [17]. The new release is characterized by a new core network based on 
the IP protocol and a new radio access technology, the LTE air interface. A further advancement of LTE is 
represented by LTE-Advanced (LTE-A), which represents the latest 3GPP standardization for the radio 
access [18]. At the access level, LTE and LTE-A employ OFDMA technology in the downlink, to serve end 
users in the network by handling traffic on a subcarrier-by-subcarrier basis for a specified number of symbol 
periods [19]. 

Typically, video traffic is regarded as composed of constant bit rate flows. This leads to a guaranteed rate 
approach where the scheduler grants a fixed transmission rate to all users, with the aim to satisfy strict QoS 
constraints. We deem such a strategy to be inappropriate and leading to conservative usage of the available 
capacity. Actually, video content is highly dynamic and consists of packets with different priority, which 
permits to adapt video flows to the available transmission resources and to adjust their data rate according to 
the network conditions. Such a prioritization is possible thanks to video compression formats, such as 
H.264/AVC [20]. However, this property of the video flows is not well exploited, and in the literature many 
papers present the classical differentiation between streaming, which requires a minimum guaranteed 
average rate, and elastic traffic, which allows rate adaptation. This categorization was also used in [21], 
where the capacity of a CDMA cellular system is analysed, showing that the capacity is increased if the 
elastic traffic can tolerate a slower rate, with a so-called soft QoS approach. 

Motivated by the possibility to vary the transmission rate of the video flows and inspired by the approach 
used in [21], we show that a new approach for resource allocation tailored for video traffic is possible. Our 
aim is to firstly quantify the Shannon capacity limit [22] of the downlink of a cellular system where multiple 
users are served by a unique scheduler. This result permits to show the impact of multiuser diversity on the 
total capacity and to exploit it to serve more users with respect to the guaranteed approach. Our resulting 
approach to "soft QoS" can be described as an intermediate step between hard QoS constraints and a pure 
best effort approach. In our allocation rationale, video users are guaranteed very loose minimal rates, which 
are sufficient to maintain the connection if the application quality is properly scaled down. Conversely, on 
the data link layer, we show that the "soft capacity" of the OFDMA access control (due to user and frequency 
diversity) permits to allocate much more users with such a soft QoS approach, as opposed to the limitations 
encountered by allocations satisfying hard QoS constraints. In other words, with our approach the system can 
sustain the same number of users with the same rate as in the hard QoS approach and, in addition, another set 
of users with a lower rate which is however above a minimal guarantee. Such a guaranteed rate is below that 
of the hard QoS, but may be still sufficient if video scalability or other application features (e.g., terminals 
with limited capabilities) are properly exploited. The resulting allocation represents a definite improvement 
because a higher number of users are admitted in the system, yet the guarantees of the hard QoS case are still 
met. 
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3.3.3.2 Related Work 

In the literature related to multimedia traffic in wireless networks, the scheduling problem is deeply 
investigated, with several proposals [23]. The problem is related to assigning a portion of a shared resource 
to each user in an efficient manner, and has gained a lot of interest after the introduction of the OFDMA 
technique at the radio access level of cellular systems. To perform this in an optimal way, the problem is 
often converted into the optimization of a set of parameters, such as average or bounded packet delay, and 
transmission rate. For example, the problem of allocating users bounding the packet delay is considered in 
[24], where a two-level scheduling is proposed to reduce the complexity of the algorithm. In the first step, 
the allocator establishes the amount of data to transmit, in order to respect the delay constraint of each video 
flow; then, in the second step, the flows are accommodated in the time-frequency grid considering fairness 
and system throughput as constraints. Another interesting approach is proposed in [25], where the problem of 
assigning portions of the OFDMA grid to each user is seen as a knapsack problem. A different approach is 
presented in [26], where a Lagrange dual decomposition has been exploited to efficiently solve the sum rate 
and weighted sum power maximization problems. Basically, the authors proposed an efficient algorithm to 
solve both allocation problems, knowing that the optimal solution to the maximization problems consists in 
performing multilevel water-filling. A good interpretation of the cross-layer philosophy is provided in [27], 
where a joint optimization of the application, MAC, and PHY layers has been developed, but without 
considering the LTE specifications. Similarly, [28] proposed a new resource allocator for video streaming. 
Using cross-layer information, e.g., packet delay, signal to noise ratio and buffer occupancy, the proposed 
algorithm determines the amount of resource (i.e., resource blocks) needed to support real time video flows 
for all users. 

In a parallel line of research, the problem of accommodating in the OFDMA time-frequency grid both the 
elastic traffic, which imposes no hard constraint on QoS, and the constant bit rate traffic is studied. In [29], 
the simultaneous presence of both types of traffic is modelled by a continuous time Markov chain for the 
OFDMA-based WiMAX system. Assuming that all real time applications have a constant bit rate, the paper 
proposes an analysis to derive the call blocking probability, mean delay and mean throughput performance of 
an admission control system which guarantees a minimum throughput to each user. In the literature, the 
coexistence of the two types of traffic is handled by reserving a portion of the resource to the constant bit 
rate traffic, and then allocating in the remaining part the elastic traffic, which has more degrees of freedom. 
This approach has been used in several papers, such as [30] and [31], which have derived algorithms to 
maximize the overall throughput of a cellular system. In [32], an information theoretic approach is 
considered to analytically evaluate the problem of resource allocation, respecting constraints on the blocking 
probability and on the mean throughput for the constant bit rate and elastic traffic, respectively.  

With respect to this literature more focused on the proposal of new algorithms with different objective 
functions, the goal of our work is to assess the impact of user and frequency diversity in the performance of a 
realistic cellular network scenario and to show that a different rationale is possible: besides hard QoS 
constraint imposed by the guaranteed approach, is also possible to further serve new users with a soft QoS, 
which is not a best effort criteria, but a constraint with lower requirement in term of rate respect to the hard 
QoS. 

3.3.3.3 System Model 

The transmission scheme in the LTE-A framework follows the OFDMA shared-channel transmission 
principle, in which the time-frequency resource is dynamically shared between users. The eNB (eNB) 
performs the resource allocation at each transmission time interval (TTI), whose duration is the same as a 
single sub-frame and equal to 1 ms. Each sub-frame contains 2 slots and each slot consists of 7 OFDM 
symbols. The number of available subcarriers changes depending on the transmission bandwidth, but 
subcarrier spacing is fixed to Δf = 15 kHz. The eNB controls to which users the shared resources are 
assigned by giving a combination of Resource Blocks (RBs). A RB is the smallest element that can be 
allocated to a user; it has the duration of a single sub-frame (TRB=14 OFDM symbols) and consists of 
KRB=12 subcarriers, corresponding to a nominal bandwidth of 180 kHz. 

As the reference scenario, we consider a single cell with QTOT stationary users potentially served by a single 
eNB, which has NRB RBs available in the downlink physical resource at each TTI. Moreover, we suppose 
that the interference between each RB has been removed [33]. Let a(m,n) be the m-th resource element (RE), 
which is the smallest modulation structure in LTE, or rather is the (complex) modulation symbol transmitted 
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by the eNB in a given subcarrier of the n th RB, which is composed of MRE = KRBTRB = 168 REs, since the 
duration of a RB is equal to TRB = 14 OFDM symbols. The expression of the received RE with respect to the 
q-th user, q=1,...,QTOT, is 

( ) ( ) ( ) ( )nmznmanmhdAnma qqqqq ,,,,~ 22
1

+=
−η   (1) 

with m = 1,...,MRE and n=1,...,NRB. The path loss between the eNB and user q is represented by A1/2dq
-η/2, 

where η is the path loss exponent and A is a unitless constant [34]; the term zq(m,n) denotes the complex 
white Gaussian noise term for the m-th RE of the n-th RB with zero mean and power E[|zq(m,n)|2]=N0Δf. 
The channel coefficient of user q, RE m and RB n, hq(m,n), is modelled by a quasi-static Rayleigh fading 
distribution, i.e., it is assumed to be constant within each OFDM symbol and it is a complex Gaussian 
random variable with zero mean and power equal to σ2. The quasi-static assumption defines the behaviour of 
the channel coefficient inside each RE, however we need also to introduce two different models to establish 
the relationship of the channel coefficient between different REs and RBs. In the first model, RE-iid, we 
assume that hq(m,n) varies independently and identically distributed (iid) between different REs; conversely, 
in the RE-const model, hq(m,n) is constant for all the REs belonging to the same RB, and varies 
independently between different RBs.  

Let γq define the received signal-to-noise ratio (SNR) of a RB between the eNB and user q, that is 
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where the transmitted power used by the eNB to transmit a single RB is P. 

Based on the Shannon capacity limit [22], the maximum achievable spectral efficiency between the eNB and 
the q-th user (and RE m, RB n) is given by 
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evaluated in [bits/s/Hz]. Similarly, the spectral efficiency of the n th RB of user q can be derived as 
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Therefore, the eNB can decide how to reserve the spectrum (i.e., the RBs at each TTI) to each user 
q=1,...,QTOT by using as information the spectral efficiency CRBq(n), with n=1,...,NRB. This selection 
procedure permits to derive the total spectral efficiency as 
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where q*(n) represents the user to be allocated in the n th RB. We also note that equation (4) does not change 
with the RE-iid assumption, while in the RE-const case it can be simplified to CRBq(n)=MRE log2(1+|hq(n)|2 γ). 
Even though the practical values that the system can sustain during a real LTE transmission may be different, 
this evaluation can provide a qualitatively effective way to estimate the performance of the cellular scenario 
and to use it for performance assessment purposes. To quantify the global performance of the cellular 
system, also including the presence of multiple users, we need to resort to other algorithms, which try, in 
different ways, to allocate the resource of the eNB to the users. 

3.3.3.4 Algorithms for Resource Allocation 

In this section, we investigate algorithms for allocating the time-frequency resource to multiple users and 
evaluate the resulting capacity. The main goal of all the algorithms is to achieve a value CTOT for the spectral 
efficiency of the cellular system that is as high as possible. This is realized by also imposing at the same 
time, under different forms, a fairness constraint, i.e., a lower limit on NRB/QTOT, which establishes the 
number of minimum RBs for each user. This division could have a non-zero remainder. Therefore we need 
to introduce the following threshold 
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If the remainder of the division NRB/QTOT is 0, the overall set of RBs is equally divided between all users 
giving NMIN RBs to each of them, otherwise we have a reduced set of RBs, with cardinality NREM, which 
cannot be equally divided, where NREM = NRB - QTOTNMIN. In this case, the fairness condition is met by giving 
NMIN RBs to QTOT-NREM users and NMIN+1 RBs to the remaining NREM users. The algorithms described below 
take into account these differences. In the following, we indicate with Q={1,...,QTOT} the set of users that can 
be potentially served and with N={1,...,NRB} the set of all the available RBs. 

Moreover, a comparison of the proposed strategies will be carried out at the end of this section and the most 
representative ones will be selected to show the impact of soft QoS on the performance of a cellular scenario 
(see Section 3.3.3.6). 

a) THR-MAX: for each RB, select the user with the best spectral efficiency (fairness is neglected). Let q*(n) 
be the selected user for the n th RB through the following relationship:  

( ) ( ) NnnCnq
q

Qq
∈∀=

∈
RBargmax*   (7) 

b) THR-FAIR: the previous approach does not fulfil fairness requirements, but uses all the available NRB 
RBs. In a somewhat dual fashion to THR-MAX, the THR-FAIR approach allocates the best NMIN RBs for 
each user, without considering the fact that the same RB could be used more than one time. After this first 
step, NMIN RBs are assigned to each user. However, if NREM ≠ 0, we need to further allocate NREM RBs, as we 
saw before. Let NREM be the set of the remaining RBs that are still unallocated; each user selects the best RB 
within NREM as follows 

( ) QqnCn
q

Nn
q ∈∀=

∈
RB

REM

REM

argmax   (8) 

and the corresponding value of spectral efficiency is grouped into the set {CRB1(n1
REM),..., 

CRBQTOT(nQTOT
REM)}. Regardless the RBs overlap, the algorithm completes the allocation procedure by 

selecting the NREM users with the highest spectral efficiency from the previous set. 

c) FAIR-MAX: this strategy respects the constraints of both RBs and fairness. The algorithm starts by 
computing 

( ) ( )nCnq
q

NnQq
RB

,
argmax**

∈∈
=   (9) 

and continues by removing the allocated RB n* from set N and also the user q* from Q only if it satisfies the 
fairness condition NMIN (i.e., with RB n*, user q* has received the NMIN-th RB); the algorithm derives again 
(9) with the updated sets until Q is empty. In a very similar way, the remaining NREM RBs are allocated, with 
the constraint that each user can reserve only 1 extra RB over the limit imposed by NMIN. 

d) FAIR-VAR: the allocator tries to exploit the variability of the channel for each user, by deriving, before 
selecting the RB with the highest spectral efficiency, the variance of the set {Cq(1),...,Cq(NRB)} for each user 
q in Q. This permits to assess the sensitivity of each user: the lower the variance of the user, the higher the 
probability that all the RBs have a similar value. Therefore, this technique tries to allocate first the users with 
the higher variance. Once the most sensitive user is selected, the algorithm selects the RB with the best 
channel quality, which is then removed from the list of available RBs; the same procedure is applied to the 
user if it reaches the maximum value NMIN imposed by fairness requirements. This procedure stops when all 
users have NMIN RBs each. The remaining NREM RBs are accommodated in a very similar way, with the usual 
constraint that each user can reserve only 1 extra RB with respect to the limit imposed by NMIN. 

e) FAIR-BIP-joint: the optimal feasible allocation can be formulated as 
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which is a binary integer program (BIP) and can be solved using a linear programming-based branch-and-
bound algorithm. Variable xq(n) in {0,1} is set to 1 if user q uses RB n and to 0 otherwise. Conditions in Eq. 
(10) impose maximum RB and fairness constraints, respectively. In particular, the second condition already 
includes NREM. In fact, 1REM is equal to 1 only if NREM ≠ 0 and to 0 otherwise. 

f) FAIR-BIP-2steps: this strategy can be used only if  NREM ≠ 0. It exploits BIP as the FAIR-BIP-joint 
algorithm, but proceeds in two steps. In the first optimization the algorithm allocates NMIN RBs to each user, 
i.e. the same problem as in (10), except for the second one, which becomes 

( ) MIN

N

1
N

RB

≤∑
=n

q nx   (11) 

In the second step only the remaining NREM RBs have to be allocated between the users. In this case, the 
condition reduces to 

( ) 1
RBN

1
≤∑

=n
q nx   (12) 

in fact at most 1 extra RB can be allocated to each user. Thus, if NREM = 0, the first step of this approach is 
equal to the previous problem and the second step is ignored. 

g) FAIR-EXACT-LP: the last algorithm defines the problem as the following linear program (LP) 
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where 0 ≤ yq(n) ≤ 1. Compared to FAIR-BIP-joint, this algorithm derives the exact value of the total spectral 
efficiency for the considered scenario supposing that the fairness constraint holds with equality. This 
approach gives non-integer partitions, although RBs are atomic and cannot be split. Its fractionary allocation 
coincides with that of FAIR-BIP-joint in the special case NREM=0. 

3.3.3.5 Quantitative Algorithms Comparison 

To quantify the impact of spatial diversity offered by the system to the eNB, we assume that all users q in Q 
are stationary and placed at the same distance with respect to the eNB. In this case, the distance dq introduced 
in Section 3.3.3.3 is equal to d, for all q in Q; the only difference among the users is the realization of the 
channel coefficients of the REs, for which we used either the RE-iid or the RE-const assumptions. Therefore, 
we only need to set the received SNR of a RB, γq, defined in (3). We consider an eNB transmit power of P = 
26.98 dBm per each RB, a noise power spectral density of N0 = -174 dBm/Hz, d = 1 km, η = 4 and carrier 
frequency equal to 2 GHz; A is set to the free space path gain at distance d0=1 m [34]. Therefore, the 
received SNR for a RB is equal to γ = 8.6 dB. Finally, the channel bandwidth is B=10 MHz, hence NRB=50 
[17] and the total capacity, in b/s, is given by B CTOT, with CTOT defined in (5) as the total spectral efficiency. 

Figure 30 and Figure 31 report the total capacity obtained by each resource allocator with σ2=1 for RE-iid 
and RE-const, respectively. In spite of different absolute values, the trend of the curves is similar. Basically, 
the larger capacity values of Figure 31 are explained by the fact that RE-iid cannot properly exploit 
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frequency diversity, as it is more likely that the spectral efficiency of RBs for each user is very similar to 
each other (i.e., all the OFDM symbols are iid within a RB). For RE-const instead, frequency diversity can be 
properly exploited, since in each RB there is only a fixed value of channel coefficient, which determines the 
spectral efficiency of the RB. Thus, Figure 30 can be seen as an overall lower bound, which is however very 
loose. In fact, we tested other intermediate assumptions about the correlation of RBs and Figure 31 appears 
to be much more representative even when only mild correlation is present. Therefore, we focus only on the 
RE-const in what follows. 

   
 Figure 30: Total capacity in Mb/s versus the number of served users for bandwidth equal to 10 MHz, 

50 RBs, σ2=1 and in the RE-iid case             

    
  Figure 31: Total capacity in Mb/s versus the number of served users for bandwidth 

equal to 10 MHz, 50 RBs, σ2=1 and in the RE-const case 

 

We highlight that all the allocation algorithms exhibit proper comparative performance. First of all, THR-
FAIR is always the top most curve as it violates the constraint on the RBs utilization, therefore, it can be 
seen as a non-achievable upper bound. The second top most curve is THR-MAX, which gives an achievable 
allocation and can be interpreted as an upper bound (though not exactly, because it is a greedy policy). 
Instead, the lowest curves are related to the approaches that take fairness into account: FAIR-MAX and 
FAIR-VAR. Finally, the BIP and LP approaches achieve intermediate values and can be regarded as slightly 
more accurate values, since they solve constrained maximization problems. However, we remark that the 
span of all the achievable curves is pretty narrow. Hence, regardless of the actual algorithm used, any of 
these curves can be used as a good indicator of the total capacity. 
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Figure 32: Total capacity in Mb/s versus the number of served users for bandwidth equal to 10 MHz, 

50 RBs, σ2=1.5 and in the RE-const case 

In Figure 32 we also verified the impact of the channel variability by changing σ2 to 1.5; other choices would 
yield identical results. Again, the values change quantitatively but not qualitatively (the curves scale almost 
perfectly), thereby confirming the generality of our reasoning. 

3.3.3.6 Soft QoS Approach 

The results shown above trigger a direct consequence for soft QoS traffic and in particular multimedia users. 
Without loss of generality, we refer to the FAIR-EXACT-LP curve of Figure 33, although the same 
reasoning applies to any other figure and/or algorithm. The most interesting characteristic of the curve is that 
it is not flat but increases steadily even when the number of users is high. This is a direct evidence of the 
multiuser diversity phenomenon in OFDM networks and justifies the term "soft capacity" for such systems. 

In the following, we analyse our capacity estimations for system dimensioning purposes, i.e., we use the 
curves derived previously to pursue a rough quantification of the number of users that can be admitted into 
the system. This evaluation is to be meant just as on average and with no pretence of optimality, even though 
it would be possible to apply these results also from a more rigorous point of view. However, more than 
seeking the actual optimization of how many users can be admitted into the system, which can be subject of 
further investigations, we just want to point out how the soft capacity of the system is better matched by an 
approach which exploits at the same time the soft QoS requirements imposed by multimedia traffic. 

 
Figure 33: Total capacity versus number of served users with channel bandwidth equal to 10 MHz (50 

available RBs), σ2=1 and in the RE-const assumption 

The general aim to properly exploit the system capacity can be translated into the maximization of the 
number of users in the system. The classic "hard QoS" approach would be to allocate as many users as 
possible by providing all of them with a guaranteed rate R. If the system capacity is C, this would correspond 
to allocating on average C/R users. To quantify this approach, in Figure 33 we evaluate C as given by the 
FAIR-EXACT-LP approach and represent it as a function of the number of users N. Let y = C(N) denote a 
function that represents the behaviour of the solid curve in Figure 33. Moreover, we take different values of 
R in {8.5,10,14,20} Mb/s and we plot dashed lines y = RN that cross the solid curve in the maximum value 
of users N that can be allocated respecting the hard QoS constraint. For example, with R=10 Mb/s, the 
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system can accommodate N=8 users with hard QoS. However, as the curve keeps increasing, there is room 
for additional users. 

Another complementary approach would be to consider best effort traffic to fill the capacity in a softer 
manner. However, just allocating traffic without any rate guarantee would be unsuitable for multimedia 
traffic, which is generally highly demanding and still requires some minimal rate depending on the 
application layer. Thus, we take an intermediate approach between the hard QoS and a totally unregulated 
best effort allocation. In particular, we want to see if there is room to allocate N' extra users at a given 
transmission rate R', which is lower than R, but still provides a loose guarantee. 

As per the previous example, we guarantee N=8 users to be served at R=10 Mb/s. However, in our soft QoS 
allocation we can additionally introduce N' = {0,1,2,...} users with a lower guarantee R' where C(N+N') = 
C(N)+R'N' can be reformulated as R' = (c(N+N')-c(N))/ N' and imposes the upper limit to the utilization of 
the available capacity. Figure 34 plots the resulting R' versus the number of extra users served, N'. This 
figure shows the impact of spatial diversity in the definition of the soft capacity: for example, with N=8 users 
served at a guaranteed rate of R=10 Mb/s, it is possible to further allocate N'=2 users with soft QoS 
guarantee fixed to R'=3 Mb/s and even 11 extra soft users if the soft QoS guarantee is fixed to 2 Mb/s. In 
conclusion, the total capacity for 10 MHz of channel bandwidth is equal to 80 Mb/s with hard QoS 
requirement fixed at R=10 Mb/s and 8 served users; however, it can reach 86 or 102 Mb/s in case of soft 
QoS fixing the guaranteed transmission rate to 3 or 2 Mb/s and serving 10 or 19 users, respectively. 

 
Figure 34: Transmission rate for each extra user beyond the N allocated with a hard QoS approach. 

Bandwidth is 10 MHz, σ2=1, RE-const assumption 

We remark that these lower guarantees can be acceptable for multimedia users operating in cellular 
networks. Specifically, depending on the kind of terminal, they may well be sufficient to provide an 
acceptable QoS. Actually, the key point of the whole allocation could be to properly select the users, and 
possibly scale down the rate provided to the users that allow for adaptation. In this sense, our "soft QoS" 
approach can perform even better than what envisioned by this discussion. In particular, the average values 
can be improved if a proper user selection mechanism is adopted. Moreover, to push adaptability of 
multimedia traffic even further, even the rate guarantee R can be adjusted, and capacity can be pushed 
further by jointly optimizing both values R and R'. These points represent possible further developments of 
this work.  

3.3.3.7 Conclusions and future work 

In this section, we derived the capacity of an OFDMA cellular network under different approaches, 
summarizing their most important qualitative aspects. In this sense, regardless of the specific evaluation 
methodology, an important general conclusion is that the OFDMA capacity is inherently soft, due to 
multiuser and frequency diversities. Specifically, this represents an advantage to exploit for soft QoS traffic 
such as that offered to multimedia users. As the main consequence of this observation, we proposed a soft 
QoS allocation, as opposed to the hard QoS resource assignment with fixed guaranteed rates, which provides 
the same guarantee to an identical number of users but also provides a looser rate guarantee to additional 
users. We believe that such a model can have direct influential consequences on both the allocation and the 
quality provision paradigm of multimedia traffic in next generation networks. This whole reasoning was 
derived from aggregate capacity evaluations. The extension of this idea to either optimization frameworks 
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and practical allocator in LTE networks simulated in NS-3 will be considered in future work and will be 
reported in the next deliverable D3.3. 

  

3.3.4 Impacts of the LTE Relay at PDCP level 

3.3.4.1 Introduction 

In order to optimize video transmissions over cellular networks, the MEDIEVAL project introduced wireless 
technology-specific innovations such as the analysis of a relaying scheme at Packet Data Convergence 
Protocol (PDCP) level in the LTE access network. In parallel, during the past couple of years, Layer-3 relays 
have also been studied at 3GPP, and included in the upcoming LTE-A architecture at stage 2 level (i.e. high 
level design) [37]. The work achieved in the standard focuses on a new interface, the Un, between a 
dedicated eNB (called the Donor eNB) and the Relay. As mentioned in the previous deliverable D3.1, the 
standardization is still under progress at stage 3 level (low level design), which means that the detailed 
operation specifications are still under definition. In addition, considering video transmissions, the impact of 
the delay introduced on video streams and the MEDIEVAL architecture by the relaying architecture has to 
be assessed. 

3.3.4.2 Global description 

Relaying techniques offer an interesting method for extending and improving wireless networks. These 
techniques have been selected as part of the enhancements introduced to the LTE-A architecture. Their 
effectiveness has been investigated in the literature, showing good results in terms of both network coverage 
beyond the eNB and overall capacity. Outdoor measurements have shown in [65] that a time-shared LTE 
relying system with 20 MHz bandwidth can both achieve 60 Mbps of data rates and cover the coverage holes 
in urban macro environments with a diameter of 300 m. A performance evaluation has been also 
accomplished in [67] via simulations showing interesting trade-offs between transmission power of both 
eNB and relay node (RN) and their positions. In [63], the business impact of relay deployment is considered, 
concluding that operators can save 30% and more in the total cost of ownership. A performance comparison 
of different half-duplex relay strategies in interference-limited cellular system is taken into account in [68]. 
A comparison is also proposed, highlighting the pros and the cons of each technology depending on the 
criteria that the operator wants to optimize (e.g., complexity, interference management, throughput gain, 
mobility). Two different LTE relay deployments are proposed in [64] considering the following criteria: 
early deployment (i.e., compatibility with current LTE EPC architecture), system complexity and traffic 
performance. The architecture complexity has been reduced considering packet aggregation of multiple UE 
flows with the same QoS requirement. Finally, header compression and stripping under the Un interface are 
added. However, classic approach in the literature to maximize the total cell capacity and coverage could not 
influence the system throughput, due to the burst traffic. Therefore, in [66] a low-complexity centralized 
algorithm has been proposed to balance the downlink traffic in a LTE relay network, showing better 
performance respect to proportional fair relaying scheme. Generally, the approach used in the literature is to 
focus their attention on a very few set of aspects of the LTE architecture, due to the complexity of the overall 
system. Here, on the contrary, we study the problem of LTE relay from an architectural point of view, 
considering all the aspects involved in a real deployment, from the IP level to the wireless access. 

As mentioned by other works, relaying operates on the LTE radio interface and can be performed at several 
levels: physical layer, link layer or just below the IP protocol stack. At physical layer level, the relay only 
repeats the received Radio Frequency (RF) signal. Such technology is already in operation because it is very 
cheap and relatively simple. However, it increases the level of interference in the system, both propagating 
the inter-cell interference already present in the RF signal and introducing an additional contribution from to 
backbone signal on the relayed signal. Layer 2 relays introduce additionally demodulation, decoding, 
encoding and modulation, thus eliminating the noise problem. The Layer 3 relay operates at PDCP level and 
thus benefits from all the error correction mechanisms and transmission quality brought by the link layers, 
since the IP packet is extracted from the RN radio bearer and forwarded onto another UE radio bearer. 
However, this operation may have a cost in terms of QoS, which has to be carefully evaluated especially for 
video applications. This relaying scheme has also a strong impact on the signalling flows and procedures for 
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the attachment, detachment and coordination of resources management functions, both at the relay and 
mobile nodes. 

 

 
Figure 35: LTE Relay node in the MEDIEVAL wireless access 

 

Figure 35 depicts a global view of the introduction of the RN in the MEDIEVAL architecture. A radio 
configuration similar to 3GPP is adopted. The eNB and relay signals at the physical layer level are supposed 
to be differentiated either by operating on a different frequency or by time-division multiplexing. The 
analysis performed here will mostly focus on the impact on QoS and on the Radio Control procedures, e.g. 
radio attachment of the LTE relay to the LTE eNB, attachment of a mobile node to the cellular system 
through the LTE relay, session setup and tear down, detachment of the mobile node or the LTE relay from 
the network. As a first step, it is expected that the LTE relay serves as an extension of the network to 
increase its capacity and thus is not moving. This study also introduces the Layer 2.5 abstraction as a 
transport mechanism for the signalling, allowing the upper control layers to remain agnostic from the 
specifics of the LTE technology. 

Figure 36 shows the protocol stack with the relay for the data plane, while Figure 37 shows how the control 
plane is organised. 

 

 
Figure 36: Data plane protocol stack for the LTE relay 

 

In the data plane, the IP packets are transported from the MAR to the MN above the LTE radio interface. For 
simplicity of the picture, the packet selection mechanism which is performed at the wireless access entrance 
(part of the VFSIC module) is not shown here.  

In the case where the MAR is not collocated with the eNB, wired L2/L1 are used, most probably Ethernet. In 
the case where the MAR is collocated with the eNB, these protocols are not present and the IP packets are 
forwarded directly through a LTE radio bearer using the PDCP protocol. It should also be noted that in 
3GPP, all the protocols marked with a (*) are under a [GTP-U/UDP-IP] tunnel. Actually, in the eNB, this 
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tunnel is transferred inside a similar tunnel between the eNB and the LTE relay, which implies some 
additional processing of the packet. The second tunnel ends in the LTE relay. In both nodes, there is a one-
to-one mapping between the tunnels or the bearers. 

