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Abstract 

This deliverable provides the detailed specification for the video service control (VSC) within the 

MEDIEVAL architecture; the VSC is specified including its inner modules and interfaces, VSC objectives 

are to generate and provide the underlying network with information on the video Quality of Experience 

(QoE) and to enable optimization of resource allocation based on the perceived quality in the network. 

Therefore, VSC components design is detailed as well as their related scientific.  
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Executive Summary  

This document is an evolution from D2.1 where we explore in greater detail the concepts behind the 

MEDIEVAL video service mechanisms and provide the final specification of the corresponding modules. 

The proposed architecture and the modules design are supported by scientific work which resulted in a 

number of publications summarized in here. This document is going deeper in the details of the Video 

Service Control (VSC) specification as part of the overall MEDIEVAL architecture, thus it provides related 

scientific work, modules, status of implementation and interface specifications, all from the video services 

point of view. 

The key contributions of this document are described in section 2, along with the associated scientific work 

in the fields of QoE-based Traffic Management, QoE Assessments in Live Streaming, Session Management, 

Connection manager and Adaptive SVC Streaming. 

Further details on the scientific work are provided in section 3 along with dissemination and exploitations 

plans. We have pursued scientific results in QoE metadata generation for Video On Demand (VoD), we have 

made progress with respect to the work on D2.1 [3] where we are changing the QoE metadata to hold short 

term dynamic information rather than one metadata per entire movie duration. We have also made a progress 

with realtime assessments of QoE that will be used for live as well as online TV services.  

Regarding session management, we have made significant progress with the scientific work by monitoring 

the sessions of progressive download TCP based traffic and controlling the client buffer size by changing the 

receiving TCP window size at the proxy entity. The algorithm is also able to decide the number of 

simultaneous channels needed for the session based on the momentary required QoE. Finally, we have 

defined and progressed in the connection manager and its interfaces with the application and the underlying 

networks. 

In summary, the scientific work includes the submission of 4 papers and the participation in two workshops; 

moreover there is a direct influence on 2 product lines that are adopting the scientific work; the Connection 

Manager by PTIN and the LU60/40 live video producers by LiveU.  

We have finalized the specification of the VSC and its internal components and modules, their internal 

interfaces and provided them as an update with respect to deliverable D2.1 [3]. We provide the final 

specifications for the following modules: 

 Video Service Portal, responsible for providing the interface to users and applications where they 

can select contents and configure services;  

 Video Service Provisioning, responsible for storing the information related to users, contents and 

services, organize and make it available to third parties; 

 Session Management, which is responsible for providing video sensitivity information to the Traffic 

Optimizer (TO) subsystem in the network; monitor the session, negotiate resources and control the 

Adaptation & Transport sub-module. 

Adaptation & Transport in Live Streaming, content generation and distribution including priority of the 

Scalable Video Coding (SVC) layers based on their contribution to the overall QoE. This document also 

provides a status on the on-going implementation, publications and future plans. 
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1 Introduction  

The objective of this document is the final definition and specification of the MEDIEVAL mechanisms for 

video services control (VSC). It is an evolved version of D2.1 [3] deliverable and contains scientific work, 

the modules design, and the interface specifications. 

The VSC Subsystem is responsible for managing the service provisioning, video service portal, session 

management, and adaptation and network-aware transport mechanisms. It addresses various video user 

services, such as VoD or PBS. In MEDIEVAL, we are mainly focused on VoD, which represents the static 

content as well as on PBS/onlineTV which represent “live” or not static content services. We believe that 

these two main categories represent the most demanding traffic over the present networks and nearby future 

as indicated by Cisco in [40]. 

The main idea of the VSC is to create a system which optimizes the QoE perceived by the network users 

rather than traditional QoS driven optimization that exist today. The VSC should develop network 

mechanisms to generate QoE metadata and provide it to the underlying network through the video services 

interface at session initiation, allowing improved congestion handling over shared network resources. VSC 

thus provides a tighter integration between video application layer information and the core network 

enabling coordination of video adaptation, and thus delivery over video aware heterogeneous wireless 

access, making possible to improve the QoE in mobility and dynamic network resources events.  