It is worthwhile highlighting that at the LTE relay all encapsulation ends and the packet is directly brought 
through the PDCP protocol. We can also see that the IP packet is forwarded either 2 or 3 times in this 
scheme, which may have a strong impact on the delay and the quality of the video reception. Overall, the 
impact on QoS parameters (jitter, delay, packet loss...) has to be assessed carefully and balanced with the 
benefits obtained at network level. 

 

 
Figure 37: Control plane protocol stack for the LTE relay 

 

Figure 37 shows the signalling relationship between the considered nodes. In MEDIEVAL, the signalling for 
the upper layers, e.g. the Connection Manager (CM) or the Flow Manager (FM), is carried out by the 802.21 
protocol. In each node, the L2.5 Abstraction Layer interfaces locally with LTE-specific modules such as the 
VFSIC, MMAS or LTE-PDCP-Relay (L2PRLY). These modules trigger some technology specific 
mechanisms for the control of the Radio interface, either using the NAS or directly the RRC procedures. 
Similar to 3GPP, there are two levels of signalling here: the first level operates the radio interface between 
the LTE-Relay and the eNB for the broadcast of system information, attachment/detachment of the LTE 
Relay itself and the allocation/release of the radio bearers on the interface. The second one executes the same 
functions for the MN. In 3GPP, the MME is taking care of this signalling; the MME serving for the first 
level may be distinct from the MME for the second level. On the contrary, in the MEDIEVAL evaluation 
this process has been simplified, by locating all the necessary functions in the MAR serving the 
corresponding wireless cells. 

An impact of this architecture lies in the procedures for the management and establishment of the data radio 
bearers. When a new application starts in the MN, it requires the establishment of two radio bearers: a first 
one between the eNB and the LTE Relay and another one between the LTE Relay and the MN, as shown in 
Figure 38. 

 



MEDIEVAL D3.2 Final Specification for the Wireless Access Functions and Interfaces 

Page 65 of (162)  © MEDIEVAL 2012 

 
Figure 38: Radio bearers for packet delivery 

3.3.4.3 Procedures 

This section shows the LTE radio control procedures necessary for the operation with a RN at a stage 3 
description level. The objective of analysing these procedures is to evaluate the handover latency and their 
impact on the overall perceived quality when a relay is introduced in the cell to extend its coverage and 
capacity.  

The three main procedures pictured in this section concern the setup of connections and resources. The 
procedures addressed are:  

• Attachment of the relay 

• Attachment of a MN to the cellular system through the relay 

• Session setup and resource allocation coordination 

Releasing is generally similar and simpler so the corresponding procedures for session tear down, 
detachment of the mobile node and detachment of the LTE relay from the network are not detailed here. The 
procedures are described at the same level as in [39]. 

In all the procedures, the relay plays the role of a MN for the eNB and of an eNB for the MN. 

 

Attachment of the Relay 

Figure 39 shows the procedure for attaching the LTE Relay to the access network. It is executed only once, 
when the LTE Relay is started. 
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Figure 39: Flow for RN attachment 

 

In this procedure, the LTE relay behaves as a MN, listening to system broadcast and executing the 
connection procedure.  In fact, the establishment of a default RB between the relay and the eNB, that can 
handle all further communications, is not needed because the relay does not contain an upper layer, which 
would require this procedure. Moreover, the configuration parameters that the relay receives at connection 
setup are different: these parameters contain both the configuration and signalling bearers between the eNB 
and the relay, and the configuration of the common channels to be broadcasted by the LTE relay. Therefore, 
it is important that the relay identifies its capabilities at the time of connection.  

When it completes its initialization, the relay starts broadcasting its system information to its owned cell.  
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Attachment of a MN through the relay 

Figure 40 shows the flow for attaching a MN to the cellular network. 

 
Figure 40: Flow for MN attachment 

 

When the LTE component in the MN receives a request from the upper layers to scan the air interface for 
network availability, it listens to the system information messages received in the broadcast channel and 
identifies the LTE Relay as a suitable PoA. This information is transferred in a Link_Action.confirm towards 
the L2.5 abstraction and forwarded to the MEDIEVAL Connection Manager, which decides to select the 
LTE access. This decision is executed and the standard attachment procedure to the LTE network is prepared 
and started, as described in details in [36] and [39]. The connection procedure is executed to establish a 
signalling link between the MN and the LTE Relay. When this is complete, the LTE relay contacts the eNB 
with a MN_Attachment_Request to obtain the parameters necessary for the setup of default radio bearers on 
both radio interfaces. The parameters for the MN-LTE Relay interface are also provided to the MN and then 
the bearers are established, completing the attachment process and triggering the L2.5 Link_Up.indication 
event notification towards the CM in the MN and the FM in the MAR. The 802.21 registration and setup 
procedures are then executed as usual between the MN and the LTE Relay playing the role of the PoA, and 
between the MN and the MAR. 
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Resource allocation coordination 

Figure 41 shows how the establishment of new resources is coordinated in the case of the setup of a new 
session. 

 
Figure 41: Flow for MN resources allocation 

 

The establishment of resources is triggered by the FM which informs both the eNB and the LTE Relay using 
a Link_Action.req primitive with a new action type of LINK_ACTIVATE_RESOURCES as described in 
[3]. The eNB updates its radio configuration to support the new flow and provides at once to the LTE Relay 
the radio parameters update to establish the radio bearer between the LTE Relay and the MN. This data radio 
bearer is established according to [39] connection reconfiguration procedure and the confirmations are sent 
back by each node to the FM. The MEDIEVAL signalling can proceed forward and achieve the successful 
preparation of transfer of video packets on the new link.  

The same process would apply in the case of a handover, showing that the overhead due to the LTE Relay 
appears mostly for processing and establishing two data radio bearers instead of a single one.  

3.3.4.4 Evaluation and impact on the MEDIEVAL architecture 

The analysis of the impact of the LTE relay on data traffic can be split into two parts: first the impact of the 
forwarding in the LTE Relay itself and then the impact of adding a second radio link before the delivery of 
packets to the MN. The LTE Relay itself can be considered as similar to an additional router, which is 
already fully optimized and it generally does not add more than a few milliseconds delay on the overall flow, 
with very little impact on the other QoS metrics. The second radio link doubles the impact of the radio 
transmission on the traffic flow. It increases the effect of the Relay-to-eNB radio link on the QoS metrics for 
the delay or the jitter, but can be compensated by an adaptation of the coding and modulation techniques and 
parameters used on each link. Packet loss is compensated by the fact that the relay operates at PDCP level 
and that Layer 2 recovery mechanisms are fully operational. The impact of this architecture will be evaluated 
in the ns-3 LTE simulator [4], assessing the performance of the overall LTE relay network in terms of both 
network coverage extension and increased number of users potentially served. 

The impact on the control plane is an additional latency for establishing signalling and data radio bearers 
during session setup or when executing a handover, as described in Figure 41. Traces taken in an operational 
network (See Figure 42) during the attachment of a MN show that a radio reconfiguration takes only a very 
few milliseconds (less than 4ms) compared to a total attachment time of 1.33s. It can thus be accounted that 
in the control plane as well, the performance impact of adding a relay at PDCP level will be minimal.  
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17:48:06.656, EMM, UE---> NW, ATTACH_REQUEST 
 … 
17:48:07.944, LTE RRC (DCCH), UE <---NW, RRCConnectionReconfiguration 
17:48:07.946, LTE RRC (DCCH), UE---> NW, RRCConnectionReconfigurationComplete 
… 
17:48:07.984, EMM, UE---> NW, ATTACH_COMPLETE 
 

Figure 42: Extract of traces for a Mobile Node attachment 

 

In terms of benefits, the advantages that the PDCP relay brings to the MEDIEVAL operator network 
organization are threefold, especially when considering video transmission. 

• This functionality permits to extend the network coverage while still benefiting from the transmission 
quality and error recovery present in the link layer protocols. MNs closer to the LTE Relay than to the 
eNB can access the cell while still obtaining a good communication quality. 

• A larger number of users can be accommodated through the same eNB, their load being distributed 
between several nodes, hence improving the scalability performance of the wireless access. The traffic 
passing through the eNB can be increased, compared to a standard MN-eNB attachment, since the 
transmission between the Relay and the eNB is expected to be of good quality and can use modulation 
codes with a lower level of redundancy. 

• One of the major reasons for not deploying MBMS in previous releases of 3GPP was its radio impact on 
other types of communications when sharing the same cell. Coupling an LTE Relay to handle 
specifically the MBMS traffic allows a dedicated node with differentiated PHY and MAC parameters to 
serve as MBMS PoA for video delivery. Users listening to MBMS broadcast or multicast can be 
attached to the LTE Relay while the others remain attached on the eNB (or another LTE Relay attached 
to it) and are unaffected. 
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4 Update on Specification Work 

4.1 Global overview 

In this section, we provide an overview of the design updates performed in the Wireless Access subsystem 
with respect the projected design delivered in D3.1. These updates represent only minor modifications as a 
result of the sound design carried in D3.1. The complete and updated final specification of the interfaces is 
included in Annex A. 

The design of the Wireless Access subsystem includes novel mechanisms in the wireless technologies that 
optimize the video delivery in the last hop focussing on contention (e.g., WLAN or IEEE 802.11) or 
coordination (e.g., LTE-Advanced from 3GPP) based wireless accesses, as well as an abstract interface that 
hides the technology specifics to the upper layers when executing cross-layer optimizations.  

The Wireless Access subsystem is split into three main functional blocks (see Figure 43):  

• The Layer 2.5 abstraction component provides the generic interfaces between video specifics 
(i.e., transport, services and mobility) and wireless accesses. It is designed as an extension of the 
standard IEEE 802.21 Media Independent Handover Services (MIH) and improves it taking into 
account the characteristics of video flows. 

• The WLAN component has technology-specific functions addressing all mechanisms related to 
the contention-based wireless accesses,  

• The LTE-Advanced component, on the contrary, contains the optimization features for 
coordination-based wireless accesses. 

 

 
Figure 43: Global view of the Wireless Access sub-system 

 

For each technology, the cross-layer optimizations that are introduced to enhance the efficiency of the video 
flows delivery over the air interface can be expressed as a set of common abstract functions: 

• The Video Frame selection function based on IP packet marking. 

• The Abstraction QoS Mapper and the Dynamic Configuration functions provide the optimal set 
of parameters at each technology. 
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• Enhanced multicast mechanisms either in the form of groupcast mechanisms in the case of 
WLAN or the eMBMS bearer service in the case of LTE-A. 

• Jumbo Frames mechanism to handle very large frames and increase the performance. 

• Technology-specific optimizations such as relaying functions at PDCP level or resource 
selection in LTE-A. 

• Monitoring functions to retrieve information related with the access networks and provide it to the 
upper layers through the abstract interface. 

 

 

4.2 L2.5 Abstraction (L25) 

The L2.5 Abstraction component provides the media independent interfacing between high-level and link-
layer components. This enables the modules responsible for managing the link layers, to receive commands 
(and generate events) using the common format of the IEEE 802.21 standards.  

In MEDIEVAL, the L2.5 Abstraction is realized in two different entities: the ODTONE’s IEEE 802.21 
MIHF implementation and the Abstraction QoS Mapper to better support new MEDIEVAL specific 
procedures. Both modules are detailed in the next sections. 

 
Figure 44: Modules in the L2.5 Abstraction Component 

4.2.1 ODTONE 802.21 implementation 

The standard MIHF will enhance an on-going implementation of IEEE 802.21, ODTONE [73], which stands 
for Open Dot Twenty ONE, and is an open-source operating system independent implementation of the 
IEEE802.21 framework. This implementation is written in C++ using Boost libraries [74], allowing the 
support of several mechanisms such as portable data types, networking and low-level I/O in different 
platforms (i.e., Microsoft Windows, Linux and Android). 

ODTONE implements the standardized Media Independent Handover services, composing the Media 
Independent Event Service, the Media Independent Command Service and the Media Independent 
Information Service, which are managed in the Media Independent Handover Function. Besides the three 
core MIH services, it also implements several supporting mechanisms, such as capability discover, 
registration, event subscription, state machines of the MIH Protocol and others. 

The unique design of the ODTONE implementation allows for easy coupling of MIH mechanisms to both 
link layers and MIH-Users in existing nodes. Concretely, acknowledging that current network interfacing 
cards do not yet integrate 802.21 in their drivers, implementations require tightly coupled solutions to 
interface with the link layers, that limit those implementations’ scope and flexibility. The implementation of 
the SAPs as software APIs requires that the MIH-User and software modules managing links need to use the 
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same programming language of the API or complex translation techniques. ODTONE counters this through 
an ingenious design where the MIH_SAP and MIH_LINK_SAPs, instead of being software API’s, are in fact 
internal sockets which are able to understand the MIH Protocol. In this way, the MIH Protocol is cloned and 
re-used internally, between the MIH-Users and the MIHF, as well as the link management modules and the 
MIHF. This is a crucial factor that allows the creation of new data types and primitives, such as the ones 
created for MEDIEVAL. 

The MIH Protocol only defines three types of opcode: request, response and indication. Since ODTONE 
reuses this protocol in local communications, it was needed to define the “confirm” opcode to the local 
protocol. The MIH Protocol allocates 16 bits for the MIH message ID, where two of those bits are for the 
opcode. So, with two bits four values can be encoded, where three are already taken (request, response or 
indication). This leaves one available combination for the missing “confirm” opcode, which corresponds to 
the 0 (zero) value. Also, there are some MIH_LINK_SAP primitives that cannot be mapped in the existing 
MIH Protocol messages. In this way, new TLVs were created (Table 6) in order to carry the information 
presented in these unmapped primitives. 

 

MIH_LINK_SAP Primitive TLV Type Name TLV Type 
Value Data type 

SupportedLinkEventList tlv_link_evt_list 101 LINK_EVT_LIST 
SupportedLinkCommandList tlv_link_cmd_list 102 LINK_CMD_LIST 

LinkParametersRequest tlv_link_parameters_req 103 LIST(LINK_PARAM_TYPE) 
LinkParametersStatusList tlv_link_parameters_status_list 104 LIST(LINK_PARAM_TYPE) 

LinkStatesRequest tlv_link_states_req 105 LINK_STATES_REQ 
LinkStatesResponse tlv_link_states_rsp 106 LIST(LINK_STATES_RSP) 

LinkDescriptorsRequest tlv_link_descriptor_req 107 LINK_DESC_REQ 
LinkDescriptorsResponse tlv_link_descriptor_rsp 108 LIST(LINK_DESC_RSP) 

LinkAction tlv_link_action 109 LINK_ACTION 
LinkActionResult tlv_link_ac_result 110 LINK_AC_RESULT 
ScanResponseSet tlv_link_scan_rsp_list 111 LIST(LINK_SCAN_RSP) 

LinkDetInfo tlv_link_det_info 112 LINK_DET_INFO 
Table 6: Mapping between MIH_LINK_SAP primitives and created TLVs 

The ODTONE implementation optimized some of the supporting mechanisms of the IEEE 802.21 standard, 
more concretely, the event subscription and unsubscription. The MIHF tracks the event subscriptions and 
unsubscriptions from the MIH-Users and peer MIHFs, allowing it to know if a subscription has already been 
made previously or if it is still active. With this knowledge, the MIHF is able to reduce the exchanged 
message with the link layer modules. When a MIH-User requests an event subscription, if it has been made 
previously by other entity, the MIHF subscribes the MIH-User and immediately replies to it, otherwise the 
MIHF firstly tries to subscribe the event with the Link SAP or the peer MIHF. The method to optimize the 
unsubscription mechanism is very similar to the subscription one. When a MIH-User requests to unsubscribe 
an event in a Link SAP the MIHF unsubscribes it locally. The MIHF unsubscribes the event with the Link 
SAP or the peer MIHF only if the event has no more subscriptions. 

ODTONE is also flexible by providing a static and a dynamic way to discover remote MIHFs. The static 
discovery is made via configuration files, while the dynamic discovery is done using via unsolicited MIH 
Capability Discover messages or via DHCP and/or DNS services as described in sections 3.1.3.1 and 3.1.3.2. 
It also provides a dynamic mechanism to discover MIH-Users and Link SAPs as described in section 3.1.3.3. 
This allows MEDIEVAL to enhance 802.21 standard scenarios, with the ability to dynamically attach and 
detach Link SAPs, allowing for real-time addition of new interfaces (or changing already existing ones) to 
handover control procedures. 

To support this design, ODTONE provides a MIH Protocol library, which can be included in any MIH-User 
code, or link layer management code. In this way, existing link layer software or driver mechanisms 
implemented by the different partners need only to include the MIH Protocol library, besides adding MIH 
processing behaviour. Similarly, high-level entities just require the inclusion of the same library and the 
ability to process the received messages. Both MIH-Users and link layer modules require the means to send 
and receive messages through sockets towards the MIHF. 
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The ODTONE implementation is available at http://atnog.av.it.pt/odtone and provides simple event and 
command examples for WLAN link layer modules (currently, samples for Microsoft Windows and Linux 
exist) as well as a testing MIH-User. 

ODTONE also provides an implementation of the Information Elements Basic Schema in binary and RDF, 
which can be used for creating MIIS Servers. 

4.2.2 Abstraction QoS Mapper (AQM) 

The Abstraction QoS Mapper (AQM) maps the flow requirements from higher layers (Mobility Management 
and Transport Optimization) in terms of: QoS class of the flow, drop eligibility and multicast enabled to a set 
of abstract parameters that lower layers can understand. In that way, they are translated to the appropriate 
module (WLAN or LTE) at link layer so that the specific technology is configured accordingly. This module 
has not been modified with respect its initial design described in D3.1 [3]. 

4.3 Contention-based wireless access (WLAN) 

 

 
Figure 45: Modules in the WLAN Component 

 

4.3.1 802.11aa and Dynamic configuration (WMDC) 

In the previous deliverable D3.1[3], we described the functionality of this module as threefold: configuring 
the actual L2 parameters on the WLAN physical interface, reading, queuing and selecting the groupcast 
mechanism based on the commands received from the AQM and keeping track of the interface configuration 
in order to report it back. Since then, the draft IEEE 802.11aa has been standardized as an amendment to 
IEEE Standard 802.11-2012 for MAC Enhancements for Robust Audio Video Streaming [6]. As a result, we 
can expect to have the first available commercial products in the market in a couple of years. In this future 
scenario, the MEDIEVAL architecture and more specifically the WLAN component plays an important role 
as it has been conceived taking into account the novel 802.11aa mechanisms. Therefore, it can take full 
advantage of them in order to increase the performance of video streaming over wireless networks. 

 

4.3.2 WLAN Monitoring Module (WLANMM) 

As it has been described in D3.1 [3], this module exploits the MEDIEVAL extensions to the IEEE 802.21 
standard to provide dynamic information regarding WLAN interface as the number and type of registered 
users, the system capacity, and the number of active users. It also allows for the generation of link events 
which among others include: changes in L2 state events such as Link Up or Link Down; Link Parameter 
events which can be synchronous (periodic reporting of L2 parameters) or asynchronous once a specific 
parameter has crossed a threshold. This dynamic information can be used by upper layers to trigger specific 
actions. 
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In this D3.2 deliverable, a new data type for congestion detection has been added to the types for link 
parameters. It reports the queue congestion level as estimated based on the queue length and the number of 
losses on the link. It is described in detail in Annex A. 

 

4.3.3 Jumbo Frames mechanisms (JMB) 

The main concept of Jumbo Frames is to exploit the usage of packets larger than 1500 bytes, in order to 
increase network performance and throughput, as well as to reduce fragmentation and overhead of packets 
traversing the Internet. The usage of Jumbo-Frames in wireless access networks raises several issues due to 
the complexity of the shared wireless medium. Such issues include the medium fairness, packet losses and 
transmission delays. The usage of Jumbo-Frames in wireless networks also depends on several parameters, 
which can hinder the perceived network performance when using larger packets. These include the number 
of connected users, since many Jumbo users can prevent the access to non-jumbo users (e.g., causing 
starvation), and the link quality to each connected client, since transmission errors over the wireless medium 
have a larger impact when bigger frames are used (e.g., a higher amount of data is lost). 

This study aims at performing a practical implementation for the evaluation of the above-mentioned issues, 
which is currently under deployment. We are considering Jumbo-Frames only in the last hop (i.e. between 
the PoA and the MN), focusing the study of Jumbo-Frames in the wireless medium. The practical 
implementation consists on the usage of a wireless testbed [69] comprising 24 nodes, with wireless 
connectivity capabilities, which can serve both as PoAs and mobile nodes. Different MTU values will be 
used between the different nodes and the corresponding PoAs to allow an evaluation of the packet losses and 
transmission delays associated to using larger packet sizes for transmission. In addition, several Jumbo and 
non-Jumbo nodes will be deployed in a combined heterogeneous scenario to allow an evaluation of how the 
usage of larger frames affects the medium fairness. To address this issue, the creation of new resource 
allocation algorithms is envisioned. Finally, the dynamic definition of the size to be used for communication 
between an AP and a MN, depending of the monitoring of the current network conditions, is envisioned as 
the final part of this work. Such definition will depend on several parameters such as the link conditions to 
each MN (measured in terms of the SNR) and the number of nodes connected to the PoA. The main concept 
behind such dynamic definition is to enable an optimization of the network throughput and a minimization of 
the packet losses and to obtain an optimal MTU value for each the connected nodes. This framework will 
leverage on the media independent mechanisms used in MEDIEVAL for controlling and obtaining 
information from link layers belonging both to the mobile node and the network side. 

4.4 Coordination-based Wireless Access (LTE-A) 

 
Figure 46: Modules in the LTE-A Component 
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4.4.1 Video frames selection and interface configuration (VFSIC) 

The Video Frames Selection and Interface Configuration (VFSIC) module is responsible of configuring the 
LTE radio interface to enable the transfer of video streams. In addition, it is able to execute a selection of the 
video packets to be transmitted on the last hop. 

When scanning of the radio interface is requested in the MN, it retrieves the access network data received 
from the LTE system information broadcast and provides them back to the L2.5 abstraction layer and the 
MIH User. In the next signalling step, it triggers the attachment of the MN to the LTE cell or wakes up the 
existing connection if one already exists. When it detects that the MN has successfully attached to the LTE 
PoA, it triggers a LinkUp event to the upper layers. The same event is then triggered in the LTE PoA. In the 
LTE PoA, on request from an MIH User, it starts the establishment of a new radio bearer to accommodate 
the upcoming data flow. It releases this radio bearer when requested to deactivate the corresponding 
resources. If the flow is indicated as multicast-enabled, the request is also transferred to the EMBMS module 
for further processing of the MBMS session. 

The VFSIC performs some classification and filtering of the data packets based on the content of their IP 
header. If the data packets belong to a flow that has been signalled as multicast-enabled, they are transferred 
to the EMBMS module that sends them through the eMBMS radio bearer that was established when the LTE 
resources were activated. If the data packets are marked for prioritisation as requested by the Cross Layer 
Optimizer (XLO) module, the lower priority packets are dropped to reduce the bandwidth occupation and 
loosen the level of congestion in the last wireless hop. This operation is accomplished in the eNB, after the 
packets have been decapsulated from the GTP-U tunnel if it exists and before they get encapsulated in the 
PDCP protocol. About this function, this initial plan was to detect the congestion, decide on the filtering and 
drop the packets all inside the PoA itself. However, considering the SVC layer optimization algorithm 
planned as part of the TO component, this has been simplified to keep the decision and marking update in the 
XLO, based on the results of the algorithm, and execute that decision in the VFSIC. 

4.4.2 Cognitive exploitation of cooperative technologies (CECT) 

The presence of Cognitive Exploitation of Cooperative Technologies (CECT) module is triggered by the 
need of providing a medium access strategy that is able to exploit both the capabilities of each user 
connection and the potential of the MEDIEVAL system architecture, by taking into account the 
characteristics of video flows and identifying techniques to interact with upper layers. This is accomplished 
in this module by designing a novel medium access strategy which exploits the diversity provided by the 
channel transmission sharing (time-frequency resource is dynamically shared between users) at the 
scheduler, located in the base station, to maximize the number of users that can be served within the cell. 
These results are drawing a mixed scheduling policy region where the mobile operator can tune its own 
operating point, in order to flexibly allocate resources to a high number of end users, while guaranteeing a 
target video quality. In particular, the allocation strategy proposed exploits the presence of the Measurements 
and Medium Access Strategies (MMAS) and cross-layer optimization (via VFSIC/L2.5 Abstraction) to 
allocate as many users as the LTE-A wireless channel can admit, keeping steady the perceived quality of 
users. For example, gather channel measurements performed in MMAS is crucial to optimally allocate the 
available resources (e.g., knowing the load of the cell at network level or the quality of the links perceived by 
the mobile terminal improves the decision-making algorithms in the upper layers entities). 

The algorithm will be designed following the work presented in Section 3.3.4 and will permit to allocate 
video users with two level of guaranteed quality, improving the number of served users and the perceived 
quality. The output of this algorithm is an allocation map that permits to order all users following the 
requirements imposed by the quality of the link and the higher layers. The complete description of this 
resource allocator will be provided in the next deliverable, D3.3. 

4.4.3 Measurements and Medium Access Strategies (MMAS) 

As already mentioned above, the link quality information between users and eNB is at the basis of a medium 
access strategy. Therefore, the first function of this module is to gather all the LTE-A wireless channel 
measurements that will be used in Cognitive Exploitation of Cooperative Technologies (CECT). In addition, 
this module receives from Video frames selection and interface configuration (VFSIC) other measurements 
coming from LTE layer 2 that need to be reported to the Media Specific SAP via Media Independent Event 
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Services (MIES). This choice permits to have only one interface that reports events for vertical handover 
decisions. Besides these measurements that come from VFSIC, the Measurements and Medium Access 
Strategies (MMAS) module is in charge of reporting other measurements that need to be reported to the 
Media Specific SAP via MIES, in order to offer to the upper layers the required information. Moreover, 
MMAS receives the allocation map from CECT and performs the medium access strategy that permits to 
optimally allocate users into the available resources. Based on an evaluation of the fullness of the buffers in 
the layer2, the MMAS detects a foreseeable level of congestion in the LTE wireless access and signals this 
event to the upper layers through the Media specific SAP. 

4.4.4 Jumbo Frames mechanisms (JMB) 

Jumbo Frames in LTE-A share the same issues presented in Section 4.3.3 for the WLAN case. However, 
when considering specific fairness solutions, cellular access offers other methods, which consider the use of 
different codes per user, thus avoiding wireless medium hogging by jumbo-enabled devices. Nevertheless, 
the aim of the jumbo frame deployment in MEDIEVAL is to provide a flexible solution for LTE and to 
provide insights that can be used by both WLAN and LTE-A access networks. In terms of evaluation, 
wireless utilization of Jumbo Frames between the MN, the eNB and the core network has been considered, 
with the content source taken separated with respect to the rest of the network framework. The studies 
developed around the feasibility of Jumbo in LTE-A environments also address specific link characteristics 
of this wireless technology, for the deployment of Jumbo behaviour. 

4.4.5 E-MBMS Support (EMBMS) 

The EMBMS module is responsible to handle the features related to multicast communications in the LTE 
wireless access.  

When it receives a request to establish resources for a multicast-enabled flow, the VFSIC forwards it to the 
EMBMS module that triggers the establishment of a multicast radio bearer. Here, the bearer is set-up 
dynamically and supports multicast mode, at the opposite of what is done in the LTE-A. This is made 
possible by the cross-layer communication between the MAR and the LTE PoA, which provides ahead of the 
session setup the parameters necessary to establish this link. Several levels of QoS are available, according to 
the traffic class and data rate provided by the FM in the resource activation primitive.  

In a second step, the EMBMS module launches the MBMS session start, enabling the immediate possibility 
to transfer the IP packets containing the video flow inside the multicast bearer. This procedure permits to 
transfer a session inside a multicast bearer established locally in the LTE cell, whether the core network is 
multicast-enabled or not. When the MN joins the multicast session or executes the L2 handover, the 
multicast transmission is ready, thus reducing the delay to start receiving the first packets. In the case of a 
handover, the transfer of the multicast context done at the upper layers in the MARs also reduces this delay 
since the parameters of the session are kept. When the flow is not provided as multicast IP packets because 
the core network does not support multicast, a notification at L2 level is sent by the PoA to the MN to inform 
it that the flow will be delivered in an MBMS session. 

The optimization of the resource allocation adapted to multimedia traffic inside the LTE access and the 
potential use of a PDCP relay to handle the MNs listening to an MBMS session in the cell provide an 
improvement in the coordination between the unicast and multicast communications.  

4.4.6 PDCP-level Relay (L2PRLY) 

The L2PRLY module is responsible to handle the functionalities related to the relaying at PDCP-level, which 
have been described in Deliverable D3.1 [3]. It operates in both control and data planes. 

At initialization, it triggers the attachment of the RN to the LTE eNB, signalling that it is actually a RN. 
When this is complete, it launches the broadcasting of the cell system information. When a MN attaches, it 
informs the eNB that a new MN has appeared and retrieves the new cell configuration parameters, 
differentiating those related to the link with the eNB from those related to the link with the MN. A similar 
bet reversed procedure is triggered when the connection has to be reconfigured because a new session has 
started at the MN. In the data plane, it receives the packets from the PDCP layer on one side and forwards 
them to the opposite path. It can accommodate eMBMS sessions in an identical manner, providing a 
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different PoA for those MNs that are interested in receiving the multicast communications and alleviating the 
impact of eMBMS on other types of sessions. 

The internal primitives used to operate the L2PRLY are described in D3.1 [3] and A.2.4. 

4.5 Interface Specification Update 

In this section, we provide the list of interfaces indicating if they have been updated with respect their initial 
definition. The fully updated description is provided in Annex A. 

4.5.1 Interfaces with the Upper Layer Components 

4.5.1.1 L25_XLO_If 

Cross-layer interface to enable efficient and optimized video transport by exchanging information through 
the abstract interface. 

4.5.1.2 L25_MobilityManagement_If 

Cross-layer interface that extends the media-independent signalling functionalities provided by IEEE 802.21 
to support extra mobility functionalities and video aware services. 

4.5.1.3 MIHF_MIHUSERX_If 

Generic interface between the MIHF function of the L2.5 Abstraction component and upper layer 
components (also dubbed MIH-Users). 

4.5.1.4 L25_Network_If 

It represents the interactions between the MIHF function of the L2.5 Abstraction component and networking 
mechanisms to allow remote 802.21 signalling exchange between two MIHF entities. 

4.5.2 Interfaces Between the L2.5 Abstraction and the Media-specific Modules 

4.5.2.1 L25_LinkX_If 

It represents the generic interface between the L2.5 Abstraction and Link Layers. 

4.5.2.2 L25_WMDC_If 

It represents the interactions between the Layer 2.5 Abstraction (L25) and the 802.11aa and Dynamic 
Configuration Module (WMDC). 

4.5.2.3 L25_WLANMM_If 

It represents the interactions between the WLAN Monitoring Module (WLANMM) and the Layer 2.5 
Abstraction (L25).  

 

The list of primitives that are used according to the standard has been extended to include: 

• Link_Detected.indication 

• Link_Down.indication 

• Link_Up.indication2 

• Link_Going_Down.indication3 

 

4.5.2.4 L25_VFSIG_If 

                                                        
2 Except when used in a PoA in which the optional parameter NewAccessRouter is used to provide the link address of 
the newly attached mobile node that triggers the indication. 
3 The availability of this primitive is optional and it is given by a configurable parameter which indicates if it is active 
or not.  
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It represents the interactions between the Layer 2.5 Abstraction (L25) and the LTE-A VFSIC module. 

4.5.2.5 L25_MMAS_If 

This interface defines the interaction between the Measurements and Medium Access Strategy (MMAS) and 
the Layer 2.5 Abstraction (L25). The Link_Detected.indication has been added to the list of primitives that 
are used according to the standard. 

A new data type for congestion detection has been added to the types for link parameters, which reports the 
buffer fullness in the radio interface before it gets to its maximum capacity. Detailed description of the new 
data type is provided in Annex A. 

4.5.3 Interfaces Inside Contention-based Wireless Access 

4.5.3.1 WLANMM_WMDC_If 

This interface enables the communication between the WLAN Monitoring Module (WLANMM) and the 
802.11aa and Dynamic configuration module (WMDC). 

A new data type for congestion detection has been added to the types for link parameters which reports the 
queue congestion level as estimated based on the queue length and the number of losses on the link. Detailed 
description of the new data type is provided in Annex A. 

4.5.3.2 JMB_WMDC_If (Conceptual Interface) 

This interface allows the configuration and activation of Jumbo mechanisms within the WLAN interface. 

4.5.3.3 JMB_WLANMM_If (Conceptual Interface) 

This interface allows collection of WLAN related metrics for the evaluation of Jumbo-suitable radio 
condition. 

4.5.4 Interfaces Inside Coordination-based Wireless Access 

4.5.4.1 CECT_VFSIC_If 

This interface enables the communication between the Video Frame Selection and Interface Configuration 
(VFSIC) and the Cognitive Exploitation of Cooperative Technologies module (CECT). 

4.5.4.2 CECT_MMAS_If 

This interface enables the communication between CECT and MMAS modules. 

4.5.4.3 MMAS_VFSIC_If 

This interface enables the communication between MMAS and VFSIC modules. 

4.5.4.4 JMB_VFSIC_If (Conceptual Interface) 

This interface allows the configuration and activation of Jumbo mechanisms within the LTE interface. 

4.5.4.5 JMB_MMAS_If (Conceptual Interface) 

This interface allows collection of LTE related metrics for the evaluation of Jumbo-suitable radio condition. 

4.5.4.6 EMBMS_VFSIC_If 

This interface enables the communication between the EMBMS and the VFSIC modules. 

4.5.4.7 L2PRLY_VFSIC_If  

This interface enables the communication between the L2PRLY and VFSIC modules. 
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5 Status of the Implementation Work 
The implementation work has started with the adaptation of the existing software, namely ODTONE (for the 
L2.5 Abstraction and the Link SAP for IEEE 802.11) and OpenAirInterface (for the LTE-specific modules). 

Section 5.1 describes the Link SAP implementation for IEEE 802.11 technology provided by ODTONE. 
Section 5.2 showcases results obtained during an evaluation of the signalling fingerprint of ODTONE. 
Section 5.3 introduces a new C interface implementation to ODTONE on the MIH_LINK_SAP, necessary to 
enable its interconnection with the OpenAirInterface platform. 

5.1 Implementation of the MEDIEVAL Wireless Access 

5.1.1 IEEE 802.11 Link SAP for the WLAN Access Module 

Current implementation of WLAN access relies on the Link SAP for IEEE 802.11 that has been 
implemented by ODTONE. It provides an abstract media dependent interface between the MIHF (L2.5 
abstraction) and the IEEE 802.11 specific technology. 

The implementation is done in C++ with Boost libraries [74] and uses the libnl collection of libraries, which 
employ the netlink protocol [60] to provide network-related configuration and monitoring from the user 
space. 

Current implementation supports the following list of MIH_LINK_SAP primitives according to the           
IEEE 802.21 standard. 

• Link_Register.indication (ODTONE specific) 

• Link_Detected.indication 

• Link_Up.indication 

• Link_Down.indication 

• Link_Parameters_Report.indication 

• Link_Capability_Discover.request/confirm 

• Link_Event_Subscribe.request/confirm 

• Link_Event_Unsubscribe.request/confirm 

• Link_Get_Parameters.request/confirm 

• Link_Configure_Thresholds.request/confirm 

• Link_Action.request/confirm 

 

MEDIEVAL extensions are being added to the previous set of primitives to allow for example to indicate 
with a link up indication the attachment of a mobile node in the point of attachment and to provide its link 
address or also to indicate that a link is congested.  

We also plan to implement an optional Link going down indication that would be triggered once the link 
quality percentage falls below a configurable threshold. 

 

5.1.2 Simulator for the validation of IEEE 802.11aa mechanisms  

In order to validate the theoretical models presented in Section 3.2.1.6, we have implemented our custom     
C discrete event simulator based on the one used in [8] and [9]. We started by implementing the MAC 
functionality of IEEE 802.11g then we have extended it with the novel GCR mechanisms. As a custom and 
MAC-only implementation, on the one hand we are able to implement exactly what we have modelled 
analytically, being very accurate in the validation but on the other hand, it is difficult for others to replicate 
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the tests. For this reason, an implementation in OPNET of IEEE 802.11aa GCR mechanisms is also being 
developed. 

5.1.3 Jumbo Frames 

 The feasibility of Jumbo-Frames as a mechanism for enhancing the throughput is currently undergoing. The 
AMazING (Advanced Mobile wireless Network playGround) testbed [69], which comprises 24 nodes with 
wireless connection capabilities, is being used for the evaluation of the enhancements and issues associated 
to the usage of Jumbo Frames. For this purpose, the kernel of several nodes in the testbed was enhanced to 
support packets containing payloads with more than 1470 bytes. More precisely, the Linux MAC80211 
module was recompiled and inserted into the kernel modules. The tests using this platform will comprise two 
types of nodes in the network: 

1. Jumbo-enabled Nodes: nodes with enhanced kernel in order to support larger packets; 

2. Non-Jumbo Nodes: nodes which can only send normal sized packets; 

The tests using the mentioned platform encompass three different phases. The first test phase, illustrated in 
Figure 1 and currently under deployment, comprises Jumbo and Non-Jumbo nodes connecting to an AP in 
different periods of time. Non-Jumbo nodes use normal packets of size 1500 bytes while Jumbo-Enabled 
nodes can send packets with sizes between 3000 and 9000 bytes. Subsequently, several performance 
parameters and their dependence with the packet size can be measured. These include: 

• Packet Loss 

• Throughput 

• Delay 

Jumbo&Enabled-Node Non&Jumbo-Node

Normal-Packet-Size:-1500B
Jumbo-Packet-Size:-3000B&9000B  

Figure 47: Tests, in the AMazING platform, for the evaluation of Jumbo-Frames mechanisms 

These first tests will allow the evaluation and comparison of performance parameters such as packet losses, 
throughput and delay when using normal and Jumbo Packets. In this manner, an evaluation of the 
enhancements and issues associated to Jumbo-Frames on a wireless connection can be performed. Iperf [70], 
a TCP and UDP bandwidth performance measurement tool, is being used for measuring such performance 
parameters. 

A second phase of tests will consist on the evaluation of the issues associated to the usage of Jumbo-Frames 
in terms of wireless medium access and wireless medium fairness. Such tests will comprise several Jumbo 
and non-Jumbo nodes, struggling for the access to the wireless medium. In addition, the creation of wireless 
access optimization schemes for the optimization of the medium access fairness and network throughput is 
envisioned. 

Finally, a third test phase will comprise the streaming of video over a wireless connection to nodes using 
different MTU sizes. This third phase will allow the evaluation of the usage of Jumbo-Frames in wireless 



MEDIEVAL D3.2 Final Specification for the Wireless Access Functions and Interfaces 

Page 81 of (162)  © MEDIEVAL 2012 

video streaming scenarios. Several streaming scenarios will be considered and several video formats will 
also be used for this evaluation phase. The results are expected to be reported in the final version of D3.3. 

 

5.2 Evaluation of the signalling fingerprint from an open-source 
IEEE 802.21 implementation 

 

A large part of the interfacing involving MEDIEVAL components (particularly the ones involving accessing 
different wireless access technologies and mobility decision modules) rely on the IEEE 802.21 standard (and 
its MIH Protocol) with which to optimize and abstract the different procedures involved. The following work 
analyses the architecture of an open-source implementation of IEEE802.21 (subbed ODTONE, Open Dot 
Twenty ONE), whose flexible and extensible deployment allows it to run in an operating-system independent 
way. We evaluate its performance by analysing the signalling fingerprint of the MIH Protocol, when 
deployed over a network localized mobility management scenario. 

5.2.1 ODTONE ARCHITECTURE 

This section describes the architecture of ODTONE that deploys IEEE802.21 and overcomes several 
inherent standard limitations: 

a) IEEE802.21 does not standardize handover processes: for that, each specific technology 
already provides their own mechanisms. IEEE802.21 aims simply to provide mechanisms, which can 
be used by handover decision and execution entities, to facilitate and optimize handover procedures. 
In this way, a variety of handover and deployment scenarios (both mobile and network initiated or 
controlled) are possible. ODTONE had to be built in a flexible way, aiming to effortlessly support 
this diversity. For this matter, an OS and technology independent implementation were key 
development objectives. 

b) The standard assumes that device drivers support IEEE802.21 directly, which is not the case 
presently. Considering this, ODTONE was designed to allow easy plug-in of novel technology 
specific drivers to the MIHF, while maintaining standard functionality. 

c) Some mechanisms required in the MIHF framework, such as “storing event registration” and 
“neighbour MIH-enabled nodes information” are implementation-dependent and out-of-scope of the 
standard. As such, ODTONE had to consider a flexible and modularized approach regarding these 
mechanisms, enabling their simple modification if specific scenarios require it. 

With these design considerations in mind, we developed the software components depicted in Figure 48, 
featuring a MIHF providing interfaces to MIH-Users and link-layers, via the MIH_SAP and the 
MIH_LINK_SAP respectively. The components belonging to the MIHF and its SAPs have been 
implemented in C++ using Boost libraries, providing enhanced networking and development support over 
different platforms. This choice was taken considering the above-mentioned assumptions regarding 
technology and OS independence, with ODTONE having been successfully deployed in Windows, Linux 
and Android. 
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Figure 48: The ODTONE Software Architecture 

 

ODTONE’s MIHF, includes the following software components: 

• Communication Handler: responsible for collecting messages received from the different SAPs 
or other MIHFs entities and forward them to the Service Access Controller. 

• Service Access Controller: analyses the header of MIH messages and identifies to which MIH 
service they should be forwarded. 

• Link Manager: provides the MIHF with information about available local links, as well as 
specific configurations. 

• MIH-User Manager: acknowledges which MIH-Users interface with the MIHF. 

• Transaction State Machine Controller: keeps state of each remote communication with peer 
MIHFs entities. 

ODTONE’s MIHF naturally also implements the three core MIH Services, each with a set of logical 
components: 

• The MIES provides modules to manage the Subscription, Validation and Publishing of events. 
Respectively, these allow the MIHF to verify which MIH-Users (both local and remote) have 
subscribed to events originated from that node, if they are properly formatted according to the 
standard and determine if they need to be forwarded locally or remotely. 

• The MICS also provides its own set of Validation and Publishing modules which allow the 
MIHF to validate received commands (also both local and remote) and handle their publishing. 

• Regarding the MIIS, the definition of an Information Server (IS) is out-of-scope from the 
standard. However, most works on IEEE802.21 realize that the inherent database features of the 
IS place it as a MIH-User. Following this approach, in ODTONE we provide the basic IE 
schema in both binary and RDF, facilitating the implementation of ISs. 

5.2.2 Achieving OS independence by ODTONE 

Although the MIHF stands as the core component of the MIH framework, the means by which this cross-
layer function integrates with the remaining layers of the protocol stack is of utmost importance for its wide 
deployment. It is yet to be fulfilled one of the major requirements regarding the widespread of IEEE802.21, 
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that is, its direct support in device drivers. As such, to obtain support of all IEEE802.21 primitives in the 
link-layer, solutions typically make use of wrappers that tightly couple MIHF implementations to specific 
OSs or technologies. Also, implementing the SAPs as software APIs mandates that MIH-Users and software 
modules managing links need to use the same programming language of the API, or complex translation 
techniques. Considering our previous assumptions regarding OS and technology independence, instead of 
implementing the SAPs as a software API, we cloned the MIH Protocol used in remote communications 
between MIHFs, and reused it in local communications between the MIH-Users and the MIHF, as well as the 
link management modules and the MIHF. In this way, as can be seen in Figure 49 both MIH-Users and link 
management modules have access to all the necessary primitives and data types, which can be coupled to 
their high-level and link-level software respectively, as long as they respect the MIH Protocol conventions 
defined in the standard. To facilitate this procedure, ODTONE provides a library featuring all the data types 
and primitives of the MIH Protocol, which can be used by MIH-Users and link management modules, to 
interface with the MIHF and thus turn them into MIH-enabled entities. These libraries are implemented in 
C++ Boost in the MIHF side, but can be implemented in other languages by the MIH-Users and link-layers, 
as long as they conform to the MIH Protocol. This enables not only a facilitated plug-in of entities 
interfacing with the MIHF, in different languages and OSs (Windows and Linux example implementations of 
LINK_SAPs are now available), but also allows the integration of new access technologies beyond those 
specified in the standard. 
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Figure 49: ODTONE Interfacing Design for Operating System Independence 

 

Another major contribution to ODTONE’s OS independence is the usage of Boost libraries. These allow the 
definition of data types and network-level operations that are system independent. Concretely, Boost.Asio 
was used for being a state-of-the-art cross-platform asynchronous network library based on the proactor 
pattern, while Boost.System, Boost.Thread, Boost.Build and Boost.QuickBook allowed the management of 
system error codes, threads, building and documentation to be done in a portable way. Finally, Boost.Variant 
and Boost.Optional facilitated the definition of MIH data types and handling of messages. 

5.2.3 ODTONE and OPMIP Integration 

We have developed, alongside ODTONE, an open-source implementation of Proxy Mobile IPv6 (PMIPv6) 
called OPMIP. Although PMIPv6 is standardized on its own, we have integrated its mechanisms with those 
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of IEEE802.21, supporting the example handover flow provided by the IEEE802.21 standard. In our 
integration, the OPMIP client residing at the MAGs acts as a MIH-User connecting to the MIHF 
implementation of our ODTONE framework. The integration of IEEE802.21 and the PMIPv6 protocol 
enhances this procedure with media independent commands for resource availability check, preparation and 
release, as well as providing event indications regarding link status and commands to trigger PMIPv6-
specific actions. 

Figure 50 depicts the implemented mobility scenario where a MT is equipped with two wireless interfaces. 
Since IEEE802.21 allows the support of different link-layers, this scenario could be deployed in different 
technologies (e.g., WiMAX and 3G) by implementing the necessary mappings between the different 
technologies and the generic IEEE802.21 primitives, but still maintaining the signalling here presented. The 
network supports PMIPv6 through the deployment of two Mobile Access Gateways (MAGs) and a Local 
Mobility Anchor (LMA). It also features a Mobility Decision Engine (MDE) acting as an IEEE 802.21 PoS 
that receives indications from the MTs and network PoAs and controls the PMIPv6 handover process, 
supported by IEEE802.21 signalling. Lastly, the network also features a IEEE802.21 Information Server 
containing topological information about nearby networks. The MDE, MAGs and MIH-Enabled network 
entities are running ODTONE in an Ubuntu Linux 11.04 environment. All the involved nodes were 
composed by VIA Eden 1GHz processors with 1GB RAM. The node acting as MT had a 802.11b Atheros 
5K and a 802.11abgn Atheros 9K radio interfaces. The nodes acting as PoAs had a 802.11abgn Atheros 9K 
interface as well as a Gigabit wired interface towards the remaining network nodes, which also were 
equipped with wired Gigabit links. 
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Figure 50: ODTONE and OPMIP Integration Scenario 

 

Figure 51 provides a simplified example signalling on how IEEE802.21 is used to both optimize the 
handover procedure, by providing information about nearby handover candidates, and facilitate the handover 
by providing technology-agnostic commands able to trigger the L2 attachment and the necessary PMIPv6 
procedures. The white-triangle arrows indicate the IEEE802.21 signalling directly affecting the mobility 
procedures of PMIPv6. The remaining messages empower the mobility procedures with candidate PoA 
selection, resource query and commitment, further optimizing the base behaviour of the mobility protocol. 
Our MT starts connected to TECH#1 network (e.g., 3G) and within range of a TECH#2 network (e.g., 
WLAN), belonging to the same operator (in this case). The scenario starts with the MT receiving a video 
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feed through its serving network, with the flow passing through a tunnel between the MAG1 and the LMA. 
Several triggers, such as detecting a non-optimal access technology preference of the MT user towards video, 
or even bad received signal strength at the current technology, prompt the MDE to query the IS for 
information about nearby networks (1). The MDE then issues a network-initiated handover by sending (3) to 
the MT conveying the information obtained from the IS, and acknowledges the MT’s preferences about the 
preferred handover candidate (4). In this case, a handover to another network within the PMIPv6 domain is 
selected, which is served via MAG2 and thus requires a PMIPv6 address binding update. Prior to handover 
execution, the MDE queries resources availability in the selected candidate network (5). Based on the 
responses received (6) the MDE decides on the handover candidate target and informs it about an imminent 
handover and that resources should be prepared (7). Upon reception of this message, the MDE requests the 
MT to perform the handover to the selected candidate (9). When the MT receives this message, it executes 
the attachment to the WLAN link, and informs the MDE of its result (10). Parallel to this, the PoA at the 
Candidate Network is able to detect the MT’s attachment and issues a Link Up event towards the PMIP 
Client (11) which is able to trigger a PBU message towards the LMA to register the location of the MT and 
update the tunnel towards the new MT location. Upon reception of the PBA message (13) the PMIPv6 Client 
at the MAG2 sends a Router Advertisement (14) towards the MT with necessary information to configure its 
IP address on the WLAN interface. Once this procedure is completed, the tunnel from the LMA is updated 
towards MAG2, from which the MT starts to receive the video feed. Upon the completion of this step, the 
MT signals the MDE that it has finished it handover procedures (15), triggering the MDE to signal the old 
serving network (16) to terminate its current binding with the MT, via a PBU message towards the LMA 
(17). Finally, the LMA responds to this message with the tunnel teardown result (18), enabling the MDE to 
acknowledge the handover completion (20). 
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Figure 51: ODTONE and OPMIP Integration Signalling 
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5.2.4 Evaluation Results 

In order to evaluate ODTONE’s footprint in the proposed signalling framework, we here present our results. 
For brevity, we focus on the measurement of the amount of data exchanged and the processing time 
belonging to the interactions involving ODTONE’s components (that is MIH-Users, MIHFs and links). 
Network transmission time is not accounted for, since it will depend on network deployment conditions, and 
the LMA is only involved in PMIPv6 signalling. Results in Table 7 show that almost 44% of the exchanged 
signalling data involves the MDE, compared to the MT which is only involved in 13% -an expected result 
since we demonstrated a network-based mobility control. Most of this exchanged information belongs to the 
IS query (about 42%), due to the RDF schema size in the query reply. In order to optimize this step, filtering 
mechanisms can be implemented at both the MDE’s MIH-User and the MIIS, reducing the response size, or 
base only the handover candidate selection in scanning procedures of the MT –both strategies can be easily 
incorporated in ODTONE. The MAG2 interaction reports to about 15% of the signalling data, highlighting 
its involvement in the resources querying and committing processes, as well as detecting the MT attachment 
for triggering the PMIP procedures. Regarding message transmission time, the active participation of the 
MDE causes it to be involved in almost 50% of the total signalling time. Even though the signalling that 
involves the MT is minimal, it accounted for 22% of the total transmission time, due to its assistance in the 
candidate query and handover completion processes. This side-result indicates the usefulness of network-
controlled mobility schemes, which reduce the participation of the MT in the mobility mechanisms (even 
though ODTONE is able to easily accommodate mobile terminal controlled scenarios as well). Lastly, we 
also measured the average transmission time between MIH-Users and the MIHF, which was approximately 
0.5 milliseconds for all network entities and mobile terminal, evidencing ODTONE’s deployment feasibility. 
We argue that these communication times represent an acceptable trade-off for a system able to be deployed 
in different mobility scenarios and independent of the specific interfaces available in the MT. 

 

 Scenario: ODTONE and PMIP Total Exchanged Messages 
Size (bytes) 

Total Scenario Size 4444 

Per Entities 

Mobile Terminal 556 

Mobility Decision Engine 1984 

Mobile Access Gateway 1 187 

Mobile Access Gateway 2 651 

Media Independent Information Service Server 1066 

Per Messages 
IEEE802.21 
Commands 

Information Service 1871 

Candidate Query 415 

Resource Query 497 

Resource Commit 391 

Handover Initiation 381 

Handover Complete 687 

IEEE802.21 Events 202 

            Processing Time (ms) 

Total ODTONE Processing Time in scenario 21,51 

Total processing 
time per ODTONE 
Entities 

Mobile Terminal 4,64 

Mobility Decision Engine 10,50 

Mobile Access Gateway 1 0,77 
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Mobile Access Gateway 2 4,12 

Media Independent Information Service Server 1,48 

Total processing 
time per ODTONE 
Messages 

Total processing time 
of IEEE802.21 
Commands 

Information Service 2,77 

Candidate Query 3,21 

Resource Query 3,06 

Resource Commit 2,84 

Handover Initiation 3,07 

Handover Complete 5,18 

Total processing time of IEEE802.21 Events 1,37 

Table 7: Total Signalling Overhead and Processing Time in the ODTONE and PMIP scenario 

 

5.2.5 Conclusion and Future Work 

With the continuous growth of multi-technology operator solutions, the IEEE802.21 standard will play a 
major role in near future communications, through the provision of MIH mechanisms for information 
retrieval and link-layer control. However, the path towards the adoption and execution of the procedures to 
support enhanced media independent handovers, still has challenges to tackle [58]. An important challenge 
lies in the adoption of IEEE802.21 support in link drivers, enabling a unified media abstract interface over 
which the MIHF can provide support for its core services. Also, the addition of new features to the standard 
has already been identified, berthing several task groups within IEEE802.21, dealing with security, pre-
authentication, broadcast technologies and optimization of single radio handovers. Even though this means 
that the standard is being complemented with mechanisms to fully support the core vision, it also means that 
current implementations will need continuous updates. Note that the availability of MIH signalling can cover 
a huge amount of scenarios, but there is no conformance regarding concrete signalling steps, hindering 
interoperation.  

This work provided a description of how ODTONE, a software implementation of the IEEE802.21 standard, 
is able to be used in an open, easily deployable and OS independent way, to provide optimized handover 
mechanisms. ODTONE tackles the three challenges above by i) providing an easily-deployable and unique 
way of interfacing the MIHF with MIH-Users and Link SAPs, ii) adopting a flexible design approach 
towards the addition of new features and the instantiation of implementation-specific items, and iii) being 
available as an open-source component. Its flexible design allows for easy extension to support other 
technologies, features and scenarios, making ODTONE a vehicle to push and disseminate new knowledge or 
even originating potential new standardization actions. In fact, ODTONE has been used in multiple projects, 
and is being adapted into new heterogeneity scenarios, such as sensor wireless networks and distributed 
information services. Also, the integration with OPMIP provides at this moment a tool to fully implement 
localized mobility management systems, which can be trialled with multiple types of algorithms related with 
handover decisions, and in multiple scenarios. 

ODTONE, alongside OPMIP, was able to provide a flexible fabric supporting a network-controlled mobility 
scenario where MIH-enabled entities become able to provide events, information and commands in a local or 
remote way. With the design of internal message exchange intrinsically using the MIH Protocol, high-level 
and link-layer management modules can complement their behaviour easily by adding simple code to 
understand the MIH Protocol, and interface with the MIHF, meaning that ODTONE can operate on top of 
any access link technology, independently of the underlying OS. With IEEE802.21 and ODTONE, the 
PMIPv6 protocol is complemented with the necessary features to fully operate in heterogeneous 
environments by having an abstract way of interacting with multiple technologies. ODTONE solves the out-
of-scope mechanisms existing in the PMIPv6 standard, by having link-layer triggers regarding MT 
attachment supplied by IEEE802.21. Results show that a network-controlled mobility scenario was able to 
support the signalling footprint that applying 802.21 to the support and enhancement of PMIPv6 procedures 
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requires, while evidencing our software framework’s flexibility to support other algorithms and mobility 
schemes. 

We believe that the ODTONE project more than just providing a IEEE802.21 implementation, furthers the 
standard and the communications field, by providing an accessible middleware framework that can be used 
to test, develop and evolve the borders of already-existing and future architectures, mechanisms, and 
protocols that aim to exploit distributed mobile management algorithms. 

5.3 Implementation of a C interface between ODTONE and 
OpenAirInterface 

The objective of this work is to propose a C interface that will allow connecting the OpenAirInterface 
platform with the ODTONE IEEE 802.21 MIHF (Media Independent Handover Services) implementation. 
This C interface offers the primitives that are used between the L2.5 Abstraction Layer and the Media-
specific components.  

In order to set-up and test this interface, a small program has been designed. Currently, this program 
considers only the primitives and data types already in ODTONE, as defined below. In a later phase, it will 
include the 802.21 extensions defined in MEDIEVAL D3.1 [3]. A first step towards this objective consisted 
in an evaluation of the ODTONE Link_SAP interface, considering also those primitives that are specific to 
ODTONE implementation. A second step was the implementation of the small C program to manage the 
transmission and reception of data to/from the MIHF (ODTONE), using triggers from an MIH User. This 
MIH User (C++) is based on the program example offered by ODTONE to support the validation scenario. 
To establish the communication between the C tester and the MIHF, a UDP socket is used; the user has to set 
the specific connection parameters (address, port, etc.…) by using the available configuration files.  

The resulting interface contains header files together with C functions to perform the serialized encoding and 
decoding of the various fields. The most important of these files, showing the description of MIH primitives 
and some of the associated data types have been included in Annex C. 

 

List of primitives implemented in the interface and used in the small test program: 

Link_Register.indication (ODTONE specific) 

Link_Up.indication 

Link_Down.indication 

Link_Parameters_Report.indication  

Link_Capability_Discover.request 

Link_Capability_Discover.confirm 

Link_Event_Subscribe.request 

Link_Event_Subscribe.confirm 

Link_Event_Unsubscribe.request 

Link_Event_Unsubscribe.confirm 

Link_Get_Parameters.request 

Link_Get_Parameters.confirm 

Link_Configure_Thresholds.request 

Link_Configure_Thresholds.confirm 

Link_Action.request 

Link_Action.confirm 
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6 Conclusion and Next Steps 
This deliverable presented an update on the concepts, research topics and specifications regarding the 
Wireless Access subsystem of the MEDIEVAL architecture, as well as the status of the current 
implementation. 