In order to link the video applications with the evolved video delivery network, a set of signalling 

interactions are defined making possible the establishment, modification or release of transport bearers to 

convey multimedia services to multiple users. These new interactions are bridging the gap between 

applications and networks and allowing different multimedia contents to be delivered to users while the 

globally perceived QoE is maximised.  

This deliverable is organized in the following structure: in section 2 we summarize the key research results 

and progress of Tasks 2.1, 2.2 and 2.3 within the MEDIEVAL Project; in section 3 we report on the 

scientific advances performed and on the dissemination activities; in section 4 we present the VSC final 

specification and report on the design of the components; in section 5 we provide the status on the 

implementation activities. Finally, section 6 concludes the deliverable. In addition, Annex A provides the 

internal interface specifications, while Annex B provides a summary of the publications and dissemination 

activities performed. 
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2 Key contributions  

In this section we provide a summary of the key contributions provided in this document.  

 Specification work. Since D2.1, the MEDIEVAL VSC subsystem has been further analysed in 

order to improve the design, provide enhancements and integrations. The VSC components have 

been fully specified taking into considerations some of the key technologies studied and the 

interactions with the entire MEDIEVAL architecture. We introduced the Connection Manager and 

its interactions with the application in the terminal side as part of recent changes to the design of the 

VSC. 

 Implementations. The aforementioned specification work was driven also by the experience gained 

during the implementation tasks: some MEDIEVAL modules have been developed and are now 

available either in intermediate or final status, ready for the integration stage (which is out of scope 

of this deliverable). The goal is to produce high quality prototypes to be showed in public 

demonstrations at international events, useful to tune the design and optimize the overall 

performance. In particular modules related to video generation, session management and CM are 

implemented. 

 QoE-based Traffic Management. We are advancing our research on QoE-based traffic 

management framework. We analysed the availability in 3GPP standards for service-aware 

management in the network. It’s already available in 3GPP standards to communicate application 

information to the network for better service provisioning. We improved the video sensitivity 

derivation to consider long videos with changing sensitivities. It provides more accurate application 

information to the optimization layer located in the network in order to achieve optimal performance. 

 QoE Assessments in Live Streaming. We are advancing in a real-time assessment method of the 

instantaneous transmitted QoE of a live video stream based on the encoder input and output 

attributes, while there are tools for QoE measurements; they are usually analysing several objectives 

metrics such as the Peak Signal to Noise Ratio (PSNR). At the source, while the encoding process 

takes place, there is additional information that could be used to evaluate the quality, we aim to 

analyse the relation between encoder input attributes, generated bitrate and perceived QoE, we claim 

that for a given set of encoder parameters like frame rate, quantization factors and resolution the 

output bitrate is a candidate measure to reflect the QoE. This contribution was presented in a Centric 

Mobile Video Delivery workshop [3].  

 Session Monitoring. We investigate the responsibilities of the session manager in a multi-channel 

streaming video session over wireless networks. The session manager decides how many channels 

should be active in the next time interval on the basis of session measurement reports and other 

considerations. We suggest a simple algorithm for session management and evaluate its performance 

against unmanaged multi-channel sessions. We have performed real fields measurements over 3G 

networks to reveal the characteristics and the nature of the channels, the experimental results reveal 

that system performance significantly improved in the managed as compared to the unmanaged 

session, the results paper has been submitted to MWSN conference [2]. Moreover we have focused 

on session monitoring of TCP based traffic for progressive download services and showed that the 

session monitoring can reduce congestion and improve the resource allocations in the network, a 

paper was accepted to WORLDCOMP'12 conference [5]. The results are exploitable to LU60 

product line by LiveU. 

 Application Driven Connectivity Management. The Connection Manager is an outstanding tool to 

provide integration between network and application layers. It allows the applications on both 

receivers and sender terminals to adequate their transmissions to the network conditions. By 

supporting monitoring in the links and the application traffic the connection manager can select 

interfaces and activate mechanisms to improve the network conditions according to the applications 

requirements. It can also provide the applications valuable information to improve their management 

of encoding and transmission conditions. The results are exploitable to an advanced Connection 

Manager product line by PTIN and are targeted to support the activities on standardization bodies. 

 Adaptive SVC Streaming. We are advancing in the development of SVC streaming for 

broadcasting scenario. One of the challenges of SVC is to find the justified use-case, in one hand 
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SVC encoding is less efficient than AVC when comparing bit wise versus quality, however SVC 

provides additional benefits by splitting the stream into layers. We have started to build a prototype 

based on implementation work the proper transport functions at the source for live SVC delivery. 

We are advancing in this study and plan to further analyse the SVC benefits, in rapidly changing 

environments, to develop a scenario that emphasizes the benefits of SVC and to implement it. The 

results are exploitable to LU60 product line by LiveU. 
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3 Scientific Work  

This section highlights the scientific work in this work package and sums the major dissemination and 

exploitation done and planned for the VSC within MEDIEVAL. The achieved scientific results are detailed 

in the following subsections. 

We have summarizing our concrete achievements and plans in Table 1: 

 

Scientific Subject Exploitation Dissemination Impact on VSC module 

QoE centric mobile 

network Architecture 

 Accepted and presented 

in NemSummit 2012 [1] 

All modules. 

 

QoE modelling for cross-

layer traffic management 

(section 3.1)  
 

 Presented in a Workshop 

[4] 

This scientific results are 

part of the QoE Engine 

sub-module in the 

Session Management 

(section 4.3.3.1) 

End to end monitoring 

for data resource 

management in latest 

bonding technologies 

over 3G/4G networks 

(section 3.3) 

Integrated in LiveU 

LU60/40 product lines. 

Accepted and presented 

in NAB 2012 conference 

[6] 

Accepted to FKT 

Magazine in German 

language. 

This scientific results are 

part of the SME2E sub-

module in the Session 

Management (section 

4.3.3.2 and 4.3.3.1) 

Selecting the number of 

channels required in a 

session (section 3.4) 

 

Concrete plans for 

integration in LiveU 

LU60/40 product lines.  

Paper was submitted in 

M23 [2] 

This scientific results are 

part of the QoE Engine 

sub-module in the 

Session Management 

(section 4.3.3.2) 

Optimizing network 

resources by controlling 

progressive download 

streaming rates (section 

3.5) 

 

Concrete plans for 

integration in LiveU 

LU60/40 product lines 

with adaptation to client 

side buffer management. 

Accepted and will be 

presented in M25 [5] 

This scientific results are 

part of the SME2E sub-

module in the Session 

Management (sections 

4.3.3.2, 4.3.4) 

VSC architecture and 

technology survey 

 Paper planed for M28 

  

 

QoE assessments in live 

streaming (section 3.2) 

Would be integrated to 

the optimization 

mechanisms in LiveU 

product lines. 

Paper planed for M30 

 Presented in a 

Workshop [3] 

This scientific results are 

part of the QoE Engine 

sub-module in the 

Session Management 

(section 4.3.3.1) 

Application Driven 

Connectivity 

Management (section 

3.6) 

 

Concrete plans for 

integration in LiveU 

LU60/40 product lines. 

Concrete plans for 

integration in PTIN 

Connection Manager 

product lines. 

Paper planed for M32 

Considering a demo to 

the IETF. 

This scientific results are 

part of the SME2E sub-

module in the Session 

Management and the 

Connection Manager 

(sections 4.3.3.2, 4.3.4, 

4.3.5) 

Table 1: Dissemination & Exploitation Summary 
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3.1 QoE modelling for cross-layer traffic management  

Objectives: The objective of the QoE modelling is to reveal the relation between the estimated QoE and the 

network parameters by abstracting video characteristics. With this model, the network is able to understand 

the effect of the adaptation of video streams on the QoE. The QoE model derives the functions between the 

network parameters and the resulted QoE, and provides them to the traffic management components inside 

the network for QoE-driven optimizations. 

 

3.1.1 Background and Challenges 

Quality of Experience (QoE) is gaining more and more attention in the mobile video application area. QoE is 

preferred to QoS as a metric for video applications as the user’s experience of video applications is more 

sensitive and has more dimensions than traditional applications [34]. To improve QoE by means of traffic 

management inside the network, the traffic management entities need to have better understanding of the 

video applications. Characteristics of the videos applications need to be identified and abstracted, in order to 

be used by the traffic management in the network. QoE modelling serves for this purpose to provide essential 

information on the video applications and relate them to network parameters in order to enable the traffic 

management in the network to make decisions for different video applications. 