During the time since D3.1, the research performed has been focused on developing and improving each of 
the modules composing the Wireless Access subsystem. As such, we have divided the research work in L2.5 
Abstraction, Contention-based Wireless Access and Coordination-based Wireless Access. In order to 
maximize the transfer of MEDIEVAL technology to the industry, we have undergone a strong effort on 
standardization activities, mainly involving the scientific work performed for the L2.5 Abstraction module. 
To strengthen even more the impact of our work, some of the simulation code developed for LTE is also 
being distributed as open source, allowing companies to use the NS-3 simulator to evaluate the MEDIEVAL 
improvements over this technology. 

In terms of scientific results, this deliverable reports several improvements over the state of the art on each of 
the technologies involved in the Wireless Access subsystem. For the Contention-based access, an analytical 
model for the throughput obtained for each of the Groupcast mechanisms defined in IEEE 802.11aa has been 
developed. This analytical model provides results very close to the reality as shown by its validation. 
Through this model, the best suited Groupcast mechanism can be selected based on the current status of the 
wireless medium. Even more, we are currently working on an algorithm that enables the access point to 
evaluate this online, hence taking dynamic decision, optimizing the overall performance of the wireless 
access for video distribution. Regarding the evaluation of Jumbo Frames in WLAN, tests are currently being 
performed considering several performance metrics, whose results will be provided in the next deliverable, 
D3.3. 

The Coordination-based Wireless Access has also been subject of strong research. This deliverable presents 
the results obtained while deriving the capacity of an OFDMA cellular network under different approaches, 
showing that the OFDMA capacity is inherently soft, due to multiuser and frequency diversities. As the main 
consequence of this observation, we proposed a soft QoS allocation, as opposed to the hard QoS resource 
assignment with fixed guaranteed rates, which provides the same guarantee to an identical number of users 
but also provides a looser rate guarantee to additional users. We believe that such a model can have direct 
influential consequences on both the allocation and the quality provision paradigm of multimedia traffic in 
next generation networks. The extension of this idea to both optimization frameworks and practical allocator 
in LTE networks simulated in ns-3 will be considered in future work and will be reported in the next 
deliverable D3.3. Regarding the use of LTE Relays at PDCP level, which is another modification to the 
3GPP architecture being addressed by the MEDIEVAL project, this deliverable presents a detailed 
description of the state of the art and signalling details. The primary conclusion of this work is that its use 
may lead to an improvement on the number of simultaneous users served by an eNB, being their load 
distributed between several nodes and that this type of relay provides a good solution to contend the 
limitations incurred by the MBMS and its impact on other types of communications. 

In its next section, this deliverable has also presented an update of the specification of the Wireless Access 
sub-system. This update considers the experience gained while discussing and implementing the different 
scenarios to be demonstrated in MEDIEVAL and refines the definition of the modules involved in the 
Wireless Access architecture. Some enhancements were brought to the extension of the abstract interface, 
adding parameters to report the detection of a congestion status to the Transport Optimization sub-system.  

Finally, an up-to-date status of the implementation work has been provided. This work has started focusing 
on the abstract interface, with the evaluation of the signalling fingerprint of this mechanism, the 
enhancement of the ODTONE software to support the MEDIEVAL additional primitives and parameters, 
and the development of the LINK_SAPs for WLAN and LTE interfaces. Scientific algorithms and 
evaluations have been implemented and tested on simulators. The feasibility of Jumbo Frames in the WLAN 
context is being experimented on a real testbed. This work will be continued in the coming period. The next 
steps will involve the finalization of the validation activities and the integration in the global MEDIEVAL 
framework in order to obtain a final assessment of the proposed wireless access architecture in the D3.3 
deliverable. 
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Annex A Complete Updated Specification 

A.1 Interfaces with the upper layer Components 

The Wireless Access interacts mainly with the Transport Optimization and the Mobility subsystems, through 
the L2.5 Abstract interface based on the MIH standard. These interfaces are summarized in this section and 
described with more details in deliverable D1.1 [1]. 

A.1.1 L25_XLO_If 

The objective of this cross-layer interaction is to enable an efficient and optimized video transport by 
exchanging information through the abstract interface. From the X-layer optimization module, it receives 
information to enhance the configuration of the wireless access: flow requirements (for QoS and multicast 
mechanism), flow identification, marking criteria. 

A.1.2 L25_MobilityManagement_If 

The objective of this cross-layer interface is to extend the media-independent signalling functionalities 
provided by IEEE 802.21 to support extra mobility functionalities and video aware services. All these 
extensions can be applied to the three services of IEEE 802.21, namely the Media Independent 
Events/Commands/Information Services. The MIH primitives are exchanged with the Flow Manager in the 
MAR and the Connection Manager in the Mobile Node. To the Mobility subsystem, this interaction provides 
information about the link status and the resource availability. From the Mobility subsystem, it receives 
configuration commands and parameters. 

A.1.3 MIHF_MIHUSERX_If 

This interface represents the generic interface between the MIHF function of the L2.5 Abstraction 
component and upper layer components (also dubbed MIH-Users). The MIHF will belong to the ODTONE 
implementation which provides facilitated mechanisms for interfacing with both link layers and MIH-Users. 
ODTONE provides an internal implementation of the MIH Protocol which requires MIH-Users to provide a 
socket for receiving and sending messages, and include the MIH Protocol library provided by ODTONE. 
MIH-Users will need to serialize and de-serialize the received 802.21 messages in order to extract the 
parameters therein, with which they can optimize their underlying procedures. 

The primitives and parameters provided by this interface are defined in the IEEE 802.21 which should be 
consulted for further details. The MIHF will however provide support for new 802.21 primitives and/or 
parameters indicated in other sections of this deliverable. 

A.1.4 L25_Network_If 

This interface represents the interactions between the MIHF function of the L2.5 Abstraction component and 
networking mechanisms. The objective is to allow remote 802.21 signalling exchange between two MIHF 
entities belonging to different nodes. This function will be provided by the ODTONE implementation of 
802.21, supporting both UDP and TCP transport solutions with and without acknowledgement service. 

This interface implements the primitives and parameters defined in the IEEE 802.21 protocol, which should 
be consulted for further detail. 

A.2 Interfaces between the L2.5 Abstraction and the Media-specific 
modules 

A.2.1 L25_LinkX_If 

This interface represents the generic interface between the L2.5 Abstraction and Link Layers. In the case of 
MEDIEVAL, this interface will exist between the MIHF function of the L2.5 Abstraction and the Media-
specific components for WLAN and LTE (here LinkX is just a reference for the different technologies). Both 
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in the MIHF component and each media-specific component, the interface will require a socket and inclusion 
of the MIH Protocol library from ODTONE. As such, the Media-specific components will need to apply 
serialization and de-serialization of MIH messages into their modules behaviour. 

The interface will reuse the existing primitives and parameters from the MIH Protocol defined in the IEEE 
802.21 standard, which should be consulted for more details. The MIHF will also provide support for the 
inclusion of new primitives and/or parameters defined in other sections of this deliverable, when required. 

 

A.2.2 L25_WMDC_If 

This interface corresponds to the communication between the Layer 2.5 Abstraction (L25) and the 802.11aa 
and Dynamic Configuration Module (WMDC). This interface is based on the MIH_LINK_SAP defined in 
IEEE 802.21 and as such is a media dependant abstract interface. The information exchanged in this 
interface encompass i) the information regarding the flow attributes (CoS class, drop eligibility, mark used 
and multicast/Jumbo requirements), ii) link actions requested by higher layers and iii) parameter reporting. 

This interface implements the complete IEEE 802.21 MIH_LINK_SAP plus several modifications which are 
explained in Section 4.6 of D3.1. 

The MEDIEVAL specific primitives (modifications to IEEE 802.21 standard primitives) used in this 
interfaces are the following: 

• Link_Action 
o Action Type: FLOW_ATTR 
o Action Type: LINK_ACTIVATE_RESOURCES  
o Action Type: LINK_DEACTIVATE_RESOURCES 

 

Regarding the reporting of information, this interface includes the reporting of the QoS parameters and CoS 
classes, although the main reporting of parameters is performed through the interface L25_WLANMM_ If. 

 

A.2.3 L25_WLANMM_If 

This interface exploits the definition of the MIH-LINK SAP interface described in IEEE 802.21 standard. 
Specifically, it defines the interaction between the WLAN Monitoring Module (WLANMM) and the Layer 
2.5 Abstraction (L25), focusing on the reporting of dynamic information related to WLAN technology. 

The following primitives are used according to the standard: 

• Link_Configure_Thresholds.request 

• Link_Configure_Thresholds.confirm 

• Link_Get_Parameters.request 

• Link_Get_Parameters.confirm 

• Link_Parameters_Report.indication 

• Link_Detected.indication 

• Link_Down.indication 

• Link_Up.indication4 

• Link_Going_Down.indication5 

 
                                                        
4 Except when used in a PoA in which the optional parameter NewAccessRouter is used to provide the link address of 
the newly attached mobile node that triggers the indication. 
5 The availability of this primitive is optional and it is given by a configurable parameter which indicates if it is active 
or not.  
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All the exchanged parameters in this interface are listed in Deliverable D3.1 [3], where the data type 
LINK_PARAM_LTE has been created for MEDIEVAL purposes. 

 

A.2.4 L25_VFSIG_If 

This interface is based on the MIH-LINK SAP as described in [5]. In this interface, the following primitives 
are used according to the standard: 

• Link_Get_Parameters.request 

• Link_Get_Parameters.confirm 

• Link_Action.request 

• Link_Action.confirm 

 

The Link_Action group of primitives has been modified to fulfil the MEDIEVAL Requirements. The 
Link_Action.request primitive is used by the L25 to request an action on the LTE interface to enable optimal 
handling of link-layer resources. The LTE link-layer interface can be ordered to attach to the network 
(Action = LINK_POWER_UP) or detach from the network (Action = LINK_POWER_DOWN). In addition 
to the standard, three new actions types have been introduced in MEDIEVAL for this interface: 
FLOW_ATTR, LINK_ACTIVATE_RESOURCES and LINK_DEACTIVATE_RESOURCES, as described 
in Deliverable D3.1 [3]. The other parameters are handled according to the IEEE 802.21 standard. 

 

A.2.5 L25_MMAS_If 

This interface defines the interaction between the Measurements and Medium Access Strategy (MMAS) and 
the Layer 2.5 Abstraction (L25). The objective of this interface is to report dynamic information related to 
LTE-A technology to L25, exploiting the definition of the MIH-LINK SAP interface done in the IEEE 
802.21 standard. The following primitives are used according to the standard: 

• Link_Detected.indication 

• Link_Configure_Thresholds.request 

• Link_Configure_Thresholds.confirm 

• Link_Get_Parameters.request 

• Link_Get_Parameters.confirm 

• Link_ Parameters_Report.indication 

 

All the exchanged parameters in this interface are listed in Deliverable D3.1 [3], where the data type 
LINK_PARAM_LTE has been created for MEDIEVAL purposes. 

 

A.3 Interfaces inside the Contention-based Wireless Access 

A.3.1 WLANMM_WMDC_If   

This interface enables the communication between the WLAN Monitoring Module (WLANMM) and the 
802.11aa and Dynamic configuration module (WMDC). Basically this interface provides reporting 
mechanism. This interface corresponds to internal communication mechanisms within the WLAN 
technology, and as such, the primitives herein presented do not belong to the MIH_LINK_SAP of IEEE 
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802.21. Nevertheless we reuse as much as possible this interface and the primitives designed for this 
interface are very similar to some of the IEEE 802.21 MIH_LINK_SAP primitives. 

A.3.1.1 WLANMM_WMDC_Set_Threshold 

A.3.1.1.1 WLANMM_WMDC_Set_Threshold.request 

Function 

This primitive is used by the WMDC to configure the set of thresholds upon which the WLANMM issues an 
event.  

 

Semantics of the service primitive 
WLANMM_WMDC_Set_Threshold.request( 
 ParameterThresholds 
) 
 
Parameters: 

Name Data Type Description 

ParameterThresholds SEQUENCE( 

LINK_PARAM_802_11, 

CHOICE(NULL, 
TIMER_INTERVAL), 

TH_ACTION,  

LIST(THRESHOLD) 

) 

This compound data type carries 
all information required to set up 
thresholds for the parameters 
indicated in the 
LINK_PARAM_802_11 field. 
The LINK_PARAM_802_11 field 
has been modified by 
MEDIEVAL and its extensions 
are presented in section 4.6 of 
D3.1. The rest of parameters are 
used as specified in IEEE 802.21 

Table 8: WLANMM_WMDC_Set_Threshold.request parameter list 

When generated 

This message is generated at the WMDC when it requires to be notified about a parameter crossing a specific 
threshold. 

Effect on receipt 

The WLANMM configures itself to notify the WMDC upon threshold crossing or timer expiration for the 
specified parameters. 

A.3.1.1.2 WLANMM_WMDC_Set_Threshold.confirm 

Function 

This primitive is used by the WLANMM to indicate the result of the threshold configuration request done by 
the WMDC.  

Semantics of the service primitive 
WLANMM_WMDC_Set_Threshold.confirm( 
 Status, 
 ThresholdSetupResult 
) 
 

Parameters: 
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Name Data Type Description 

Status STATUS Status of operation. 

The status of a primitive 
execution. 
0: Success 1: Unspecified Failure 
2: Rejected 3: Authorization 
Failure 4: Network Error 

ThresholdSetupResult 

 

SEQUENCE( 

LINK_PARAM_802_11, 

THRESHOLD, 

CONFIG_STATUS 

) 

This sequence carries the 
information regarding each 
parameter, the threshold 
associated to it and the result of 
the configuration. 
CONFIG_STATUS can be True 
or False (IEEE 802.21). 

Table 9: WLANMM_WMDC_Set_Threshold.confirm parameter list 

 

When generated 

This message is generated at the WLANMM after setting up the different thresholds on the link layers. It 
includes explicit confirmation of the correct set up for each parameter. 

Effect on receipt 

The WMDC is able to start relying on event notifications from the WLANMM. 

 

A.3.1.2 WLANMM_WMDC_Get_Parameters 

A.3.1.2.1 WLANMM_WMDC_GET_Parameters.request 

Function 

This primitive is used by the WMDC to poll the WLANMM for the value of some parameters. The list of 
supported data types has been updated with an additional one to indicate congestion in the link, which is in 
turn, an extension to the LINK_PARAM_QOS data type already existing in IEEE 802.21 standard. 

 

Semantics of the service primitive 
WLANMM_WMDC_Get_Parameters.request( 
 LinkParameters 
) 
 

Parameters: 

Name Data Type Description 

LinkParameters LIST(LINK_PARAM_TYPE) Measurable link parameter for 
which threshold are being set. 
Note that the 
LINK_PARAM_802_11 data type 
has been extended in Section 4.6.4 
of D3.1 [3]) and in this D3.2 we 
extend LINK_PARAM_QOS as 
we show below.  

 Table 10: WLANMM_WMDC_Get_Parameters.request updated parameter list 
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When generated 

This message is generated at the WMDC when it requires knowing the value of some WLAN specific 
parameter. 

Effect on receipt 

The WLANMM retrieves the values of the parameters and sends this information to the WMDC via a 
WLANMM_WMDC_Get_Parameters.confirm 

 

Where we have updated the extensions to reporting IEEE 802.21 primitives shown in section 4.6.4 of 
Deliverable D3.1 [3] as follows. 

LINK_PARAM_TYPE CHOICE( 
LINK_PARAM_802_11, 
LINK_PARAM_QOS 
) 

 

LINK_PARAM_QOS UNSIGNED_INT(1) A type to represent QOS_LIST 
parameters. 
0: Maximum number of differentiable 
classes of service supported. 
1: Minimum packet transfer delay for all 
CoS, the minimum delay over a class 
population of interest. 
2: Average packet transfer delay for all 
CoS, the arithmetic mean of the delay 
over a class population of interest. (See 
B.3.4) 
3: Maximum packet transfer delay for all 
CoS, the maximum delay over a class 
population of interest. 
4: Packet transfer delay jitter for all CoS, 
the standard deviation of the delay over a 
class population of interest. (See B.3.5.) 
5: Packet loss rate for all CoS, the ratio 
between the number of frames that are 
transmitted but not received and the total 
number of frames transmitted over a class 
population of interest. (See B.3.2.) 
6: Queues congestion level, estimated 
based on queue length variation over a 
pre-determined amount of time. 
7: Number of losses on the link  
8–255: (Reserved) 

Table 11: LINK_PARAM_802_11 additions to Table 11 of D3.1 

 

A.3.1.2.2 WLANMM_WMDC_Get_Parameters.confirm 

Function 

This primitive is used by the WLANMM to return the values of the queried parameters to the WMDC.  

 

Semantics of the service primitive 
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WLANMM_WMDC_Get_Parameters.confirm( 
 Status, 
 LinkParametersResult 
) 
 

Parameters: 

Name Data Type Description 

Status STATUS Status of operation. 

The status of a primitive 
execution. 
0: Success 1: Unspecified Failure 
2: Rejected 3: Authorization 
Failure 4: Network Error 

LinkParametersResult 

 

LIST( 

SEQUENCE( 

LINK_PARAM_802_11, 

LINK_PARAM_VAL) 

) 

This sequence carries the 
information regarding each 
parameter; it is a list of sequences 
of parameters and their values. 

Table 12: WLANMM_WMDC_Get_Parameters.confirm parameter list 

 

When generated 

This message is generated at the WLANMM after retrieving the value of the requested parameters. 

Effect on receipt 

WMDC receives the requested parameters. 

 

A.3.1.3 WLANMM_WMDC_Parameters_Report 

A.3.1.3.1 WLANMM_WMDC_Parameters_Report.indication 

Function 

This event is generated by the WLANMM upon threshold crossing or timer expiration, in order to inform the 
WMDC of this event. 

Semantics of the service primitive 
WLANMM_WMDC_Parameters_Report.indication( 
 LinkParametersReport 
) 
 

Parameters: 

Name Data Type Description 

LinkParametersReport 

 

LIST( 

SEQUENCE( 

LINK_PARAM_802_11, 

LINK_PARAM_VAL) 

This sequence carries the 
information regarding each 
parameter; it is a list of sequences 
of parameters and their values. 
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) 

Table 13: WLANMM_WMDC_Parameters_Report.indication parameter list 

 

When generated 

This message is generated at the WLANMM upon threshold crossing or timer expiration. 

Effect on receipt 

WMDC receives information on WLAN parameters. 

A.3.2 JMB_WMDC_If (Conceptual Interface) 

This interface allows the configuration and activation of Jumbo mechanisms within the WLAN interface. 

The interface has two main functions, first to report the feasibility of the Jumbo utilization in the current 
network situation, and second, it allows the enabling of the Jumbo functionality. 

A.3.2.1 JMB_WMDC_Jumbo_Feasibility_Report 

A.3.2.1.1 JMB_WMDC_Jumbo_Feasibility_Report.indication 

Function 

This event is generated by the JMB module each time the Jumbo functionality is feasible and can be applied. 
It also informs of the case when it becomes unfeasible. 

Semantics of the service primitive 
JMB_WMDC_Jumbo_Feasibility_Report.indication( 
 JumboFeasibility 
 JumboMTU, 
 JumboLayer 
) 
 

Parameters: 

Name Data Type Description 

JumboFeasibility 

 

BOOLEAN This parameter indicates the 
feasibility of the Jumbo 
mechanism. 

True: indicates that the use of 
Jumbo is feasible 

False: indicates that the use of 
Jumbo is unfeasible. 

JumboMTU UNSIGNED_INT(4) Indicates the value of the 
Maximum Transfer Unit that the 
Jumbo frame can use. 

JumboLayer BITMAP(2) The layer at which the Jumbo 
frame is applied. 

Bit 0: L2 

Bit 1: L3 

Table 14: JMB_WMDC_Jumbo_Feasibility_Report.indication parameter list 

When generated 
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This message is generated at the JMB module each time the Jumbo functionality becomes feasible or 
unfeasible. 

Effect on receipt 

If the Jumbo mechanism becomes feasible, the WMDC may use it. If it becomes unfeasible, then all 
configurations using Jumbo must be deactivated. 

A.3.2.2 JMB_WMDC_Jumbo_Action 

A.3.2.2.1 JMB_WMDC_Jumbo_Action.request 

Function 

This command is generated by the WMDC in order to activate or deactivate the Jumbo mechanism. 

Semantics of the service primitive 
JMB_WMDC_Jumbo_Action.request( 
 JumboActivate 
 JumboMTU, 
 JumboLayer 
) 
 

Parameters: 

Name Data Type Description 

JumboActivate 

 

BOOLEAN This parameter indicates to the 
JMB if it must activate the Jumbo 
mechanism. 

True: Activate Jumbo Mechanism 

False: Deactivate Jumbo 
Mechanism 

JumboMTU UNSIGNED_INT(4) Indicates the value of the 
Maximum Transfer Unit that the 
Jumbo frame must use. 

JumboLayer BITMAP(2) The layer at which the Jumbo 
frame must be applied. 

Bit 0: L2 

Bit 1: L3 

Table 15: JMB_WMDC_Jumbo_Action.request parameter list 

 

When generated 

This message is generated at the WMDC in order to activate the Jumbo mechanisms. 

Effect on receipt 

The JMB must activate or deactivate the Jumbo mechanism and configure the appropriate MTU and layer to 
be used. 

 

A.3.2.2.2 JMB_WMDC_Jumbo_Action.confirm 

Function 
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This command provides feedback to the WDMC regarding the activation of the Jumbo mechanisms. 

Semantics of the service primitive 
JMB_WMDC_Jumbo_Action.confirm( 
 JumboActivate 
 JumboMTU, 
 JumboLayer 
) 
 

Parameters: 

Name Data Type Description 

JumboActivate 

 

BOOLEAN This parameter indicates to the 
JMB if it must activate the Jumbo 
mechanism. 

True: Activate Jumbo Mechanism 

False: Deactivate Jumbo 
Mechanism 

Table 16: JMB_WMDC_Jumbo_Action.confirm parameter list 

 

When generated 

This message is generated at the JMB in order to provide feedback to the WMDC about the Jumbo 
configuration. 

Effect on receipt 

Received information about the Jumbo activation procedure. 

A.3.3 JMB_WLANMM_If (Conceptual Interface) 

This interface allows collection of WLAN related metrics for the evaluation of Jumbo-suitable radio 
condition.  

The interfaces regarding the jumboframes behaviour are dependant of the final established behaviour for 
Jumbo Frames within the project. Depending on its deployment on the actual Layer 2 or instead, higher layer 
emulation mechanisms, the interfaces will provide the ability to activate, configure and deactivate Jumbo 
Frames behaviour, but will be conceptual in nature, since the results are foreseen to be obtainable in 
theoretical or simulation form.  

A.3.3.1 JMB_WLANMM_Set_Threshold 

A.3.3.1.1 JMB_WLANMM_Set_Threshold.request 

Function 

This primitive is used by the Jumbo module to configure the set of thresholds upon which the WLANMM 
issues an event. The aim is to allow the Jumbo module to define link parameters with which to determine if 
the wireless link conditions are able to provide jumbo feasibility or not. 

 

Semantics of the service primitive 
JMB_WLANMM_Set_Threshold.request( 
 ParameterThresholds 
) 
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Parameters: 

Name Data Type Description 

ParameterThresholds SEQUENCE( 

LINK_PARAM_802_11, 

CHOICE(NULL, 
TIMER_INTERVAL), 

TH_ACTION,  

LIST(THRESHOLD) 

) 

This compound data type carries 
all information required to set up 
thresholds for the parameters 
indicated in the 
LINK_PARAM_802_11 field. 
The LINK_PARAM_802_11 field 
has been modified by 
MEDIEVAL and its extensions 
are presented in section 4.6 of 
D3.1. The rest of parameters are 
used as specified in IEEE 802.21 

Table 17: JMB_WLANMM_Set_Threshold.request parameter list 

 

When generated 

This message is generated at the Jumbo module when it requires to be notified about a parameter crossing a 
specific threshold. 

Effect on receipt 

The WLANMM configures itself to notify the Jumbo module upon threshold crossing or timer expiration for 
the specified parameters. 

 

A.3.3.1.2 JMB_WLANMM_Set_Threshold.confirm 

Function 

This primitive is used by the WLANMM to indicate the result of the threshold configuration request done by 
the Jumbo module. 

Semantics of the service primitive 
JMB_WLANMM_Set_Threshold.confirm( 
 Status, 
 ThresholdSetupResult 
) 
 

Parameters: 

Name Data Type Description 

Status STATUS Status of operation. 

The status of a primitive 
execution. 

0: Success 1: Unspecified Failure 
2: Rejected 3: Authorization 
Failure 4: Network Error 

ThresholdSetupResult 

 

SEQUENCE( 

LINK_PARAM_802_11, 

THRESHOLD, 

CONFIG_STATUS 

This sequence carries the 
information regarding each 
parameter, the threshold 
associated to it and the result of 
the configuration.   
CONFIG_STATUS can be True 
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) or False (IEEE 802.21). 

Table 18: JMB_WLANMM_Set_Threshold.confirm parameter list 

 

When generated 

This message is generated at the WLANMM after setting up the different thresholds on the link layers. It 
includes explicit confirmation of the correct set up for each parameter. 

Effect on receipt 

The Jumbo module is able to start relying on event notifications from the WLANMM. 

 

A.3.3.2 JMB_WLANMM_Get_Parameters 

A.3.3.2.1 JMB_WLANMM_Get_Parameters.request 

Function 

This primitive is used by the Jumbo module to poll the WLANMM for the value of parameters related with 
link conditions for the evaluation of jumbo feasible conditions. 

Semantics of the service primitive 
JMB_WLANMM_Get_Parameters.request( 
 LinkParameters 
) 
 

 

Parameters: 

Name Data Type Description 

LinkParameters LIST(LINK_PARAM_802_11) This data type corresponds to a list 
of the parameters available for 
WLAN. Note that the 
LINK_PARAM_802_11 data type 
has been extended in MEDIEVAL 
(see section 4.6 of D3.1) 

Table 19: JMB_WLANMM_Get_Parameters.request parameter list 

 

When generated 

This message is generated at the Jumbo module when it requires knowledge of some WLAN specific 
parameter value. 

Effect on receipt 

The WLANMM retrieves the values of the parameters and sends this information to the Jumbo module via a 
JMB_WLANMM_Get_Parameters.confirm 

 

A.3.3.2.2 JMB_WLANMM_Get_Parameters.confirm 

Function 

This primitive is used by the WLANMM to return the values of the queried parameters to the Jumbo module. 

Semantics of the service primitive 
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JMB_WLANMM_Get_Parameters.confirm( 
 Status, 
 LinkParametersResult 
) 
 

Parameters: 

Name Data Type Description 

Status STATUS The status of the primitive 
execution. 

0: Success 1: Unspecified Failure 
2: Rejected 3: Authorization 
Failure 4: Network Error 

LinkParametersResult 

 

LIST( 

SEQUENCE( 

LINK_PARAM_802_11, 

LINK_PARAM_VAL) 

) 

This sequence carries the 
information regarding each 
parameter, it is a list of sequences 
of parameters and their values. 

Table 20: JMB_WLANMM_Get_Parameters.confirm parameter list 

 

When generated 

This message is generated at the WLANMM after retrieving the value of the requested parameters. 

Effect on receipt 

The WLANMM receives the parameters about Jumbo configuration. 

A.3.3.3 JMB_WLANMM_Parameters_Report 

A.3.3.3.1 JMB_WLANMM_Parameters_Report.indication 

Function 

This event is generated by the WLANMM upon threshold crossing or timer expiration, in order to inform the 
Jumbo module of a wireless link event. 

Semantics of the service primitive 
JMB_WLANMM_Parameters_Report.indication( 
 LinkParametersReport 
) 
 

Parameters: 

Name Data Type Description 

LinkParametersReport 

 

LIST( 

SEQUENCE( 

LINK_PARAM_802_11, 

LINK_PARAM_VAL) 

) 

This sequence carries the 
information regarding each 
parameter; it is a list of sequences 
of parameters and their values. 

Table 21: JMB_WLANMM_Parameters_Report.indication parameter list 
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When generated 

This message is generated at the WLANMM upon threshold crossing or timer expiration. 

Effect on receipt 

The WLANMM is alerted with information regarding Jumbo parameters. 

 

 

A.4 Interfaces inside the Coordination-based Wireless Access 

A.4.1 CECT_VFSIC_If 

This interface enables the communication between the Video Frame Selection and Interface Configuration 
(VFSIC) and the Cognitive Exploitation of Cooperative Technologies module (CECT). Basically this 
interface provides flows reporting mechanism such as the ones explained in sections 4.4.1 and 4.4.2.  

A.4.1.1 CECT_VFSIC_Set_Threshold 

A.4.1.1.1 CECT_VFSIC_Set_Threshold.request 

Function 

This primitive is used to configure the set of thresholds upon which VFSIC issues an event (flows related 
information report), that is, in our case, 1 millisecond.  

Semantics of the service primitive 
CECT_VFSIC_Set_Threshold.request( 
 ParameterThresholds 
) 
 

Parameters: 

Name Data Type Description 

ParameterThresholds SEQUENCE( 

LTE_FLOW_INFO, 

TIMER_INTERVAL, 

) 

Configuration of the time 
threshold that defines the 
reporting parameters period (1 
ms). 

Table 22: CECT_VFSIC_Set_Threshold.request parameter list 

 

When generated 

This message is generated when CECT requires to be notified about the flows information to be scheduled in 
the transmission, after crossing a specific time threshold. 

Effect on receipt 

The VFSIC configures itself to notify the CECT upon timer expiration for the specified parameters. 

A.4.1.1.2 CECT_VFSIC_Set_Threshold.confirm 

Function 

This primitive is used by the VFSIC to return the values of the queried parameters to the CECT.  
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Semantics of the service primitive 
CECT_VFSIC_Set_Threshold.confirm( 
 Status, 
 ThresholdSetupResult 
) 
 

Parameters: 

Name Data Type Description 

Status STATUS The status of the primitive execution. 
0: Success 1: Unspecified Failure 2: 
Rejected 3: Authorization Failure 4: 
Network Error 

ThresholdSetupResult 

 

SEQUENCE( 

LTE_FLOW_INFO, 

TIMER_INTERVAL, 

CONFIG_STATUS 

) 

This sequence carries the information 
regarding each parameter, the threshold 
associated to it and the result of the 
configuration. CONFIG_STATUS can be 
True or False (IEEE 802.21). 

Table 23: CECT_VFSIC_Set_Threshold.confirm parameter list 

 

When generated 

This primitive is used by the VFSIC to indicate the result of the threshold configuration request done by the 
CECT.  

Effect on receipt 

The CECT is able to start relying on event notifications from the VFSIC. 

A.4.1.2 CECT_VFSIC_Parameters_Report 

A.4.1.2.1 CECT_VFSIC_Parameters_Report.indication 

Function 

This event is generated by the VFSIC upon timer expiration, in order to inform the CECT module of 
incoming flow parameters. 

Semantics of the service primitive 
CECT_VFSIC_Parameters_Report.indication( 
 LinkParametersReport 
) 
 

Parameters: 

Name Data Type Description 

LinkParametersResult 

 

LIST(SEQUENCE(FLOW_ID, 
UNSIGNED_INT(1), 
UNSIGNED_INT(1))) 

This sequence carries the 
incoming flows information, 
previously referred to as 
LTE_FLOW_INFO that are 
related to each EPS bearer:  
FLOW_ID, QCI, and ARP. 

Table 24: CECT_VFSIC_Parameters_Report.indication parameter list 
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When generated 

This message is generated at the VFSIC upon timer expiration. 

Effect on receipt 

CECT receives information regarding incoming flow to enable it algorithm. 

 

A.4.2 CECT_MMAS_If 

This interface links the Cognitive Exploitation of Cooperative Technologies (CECT) and the Measurements 
and Medium Access Strategy (MMAS) by providing the information described is sections 4.4.2 and 4.4.3. In 
particular, the MMAS sends to the CECT module information regarding the channel status perceived by each 
user (e.g., CQI). On the other hand, CECT sends to MMAS the generated allocation map, which will be used 
by MMAS to perform the resource allocation. Both set of parameters are periodically communicated to the 
respective blocks; the time period corresponds to the allocation slot time, i.e., 2 slots (1 ms).  

A.4.2.1 CECT_MMAS_Set_Threshold_ PHYmeasurement 

A.4.2.1.1 CECT_MMAS_Set_Threshold_ PHYmeasurement.request 

Function 

This primitive is used to configure the set of thresholds upon which MMAS issue an event (physical 
measurements report), that is, in our case, 1 millisecond.  

Semantics of the service primitive 
CECT_MMAS Set_Threshold_PHYmeasurement.request( 
 ParameterThresholds 
) 
 

Parameters: 

Name Data Type Description 

ParameterThresholds SEQUENCE( 

LTE_CHANNEL_MEASUREMENT, 

TIMER_INTERVAL, 

) 

Configuration of the time 
threshold that defines the 
reporting parameters period (1 
ms). 

Table 25: CECT_MMAS_Set_Threshold_PHYmeasurement.request parameter list 

 

When generated 

This message is generated when CECT requires to be notified about the channel measurements perceived by 
each user crossing a specific time threshold. 

Effect on receipt 

The MMAS configures itself to notify the CECT upon timer expiration for the specified parameters (PHY 
measurements). 

A.4.2.1.2 CECT_MMAS_Set_Threshold_PHYmeasurement.confirm 

Function 

This primitive is used by the MMAS to return the values of the queried parameters to the CECT.  
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Semantics of the service primitive 
CECT_MMAS_Set_Threshold_PHYmeasurement.confirm( 
 Status, 
 ThresholdSetupResult 
) 
 

Parameters: 

Name Data Type Description 

Status STATUS The status of the primitive 
execution. 
0: Success 1: Unspecified 
Failure 2: Rejected 3: 
Authorization Failure 4: 
Network Error 

ThresholdSetupResult 

 

SEQUENCE( 

LTE_CHANNEL_MEASUREMENT, 

TIMER_INTERVAL, 

CONFIG_STATUS 

) 

This sequence carries the 
information regarding each 
parameter, the threshold 
associated to it and the result 
of the configuration. 
CONFIG_STATUS can be 
True or False (IEEE 802.21). 

Table 26: CECT_MMAS_Set_Threshold_PHYmeasurement.confirm parameter list 

When generated 

This primitive is used by the MMAS to indicate the result of the threshold configuration request done by the 
CECT.  

Effect on receipt 

The CECT is able to start relying on event notifications from the MMAS. 

 

A.4.2.2 CECT_MMAS_Set_Threshold_AllocationMAP 

A.4.2.2.1 CECT_MMAS_Set_Threshold_AllocationMAP.request 

Function 

This primitive is used to configure the set of thresholds upon which CECT issue an event (allocation map 
report), that is, in our case, 1 millisecond.  

 

Semantics of the service primitive 
CECT_MMAS_Set_Threshold_AllocationMAP.request( 
 ParameterThresholds 
) 
 

 

 

Parameters: 

Name Data Type Description 

ParameterThresholds SEQUENCE( Configuration of the time 
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ALLOCATION_MAP, 

TIMER_INTERVAL, 

) 

threshold that defines the 
reporting parameters period (1 
ms). 

Table 27: CECT_MMAS_Set_Threshold_AllocationMAP.request parameter list 

 

When generated 

This message is generated when MMAS requires to be notified about the allocation map generated by the 
CECT entity after crossing a specific time threshold. 

Effect on receipt 

The CECT configures itself to notify the MMAS upon timer expiration for the specified parameters 
(allocation map report). 

A.4.2.2.2 CECT_MMAS_Set_Threshold_AllocationMAP.confirm 

Function 

This primitive is used by the CECT to return the values of the queried parameters to the MMAS.  

 

Semantics of the service primitive 
CECT_MMAS_Set_Threshold_AllocationMAP.confirm( 
 Status, 
 ThresholdSetupResult 
 
) 
 

Parameters: 

Name Data Type Description 

Status STATUS Status of operation. 

The status of a primitive execution. 
0: Success 1: Unspecified Failure 2: 
Rejected 3: Authorization Failure 4: 
Network Error 

ThresholdSetupResult 

 

SEQUENCE( 

ALLOCATION_MAP, 

TIMER_INTERVAL, 

CONFIG_STATUS 

) 

This sequence carries the information 
regarding each parameter, the threshold 
associated to it and the result of the 
configuration. CONFIG_STATUS can 
be True or False (IEEE 802.21). 

Table 28: CECT_MMAS_Set_Threshold_AllocationMAP.confirm parameter list 

 

When generated 

This primitive is used by the CECT to indicate the result of the threshold configuration request done by the 
MMAS.  

 

Effect on receipt 

The MMAS is able to start relying on event notifications from the CECT. 
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A.4.2.3 CECT_MMAS_PHYMeasurement_Report 

A.4.2.3.1 CECT_MMAS_PHYMeasurement_Report.indication 

Function 

This event is generated by the MMAS upon timer expiration, in order to inform the CECT module of channel 
measurements event. 

Semantics of the service primitive 
CECT_MMAS_PHYMeasurement_Report.indication( 
 LinkParametersReport 
) 
Parameters: 

Name Data Type Description 

LinkParametersReport 

 

LIST(SEQUENCE(UNSIGNED_INT(1), 
IP_ADDR, LINK_PARAM_LTE)) 

This sequence carries the channel 
information perceived by each user, 
previously referred to as 
LTE_CHANNEL_MEASUREMENT. 
The sequence represents, respectively, 
the RB, the IP_ADDR, and the CQI 
value. 

Table 29: CECT_MMAS_PHYMeasurement_Report.indication parameter list 

 

When generated 

This message is generated at the MMAS upon timer expiration. 

Effect on receipt 

CECT receives information regarding channel measurements. 

A.4.2.4 CECT_MMAS_AllocationMAP_Report 

A.4.2.4.1 CECT_MMAS_AllocationMAP_Report.indication 

Function 

This event is generated by the CECT upon timer expiration, in order to inform the MMAS module of the 
allocation map. 

Semantics of the service primitive 
CECT_MMAS_AllocationMAP_Report.indication( 
 LinkParametersReport 
) 
 

Parameters: 

Name Data Type Description 

LinkParametersResult 

 

LIST(SEQUENCE(UNSIGNED_INT(1), 
IP_ADDR)) 

This sequence carries the allocation 
map realization, previously referred 
to as ALLOCATION_MAP that 
represent the mapping between 
each RB and the respective 
allocated UE. 

Table 30: CECT_MMAS_AllocationMAP_Report.indication parameter list 
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When generated 

This message is generated at the CECT upon timer expiration. 

Effect on receipt 

MMAS receives the allocation map and performs the allocation. 

A.4.3 MMAS_VFSIC_If 

This interface provides information about the actual resource usage of the system, needed by VFSIC to know 
whether EPS bearers may be established. Therefore, as described in previous sections, this information is 
provided every allocation time slot (1 ms) because the queues will be accordingly updated. 

A.4.3.1 MMAS_VFSIC_Set_Threshold 

A.4.3.1.1 MMAS_VFSIC_Set_Threshold.request 

Function 

This primitive is used by the VFSIC to configure the set of thresholds upon which the MMAS issues an 
event.  

Semantics of the service primitive 
MMAS_VFSIC_Set_Threshold.request( 
 ParameterThresholds 
) 
 

Parameters: 

Name Data Type Description 

ParameterThresholds SEQUENCE( 

RESOURCE_USAGE, 

TIMER_INTERVAL, 

) 

Configuration of the time 
threshold that defines the 
reporting parameters period (1 
ms). 

Table 31: MMAS_VFSIC_Set_Threshold.request parameter list 

 

When generated 

This message is generated at the VFSIC when it requires to be notified about a parameter crossing a specific 
threshold. 

Effect on receipt 

The MMAS configures itself to notify the VFSIC upon threshold crossing or timer expiration for the 
specified parameters. 

 

 

A.4.3.1.2 MMAS_VFSIC_Set_Threshold.confirm 

Function 

This primitive is used by the MMAS to indicate the result of the threshold configuration request done by the 
VFSIC.  
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Semantics of the service primitive 
MMAS_VFSIC_Set_Threshold.confirm( 
 Status, 
 ThresholdSetupResult 
) 
 

Parameters: 

Name Data Type Description 

Status STATUS Status of operation. 

The status of a primitive 
execution. 

0: Success 1: Unspecified Failure 
2: Rejected 3: Authorization 
Failure 4: Network Error 

ThresholdSetupResult 

 

SEQUENCE( 

RESOURCE_USAGE, 

TIMER_INTERVAL, 

CONFIG_STATUS 

) 

This sequence carries the 
information regarding each 
parameter, the threshold 
associated to it and the result of 
the configuration. 
CONFIG_STATUS can be True 
or False (IEEE 802.21). 

Table 32: MMAS_VFSIC_Set_Threshold.confirm parameter list 

 

When generated 

This message is generated at the MMAS after setting up the different thresholds on the link layers. It 
includes explicit confirmation of the correct set up for each parameter. 

Effect on receipt 

The VFSIC is able to start relying on event notifications from the MMAS. 

A.4.3.2 MMAS_VFSIC_Parameters_Report 

A.4.3.2.1 MMAS_VFSIC_Parameters_Report.indication 

Function 

This event is generated by the MMAS upon threshold crossing or timer expiration, in order to provide 
system resource information to the VFSIC. 

Semantics of the service primitive 
MMAS_VFSIC_Parameters_Report.indication( 
 LinkParametersResult 
) 
 

 

Parameters: 

Name Data Type Description 

LinkParametersResult 

 

LINK_PARAM_LTE This parameter provides the VFSIC 
with system resource information, 
previously referred to as 
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RESOURCE_USAGE 

Table 33: MMAS_VFSIC_Parameters_Report.indication parameter list 

 

Where we have updated the extensions to reporting IEEE 802.21 primitives shown in section 4.6.4 of 
Deliverable D3.1 [3] as follows. 

 

LINK_PARAM_LTE UNSIGNED_INT(1) A type to represent a link 
parameter for 3GPP LTE 
0: UE Reference Signal Received 
Power (RSRP)  
1: UE Reference Signal Received 
Quality (RSRQ)  
2: Link Quality (CQI)  
3: Available bandwidth / Resource 
usage  
4: Packet delay on the radio link  
5: Packet Loss rate on the radio 
link  
6 : L2 buffer/queues status 
7 : Mobile Node capabilities  
8: eMBMS capability 
9: Jumbo feasibility 
10: Jumbo setup status 
11: number of active eMBMS 
receivers per flow  
12: queue congestion level 
estimated based on L2 buffers 
fullness 
13-255: (Reserved) 

Table 34: LINK_PARAM_LTE extension to table F.4 from IEEE 802.21 

 

When generated 

This message is generated at the MMAS upon threshold crossing or timer expiration. 

Effect on receipt 

VFSIC receives system resource information. 

A.4.4 JMB_VFSIC_If (Conceptual Interface) 

This interface allows the configuration and activation of Jumbo mechanisms within the LTE interface, 
depending on the possibility of the technology allowing that action, by an external entity by using an 802.21 
command. 

A.4.4.1 JMB_VFSIC_Jumbo_Feasibility_Report 

A.4.4.1.1 JMB_VFSIC_Jumbo_Feasibility_Report.indication 

Function 

This event is generated by the JMB module each time the Jumbo functionality is feasible and can be applied. 
It also informs of the case when it becomes unfeasible. 

Semantics of the service primitive 
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JMB_VFSIC_Jumbo_Feasibility_Report.indication( 
 JumboFeasibility 
 JumboMTU, 
 JumboLayer 
) 
 

Parameters: 

Name Data Type Description 

JumboFeasibility 

 

BOOLEAN This parameter indicates the 
feasibility of the Jumbo 
mechanism. 

True: indicates that the use of 
Jumbo is feasible 

False: indicates that the use of 
Jumbo is unfeasible. 

JumboMTU UNSIGNED_INT(4) Indicates the value of the 
Maximum Transfer Unit that the 
Jumbo frame can use. 

JumboLayer BITMAP(2) The layer at which the Jumbo 
frame is applied. 

Bit 0: L2 

Bit 1: L3 

Table 35: JMB_VFSIC_Jumbo_Feasibility_Report.indication parameter list 

 

When generated 

This message is generated at the JMB module each time the Jumbo functionality becomes feasible or 
unfeasible. 

Effect on receipt 

If the Jumbo mechanism becomes feasible, the VFSIC may use it. If it becomes unfeasible, then all 
configurations using Jumbo must be deactivated. 

A.4.4.2 JMB_VFSIC_Jumbo_Action 

A.4.4.2.1 JMB_VFSIC_Jumbo_Action.request 

Function 

This command is generated by the VFSIC in order to activate or deactivate the Jumbo mechanism. 

Semantics of the service primitive 
VFSIC_JMB_Jumbo_Action.request( 
 JumboActivate 
 JumboMTU, 
 JumboLayer 
) 
 

Parameters: 

Name Data Type Description 
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JumboActivate 

 

BOOLEAN This parameter indicates to the 
JMB if it must activate the Jumbo 
mechanism. 

True: Activate Jumbo Mechanism 

False: Deactivate Jumbo 
Mechanism 

JumboMTU UNSIGNED_INT(4) Indicates the value of the 
Maximum Transfer Unit that the 
Jumbo frame must use. 

JumboLayer BITMAP(2) The layer at which the Jumbo 
frame must be applied. 

Bit 0: L2 

Bit 1: L3 

Table 36: JMB_VFSIC_Jumbo_Action.request parameter list 

 

When generated 

This message is generated at the VFSIC in order to activate the Jumbo mechanisms. 

 

 

Effect on receipt 

The JMB must activate or deactivate the Jumbo mechanism and configure the appropriate MTU and layer to 
be used. 

A.4.4.2.2 JMB_VFSIC_Jumbo_Action.confirm 

Function 

This command provides feedback to the VFSIC regarding the activation of the Jumbo mechanisms. 

Semantics of the service primitive 
JMB_VFSIC_Jumbo_Action.confirm( 
 JumboActivate 
 JumboMTU, 
 JumboLayer 
) 
 

Parameters: 

Name Data Type Description 

JumboActivate 

 

BOOLEAN This parameter indicates to the 
JMB if it must activate the Jumbo 
mechanism. 

True: Activate Jumbo Mechanism 

False: Deactivate Jumbo 
Mechanism 

Table 37: JMB_VFSIC_Jumbo_Action.confirm parameter list 

 

When generated 
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This message is generated at the JMB in order to provide feedback to the VFSIC about the Jumbo 
configuration. 

Effect on receipt 

The VFSIC receives the requested Jumbo configuration information. 

A.4.5 JMB_MMAS_If (Conceptual Interface) 

This interface allows collection of LTE related metrics for the evaluation of Jumbo-suitable radio condition, 
as well as indicating (on behalf of the Jumbo module) if the activation/deactivation of Jumbo procedures has 
occurred successfully or not.  

The Jumbo Frames mechanisms for LTE-A will be developed after the WLAN feature is completed, aiming 
to maintain a generic approach. As such, the interface so far shares the same behaviour defined in the WLAN 
counterpart, and will also be developed under a theoretical or simulation approach. 

A.4.5.1 JMB_MMAS_Set_Threshold 

A.4.5.1.1 JMB_MMAS_Set_Threshold.request 

Function 

This primitive is used by the Jumbo module to configure the set of thresholds upon which the MMAS issues 
an event. The aim is to allow the Jumbo module to define link parameters with which to determine if the 
cellular link conditions are able to provide jumbo feasibility or not. 

 

Semantics of the service primitive 
JMB_MMAS_Set_Threshold.request( 
 ParameterThresholds 
) 
 

Parameters: 

Name Data Type Description 

ParameterThresholds SEQUENCE( 

LINK_PARAM_LTE-A, 

CHOICE(NULL, 
TIMER_INTERVAL), 

TH_ACTION,  

LIST(THRESHOLD) 

) 

This compound data type carries all 
information required to set up thresholds 
for the parameters indicated in the 
LINK_PARAM_LTE-A is a new 
parameter added by MEDIEVAL to the 
802.21 standard regarding LTE-A, which is 
still under definition 

Table 38: JMB_MMAS_Set_Threshold.request parameter list 

 

When generated 

This message is generated at the Jumbo module when it requires to be notified about a parameter crossing a 
specific threshold. 

Effect on receipt 

The MMAS configures itself to notify the Jumbo module upon threshold crossing or timer expiration for the 
specified parameters. 
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A.4.5.1.2 JMB_MMAS_Set_Threshold.confirm 

Function 

This primitive is used by the MMAS to indicate the result of the threshold configuration request done by the 
Jumbo module. 

Semantics of the service primitive 
JMB_MMAS_Set_Threshold.confirm( 
 Status, 
 ThresholdSetupResult 
) 
 

Parameters: 

Name Data Type Description 

Status STATUS Status of operation. 

The status of a primitive execution. 

0: Success 1: Unspecified Failure 2: Rejected 3: 
Authorization Failure 4: Network Error 

ThresholdSetupResult 

 

SEQUENCE( 

LINK_PARAM_LTE-A, 

THRESHOLD, 

CONFIG_STATUS 

) 

This sequence carries the information regarding 
each parameter, the threshold associated to it 
and the result of the configuration. 
CONFIG_STATUS can be True or False (LTE-
A). 

Table 39: JMB_MMAS_Set_Threshold.confirm parameter list 

 

When generated 

This message is generated at the MMAS after setting up the different thresholds on the link layers. It 
includes explicit confirmation of the correct set up for each parameter. 

Effect on receipt 

The Jumbo module is able to start relying on event notifications from the MMAS. 

 

A.4.5.2 JMB_MMAS_Get_Parameters 

A.4.5.2.1 JMB_MMAS_Get_Parameters.request 

Function 

This primitive is used by the Jumbo module to poll the MMAS for the value of parameters related with link 
conditions for the evaluation of jumbo feasible conditions. 

Semantics of the service primitive 
JMB_MMAS_Get_Parameters.request( 
 LinkParameters 
) 
 

Parameters: 
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Name Data Type Description 

LinkParameters LIST(LINK_PARAM_LTE-A) This data type corresponds to a list of the 
parameters available for WLAN. Note that 
the LINK_PARAM_LTE-A is a new 
parameter added by MEDIEVAL to the 
802.21 standard regarding LTE-A, which is 
still under definition 

Table 40: JMB_MMAS_Get_Parameters.request parameter list 

 

When generated 

This message is generated at the Jumbo module when it requires knowledge of some LTE-A specific 
parameter value. 

Effect on receipt 

The MMAS retrieves the values of the parameters and sends this information to the Jumbo module via a 
JMB_MMAS_Get_Parameters.confirm 

 

A.4.5.2.2 JMB_MMAS_Get_Parameters.confirm 

Function 

This primitive is used by the MMAS to return the values of the queried parameters to the Jumbo module. 

 

Semantics of the service primitive 
JMB_MMAS_Get_Parameters.confirm( 
 Status, 
 LinkParametersResult 
) 
 

Parameters: 

Name Data Type Description 

Status STATUS Status of operation. 

The status of a primitive execution. 

0: Success 1: Unspecified Failure 2: Rejected 
3: Authorization Failure 4: Network Error 

LinkParametersResult 

 

LIST( 

SEQUENCE( 

LINK_PARAM_LTE-A, 

LINK_PARAM_VAL) 

) 

This sequence carries the information 
regarding each parameter; it is a list of 
sequences of parameters and their values. 

Table 41: JMB_MMAS_Get_Parameters.confirm parameter list 

 

When generated 

This message is generated at the MMAS after retrieving the value of the requested parameters. 

Effect on receipt 
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The MMAS receives the information on Jumbo parameter configuration. 

 

A.4.5.3 JMB_MMAS_Parameters_Report 

A.4.5.3.1 JMB_MMAS_Parameters_Report.indication 

Function 

This event is generated by the MMAS upon threshold crossing or timer expiration, in order to inform the 
Jumbo module of a wireless link event. 

Semantics of the service primitive 
JMB_MMAS_Parameters_Report.indication( 
 LinkParametersReport 
) 
 

Parameters: 

Name Data Type Description 

LinkParametersReport 

 

LIST( 

SEQUENCE( 

LINK_PARAM_LTE-A, 

LINK_PARAM_VAL) 

) 

This sequence carries the information 
regarding each parameter; it is a list of 
sequences of parameters and their values. 

Table 42: JMB_MMAS_Parameters_Report.indication parameter list 

 

When generated 

This message is generated at the MMAS upon threshold crossing or timer expiration. 

Effect on receipt 

The MMAS is notified about the Jumbo related information that crossed the predefined threshold. 

 

A.4.6 EMBMS_VFSIC_If 

The objective of this interface is to trigger the MBMS Session Start procedure in the LTE eNB. 

A.4.6.1 EMBMS_VFSIC_SessionStart 

A.4.6.1.1 EMBMS_VFSIC_SessionStart.request 

Function 

Used to indicate to the MBMS function that a new session should be started 

Semantics of the service primitive 
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EMBMS_VFSIC_SessionStart.request ( 
 SessionID,  
 RequestedQOS, 
 RequestedRate 
) 
 

Parameter Type Description 

SessionID FLOW_ID Identifier (5-tuple) for the new flow. This 
parameter has been described in section 4.6.3 of 
D3.1. 

RequestedQoS COS This parameter specifies the required traffic class  

RequestedRate LINK_DATA_RATE This parameter specifies the required data rate on 
the link for the MBMS session. 

Table 43: EMBMS_VFSIC_SessionStart.request parameter list 

 

When generated 

This message is received from the VFSIC to request the EMBMS sub-system to start a new session 

 

Effect on receipt 

The EMBMS propagates the session request to the LTE eNB to allocate the necessary resources and start 
broadcasting the information on the MCCH channel if not already available, allowing the users to join it. 

A.4.6.1.2 EMBMS_VFSIC_SessionStart.confirm 

Function 

Used to indicate that the request to start a new session has been processed. 

 

Semantics of the service primitive 
EMBMS_VFSIC_SessionStart.confirm ( 
 SessionID, 
 ReturnCode 
) 
 

Parameter Type Description 

SessionID FLOW_ID Identifier (5-tuple) for the new flow. This parameter 
has been described in section 4.6.3 of D3.1. 

ReturnCode UNSIGNED_INT Status code indicating whether the request could be 
satisfied (0), or was rejected due to lack of resources 
(1), or due to failed procedure (2) 

Table 44: EMBMS_VFSIC_SessionStart.confirm parameter list 

 

When generated 

Generated by the EMBMS once the LTE eNB has committed the necessary resources for accommodating the 
new flow. 

Effect on receipt 

The data belonging to this MBMS session can be forwarded to the eNB. 



MEDIEVAL D3.2 Final Specification for the Wireless Access Functions and Interfaces 

Page 124 of (162)  © MEDIEVAL 2012 

 

A.4.6.2 EMBMS_VFSIC_SessionStop 

A.4.6.2.1 EMBMS_VFSIC_SessionStop.request 

Function 

Used to indicate to the EMBMS function that an existing session should be stopped. 

Semantics of the service primitive 
EMBMS_VFSIC_SessionStop.request ( 
 SessionID,  
) 
 

Parameter Type Description 

SessionID FLOW_ID Identifier (5-tuple) for the flow to be stopped. This 
parameter has been described in section section 
4.6.3 of D3.1. 

Table 45: EMBMS_VFSIC_SessionStop.request parameter list 

 

When generated 

This message is received from the VFSIC to request the EMBMS sub-system to deactivate the resources 
related to an existing session. 

 

Effect on receipt 

The EMBMS propagates the request to the LTE eNB to stop broadcasting the information on the MCCH 
channel and de-allocate the used resources 

 

A.4.6.2.2 EMBMS_VFSIC_SessionStop.confirm 

Function 

Used to indicate that the request to stop a session has been processed. 

 

Semantics of the service primitive 
EMBMS_VFSIC_SessionStop.confirm ( 
 SessionId, 
 ReturnCode 
) 
 

Parameter Type Description 

SessionId FLOW_ID Identifier for the stopped flow 

ReturnCode UNSIGNED_INT Status code indicating whether the request could be 
satisfied (0), or was rejected due to lack of 
resources (1), or due to failed procedure (2) 

Table 46: EMBMS_VFSIC_SessionStop.confirm parameter list 
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When generated 

Generated by the EMBMS once the LTE eNB has released the resources that were used by the stopping 
flow. 

Effect on receipt 

No more data belonging to this MBMS session can be forwarded to the eNB. 

 

A.4.7 L2PRLY_VFSIC_If  

Function 

This interface covers the following procedures introduced with the LTE 2P Relay: 

• radio attachment of the LTE relay to the LTE eNB  

• attachment of a mobile node to the cellular system through the LTE relay,  

• session setup  

• session tear down,  

• detachment of the mobile node, 

• detachment of the LTE relay from the network. 

 

Semantics of the service primitive 

It uses the same primitives as those introduced in section A.2.4 (L25_VFSIG_If), but triggers specific 
procedures. 
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Annex B Contributions to the IEEE 802.21 standard since D3.1 
In the following, the main contributions since the delivery of deliverable D3.1 (the ones in .doc format, ppt 
contributions are linked at the end of this section) to the IEEE 802.21 WG performed by MEDIEVAL 
members are presented. 
 

B.1 Multicast Support 

https://mentor.ieee.org/802.21/dcn/11/21-11-0171-00-bcst-multicast-signaling-support.docx 
Presented at Atlanta Meeting as: https://mentor.ieee.org/802.21/dcn/11/21-11-0183-00-0000-mihfid-group-
management-discussion.ppt 
 
Introduction 

This contribution tackles the comment #4 and #5 of current LB. This contribution enables the use of 
multicast for MIH signalling purposes. A specific set of messages can be sent to a group of users which are 
addressed at the MIHF_ID space through the zero-length MIHF_ID. The discrimination of these users in 
groups is performed by the use of L2/L3 multicast mechanisms. Users join a certain multicast group, which 
is then used to command these users to perform handover. 

The new primitives included in this document enable the share of information about the existing groups and 
the creation of groups. The information exchanged encompass the L2/L3 address used by the group, so any 
MIH User can join it and receive the signalling specific to this group. 