 

 

3.1.2 Scientific work  

Transmission data rate is a fundamental parameter for traffic management. The QoE model is developed to 

reveal the relation between the transmission data rates and the resulted QoE level. The QoE of videos is rated 

numerically by MOS (Mean Opinion Score) levels. The QoE model is specified to be the relation between 

the transmission data rates and the MOS levels. This relation is regarded as video sensitivity, as it describes 

the sensitivity of the video with the changes of data rates. 

For each video, the sensitivity is derived in two steps. Firstly the video is shaped by a traffic engineering 

scheme, e.g., transcoding or packet dropping. Afterwards for each data rate the degraded video and the 

original video are compared to estimate the QoE. The QoE is estimated by using SSIM [33], considering its 

accuracy and simplicity: 

 

1 2

2 2 2 2

1 2

(2 )(2 )
( , )

( )( )

x y x y

x y x y

c c
SSIM x y

c c
 

 

where is the average and  is the variance. It’s linearly mapped to MOS: 

1,  if 0.7

,  if 0.7 SSIM 0.98

4.5,  if 0.98 

SSIM

MOS a SSIM b

SSIM

 

 

From temporal aspect, the sensitivity usually varies during a whole video, e.g., a movie or a long video with 

rich contents. In this case the change of sensitivities needs to be recognized and correct sensitivities should 

be updated to the traffic management in the network for efficient optimization. A dynamic QoE model is 

therefore required to identify the change of sensitivities of long videos and generate multiple sensitivity 

curves.  

In the dynamic model, the first step is to cut a video into small chunks, e.g., every a few seconds. 

Afterwards, the sensitivity of each chunk is calculated using the method described above. A set of average 

sensitivity curves is retrieved from low sensitivity to high sensitivity. The last step is to examine the 

sensitivities of the chunks in temporal order to compare them with the average curves. It will be represented 
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by the average curve with the smallest difference. An assumption is made that a MOS degradation of 

approximately 0.21-0.26 is not significant to user experience [11]. The set of average sensitivity curves are 

chosen with a difference of approximately 0.5 MOS. 

The QoE model can be used for rate adaptation in the network and content adaptation in the server side. The 

adaptation is able to be performed considering the resulted QoE estimated by the QoE model. Besides, the 

resources can be allocated efficiently by leveraging the variety of video sensitivities 

 

3.1.3 Results 

Video sensitivity can be derived applying the model described above. Figure 1 shows an example of the 

sensitivities of five different videos. The original video clips are encoded at a data rate ranging from 400kbps 

to 480kbps, with QCIF resolution (176 x 144) and at 30 frames per second. It can be observed that the 

dynamic video Football is most sensitive to variations of data rate while the static video Akiyo is the least 

sensitive. Figure 2 compares different traffic engineering schemes in terms of QoE variation as a function of 

the available data rate. It can be observed that H.264 transcoding (TransH264), a simple open-loop 

transcoding, has better performance but is computationally expensive, whereas packet dropping (PckDrop), 

which drops video frames from least important frames, has overall the worst performance but is convenient 

for short term adaptations due to the very low complexity. 

 
Figure 1: Video Sensitivities for different video sequences obtained with open-loop transcoding, mapping the 

video rate to the perceived video quality 

 

Figure 2: Video Sensitivities for a dynamic video (Football) and a static video (Mother and Daughter), mapping 

the video rate to the perceived video quality when applying transcoding (TransH264) and packet dropping 

(PktDrop). 
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With the dynamic QoE model, multiple sensitivities can be derived if the video contains changing scenarios. 

Take a piece of news as an example. The news reports a sport event. In the first period of the news, a host is 

giving an overview and simply narrating statically. Afterwards the news shows a scene in the sport field. In 

the last period of the news is a clip of a running game. To generate right sensitivities at right point of time, 

the news is cut into chunks of 20 seconds as shown in Figure 3 lines 000 to 140. Furthermore, three average 

sensitivities are identified, level 1 to level 3. The chunks are grouped into the three sensitivity levels. The 

three sensitivity levels correspond to the three period of the news correctly. 