All changes are explicitly marked in bold. 
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Re: IEEE 802.21 Session #46 in Atlanta 2011 

Abstract This document provides a possible solution for MIHF_ID group management 

Purpose Discussion and possible creation of a PAR 

Notice This document has been prepared to assist the IEEE 802.21 Working Group. It is offered as a basis 
for discussion and is not binding on the contributing individual(s) or organization(s). The material 
in this document is subject to change in form and content after further study. The contributor(s) 
reserve(s) the right to add, amend or withdraw material contained herein. 
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whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and 
accepts that IEEE 802.2 may make this contribution public. 

Patent 
Policy 

The contributor is familiar with IEEE patent policy, as outlined in Section 6.3 of the IEEE-SA 
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in Understanding Patent Issues During IEEE Standards Development 
<http://standards.ieee.org/board/pat/guide.html>. 
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Data type name  Derived from Definition 
MIHF_ID  
 

OCTET_STRING The MIHF Identifier: MIHF_ID is a network access 
identifier (NAI). NAI shall be unique as per IETF RFC 4282. 
If L3 communication is used and MIHF entity resides in the 
network node, then MIHF_ID is 
the fully qualified domain name or NAI-encoded IP address 
(IP4_ADDR or IP6_ADDR) of the entity that hosts the MIH 
Services. 
If L2 communication is used then MIHF_ID is the NAI-
encoded linklayer address (LINK_ADDR) of the entity that 
hosts the MIH services. 
In an NAI-encoded IP address or link-layer address, each 
octet of binary-encoded IP4_ADDR, IP6_ADDR and 
LINK_ADDR data is encoded in the username part of the 
NAI as .“\.” followed by the octet value. A broadcast MIHF 
identifier is defined as an MIHF ID of zero length. A 
multicast MIHF identifier is defined as a NAI-encoded 
multicast linklayer address in the case L2 communication 
is used or a NAI-encoded IP address (IP4_ADDR or 
IP6_ADDR) in case L3 communication is used.  
When an MIH protocol message with multicast/broadcast 
MIHF ID is transmitted over the L2 data plane, a group 
MAC address (01-80-C2-00-00-0E) shall be used (see IEEE 
P802.1aj/D2.2). The maximum length is 253 octets 

Table 47: MIHF ID modifications 

MIHF Identifier (MIHF ID) is an identifier that is required to uniquely identify an MIHF entity for delivering 
the MIH services. MIHF ID is used in all MIH protocol messages. This enables the MIH protocol to be 
transport agnostic. MIHF ID is assigned to the MIHF during its configuration process. The configuration 
process is outside the scope of the standard. 
Broadcast MIHF ID is defined as an MIHF ID of zero length. A broadcast MIHF ID can be used when 
destination MIHF ID is not known to a source MIHF, such as for discovering an MIH peer, or when there are 
multiple receivers for the message, such as in a broadcast scenario.  
The following MIH messages can use a broadcast MIHF ID: 
 
a) MIH Messages for Management Service: 

1) MIH_Capability_Discover request 

b) MIH Messages for Command Service: 

1) MIH_Link_Get_Parameters request 
2) MIH_Link_Configure_Thresholds request 
3) MIH_Net_HO_Bcst_Commit indication 

c) MIH Messages for Information Service: 
1) MIH_Push_Information indication 

 
If an MIH signalling message must be processed by a set of MNs, the MIHF ID used as destination in 
such messages corresponds to the zero-length MIHF_ID. The discrimination of users for MIH 
signalling purposes, is accomplished by the use of L2 or L3 multicast mechanisms (See subclauses 
7.4.28 to 7.4.30). 
 
The MIHF ID is of type MIHF_ID. (See F.3.11.) 
 
8.6 MIH protocol messages 
The following subclauses specify different MIH protocol messages in TLV form. The shaded areas represent 
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the MIH protocol header, while the unshaded areas represent the MIH protocol payload. The payload 
consists of a set of identifiers in TLV form. 
The TLV Type assignment for each TLV can be found in Annex L, Table L.2. 
TLV type values ranging from 101 to 255 are reserved for experimental TLVs. These values are used by 
different implementations to evaluate the option of using TLVs not defined by the specification. 
When a TLV type value is in the range of experimental TLVs and the data type of the TLV value is unknown 
or the TLV value is not in the range of valid values, the TLV should be ignored and the rest of the message 
should be processed. Also, experimental TLVs can be ignored, based on the MIHF information that is 
communicating with another MIHF with different experimental TLVs implementation. 
All MIH messages carry a source MIHF ID followed by a destination MIHF ID as the first two TLVs of the 
MIH protocol payload part of the message. Broadcast MIHF ID can be used in MIH_Capability_Discover 
request and response messages as its destination MIHF ID. 
All .“Optional.” fields are optionally sent but the receiver shall properly operate on them if present, i.e., these 
fields are mandatory in the implementation, but optional in their use. 
On receipt of an MIH request message the MIHF shall respond with a corresponding response message. 
Any message received that has an invalid MIH header, or does not contain the source/destination MIHF IDs, 
or has an unrecognizable or invalid MIH Message ID shall be discarded without sending any indication to 
the source MIH node. Any undefined or unrecognizable TLVs in a received message shall be ignored by the 
receiver. 
 
8.6.1 MIH messages for service management 
8.6.1.1 MIH_Capability_Discover request 
The corresponding MIH primitive of this message is defined in 7.4.1.1. 
If a requesting MIHF entity knows the destination MIHF entity.’s MIHF ID, the requesting MIHF entity fills 
its destination MIHF ID and sends this message to the peer MIHF over the data plane, either L2 or L3. 
If a requesting MIHF entity does not know the destination MIHF entity.’s MIHF ID, the requesting MIHF 
entity may fill its destination MIHF ID with a broadcast MIHF ID to send this capability discover message. 
 
8.6.1.2 MIH_Capability_Discover response 
The corresponding MIH primitive of this message is defined in 7.4.1.3. This message is sent in response to 
an MIH_Capability_Discover request message that was destined to a single or broadcast MIHF ID. 
 
8.2.3.4 Inter-state-machine procedures 
a) BOOLEAN Process(MIH_MESSAGE).—This procedure processes the incoming message passed 
as an input variable. A value of TRUE is returned if an outgoing message is available in response to 
the incoming message. Otherwise, a value of FALSE is returned. 
b) void Transmit(MIH_MESSAGE).—This procedure transmits the message passed as the input 
variable. 
c) BOOLEAN IsMulticastMsg(MIH_MESSAGE).—This procedure outputs TRUE if the input 
message has a multicast/broadcast destination MIHF_ID. Otherwise, it outputs FALSE. 
d) MIHF_ID SrcMIHF_ID(MIH_MESSAGE).—This procedure obtains a Source Identifier TLV 
from the message passed as the input and returns the value of the TLV. 
e) MIHF_ID DstMIHF_ID(MIH_MESSAGE).—This procedure obtains a Destination Identifier 
TLV from the message passed as the input and returns the value of the TLV. 
f) void SetMIHF_ID(MIH_MESSAGE, MIHF_ID, MIHF_ID).—This procedure inserts a Source 
Identifier TLV and a Destination Identifier TLV into the MIH message. The first MIHF_ID is used 
as the value of the Source Identifier TLV. The second MIHF_ID is used as the value of the 
Destination Identifier TLV. 
 
8.2.3.7.1 Intra-state-machine variables 
a) IsMulticast.—This variable.’s type is BOOLEAN. When its value is TRUE, it indicates that a message has 
a multicast/broadcast destination MIHF_ID. Otherwise, its value is FALSE. 
 
 
8.2.4.3.4 Solicited MIH capability discovery 
An MIHF (the requestor) discovers its peer MIH functions and capabilities by multicasting or unicasting an 
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MIH_Capability_Discover request message to either its multicast domain or a known MIHF ID, respectively. 
Only MIH network entities respond to a multicast MIH_Capability_Discover request. 
When a peer MIH function (the responder) receives the MIH_Capability_Discover request message, it sends 
MIH_Capability_Discover response message back to the requestor. The response is sent by using the same 
transport type over which the request message was received. When the requestor receives the unicast 
MIH_Capability_Discover response message, it learns the responder.’s MIHF ID by checking the source ID 
of MIH_Capability_Discover response. 
For complete operation, the requestor sets a timer at the time of sending an MIH_Capability_Discover 
request during which time the requestor is in waiting state for a response from the responder. When the 
response message is received while the timer is running, the requestor stops the timer and finishes the MIH 
function and capability discovery procedure. When the timer expires without receiving a response message, 
the requestor tries the combined MIH function discovery and capability discovery procedure by using a 
different transport or terminates the MIH function and capability discovery procedure. 
If the MIH capability discovery is invoked upon receiving MIH capability advertisement in unauthenticated 
state through media specific broadcast messages, such as beacon frames and DCD, destination MIHF ID is 
filled with broadcast MIHF ID and this message is transmitted over the control plane using an L2 
management frame, such as an IEEE 802.11 management action frame or an IEEE 802.16 MAC 
management message. This message contains the SupportedMihEventList, SupportedMihCommandList, 
SupportedISQueryTypeList, SupportedTransportList, and MBBHandoverSupport TLVs to enable the 
receiving MIHF to discover the sending MIHF.’s capability. Therefore, peer MIHF entities can discover each 
other.’s MIH capability by one MIH protocol message transaction. When the requestor receives the unicast 
MIH_Capability_Discover response message, which is embedded in the media specific control message, it 
retrieves the responder.’s MIHF ID by checking the source of the MIH_Capability_Discover response 
message. 
 

6.4.3.2.1 General 

Insert the following rows to the end of Table 7: 

MIH Command (L) Local 

(R) Remote 

Comments Defined in 

MIH_Net_HO_Bcst_Commit R 
Command used 
by the network 
to notify the 
specific group 
of MNs of the 
decided target 
network 
information 

 

7.4.27 
 

MiH_MN_HO_Join_Mcast R Command used 
by the MN to 
request the 
creation of a 
multicast group 
for MIHF 
signalling 

7.4.28 

MIH_Net_HO_Join_Mcast R Command used 
by the network to 
indicate to the 
MN a set of 
multicast groups 

7.4.29 
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to join 

Table 48: MIH Command additions 

7. Service access points (SAPs) and primitives 

7.2 SAPs 

7.2.3 Media independent SAP: MIH_SAP 

Insert the following rows in table 17; making these rows the last ones under the service category of 
Command:!

Primitives Service Category Description Defined in 

MIH_Net_HO_Bcst_Commit Command 
Command a 
specific group 
of mobile 
nodes to 
handover 
from DO 
network to 
other net-
works 

  

7.4.27 
 

MIH_MN_HO_Join_Mcast Command Command the 
PoS to create a 
multicast group 
for MIHF 
signalling 

7.4.28 

MIH_Net_HO_Join_Mcast Command Command the 
MN to join a set of 
multicast groups 

7.4.29 

Table 49: MIH_SAP additions!

Insert the following row in table 17; making this row the last one under the service category of 
Information:!

Primitives Service Category Description Defined in 

MIH_Multicast_Information Information 
Notify the 
MN of the 
multicast 
groups for 
MIHF 
signalling 
available in 
the network 

  

7.4.30 
 

Table 50: More MIH_SAP additions!

7.4.27 MIH_Net_HO_Bcst_Commit 

7.4.27.1 MIH_Net_HO_Bcst_Commit.request 

7.4.27.1.1 Function 

This primitive is used by MIH users on the network to inform the remote MIH users belonging to a specific 
group of MNs of possible network initiated handovers. This primitive can be used to recommend a handover 
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from either a DO network or a bidirectional network to another network based on the selected choices for 
candidate networks and PoAs. This primitive includes multimedia service (MMS) or multimedia program 
(MMP) information to identify a group of MNs to which the DO network recommends the handover. Net-
work initiated handovers from the bidirectional network to the DO network for a single MN would be 
invoked by using MIH_Net_HO_Commit. 

 

7.4.27.1.2 Semantics of service primitives 

 

MIH_Net_HO_Bcst_Commit.request ( 

DestinationIdentifier, 

TargetMNGroupInfo, 

LinkType, 

TargetNetworksInfoList, 

LinkActionExecutionDelay, 

LinkActionsList  

) 

Parameters: 

Name Data type Description 
DestinationIdentifier MIHF_ID The remote MIHF, which is the destination of this 

request. 
TargetMNGroupInfo GROUP_INFO Multimedia service (MMS) or multimedia program 

(MMP) information to identify the group of mobile 
nodes to which the networks recommend a handover. 
This parameter is optional when the primitive is 
used in bidirectional networks and mandatory when 
used in downlink only technologies. 

LinkType LINK_TYPE Contains target link type 
TargetNetworksInfoLi
st 

LIST(TGT_NET_INFO
) 

This list contains information of recommended target 
networks of type LinkType for assisting the mobile 
node to perform handover. 

LinkActionExecution
Delay 

UNSIGNED_INT(2) Time (in ms) to elapse before an action needs to be 
taken. A value of 0 indicates that the action is taken 
immediately. Time elapsed is calculated from the 
instance the command arrives until the time when the 
execution of the action is carried out. 

LinkActionsList LIST(LINK_ACTION_
REQ) 

A list of network initiated handover actions for the 
links. 

Table 51: MIH_Net_HO_Bcst_Commit.request parameter description!

7.4.27.1.3 When generated 

The MIH user on the network generates this primitive to recommend a handover action when a specific 
MMP or MMS will no longer be available on the DO network. 

7.4.27.1.4 Effect on receipt 

Upon receipt of this primitive, the MIHF generates and sends and MIH_Net_HO_Bcst_Commit indication 
message to the remote MIHF. The remote MIHF forwards the indication as an indication to the MIH users. 

7.4.27.2 MIH_Net_HO_Bcst_Commit.indication 

7.4.27.2.1 Function 
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This primitive is used by an MIHF for MIH users to perform a network initiated handover. This primitive is 
the result of the receipt of an MIH_Net_HO_Bcst_Commit indication message from a remote MIHF. 

7.4.27.2.2 Semantics of service primitives 

 

MIH_Net_HO_Bcst_Commit.indication ( 

SourceIdentifier, 

TargetMNGroupInfo, 

LinkType, 

TargetNetworksInfoList, 

LinkActionExecutionDelay, 

LinkActionsList  

) 

Parameters:!

Name Data type Description 
SourceIdentifier MIHF_ID The remote MIHF, which sent the 

MIH_Net_HO_Bcst_Commit indication message. 
TargetMNGroupInfo GROUP_INFO Multimedia service (MMS) or multimedia program 

(MMP) information to identify the group of mobile 
nodes to which the networks recommend a handover. 
This parameter is optional when the primitive is 
used in bidirectional networks and mandatory when 
used in downlink only technologies. 

LinkType LINK_TYPE Contains target link type 
TargetNetworksInfoLi
st 

LIST(TGT_NET_INFO
) 

This list contains information of recommended target 
networks of type LinkType for assisting the mobile 
node to perform handover. 

LinkActionExecution
Delay 

UNSIGNED_INT(2) Time (in ms) to elapse before an action needs to be 
taken. A value of 0 indicates that the action is taken 
immediately. Time elapsed is calculated from the 
instance the command arrives until the time when the 
execution of the action is carried out. 

LinkActionsList LIST(LINK_ACTION_
REQ) 

A list of network initiated handover actions for the 
links. 

Table 52: MIH_Net_HO_Bcst_Commit.indication parameter description 
7.4.27.2.3 When generated 

This primitive is generated by an MIHF upon receiving an MIH_Net_HO_Bcst_Commit indication message. 

7.4.27.2.4 Effect on receipt 

The MIH user receiving this primitive generates no response primitive. Only the applicable actions in the 
Link Actions List are executed. 

 

The following primitives are completely new 

7.4.28 MIH_MN_HO_Join_Mcast 

7.4.28.1 MIH_MN_HO_Join_Mcast.request 

7.4.28.1.1 Function 

This primitive is used by an MIH user at the MN in order to ask the PoS to create a set of multicast groups, 
which it wants to join.  
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7.4.28.1.2 Semantics of service primitive 

MIH_MN_HO_Join_Mcast.request ( 

DestinationIdentifier, 

MulticastGroupsList 

)  

Parameters: 

Name  Data type Description 
DestinationIdentifier MIHF_ID This identifies a remote MIHF that will be 

the destination of 
this request. 

MulticastGroupsList LIST(MULTICAST_GRP) List of multicast groups queried. 
Table 53: MIH_MN_HO_Join_Mcast.request parameter description 

7.4.28.1.3 When generated 

This primitive is invoked by the MIH user when it needs to use a certain multicast group but the L2 or L3 
multicast address to join is not known. 

7.4.28.1.4 Effect on receipt 

On receipt, the local MIHF sends an MIH_MN_HO_Join_Mcast request message to the destination MIHF. 

 

7.4.28.2 MIH_MN_HO_Join_Mcast.indication 

7.4.28.2.1 Function 

This primitive is used by an MIHF in the serving network to indicate that an MIH_MN_HO_Join_Mcast 
request message has been received from a MN. 

7.4.28.2.2 Semantics of service primitive 

MIH_MN_HO_Join_Mcast.indication ( 

SourceIdentifier, 

MulticastGroupsList 

) 

Parameters: 

Name  Data type Description 
SourceIdentifier  
 
 

MIHF_ID This identifies the invoker of this primitive, 
which is a remote 
MIHF. 
 

MulticastGroupsList LIST(MULTICAST_GRP) List of multicast groups queried. 
Table 54: MIH_MN_HO_Join_Mcast.indication parameter description 

7.4.28.2.3 When generated 

This primitive is generated by the remote MIHF when an MIH_MN_HO_Join_Mcast request message is 
received. 

7.4.28.2.4 Effect on receipt 

The remote MIH user will perform necessary actions to create if needed the appropriate multicast groups and 
respond with an MIH_MN_HO_Join_Mcast.response. 

 

7.4.28.3 MIH_MN_HO_Join_Mcast.response 
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7.4.28.3.1 Function 

This primitive is used by an MIH user to send the processing status of a received MIH_MN_HO_Join_Mcast 
request and the resulting multicast group L2 or L3 address. 

 

 7.4.28.3.2 Semantics of service primitive 

MIH_MN_HO_Join_Mcast.response ( 

DestinationIdentifier, 

Status, 

ValidTimeInterval 

MulticastGroupsList 

) 

Parameters: 

Name  Data type Description 
DestinationIdentifier  
 
 

MIHF_ID This identifies a remote MIHF, which will 
be the destination of 
this response. 
 

Status STATUS Status of operation. 
 

ValidTimeIntervala UNSIGNED_INT(4) Time interval in seconds during which the 
multicast group will be valid. 
Parameter applicable only when the status 
parameter indicates a 
successful operation. A value of 0 indicates 
an infinite validity 
period. 

MulticastGroupsLista LIST(MULTICAST_GRP) List of multicast groups. 
Table 55: MIH_MN_HO_Join_Mcast.response parameter description 

This parameter is not included if Status does not indicate “Success...” 

 

7.4.28.3.3 When generated 

This primitive is invoked by the MIH user to report back the result after completing the processing of a 

MIH_MN_HO_Join_Mcast request message. 

 7.4.28.3.4 Effect on receipt 

Upon receipt, the local MIHF sends an MIH_MN_HO_Join_Mcast response message to the destination 
MIHF. 

7.4.28.4 MIH_MN_HO_Join_Mcast.confirm 

7.4.28.4.1 Function 

This primitive is used by the local MIHF to convey the result of an MIH_MN_HO_Join_Mcast.request to an 
MIH user. 

 7.4.28.4.2 Semantics of service primitive 

MIH_MN_HO_Join_Mcast.confirm ( 

SourceIdentifier, 

Status, 

ValidTimeInterval 
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MulticastGroupsList 

) 

Parameters: 

Name  Data type Description 
SourceIdentifier  
 
 
 

MIHF_ID This identifies the invoker of this primitive, 
which is a remote 
MIHF. 
 

Status STATUS Status of operation. 
ValidTimeIntervala 
 

UNSIGNED_INT(4) Time interval in seconds during which the 
registration is valid. 
Parameter applicable only when the status 
parameter indicates a successful operation. 
A value of 0 indicates an infinite validity 
period. 

MulticastGroupsLista LIST(MULTICAST_GRP) List of multicast groups. 
Table 56: MIH_MN_HO_Join_Mcast.confirm parameter description 

This parameter is not included if Status does not indicate “Success…” 

 

7.4.28.4.3 When generated 

This primitive is used by an MIHF to notify an MIH user the result of an MIH_MN_HO_Join_Mcast 
request. 

 7.4.28.4.4 Effect on receipt 

Upon receipt, the MIH user can determine the L3 or L2 address of the requested multicast group and start an 
L2 or L3 multicast group joining procedure. 

7.4.29 MIH_Net_HO_Join_Mcast 

7.4.29.1 MIH_Net_HO_Join_Mcast.request 

7.4.29.1.1 Function 

This primitive is used by an MIH user located at the network side to command the MIHF at the MN to join 
an L2/L3 multicast group.  

 

7.4.29.1.2 Semantics of service primitive 

MIH_Net_HO_Join_Mcast.request ( 

DestinationIdentifier, 

MulticastGroupsList 

)  

Parameters: 

Name  Data type Description 
DestinationIdentifier MIHF_ID This identifies a remote MIHF that will be 

the destination of 
this request. 

MulticastGroupsList LIST(MULTICAST_GRP) List of multicast groups to join. 
Table 57: MIH_Net_HO_Join_Mcast.request parameter description 

7.4.29.1.3 When generated 

This primitive is invoked by the MIH user at the network side to command an MN to join a specific set of 
multicast groups, defined by their L2/L3 address. 
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7.4.29.1.4 Effect on receipt 

On receipt, the local MIHF sends an MIH_Net_HO_Join_Mcast request message to the destination MIHF. 

 

7.4.29.2 MIH_Net_HO_Join_Mcast.indication 

7.4.29.2.1 Function 

This primitive is used by an MIHF in the MN to indicate that an MIH_Net_HO_Join_Mcast request message 
has been received from a remote MIHF. 

 7.4.29.2.2 Semantics of service primitive 

MIH_Net_HO_Join_Mcast.indication ( 

SourceIdentifier, 

MulticastGroupsList 

) 

Parameters: 

Name  Data type Description 
SourceIdentifier  
 
 

MIHF_ID This identifies the invoker of this primitive, 
which is a remote 
MIHF. 
 

MulticastGroupsList LIST(MULTICAST_GRP) List of multicast groups to join. 
Table 58: MIH_Net_HO_Join_Mcast.indication parameter description 

7.4.29.2.3 When generated 

This primitive is generated by the remote MIHF when a MIH_Net_HO_Join_Mcast request message is 
received. 

7.4.29.2.4 Effect on receipt 

The remote MIH user will perform necessary actions to join the corresponding multicast groups and respond 
with an MIH_Net_HO_Join_Mcast.response. 

 

7.4.29.3 MIH_Net_HO_Join_Mcast.response 

 

7.4.29.3.1 Function 

This primitive is used by an MIH user in the MN to send the status regarding its registration on the multicast 
groups requested by the peer MIHF. 

 

7.4.29.3.2 Semantics of service primitive 

MIH_Net_HO_Join_Mcast.response ( 

DestinationIdentifier, 

Status, 

ValidTimeInterval, 

MulticastGroupsList 

) 

Parameters: 

Name  Data type Description 
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DestinationIdentifier  
 
 

MIHF_ID This identifies a remote MIHF, which will 
be the destination of this response. 
 

Status STATUS Status of operation. 
 

ValidTimeIntervala 
 

UNSIGNED_INT(4) Time interval in seconds during which the 
registration is valid. 
Parameter applicable only when the status 
parameter indicates a 
successful operation. A value of 0 indicates 
an infinite validity period. 

MulticastGroupsLista LIST(MULTICAST_GRP) List of multicast groups which have been 
joined succesfully. 

Table 59: MIH_Net_HO_Join_Mcast.response parameter description 

This parameter is not included if Status does not indicate “Success...” 
 
7.4.29.3.3 When generated 

This primitive is invoked by the MIH user to report back the result after completing the processing of a 

MIH_Net_HO_Join_Mcast request message. 

 7.4.29.3.4 Effect on receipt 

Upon receipt, the local MIHF sends an MIH_Net_HO_Join_Mcast response message to the destination 
MIHF. 

7.4.29.4 MIH_Net_HO_Join_Mcast.confirm 

7.4.29.4.1 Function 

This primitive is used by the local MIHF to convey the result of an MIH_Net_HO_Join_Mcast request to an 
MIH user located in the network. 

 

7.4.29.4.2 Semantics of service primitive 

MIH_Net_HO_Join_Mcast.confirm ( 

SourceIdentifier, 

Status, 

MulticastGroupsList 

) 

Parameters: 

Name  Data type Description 
SourceIdentifier  
 
 
 

MIHF_ID This identifies the invoker of this primitive, 
which is a remote 
MIHF. 
 

Status STATUS Status of operation. 
MulticastGroupsLista LIST(MULTICAST_GRP) List of multicast groups successfully joined 

by the MN. 
Table 60: MIH_Net_HO_Join_Mcast.confirm parameter description 

This parameter is not included if Status does not indicate “Success...” 

 

7.4.29.4.3 When generated 

This primitive is used by an MIHF to notify an MIH user the result of an MIH_Net_HO_Join_Mcast request. 
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 7.4.29.4.4 Effect on receipt 

Upon receipt, the MIH user can determine the result of the request. 

 

8.6.3 MIH messages for command service 

Insert following new subclauses in clause 8.6.3: 

8.6.3.24 MIH_MN_HO_Join_Mcast request 

The corresponding MIH primitive of this message is defined in 7.4.28.1 

This message is used by the MIHF on the MN to query the MIHF at the PoS to create a multicast group for 
MIHF signalling. 

 
MIH Header Fixed Fields (SID=TBD, Opcode=TBD, AID=TBD) 

Source!Identifier!=!sending!MIHF!ID!
(Source!MIHF!ID!TLV)!

Destination Identifier = receiving MIHF ID 
(Destination MIHF ID TLV) 

MulticastGroupsList 
(Multicast Groups list TLV) 

Table 61: MIH_MN_HO_Join_Mcast request message fields 

8.6.3.25 MIH_MN_HO_Join_Mcast response 

The corresponding MIH primitive of this message is defined in 7.4.28.3 

This message is used by the MIHF on the PoS to reply the MN with the list of multicast groups that the MN 
should join. 

 
MIH Header Fixed Fields (SID=TBD, Opcode=TBD, AID=TBD) 

Source!Identifier!=!sending!MIHF!ID!
(Source!MIHF!ID!TLV) 

Destination Identifier = receiving MIHF ID 
(Destination MIHF ID TLV) 

Status 
(Status TLV) 

 

ValidTimeInterval!(not!included!if!Status!does!not!indicate!ì“Successî”)!
(Valid!time!interval!TLV) 

MulticastGroupsList 
(Multicast Groups list TLV) 

Table 62: MIH_MN_HO_Join_Mcast response message fields 

8.6.3.26 MIH_Net_HO_Join_Mcast request 

The corresponding MIH primitive of this message is defined in 7.4.29.1 

This message is used by the MIHF on the serving network to indicate the MN to join a set of multicast 
groups for MIH signalling. 

 
MIH Header Fixed Fields (SID=TBD, Opcode=TBD, AID=TBD) 

Source!Identifier!=!sending!MIHF!ID!
(Source!MIHF!ID!TLV)!

Destination Identifier = receiving MIHF ID 
(Destination MIHF ID TLV) 

MulticastGroupsList 
(Multicast Groups list TLV) 

Table 63: MIH_Net_HO_Join_Mcast request message fields 
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8.6.3.27 MIH_Net_HO_Join_Mcast response 

The corresponding MIH primitive of this message is defined in 7.4.29.3 

This message is used by the MIHF on the MN to indicate the status of the process of joining the multicast 
groups indicated by the PoS. 

 
MIH Header Fixed Fields (SID=TBD, Opcode=TBD, AID=TBD) 

Source!Identifier!=!sending!MIHF!ID!
(Source!MIHF!ID!TLV) 

Destination Identifier = receiving MIHF ID 
(Destination MIHF ID TLV) 

Status 
(Status TLV) 

 

ValidTimeInterval!(not!included!if!Status!does!not!indicate!ì“Successî”)!
(Valid!time!interval!TLV) 

MulticastGroupsList 
(Multicast Groups list TLV) 

Table 64: MIH_Net_HO_Join_Mcast response message fields 

Annex D 

(normative)  

Mapping MIH messages to reference points 

Table D.1 maps the MIH messages to the MIH communication model reference points. 

Insert the following row in Table D.1; making these rows the last ones: 

Table D.1—Mapping MIH messages to reference points 

 

MIH message name Reference point  
MIH_Net_HO_Bcst_Commit RP1, RP3 
MIH_MN_HO_Join_Mcast RP1, RP3 
MIH_Net_HO_Join_Mcast RP1, RP3 

Table 65: Mapping MIH messages to reference points 
ANNEX F 

Table F.13.—Data types for information elements (continued) 

Data type name  Derived from Definition 
NET_CAPS  BITMAP(32) These bits provide high level capabilities supported on a network. 