 
Figure 3: QoE sensitivities of a piece of news. Colour curves are sensitivities of chunks starting from 0 second 

(000), 20 second (020), and so on. Black curves are average curves of the three sensitivity levels 

 

 

3.2 QoE Assessments in Live Streaming  

Objectives: the objectives of the QoE assessment in live streaming is to predict the ongoing QoE of the 

stream in real-time and in a scalable manner at the source, this information will be further used to adapt the 

resources of the session at either creation i.e. encoding or transcoding or at any location where resource 

allocation based on QoE fairness is considered.  

 

3.2.1 Background and Challenges 

One of the main challenges in future networks and in MEDIEVAL project is to provide fairness between 

users based on QoE rather than based on QoS, this requires a good understanding of the video quality at the 

ISP network. Specially this is of a high challenge and interest when live streaming is considered, in this case 

to perform such a QoE based fairness optimization require to assess in real-time the momentary QoE of all 

video streams. There are a number of suggested metrics for QoE assessments in mobile networks; such 

metrics, like Blockiness, Blur, and Flickering are provided in [9] however to our best knowledge all of them 

require higher processing power than can be accepted at the ISP network. Existing tools for QoE objective 

measurements analyse several common objective metrics such as the PSNR and SSIM, these tools mostly 

require high processing power and are thus non scalable and would not be an acceptable solution for 

handling of large amount of streams in the MEDIEVAL architecture. The challenge is therefore to find a 

lightweight metric that can assess the momentary QoE with low processing requirements. In this work we are 

targeting the QoE assessment based on the h264 [10] encoder parameters such as the Quantization Parameter 

(QP), Frame rate (FR), Resolution, and the associated output bitrate of a stream.  
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Taking from the work of comparing codecs in [8] we can see the relation between QP -- BitRate -- PSNR for 

a given clip. As shown the QP and the PSNR/SSIM have a monotonic relation per clip, however different 

curves are achieved for different clips depending on the richness of the content, thus it is impossible to 

predict the QoE/PSNR based on QP alone. The challenge of this work is to add additional accessible 

information to the QP that will enable a reasonable prediction of the generated quality. 

 

Figure 4: Relation between QP, PSNR, SSIM and Bitrate for a given clip 

 

3.2.2 Scientific work  

This work is still ongoing and the results are expected in further period of the project, thus we are focusing 

on the scientific concept for providing the QoE assessments in live video, in a scalable way. We are 

proposing a way for evaluating the QoE of an encoded video stream based on simple encoder attributes and 

the resulting output bitrate. Although we recognize and estimate that the results accuracy of such a method 

would be lower than the accuracy of more complex and sophisticated methods, we believe there is a place for 

such a simple approach in wireless networks and that this information would be an enabler for better fairness 

of QoE among different users.  

We started by looking at the QP parameter, however as we mentioned before the QP parameter alone doesn’t 

provide sufficient information regarding the QoE of a stream since different video streams, having the same 

QP parameter, result in different perceived QoE based on the content Richness itself. However, when we add 

additional information such as the resultant bitrate for a given QP attribute we can estimate if a given stream 

has higher motion or texture which we term as the richness of the content. From our study, the resultant 

bitrate of different video streams varies with accordance to their richness in a monotonically increasing 

manner. Logically, for a given QP, a video stream with higher richness will generate a stream with more bits. 

Thus we can create a database that relates the encoder parameters {QP, FR, Res} of a group of typical videos 

having different richness characteristics, as illustrated in Figure 5 for the QP parameter.  