Bitmap Values: 
Bit 0: Security .– Indicates that some level of security is supported 
when set. 
Bit 1: QoS Class 0 .– Indicates that QoS for class 0 is supported when 
set. 
Bit 2: QoS Class 1 .– Indicates that QoS for class 1 is supported when 
set.  
Bit 3: QoS Class 2 .– Indicates that QoS for class 2 is supported when 
set; Otherwise, no QoS for class 2 support is available. 
Bit 4: QoS Class 3 .– Indicates that QoS for class 3 is supported when 
set; Otherwise, no QoS for class 3 support is available. 
Bit 5: QoS Class 4 .– Indicates that QoS for class 4 is supported when 
set; Otherwise, no QoS for class 4 support is available. 
Bit 6: QoS Class 5 .– Indicates that QoS for class 5 is supported when 
set; Otherwise, no QoS for class 5 support is available. 
Bit 7: Internet Access .– Indicates that Internet access is supported 
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when set; Otherwise, no Internet access support is available. 
Bit 8: Emergency Services .– Indicates that some level of emergency 
services is supported when set; Otherwise, no emergency service 
support is available. 
Bit 9: MIH Capability .– Indicates that MIH is supported when set; 
Otherwise, no MIH support is available. 
Bit 11: MIH multicast signalling support 
Bit 11–31: (Reserved) 

Table 66: Data types for information elements 
F.3.12 Data type for MIH capabilities 

Change Table F.20 as follows: 

Table F.20—Data type for MIH capabilities 

Data type name Derived from Definition 
MIH_CMD_LIST BITMAP(32) A list of MIH commands.  

Bitmap Values: 
Bit 0: MIH_Link_Get_Parameters 
Bit 1: MIH_Link_Configure_Thresholds 
Bit 2: MIH_Link_Actions 
Bit 3: MIH_Net_HO_Candidate_Query 

MIH_Net_HO_Commit 
MIH_Net_HO_Bcst_Commit 
MIH_N2N_HO_Query_Resources 
MIH_N2N_HO_Commit 
MIH_N2N_HO_Complete 
MIH_Net_HO_Join_Mcast 

Bit 4: MIH_MN_HO_Candidate_Query 
MIH_MN_HO_Commit 
MIH_MN_HO_Complete 
MIH_MN_HO_Join_Mcast 
Bit 5-31: (Reserved) 

Table 67: Data type for MIH_CMD_LIST 
 
ADD TO APPENDIX F 

Data type name  Derived from Definition 
MULTICAST_GRP SEQUENCE( 

CHOICE(IP_ADDR, 
MAC_ADDR,NULL),  
CHOICE(MIHF_ID, NULL), 
CHOICE(MULTICAST_CODE, 
GROUP_INFO)  
) 

List of multicast L3 or L2 addresses 
being used for multicast MIHF 
signalling.  
The second parameter corresponds to the 
multicast MIHF_ID used by the group, if 
NULL is selected then the user is 
requesting the creation of a new group. 
When NULL is the choice for the first 
parameter, the data type is used to 
indicate the wish to join an unknown 
group for the program specified by 
GROUP_INFO or the code in 
MULTICAST_CODE.  

Table 68: Data type for MULTICAST_GRP 

Data type name  Derived from Definition 
MULTICAST_CODE UNSIGNED_INT(1) Represents the multicast group code. 

Number assignments: 
0: Reserved 
1: All nodes with interfaces Wireless - GSM 
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2: All nodes with interfaces Wireless - GPRS 
3: All nodes with interfaces Wireless - EDGE 
4: All nodes with interfaces Ethernet 
5: All nodes with interfaces Wireless - Other 
6: All nodes with interfaces Wireless - IEEE 802.11 
7: All nodes with interfaces Wireless - CDMA2000 
8: All nodes with interfaces Wireless - UMTS 
9: All nodes with interfaces Wireless - cdma2000-HRPD 
10: All nodes with interfaces Wireless - IEEE 802.16 
11: All nodes with interfaces Wireless - IEEE 802.20 
12: All nodes with interfaces Wireless - IEEE 802.22 
13: All nodes with interfaces DVB 
14: All nodes with interfaces  
T-DMB  
15: All nodes with interfaces ATSC-M/H 
16: All nodes with Voice traffic 
17: All nodes with Video traffic 
18: All nodes with background traffic 
19: All nodes with best-effort traffic 
20: All mobile routers 

 

Table 69: Data type for MULTICAST_CODE 

Annex L 

(normative)  

MIH Protocol message code assignments 

Change Table L.1 as follows: 

Table L.1—AID assignment 

MIH messages AID 
MIH messages for Command Service 
MIH_Link_Get_Parameters 1 
MIH_Link_Configure_Thresholds 2 
MIH_Link_Actions 3 
MIH_Net_HO_Candidate_Query 4 
MIH_MN_HO_Candidate_Query 5 
MIH_N2N_HO_Query_Resources 6 
MIH_MN_HO_Commit 7 
MIH_Net_HO_Commit 8 
MIH_N2N_HO_Commit 9 
MIH_MN_HO_Complete 10 
MIH_N2N_HO_Complete 11 
MIH_Net_HO_Bcst_Commit 12 
MIH_MN_HO_Join_Mcast 13 
MIH_Net_HO_Join_Mcast 14 
MIH$messages$for$Information$Service$  
MIH_Get_Information$ 1 
MIH_Push_Information$ 2 

Table 70: Additions to Table L.1 

Change Table L.2 as follows: 

Table L.2—Type values for TLV encoding 

TLV type name TLV  
type value 

Data type 

Requested resource set 63 REQ_RES_SET 
Broadcast multimedia program ID 76 BCST_MMP_ID 
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Broadcast multimedia service ID 77 BCST_MMS_ID 
Target MN group information 78 GROUP_INFO 
Supported link actions list 79 SUPPORTED_LINK_ACTIONS_LIST 
Multicast Groups list TLV 80 LIST(MULTICAST_GRP) 
(Reserved) 64 81- 99 (Reserved) 
Vendor specific TLV 100 (Vendor specific) 
(Reserved for experimental TLVs) 101 - 255 (Used for experimental purposes) 

Table 71: Addtions to Table L.2 

Annex M 

(normative)  

Protocol implementation conformance statement (PICS) proforma14 

M.8 PICS proforma tables 

M.8.4 PDUs 

Change PICS proforma table by adding new rows to the end of the table as indicated: 

 
Item 

number 
Item description Referenc

es 
Status Support Mnemonic  

M.8.4.41 MIH_Event_Unsubscribe 
re-quest? 

8.6.1.9 M Yes [ ] No [ ] PDU41 

M.8.4.42 MIH_Event_Unsubscribe 
re-sponse? 

8.6.1.10 M Yes [ ] No [ ] PDU42 

M.8.4.43 MIH_Net_HO_Bcst_Com
mit indication? 

5.3.3.1, 
8.6.3.23 

MC2:
M 

Yes [ ] No [ ] N/A 
[ ] 

PDU43 

M.8.4.44 MIH_MN_HO_Join_Mc
ast request? 

8.6.3.24 MC2:
M 

Yes [ ] No [ ] N/A 
[ ] 

PDU44 

M.8.4.45 MIH_MN_HO_Join_Mc
ast response? 

8.6.3.25 MC2:
M 

Yes [ ] No [ ] N/A 
[ ] 

PDU45 

M.8.4.46 MIH_Net_HO_Join_Mca
st request? 

8.6.3.26 MC2:
M 

Yes [ ] No [ ] N/A 
[ ] 

PDU46 

M.8.4.47 MIH_Net_HO_Join_Mca
st response? 

8.6.3.27 MC2:
M 

Yes [ ] No [ ] N/A 
[ ] 

PDU47 

Table 72: Modifications to PICS proforma table 

 
As explained in the introduction to this section, this contribution was used to understand and explain the 
changes required to the main specification in order to incorporate multicast identifier at the MIHF level. 
Although the complexity of the contribution is quite high (a lot of changes are required), it does not tackle 
the security and the changes of the transaction state machine and it is missing some more primitives to force 
the user to use multicast.  
 

B.2 Clarification of multicast/broadcast and zero-length identifier in 
the IEEE 802.21b 

 
Link: https://mentor.ieee.org/802.21/dcn/11/21-11-0170-03-bcst-clarification-broadcast-multicast-
mihfid.docx 
 
During the discussion about the multicast IDs, a flaw in the main specification was discovered. In the base 
specification the zero length MIHF_ID is referred as the multicast ID, although the concept of multicast does 
not exist in the spec and the use in all cases was as broadcast. This fact was yielding to a lot of confusion 
when dealing with downlink only technologies (IEEE 802.21b aim), so it was decided to include the 
following modification into the IEEE 802.21b latest sponsor ballot in order to solve this issue. 
 



MEDIEVAL D3.2 Final Specification for the Wireless Access Functions and Interfaces 

Page 144 of (162)  © MEDIEVAL 2012 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F.3.11 Data type for MIHF identification 
Table F.19.—Data type for MIHF identification 
 
!

Project IEEE 802.21 

<http://www.ieee802.org/21/> 

Title Clarification of multicast/broadcast and zero-length identifier in the IEEE 802.21b 

DCN 21-11-0170 

Date 
Submitted 

19 October 2011 

Source(s) Antonio de la Oliva (aoliva@it.uc3m.es)  

Re: IEEE 802.21 Session #46 in Atlanta 2011 

Abstract This document provides modified text to be added to IEEE 802.21b in order to clarify the use of 
multicast MIHF IDs 

Purpose Modification of main specification 

Notice This document has been prepared to assist the IEEE 802.21 Working Group. It is offered as a basis 
for discussion and is not binding on the contributing individual(s) or organization(s). The material 
in this document is subject to change in form and content after further study. The contributor(s) 
reserve(s) the right to add, amend or withdraw material contained herein. 

Release The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in 
this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; 
to copyright in the IEEE’s name any IEEE Standards publication even though it may include 
portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in 
whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and 
accepts that IEEE 802.2 may make this contribution public. 

Patent 
Policy 

The contributor is familiar with IEEE patent policy, as outlined in Section 6.3 of the IEEE-SA 
Standards Board Operations Manual <http://standards.ieee.org/guides/opman/sect6.html#6.3> and 
in Understanding Patent Issues During IEEE Standards Development 
<http://standards.ieee.org/board/pat/guide.html>. 
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Data type name ! Derived from! Definition!
MIHF_ID !
!

OCTET_STRING! The MIHF Identifier: MIHF_ID is a network access 
identifier (NAI). NAI shall be unique as per IETF RFC 
4282. If L3 communication is used and MIHF entity 
resides in the network node, then MIHF_ID is 
the fully qualified domain name or NAI-encoded IP 
address (IP4_ADDR or IP6_ADDR) of the entity that 
hosts the MIH Services. 
If L2 communication is used then MIHF_ID is the 
NAI-encoded linklayer address (LINK_ADDR) of the 
entity that hosts the MIH services. 
In an NAI-encoded IP address or link-layer address, 
each octet of binary-encoded IP4_ADDR, IP6_ADDR 
and LINK_ADDR data is encoded in the username part 
of the NAI as .“\.” followed by the octet value.  
 MIHF ID of zero length may be used when a 
destination MIHF ID is not knownWhen an MIH 
protocol message with a zero length MIHF ID is 
transmitted over the L2 data plane, a group MAC 
address (01-80-C2-00-00-0E) shall be used (see IEEE 
P802.1aj/D2.2). The maximum length is 253 octets 

Table 73: Modifications to Table F.19!

!
8.3.1 MIHF ID 
 
MIHF Identifier (MIHF ID) is an identifier that is required to uniquely identify an MIHF entity for delivering 
the MIH services. MIHF ID is used in all MIH protocol messages. This enables the MIH protocol to be 
transport agnostic. 
MIHF ID is assigned to the MIHF during its configuration process. The configuration process is outside the 
scope of the standard.!
 A zero length MIHF ID may be used in an MIH message when destination MIHF ID is not known to a 
source MIHF.  
The following MIH messages can use a zero length MIHF ID: 
 
a) MIH Messages for Management Service: 

1) MIH_Capability_Discover request 

b) MIH Messages for Command Service: 

1) MIH_Link_Get_Parameters request 
2) MIH_Link_Configure_Thresholds request 

3) MIH_Net_HO_Bcst_Commit indication 

c) MIH Messages for Information Service: 
1) MIH_Push_Information indication 

!
!
The MIHF ID is of type MIHF_ID. (See F.3.11.) 
 
8.6 MIH protocol messages 
The following subclauses specify different MIH protocol messages in TLV form. The shaded areas represent 
the MIH protocol header, while the unshaded areas represent the MIH protocol payload. The payload 
consists of a set of identifiers in TLV form. 
The TLV Type assignment for each TLV can be found in Annex L, Table L.2. 
TLV type values ranging from 101 to 255 are reserved for experimental TLVs. These values are used by 
different implementations to evaluate the option of using TLVs not defined by the specification. 
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When a TLV type value is in the range of experimental TLVs and the data type of the TLV value is unknown 
or the TLV value is not in the range of valid values, the TLV should be ignored and the rest of the message 
should be processed. Also, experimental TLVs can be ignored, based on the MIHF information that is 
communicating with another MIHF with different experimental TLVs implementation. 
All MIH messages carry a source MIHF ID followed by a destination MIHF ID as the first two TLVs of the 
MIH protocol payload part of the message. Zero length MIHF ID can be used in MIH_Capability_Discover 
request and response messages as its destination MIHF ID. 
All .“Optional.” fields are optionally sent but the receiver shall properly operate on them if present, i.e., these 
fields are mandatory in the implementation, but optional in their use. 
On receipt of an MIH request message the MIHF shall respond with a corresponding response message. 
Any message received that has an invalid MIH header, or does not contain the source/destination MIHF IDs, 
or has an unrecognizable or invalid MIH Message ID shall be discarded without sending any indication to 
the source MIH node. Any undefined or unrecognizable TLVs in a received message shall be ignored by the 
receiver. 
 
8.6.1 MIH messages for service management 
8.6.1.1 MIH_Capability_Discover request 
The corresponding MIH primitive of this message is defined in 7.4.1.1. 
If a requesting MIHF entity knows the destination MIHF entity.’s MIHF ID, the requesting MIHF entity fills 
its destination MIHF ID and sends this message to the peer MIHF over the data plane, either L2 or L3. 
If a requesting MIHF entity does not know the destination MIHF entity.’s MIHF ID, the requesting MIHF 
entity may fill its destination MIHF ID with a zero length MIHF ID to send this capability discover 
message. 
 
8.6.1.2 MIH_Capability_Discover response 
The corresponding MIH primitive of this message is defined in 7.4.1.3. This message is sent in response to 
an MIH_Capability_Discover request message that was destined to a single MIHF_ID or a zero length 
MIHF ID. 
 
8.2.3.4 Inter-state-machine procedures 
a) BOOLEAN Process(MIH_MESSAGE).—This procedure processes the incoming message passed 
as an input variable. A value of TRUE is returned if an outgoing message is available in response to 
the incoming message. Otherwise, a value of FALSE is returned. 
b) void Transmit(MIH_MESSAGE).—This procedure transmits the message passed as the input 
variable. 
c) BOOLEAN IsMulticastMsg(MIH_MESSAGE).—This procedure outputs TRUE if the input 
message has a zero length destination MIHF_ID. Otherwise, it outputs FALSE. 
d) MIHF_ID SrcMIHF_ID(MIH_MESSAGE).—This procedure obtains a Source Identifier TLV 
from the message passed as the input and returns the value of the TLV. 
e) MIHF_ID DstMIHF_ID(MIH_MESSAGE).—This procedure obtains a Destination Identifier 
TLV from the message passed as the input and returns the value of the TLV. 
f) void SetMIHF_ID(MIH_MESSAGE, MIHF_ID, MIHF_ID).—This procedure inserts a Source 
Identifier TLV and a Destination Identifier TLV into the MIH message. The first MIHF_ID is used 
as the value of the Source Identifier TLV. The second MIHF_ID is used as the value of the 
Destination Identifier TLV. 
 
8.2.3.7.1 Intra-state-machine variables 
a) IsMulticast.—This variable.’s type is BOOLEAN. When its value is TRUE, it indicates that a message has 
a zero length destination MIHF_ID. Otherwise, its value is FALSE. 
 
 
8.2.4.3.4 Solicited MIH capability discovery 
An MIHF (the requestor) discovers its peer MIH functions and capabilities by sending an 
MIH_Capability_Discover request message to either its multicast domain with zero length MIHF ID 
or to a known MIHF ID, respectively. Only MIH network entities respond to a multicast 
MIH_Capability_Discover request. 
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When a peer MIH function (the responder) receives the MIH_Capability_Discover request message, it sends 
MIH_Capability_Discover response message back to the requestor. The response is sent by using the same 
transport type over which the request message was received. When the requestor receives the unicast 
MIH_Capability_Discover response message, it learns the responder.’s MIHF ID by checking the source ID 
of MIH_Capability_Discover response. 
For complete operation, the requestor sets a timer at the time of sending an MIH_Capability_Discover 
request during which time the requestor is in waiting state for a response from the responder. When the 
response message is received while the timer is running, the requestor stops the timer and finishes the MIH 
function and capability discovery procedure. When the timer expires without receiving a response message, 
the requestor tries the combined MIH function discovery and capability discovery procedure by using a 
different transport or terminates the MIH function and capability discovery procedure. 
If the MIH capability discovery is invoked upon receiving MIH capability advertisement in unauthenticated 
state through media specific broadcast messages, such as beacon frames and DCD, destination MIHF ID is 
filled with a zero length MIHF ID and this message is transmitted over the control plane using an L2 
management frame, such as an IEEE 802.11 management action frame or an IEEE 802.16 MAC 
management message. This message contains the SupportedMihEventList, SupportedMihCommandList, 
SupportedISQueryTypeList, SupportedTransportList, and MBBHandoverSupport TLVs to enable the 
receiving MIHF to discover the sending MIHF.’s capability. Therefore, peer MIHF entities can discover each 
other.’s MIH capability by one MIH protocol message transaction. When the requestor receives the unicast 
MIH_Capability_Discover response message, which is embedded in the media specific control message, it 
retrieves the responder.’s MIHF ID by checking the source of the MIH_Capability_Discover response 
message. 
 
 

B.3 Future Project Planning  Summary 

Although the minutes of the different ACs and the final conclusion of this Ad.Hoc group are to remain 
private, during the November 2011 (Atlanta) meeting a set of slides were provided as summary of this 
discussion. The slides can be found in the following link. 
https://mentor.ieee.org/802.21/dcn/11/21-11-0182-00-0000-future-project-planning-report.ppt 
 
 

B.4 IEEE 802.21d PAR and 5C Document 

 
Link: https://mentor.ieee.org/802.21/dcn/12/21-12-0006-07-0000-group-management-par.pdf 
Link: https://mentor.ieee.org/802.21/dcn/12/21-12-0017-01-0000-group-management-5c.pdf 
 
This documents are the required documentation to be presented at the IEEE 802 EC in order to create a new 
project. The project was accepted in March 2012 and assigned to the IEEE 802.21 WG, hence IEEE 802.21d 
was born. 

 

B.5 IEEE 802.21d Gap Analysis 

 
Link: https://mentor.ieee.org/802.21/dcn/12/21-12-0051-00-MuGM-ieee-802-21d-gap-analysis.doc 
 
This document serves as basis for the analysis of the required functionality to be included in IEEE 802.21d. 
In this contribution we analyse what is missing functionality that needs to be included in the amendment, 
considering the current basic specification as modified by IEEE 802.21a/b. 
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Project IEEE 802.21 Media Independent Handover Services 
IEEE 802.21d: Multicast Group Management 
<http://www.ieee802.org/21/> 

Title Gap Analysis for IEEE 802.21d 

Date 
Submitted 

May 13, 2012 

Source(s) 21-12-0051-00-MuGM-Gap-Analysis 

Re: IEEE 802.21d TG 

Authors: Antonio de la Oliva (UC3M), Daniel Corujo (ITAv), Carlos Guimarães (ITAv) 

Abstract This contribution addresses the requirements for the IEEE 802.21d solution 

Purpose Task Group Discussion and Acceptance 

Notice This document has been prepared to assist the IEEE 802.21 Working Group. It is offered as a 
basis for discussion and is not binding on the contributing individual(s) or organization(s). The 
material in this document is subject to change in form and content after further study. The 
contributor(s) reserve(s) the right to add, amend or withdraw material contained herein. 
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IEEE 802.21d Gap Analysis 
 
This document serves as a Gap analysis between the functionality provided by IEEE 802.21 and the 
requirements of IEEE 802.21d. 
 
Current Group addressing mechanisms on base IEEE 802.21 as amended by IEEE 802.21a/b 
 
Current base specification has two modes of addressing within the MIHF identifiers space. It supports 
unicast addressing, where a message contains an MIH_ID corresponding to the intended receiver of the MIH 
message and it also supports the so called zero-length MIHF_ID. Messages addressed to the unicast 
MIHF_ID will be discarded by a receiving MIHF to which the unicast MIHF_ID does not belong to. The 
zero-length MIHF_ID behaves as a broadcast comodin, enabling any receiving MIHF to process a message 
sent to this MIHF_ID. 
 
The zero-length MIHF_ID cannot be used by any primitive, being allowed its use only in the following 
subset: 
         

● MIH_Capability_Discover request     
● MIH_Link_Get_Parameters request 
● MIH_Link_Configure_Thresholds request  
● MIH_Net_HO_Bcst_Commit indication 
● MIH Messages for Information Service: 
● MIH_Push_Information indication  

      
In order to address different groups of MIHFs, the IEEE 802.21b defines the GROUP_INFO data type. This 
element can be used to identify a group of stations that are engaged in a certain video service identified by 
the URI of a Multimedia Program. 
This mechanism for group identification is useful within the IEEE 802.21b scope, that targets downlink only 
technologies, mainly used for video broadcasting, but it is clearly not enough for any other application. 
 
In order to provide Group functionality, we need to define a new subspace of the current MIHF_ID space. 
This new multicast space must be compatible with the current MIHF_ID definition but the identifiers 
belonging to it must be clearly distinguishable from the unicast ones. 
 
Current Group management mechanisms on base IEEE 802.21 as amended by IEEE 802.21a/b 
 
In the current specifications there is no mechanism in place for the management of groups, since the concept 
of group is not present in the specification. 
 
In order to provide Group Management functionalities, new mechanisms to enable MIHFs to join and leave 
groups in a secure and authenticated way must be identified. 
 
MIH protocol support for multicast transport of MIH services 
 
Current specification defines a protocol based on request/response transactions. This model of 
communication is not the most suitable for multicast transmission and that is the reason why IEEE 802.21b 
defined a new handover command that does not require reply. Even more, the base specification enables the 
transmission of MIH messages using reliable protocols such as TCP that cannot be simply use over multicast 
IP transport. The MIH protocol also defines a reliable communication option implemented at the MIHF 
layer. Its use with transactions over multicast must be analyzed. 
 
Another important issue to study for multicast exchange of MIH messages is the direction of the multicast. 
Implementing a multicast delivery system from the PoS at the network to the MNs is reasonable feasible. 
The other way around is a complex task due to the mobility of the terminals. We need to understand the need 
for upstream multicast for the envisioned use cases. 
 
Finally, the protocol state machine requires changes for simple multicast support. The presence in current 
state machine of mechanisms to handle the zero-length MIHF_ID helps the implementation of the multicast 
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support. We need to identify when the message is unicast, multicast or broadcast (zero-length). We also need 
to improve the support for obtaining multiple responses and understand how will affect the state machine to 
get several responses with the same transaction ID. If we want to support request multicast messages with 
unicast responses, we also need to implement a new timer to handle the extra waiting for several unicast 
responses. 
We can also consider the case when multicast responses are useful, such is the case of a sensor network 
moving to a target network and the PoS issuing just one handover complete to the whole network. 
 
Analysis of the different Request messages and their possible support for multicast 
 

N. 802.21 Event/Command 
Multicast 
Useful? Use Case/Justification Problems 

Possible 
Solutions 

1 MIH_Capability_Discover Maybe 

The capability discovery process 
already works via a broadcast 
mechanism, so we shouldn't overlap.  

  

2 MIH_Register Maybe 

We could easily conceive a scenario 
where a PoS sends a multicast request 
to register at multiple nodes. 
However, there are some issues such 
as the opportunity to do so: typically 
nodes get connected when they want, 
and the PoS gets indication of the 
availability of such nodes at different 
times. It would end up having to re-
send this message multiple times. In a 
later stage, the PoS might decide to 
re-register again with some nodes 
after having deregistered with them. 
That is why I have placed the 
"Maybe", because it could achieve 
this via a mcast message. However, 
the other nodes at the same mcast 
group should have behavior to 
"ignore" those re-registrations. 

  

3 MIH_DeRegister Yes 

Here is different from the above, 
because this is an explicit decision 
from the PoS: after taking knowledge 
and interacting with a certain number 
of nodes, the PoS decides to terminate 
its interaction with them (i.e., 
malfunction, unlawful network usage, 
etc.) 

  

4 MIH_Event_Subscribe Maybe 

This suffers the same issue from 
message Num.2: the terminals show 
up at different points in time, so they 
might not get this message unless 
they are all online at the same time, 
and wait for its reception. However, 
after some time and some operations, 
after unregistering with some nodes, 
the PoS might decide to re-register 
with them again. Since they are 
already active, he could send to them 
the registration message. THis has the 
problem that, all the other nodes in 
the same mcast group will receive this 
message and will need to have 
behavior enabling them to "ignore" 
the re-registration. 

LINK ID: How to 
identify (for each 
target MN receiving 
this multicast msg) 
which is the LINK 
ID to subscribe the 
event to? 

By default, 
whenever a 
MN 
receives an 
event 
subscribe, 
it does it to 
all LINKs 
that 
support 
said event 

5 MIH_Event_UnSubscribe Yes 
Here is like message Num.3: it's an 
explicit request sent to nodes that   
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should all be active at a specific time. 
The PoS might have decided that it no 
longer wants to receive a certain 
event, so it reconfigures its operation 
by providing that information to the 
registered terminals. 

6 MIH_Link_Detected No 

This only makes sense to be sent by 
terminals or PoAs. Even if its a PoA, 
why would it be sending it to multiple 
PoS's? We could end up having 
concurrency issues. 

  

7 MIH_Link_Up No Same as above.   
8 MIH_Link_Down No Same as above.   
9 MIH_Link_Parameters_Report No Same as above.   

10 MIH_Link_Going_Down No Same as above.   
11 MIH_Link_Handover_Imminent No Same as above.   
12 MIH_Link_Handover_Complete No Same as above.   

13 
MIH_Link_PDU_Transmit_Stat
us No Same as above.   

14 MIH_Link_Actions Maybe 

In order to be useful, this message 
needs to be sent to all nodes that 
require the same action. Plus, the 
issue of identifying specific Link IDs 
in a multicast message sent to 
multiple nodes also applies here. 
Moreover, nodes can have several 
links of the same technology, and 
thus we have even more choices on 
what to do when a multicast message 
arrives (i.e., apply the command to all 
links, just the first link, scan for 
multicast-enabled 802.21 links, etc.). 

The same as message 
Num. 4. Also, the 
message cannot be 
forwarded to all 
LINKs since it may 
cause undesired 
effects. E.g. If action 
== POWER_DOWN 
and if the message is 
redirected to all 
LINKs in the 
terminal it will cause 
all interfaces to 
shutdown. 

 

15 MIH_Link_Get_Parameters Yes 

In order to be useful, this message 
needs to be sent when all nodes are 
already attached, discovered and 
registered. The PoS inquires the 
nodes from the 
ALL_80221_MCAST_NODES or 
any other group, about their supported 
link parameters. 

The same as message 
Num. 4. 

The same 
as message 
Num. 4. 

16 
MIH_Link_Configure_Threshol
ds Yes 

A strong yes. The PoS, after knowing 
which nodes it will operate, as well as 
their supported technologies, will 
configure a threshold for a specific 
event, or list of events. This can be 
sent despite all nodes supporting that 
event or not (the ones who don't just 
reply with a negative status).  

The same as message 
Num. 4. 

The same 
as message 
Num. 4. 

17 
MIH_Net_HO_Candidate_Quer
y Yes 

Here, the PoS can send this to a 
ALL_MCAST_80221_NODES, 
probing for their input regarding a 
handover opportunity. This can be 
replaced to a "Maybe" in the case of 
sensors, because they might not have 
enough resources to have a handover 
engine. 

  

18 
MIH_MN_HO_Candidate_Quer
y No 

Since this message is sent from the 
MN, it is not considered for multicast.   

19 
MIH_N2N_HO_Query_Resourc
es Yes 

Here, the PoS can query multiple 
PoAs to a kind of   
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ALL_MCAST_80221_PoAs group, 
and evaluate their current link 
resources for better judging a 
handover. This replaces the unicast 
message scheme in a very improving 
manner. 

20 MIH_MN_HO_Commit No 
Since this message is sent from the 
MN, it is not considered for multicast.   

21 MIH_Net_HO_Commit Yes 

Another strong yes: with a multicast 
version of this message the PoS will 
be able to issue a Commit to multiple 
MN's using the same message, 
allowing for group handover 
optimization procedures (this should 
be at the heart of the 802.21d 
proposal). 

  

22 MIH_N2N_HO_Commit Maybe 

With this message, the PoS is able to 
prepare multiple PoAs for a handover. 
Here is a kind of extended handover 
scenario where the PoS would be able 
to manage the handovers of multiple 
MN's into multiple PoAs. Will need 
enhancement of parameters. In the 
case of a handover to a single PoA, 
only a single message is necessary, so 
only a unicast version of this message 
is necessary. 

  

23 MIH_MN_HO_Complete No 
Since this message is sent from the 
MN, it is not considered for multicast.   

24 MIH_N2N_HO_Complete Maybe The same as message Num. 22.   

25 MIH_Get_Information No 
Since this message is sent from the 
MN, it is not considered for multicast.   

26 MIH_Push_Information Yes 

Here the PoS acting as MIIS can push 
an information update to multiple 
nodes, allowing the nodes to acquire 
information about (i.e.) new added 
PoAs to the network or upcomming 
network configuration changes in 
already existing network elements. 

  

27 MIH_TP_Data No 
Since this message is sent from the 
MN, it is not considered for multicast.   

 
 
Other possible extensions 
The use of multicast could be used to reduce the amount of time required for bootstrapping the MIHF. 
Currently two processes must be performed in parallel, PoS discovery, MIHF Capabilities Discovery, MIH 
Registration and Event subscription if required. 

The first two operations, PoS Discovery and Capabilities discovery could be done together in the case the 
PoS and the MN are located in a common broadcast domain, using L2 mechanisms. We could think on 
extending this behavior to L3 multicast, providing a mechanism to perform both steps at the same time for a 
group of users. 
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B.6 IEEE 802.21d  Requirements 

 
Link: https://mentor.ieee.org/802.21/dcn/12/21-12-0050-00-MuGM-ieee-802-21d-requirements.doc 
 
This document presents a first analysis of the requirements for a solution for Group management at the 
MIHF ID level. This document was presented in the May 2012 meeting via teleconference. In combination 
with the previous Gap Analysis document and with the input provided by other partners of IEEE 802.21d 
forms the basis of the consolidated requirements document which we present in the next section. 
 

Project IEEE 802.21 Media Independent Handover Services 
IEEE 802.21d: Multicast Group Management 
<http://www.ieee802.org/21/> 

Title Requirements for IEEE 802.21d 

Date 
Submitted 

May 13, 2012 

Source(s) 21-12-0050-00-MuGM-Solution-Requirements 

Re: IEEE 802.21d TG 

Authors: Antonio de la Oliva (UC3M), Daniel Corujo (ITAv), Carlos Guimarães (ITAv) 

Abstract This contribution addresses the requirements for the IEEE 802.21d solution 

Purpose Task Group Discussion and Acceptance 

Notice This document has been prepared to assist the IEEE 802.21 Working Group. It is offered as a basis for 
discussion and is not binding on the contributing individual(s) or organization(s). The material in this 
document is subject to change in form and content after further study. The contributor(s) reserve(s) 
the right to add, amend or withdraw material contained herein. 

 
 

IEEE 802.21d (Multicast Group Management) Requirements 
 

● The solution must support the exchange of MIH primitives between an MIHF located at a PoS and a 
group of MIHFs. 

○ Rationale: The creation of multicast trees with source on a MIHF located at an MN is 
extremely complex. Hence, limiting the solution to multicast trees originated at the PoS 
seems more feasible at this moment. Use cases currently identified do not require of 
multicast requests sent from the MNs. 

● The solution must rely on already established L2 and L3 multicast mechanisms 
○ Rationale: The scope of the TG do not encompass the definition of new L2 or L3 multicast 

mechanisms. The solution must be able to work with currently deployed and standardized 
multicast transport solutions. 

● The solution must provide an addressing mechanism in order to identify the group (e.g., a multicast 
MIHF_ID), this identifier must be compatible with current identifiers used in the base spec. 

○ Rationale: We should use an identifier space compatible with current .21 in order to 
minimize the amount of changes required to implement the solution on top of the main spec. 

● The solution must provide mechanisms for the MIHF to perform all transport related mechanisms, 
the multicast transport mechanisms (address, protocol, etc..) must be transparent for the MIH User 

○ Rationale: The same way in the base spec, the MIH User only sees an MIHF_ID and no 
knowledge about the transport is required. 

● The solution must provide group management procedures (join/leave) 
○ Rationale: New mechanisms in order to include MIHF_IDs in multicast groups are required 
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● The solution must be compatible or supersede the zero length MIHF_ID behaviour 
○ Rationale: New multicast solution must provide a mechanism to address all MIHFs 

(broadcast) 
● The solution must be compatible or supersede IEEE 802.21b mechanisms of group management. 

○ Rationale: Current 802.21b mechanisms for group management are based on the concept of 
program identifier and are best suited for video delivery in downlink only technologies. The 
proposed solution must be able to provide a complementary mechanism that helps 
differentiating the users. 

● The solution must minimize the changes introduced in the standard .21 protocol state machine and 
should clearly identify the IEEE 802.21 primitives allowed to be used in a multicast fashion 

○ Rationale: There are multiple ways of designing the multicast state machine but some of 
them will completely break the current state machine. Also, not all of the primitives defined 
in .21 make sense in multicast, so it is important to identify and clearly mark the ones that 
can be used. 

● The solution must be able to support authorization mechanisms to control the multicast group joining 
and leaving. Also it must support secure multicast exchange of messages between MIHFs. 

Rationale: With the increase in amount of nodes joining multicast groups, and their heterogeneous nature, it 
is possible that different nodes have different security requirements. As such, the usage of Group 
Management mechanisms by IEEE 802.21d should be able to work, despite the different security 
requirements of independent nodes. 

 

B.7 IEEE 802.21d  Consolidated Requirements 

 
Link:https://mentor.ieee.org/802.21/dcn/12/21-12-0074-00-MuGM-consolidated-requirements-document.doc 
 
 

Project IEEE 802.21 Media Independent Handover Services 
IEEE 802.21d: Multicast Group Management 
<http://www.ieee802.org/21/> 

Title Requirements for IEEE 802.21d 

Date 
Submitted 

May 13, 2012 

Source(s) 21-12-0074-00-MuGM-Solution-Requirements 

Re: IEEE 802.21d TG 

Authors: Antonio de la Oliva (UC3M), Daniel Corujo (ITAv), Carlos Guimarães (ITAv) 

Abstract This contribution addresses the requirements for the IEEE 802.21d solution 

Purpose Task Group Discussion and Acceptance 

Notice This document has been prepared to assist the IEEE 802.21 Working Group. It is offered as a basis for 
discussion and is not binding on the contributing individual(s) or organization(s). The material in this 
document is subject to change in form and content after further study. The contributor(s) reserve(s) 
the right to add, amend or withdraw material contained herein. 
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IEEE 802.21d (Multicast Group Management) Requirements 
 
General requirements 

● The solution must support the exchange of MIH primitives between an MIHF located at a PoS and a 
group of MIHFs. 
● Rationale: The creation of multicast trees with source on a MIHF located at an MN is extremely 

complex. Hence, limiting the solution to multicast trees originated at the PoS seems more 
feasible at this moment. Use cases currently identified do not require of multicast requests sent 
from the MNs. 
 

● The solution must rely on already established L2 and L3 multicast mechanisms 
● Rationale: The scope of the TG do not encompass the definition of new L2 or L3 multicast 

mechanisms. The solution must be able to work with currently deployed and standardized 
multicast transport solutions. 

 
● The solution must provide an addressing mechanism in order to identify the group (e.g., a multicast 

MIHF_ID), this identifier must be compatible with current identifiers used in the base spec. 
● Rationale: We should use an identifier space compatible with current .21 in order to minimize 

the amount of changes required to implement the solution on top of the main spec. 
 

● The solution must provide mechanisms for the MIHF to perform all transport related mechanisms, 
the multicast transport mechanisms (address, protocol, etc..) must be transparent for the MIH User 
● Rationale: The same way in the base spec, the MIH User only sees an MIHF_ID and no 

knowledge about the transport is required. 
 
Membership management requirements 

● The solution must provide functionalities to create/destroy groups. It is also required to be able to 
merge and divide groups although no atomic operations might be used. 
● Rationale: New mechanisms in order to include MIHF_IDs in multicast groups are required 

Backward compatibility requirements 
● The solution must be compatible or supersede the zero length MIHF_ID behaviour 
● Rationale: New multicast solution must provide a mechanism to address all MIHFs (broadcast) 

 
● The solution must be compatible or supersede IEEE 802.21b mechanisms of group management. 
● Rationale: Current 802.21b mechanisms for group management are based on the concept of 

program identifier and are best suited for video delivery in downlink only technologies. The 
proposed solution must be able to provide a complementary mechanism that helps differentiating 
the users. 
 

● The solution must minimize the changes introduced in the standard .21 protocol state machine and 
should clearly identify the IEEE 802.21 primitives allowed to be used in a multicast fashion 
● Rationale: There are multiple ways of designing the multicast state machine but some of them 

will completely break the current state machine. Also, not all of the primitives defined in .21 
make sense in multicast, so it is important to identify and clearly mark the ones that can be used. 

Security Requirements 
● The solution must provide mechanisms to authenticate the messages received from the group 

controller entity. No authorization in a per-command basis is required. 
• Rationale: The malicious operation of a controller can make a whole network disconnect. Hence 

all messages must be authenticated before processed. There is no need of authorization lists per 
MIHF command, all commands arriving from an authorized sender will have the authorization to 
be executed. 

 
● The solution must provide mechanisms to detect tampering of the messages at the receiving node. 
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• Rationale: Modification of the messages exchanged between the controller and the group should 
be detected in order to de-authorize the source of the messages and avoid any issue. 
 

● The solution must provide mechanisms for securing the exchange of messages within a group. This 
security must be done in a media independent way, not relaying in L2 mechanisms. 
● Rationale: With the increase in amount of nodes joining multicast groups, and their 

heterogeneous nature, it is possible that different nodes have different security requirements. As 
such, the usage of Group Management mechanisms by IEEE 802.21d should be able to work, 
despite the different security requirements of independent nodes. 

 
● The solution must provide security (authorization and cyphering) mechanisms able to scale from low 

to high capacity devices. 
● Rationale: In sensors networks the variety of capabilities is high. There will be sensors able to 

perform CPU intensive operations and sensors with a very limited capacity, hence the security 
solution must be able to scale according with the node capacities. 
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Annex C C Interface for MIH_LINK_SAP 
This annex shows a few selected header files from the MIH_C interface. 

C.1 MIH_C_F4_data_types_for_links_codec.h 

/*******************************************************************************#
#*#
#*#Eurecom#OpenAirInterface#3#
#*#Copyright(c)#2012#Eurecom#
#*#
#*#This#program#is#free#software;#you#can#redistribute#it#and/or#modify#it#
#*#under#the#terms#and#conditions#of#the#GNU#General#Public#License,#
#*#version#2,#as#published#by#the#Free#Software#Foundation.#
#*#
#*#This#program#is#distributed#in#the#hope#it#will#be#useful,#but#WITHOUT#
#*#ANY#WARRANTY;#without#even#the#implied#warranty#of#MERCHANTABILITY#or#
#*#FITNESS#FOR#A#PARTICULAR#PURPOSE.##See#the#GNU#General#Public#License#for#
#*#more#details.#
#*#
#*#You#should#have#received#a#copy#of#the#GNU#General#Public#License#along#with#
#*#this#program;#if#not,#write#to#the#Free#Software#Foundation,#Inc.,#
#*#51#Franklin#St#W#Fifth#Floor,#Boston,#MA#02110W1301#USA.#
#*#
#*#The#full#GNU#General#Public#License#is#included#in#this#distribution#in#
#*#the#file#called#"COPYING".#
#*#
#*#Contact#Information#
#*#Openair#Admin:#openair_admin@eurecom.fr#
#*#Openair#Tech#:#openair_tech@eurecom.fr#
#*#Forums#######:#http://forums.eurecom.fsr/openairinterface#
#*#Address######:#Eurecom,#2229,#route#des#crêtes,#06560#Valbonne#Sophia#Antipolis,#France#
#*#
#*******************************************************************************/#
/*!#\file#MIH_C_F4_data_types_for_links_codec.h#
#*#\brief#This#file#defines#the#prototypes#of#the#functions#for#coding#and#decoding#data#
types#for#links#defined#in#Std#802.21W2008#Table#F4.#
#*#\author#BRIZZOLA#Davide,#GAUTHIER#Lionel,#MAUREL#Frederic,#WETTERWALD#Michelle#
#*#\date#2012#
#*#\version#
#*#\note#
#*#\bug#
#*#\warning#
#*/#
/**#\defgroup#MIH_C_F4_DATA_TYPES_FOR_LINKS_CODEC#F4#Data#types#for#links#codec#
#*#\ingroup#MIH_C_INTERFACE#
#*#
#*##@{#
#*/#
#
#ifndef#__MIH_C_F4_DATA_TYPES_FOR_LINKS_CODEC_H__#
#####define#__MIH_C_F4_DATA_TYPES_FOR_LINKS_CODEC_H__#
//WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW#
#########ifdef#MIH_C_F4_DATA_TYPES_FOR_LINKS_CODEC_C#
#############define#private_F4_codec(x)####x#
#############define#protected_F4_codec(x)##x#
#############define#public_F4_codec(x)#####x#
#########else#
#############ifdef#MIH_C_INTERFACE#
#################define#private_F4_codec(x)#
#################define#protected_F4_codec(x)##extern#x#
#################define#public_F4_codec(x)#####extern#x#
#############else#
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#################define#private_F4_codec(x)#
#################define#protected_F4_codec(x)#
#################define#public_F4_codec(x)#####extern#x#
#############endif#
#########endif#
//WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW#
#include#<stdio.h>#
#include#<stdlib.h>#
#include#<errno.h>#
#include#<string.h>#
#include#<unistd.h>#
#include#<sys/types.h>#
#include#<ctype.h>#
//WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW#
#include#"MIH_C.h"#
//WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW#
public_F4_codec(inline#void#MIH_C_DEV_STATE_RSP_encode(Bit_Buffer_t*#bbP,#
MIH_C_DEV_STATE_RSP_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_DEV_STATE_RSP_decode(Bit_Buffer_t*#bbP,#
MIH_C_DEV_STATE_RSP_T#*dataP);)#
public_F4_codec(unsigned#int#MIH_C_LINK_ID2String(MIH_C_LINK_ID_T#*dataP,#char*#bufP);)#
public_F4_codec(inline#void#MIH_C_LINK_ID_encode(Bit_Buffer_t*#bbP,#MIH_C_LINK_ID_T#
*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_ID_decode(Bit_Buffer_t*#bbP,#MIH_C_LINK_ID_T#
*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_ACTION_REQ_encode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_ACTION_REQ_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_ACTION_REQ_decode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_ACTION_REQ_T#*dataP);)#
public_F4_codec(unsigned#int#MIH_C_SIG_STRENGTH2String(MIH_C_SIG_STRENGTH_T#*dataP,#char*#
bufP);)#
public_F4_codec(inline#void#MIH_C_SIG_STRENGTH_encode(Bit_Buffer_t*#bbP,#
MIH_C_SIG_STRENGTH_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_SIG_STRENGTH_decode(Bit_Buffer_t*#bbP,#
MIH_C_SIG_STRENGTH_T#*dataP);)#
public_F4_codec(unsigned#int#MIH_C_LINK_SCAN_RSP2String(MIH_C_LINK_SCAN_RSP_T#*dataP,#char*#
bufP);)#
public_F4_codec(inline#void#MIH_C_LINK_SCAN_RSP_encode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_SCAN_RSP_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_SCAN_RSP_decode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_SCAN_RSP_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_ACTION_RSP_encode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_ACTION_RSP_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_ACTION_RSP_decode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_ACTION_RSP_T#*dataP);)#
public_F4_codec(unsigned#int#MIH_C_THRESHOLD2String(MIH_C_THRESHOLD_T#*dataP,#char*#bufP);)#
public_F4_codec(inline#void#MIH_C_THRESHOLD_encode(Bit_Buffer_t*#bbP,#MIH_C_THRESHOLD_T#
*dataP);)#
public_F4_codec(inline#void#MIH_C_THRESHOLD_decode(Bit_Buffer_t*#bbP,#MIH_C_THRESHOLD_T#
*dataP);)#
public_F4_codec(unsigned#int#MIH_C_LINK_PARAM_TYPE2String(#MIH_C_LINK_PARAM_TYPE_T#*dataP,#
char*#bufP);)#
public_F4_codec(inline#void#MIH_C_LINK_PARAM_TYPE_encode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_PARAM_TYPE_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_PARAM_TYPE_decode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_PARAM_TYPE_T#*dataP);)#
public_F4_codec(unsigned#int#MIH_C_LINK_CFG_PARAM2String(MIH_C_LINK_CFG_PARAM_T#*dataP,#
char*#bufP);)#
public_F4_codec(inline#void#MIH_C_LINK_CFG_PARAM_encode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_CFG_PARAM_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_CFG_PARAM_decode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_CFG_PARAM_T#*dataP);)#
public_F4_codec(unsigned#int#MIH_C_LINK_CFG_STATUS2String(MIH_C_LINK_CFG_STATUS_T#*dataP,#
char*#bufP);)#
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public_F4_codec(inline#void#MIH_C_LINK_CFG_STATUS_encode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_CFG_STATUS_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_CFG_STATUS_decode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_CFG_STATUS_T#*dataP);)#
public_F4_codec(unsigned#int#MIH_C_LINK_DESC_RSP2String(MIH_C_LINK_DESC_RSP_T#*dataP,#char*#
bufP);)#
public_F4_codec(inline#void#MIH_C_LINK_DESC_RSP_encode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_DESC_RSP_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_DESC_RSP_decode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_DESC_RSP_T#*dataP);)#
public_F4_codec(unsigned#int#MIH_C_LINK_PARAM2String(MIH_C_LINK_PARAM_T#*dataP,#char*#
bufP);)#
public_F4_codec(inline#void#MIH_C_LINK_PARAM_encode(Bit_Buffer_t*#bbP,#MIH_C_LINK_PARAM_T#
*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_PARAM_decode(Bit_Buffer_t*#bbP,#MIH_C_LINK_PARAM_T#
*dataP);)#
public_F4_codec(unsigned#int#MIH_C_LINK_PARAM_RPT2String(MIH_C_LINK_PARAM_RPT_T#*dataP,#
char*#bufP);)#
public_F4_codec(inline#void#MIH_C_LINK_PARAM_RPT_encode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_PARAM_RPT_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_PARAM_RPT_decode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_PARAM_RPT_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_POA_LIST_encode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_POA_LIST_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_POA_LIST_decode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_POA_LIST_T#*dataP);)#
public_F4_codec(unsigned#int#MIH_C_LINK_STATES_RSP2String(MIH_C_LINK_STATES_RSP_T#*dataP,#
char*#bufP);)#
public_F4_codec(inline#void#MIH_C_LINK_STATES_RSP_encode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_STATES_RSP_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_STATES_RSP_decode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_STATES_RSP_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_STATUS_REQ_encode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_STATUS_REQ_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_STATUS_REQ_decode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_STATUS_REQ_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_STATUS_RSP_encode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_STATUS_RSP_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_STATUS_RSP_decode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_STATUS_RSP_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_TUPLE_ID_encode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_TUPLE_ID_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_TUPLE_ID_decode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_TUPLE_ID_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_DET_INFO_encode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_DET_INFO_T#*dataP);)#
public_F4_codec(inline#void#MIH_C_LINK_DET_INFO_decode(Bit_Buffer_t*#bbP,#
MIH_C_LINK_DET_INFO_T#*dataP);)#
public_F4_codec(unsigned#int#MIH_C_TH_ACTION2String2(MIH_C_TH_ACTION_T#*actionP,#char*#
bufP);)#
public_F4_codec(unsigned#int#MIH_C_THRESHOLD_XDIR2String2(MIH_C_THRESHOLD_XDIR_T#*valP,#
char*#bufP);)#
public_F4_codec(unsigned#int#MIH_C_LINK_PARAM_GEN2String2(MIH_C_LINK_PARAM_GEN_T#*valP,#
char*#bufP);)#
#
#endif#
/**#@}*/#
 

C.2  MIH_C_primitive_codec.h 

/*******************************************************************************#
#*#
#*#Eurecom#OpenAirInterface#3#
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#*#Copyright(c)#2012#Eurecom#
#*#
#*#This#program#is#free#software;#you#can#redistribute#it#and/or#modify#it#
#*#under#the#terms#and#conditions#of#the#GNU#General#Public#License,#
#*#version#2,#as#published#by#the#Free#Software#Foundation.#
#*#
#*#This#program#is#distributed#in#the#hope#it#will#be#useful,#but#WITHOUT#
#*#ANY#WARRANTY;#without#even#the#implied#warranty#of#MERCHANTABILITY#or#
#*#FITNESS#FOR#A#PARTICULAR#PURPOSE.##See#the#GNU#General#Public#License#for#
#*#more#details.#
#*#
#*#You#should#have#received#a#copy#of#the#GNU#General#Public#License#along#with#
#*#this#program;#if#not,#write#to#the#Free#Software#Foundation,#Inc.,#
#*#51#Franklin#St#W#Fifth#Floor,#Boston,#MA#02110W1301#USA.#
#*#
#*#The#full#GNU#General#Public#License#is#included#in#this#distribution#in#
#*#the#file#called#"COPYING".#
#*#
#*#Contact#Information#
#*#Openair#Admin:#openair_admin@eurecom.fr#
#*#Openair#Tech#:#openair_tech@eurecom.fr#
#*#Forums#######:#http://forums.eurecom.fsr/openairinterface#
#*#Address######:#Eurecom,#2229,#route#des#crêtes,#06560#Valbonne#Sophia#Antipolis,#France#
#*#
#*******************************************************************************/#
/*!#\file#MIH_C_primitive_codec.h#
#*#\brief#This#file#defines#the#prototypes#of#the#functions#for#coding#and#decoding#of#MIH#
Link#messages.#
#*#\author#BRIZZOLA#Davide,#GAUTHIER#Lionel,#MAUREL#Frederic,#WETTERWALD#Michelle#
#*#\date#2012#
#*#\version#
#*#\note#
#*#\bug#
#*#\warning#
#*/#
#
#ifndef#__MIH_C_PRIMITIVE_CODEC_H__#
#####define#__MIH_C_PRIMITIVE_CODEC_H__#
//WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW#
#########ifdef#mih_c_primitive_codec_C#
#############define#private_mih_c_primitive_codec(x)####x#
#############define#protected_mih_c_primitive_codec(x)##x#
#############define#public_mih_c_primitive_codec(x)#####x#
#########else#
#############ifdef#MIH_C_INTERFACE#
#################define#private_mih_c_primitive_codec(x)#
#################define#protected_mih_c_primitive_codec(x)##extern#x#
#################define#public_mih_c_primitive_codec(x)#####extern#x#
#############else#
#################define#private_mih_c_primitive_codec(x)#
#################define#protected_mih_c_primitive_codec(x)#
#################define#public_mih_c_primitive_codec(x)#####extern#x#
#############endif#
#########endif#
//WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW#
#include#<stdio.h>#
#include#<stdlib.h>#
#include#<errno.h>#
#include#<string.h>#
#include#<unistd.h>#
#include#<sys/types.h>#
#include#<netdb.h>#
#include#<sys/socket.h>#
#include#<sys/un.h>#
#include#<sys/time.h>#
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#include#<ctype.h>#
#include#<netinet/in.h>#
#include#<arpa/inet.h>#
#include#<getopt.h>#
#include#<libgen.h>#
//WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW#
#include#"MIH_C.h"#
//WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW#
#define#MIH_PRIMITIVE_DECODE_OK#############0#
#define#MIH_PRIMITIVE_DECODE_TOO_SHORT#####W1#
#define#MIH_PRIMITIVE_DECODE_FAILURE#######W2#
#define#MIH_PRIMITIVE_DECODE_BAD_PARAMETER#W3#
#define#MIH_PRIMITIVE_ENCODE_OK#############0#
#define#MIH_PRIMITIVE_ENCODE_TOO_SHORT#####W1#
#define#MIH_PRIMITIVE_ENCODE_FAILURE#######W2#
#define#MIH_PRIMITIVE_ENCODE_BAD_PARAMETER#W3#
//WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW#
//WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW#
protected_mih_c_primitive_codec(int#
MIH_C_Link_Primitive_Decode_Link_Capability_Discover_request#(Bit_Buffer_t*#bbP,#
MIH_C_Link_Capability_Discover_request_t#####*primitiveP);)#
protected_mih_c_primitive_codec(int#
MIH_C_Link_Primitive_Link_Capability_Discover_request2String#
(MIH_C_Link_Capability_Discover_request_t#*primitiveP,#char*#bufP);)#
protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Decode_Link_Event_Subscribe_request#####
(Bit_Buffer_t*#bbP,#MIH_C_Link_Event_Subscribe_request_t#########*primitiveP);)#
protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Link_Event_Subscribe_request2String#####
(MIH_C_Link_Event_Subscribe_request_t#*primitiveP,#char*#bufP);)#
protected_mih_c_primitive_codec(int#
MIH_C_Link_Primitive_Decode_Link_Event_Unsubscribe_request###(Bit_Buffer_t*#bbP,#
MIH_C_Link_Event_Unsubscribe_request_t#######*primitiveP);)#
protected_mih_c_primitive_codec(int#
MIH_C_Link_Primitive_Link_Event_Unsubscribe_request2String###
(MIH_C_Link_Event_Unsubscribe_request_t#*primitiveP,#char*#bufP);)#
protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Decode_Link_Get_Parameters_request######
(Bit_Buffer_t*#bbP,#MIH_C_Link_Get_Parameters_request_t##########*primitiveP);)#
protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Link_Get_Parameters_request2String######
(MIH_C_Link_Get_Parameters_request_t#*primitiveP,#char*#bufP);)#
protected_mih_c_primitive_codec(int#
MIH_C_Link_Primitive_Decode_Link_Configure_Thresholds_request(Bit_Buffer_t*#bbP,#
MIH_C_Link_Configure_Thresholds_request_t####*primitiveP);)#
protected_mih_c_primitive_codec(int#
MIH_C_Link_Primitive_Link_Configure_Thresholds_request2String(MIH_C_Link_Configure_Threshold
s_request_t#*primitiveP,#char*#bufP);)#
protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Decode_Link_Action_request##############
(Bit_Buffer_t*#bbP,#MIH_C_Link_Action_request_t##################*primitiveP);)#
protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Link_Action_request2String##############
(MIH_C_Link_Action_request_t#*primitiveP,#char*#bufP);)#
#
#ifdef#MIH_C_MEDIEVAL_EXTENSIONS#
protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Encode_Link_Register_indication#########
(Bit_Buffer_t*#bbP,#MIH_C_Link_Register_indication_t#############*primitiveP);)#
#endif#
protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Encode_Link_Detected_indication#########
(Bit_Buffer_t*#bbP,#MIH_C_Link_Detected_indication_t#############*primitiveP);)#
protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Encode_Link_Up_indication###############
(Bit_Buffer_t*#bbP,#MIH_C_Link_Up_indication_t###################*primitiveP);)#
protected_mih_c_primitive_codec(int#
MIH_C_Link_Primitive_Encode_Link_Parameters_Report_indication(Bit_Buffer_t*#bbP,#
MIH_C_Link_Parameters_Report_indication_t####*primitiveP);)#
protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Encode_Link_Going_Down_indication#######
(Bit_Buffer_t*#bbP,#MIH_C_Link_Going_Down_indication_t###########*primitiveP);)#
protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Encode_Link_Down_indication#############
(Bit_Buffer_t*#bbP,#MIH_C_Link_Down_indication_t#################*primitiveP);)#
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protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Link_Register_indication2String#########
(MIH_C_Link_Register_indication_t#*primitiveP,#char*#bufP);)#
protected_mih_c_primitive_codec(int#
MIH_C_Link_Primitive_Encode_Link_Capability_Discover_confirm#(Bit_Buffer_t*#bbP,#
MIH_C_Link_Capability_Discover_confirm_t#####*primitiveP);)#
protected_mih_c_primitive_codec(int#
MIH_C_Link_Primitive_Link_Capability_Discover_confirm2String#
(MIH_C_Link_Capability_Discover_confirm_t#*primitiveP,#char*#bufP);)#
protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Encode_Link_Event_Subscribe_confirm#####
(Bit_Buffer_t*#bbP,#MIH_C_Link_Event_Subscribe_confirm_t#########*primitiveP);)#
protected_mih_c_primitive_codec(int#
MIH_C_Link_Primitive_Encode_Link_Event_Unsubscribe_confirm###(Bit_Buffer_t*#bbP,#
MIH_C_Link_Event_Unsubscribe_confirm_t#######*primitiveP);)#
protected_mih_c_primitive_codec(int#
MIH_C_Link_Primitive_Encode_Link_Configure_Thresholds_confirm(Bit_Buffer_t*#bbP,#
MIH_C_Link_Configure_Thresholds_confirm_t####*primitiveP);)#
protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Encode_Link_Get_Parameters_confirm######
(Bit_Buffer_t*#bbP,#MIH_C_Link_Get_Parameters_confirm_t##########*primitiveP);)#
protected_mih_c_primitive_codec(int#MIH_C_Link_Primitive_Encode_Link_Action_confirm##############
(Bit_Buffer_t*#bbP,#MIH_C_Link_Action_confirm_t##################*primitiveP);)#
#endif#
#
 
 