 
Figure 5: Illustration of QP Vs Bitrate of different clips 
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Figure 6: Akiyo Clip 

 

 
Figure 7: Bus Clip 

As shown in Figure 5, Akiyo clip represent a low motion news report provided in Figure 6 has lower 

richness than the bus clip given in Figure 7 , as expected, the Bitrates generated for the same QP values in 

Akiyo clip are lower than for the Bus clip, this is due to their difference richness characteristics and motion 

from frame to frame. Our main assumption in this work (which needs further validation) relies upon the 

ability to project/map between the QoE estimated via MOS tools for different clips given bitrate space (as 

described in section 3.1 for VoD) to the relation between bitrates curves generated for different clips given 

QP space. We assume that both have a linear or straight relation to the richness of the stream and with the 

right projection function we will be able to translate from QP domain to MOS domain given the momentary 

bitrate and QP attribute of a stream. In principle, clips with higher motion and texture or as we call richness 

require more bitrate to have the same MOS score as shown in Figure 1 for football versus Akiyo, we are 

aiming to predict the MOS by projecting between the two spaces, the MOS to Bitrate (MOS2BR) space in 

Figure 1 and the QP to bitrate (QP2BR) space in Figure 5. We aim to create a MOS2BR database and a 

QP2BR database based on representative clips which are spanning the space i.e. have richness value samples 

throughout the spaces; we plan to use the same clips in both domains to create both databases. We propose 

the following algorithm shown in Figure 8 to estimate the MOS of a stream in realtime. 

Obtain the Average QP and 

Average BitRate parameters 

for a given period

Obtain the relative 

proportional position of the 

given stream within the 

dynamic Bitrate range for 

that QP. 

Obtain for the same given 

proportional position and 

given Bitrate from the MOS/

Bitrate utilities the estimated 

MOS.

 
Figure 8: Realtime assessment of QoE algorithm steps 

 

In step 1 (Figure 8), the network is obtaining the instantaneous QP attribute and the bitrate of a given stream 

(this information could be achieved in a number of ways, either at the source or transcoding point, simply by 

a feedback from the client, by marking these at the source, or by extracting it from the stream itself. 
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In step 2, the algorithm calculates the relative position in percentage for the given QP/Bitrate point based on 

the QP2BR database (i.e. the relative location within the bitrate dynamic range given QP value). For example 

as illustrated in Figure 9 a clip with QP=10 and a bitrate of 400 kbps see also Figure 5, is at the 33% of the 

dynamic bitrate range (100 – 1000 kbps) formed by the max and min richness clips.  

In step 3, based on the given bitrate and the relative position (i.e. 33% in the example shown in Figure 9) that 

was calculated in step 2, we project the MOS value from the MOS2BR database obtained by linearly 

projecting between the two spaces represented by the yellow line in Figure 9 (might be that non linear 

projecting will performs better, this might be validated in future work), in the example of 400kbps and 33% 

the MOS value of the clip is projected to be of ~4 MOS, this is since MOS = 4 value resides within the 33% 

in the MOS range of a given bitrate. 

 
Figure 9: QoE Assessment Algorithm Example 

 

The following system as shown in Figure 10 represents the QoE assessment components, the encoder inputs 

and outputs are fed into the QoE Assessment module that uses a database (QP2BR, MOS2BR) to estimate 

the momentary QoE as explained above. For evaluating this algorithm, we are developing a realtime PSNR 

calculator that takes the encoder input video stream and compare it to the encoder output video stream, this 

will be used to compare the actual PSNR versus the proposed algorithm estimated PSNR and to achieve the 

accuracy of such simple approach. This work will be completed during the third year of the project.  

 
Figure 10: QoE Assessment for Live streaming 
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3.2.3 Results 

As this work is still ongoing, we have no concrete results on the accuracy of the proposed method to provide 

at this stage. We are building a system to allow evaluation of the proposed algorithm and we will have our 

results in the next deliverables. Part of the system we are already working on is the realtime PSNR 

evaluation which will be used together with the current algorithm to obtain the error of such approach. The 

system is composed from a software module that receives the original video stream as well as the encoded 

bit stream, and calculates the PSNR for all the decoded frames in realtime. 

 

 

3.3 End to end monitoring for data resource management in latest 

bonding technologies over 3G/4G networks 

Objectives: The end to end monitoring in the resource management is to enable reliable delivery over 

unreliable networks, it is based on  on session and channel monitoring to provide information about session 

transport quality, and to control the content creation, adaptation and transport functions. In this work we are 

reporting the work on the channel performance monitoring experiment done in an end to end manner. This 

work is an enabler for bonding technologies over multiple cellular networks to achieve reliable personal 

broadcasting for news gathering with a “satellite” like QoE. 

3.3.1 Background & Challenges 

Transmitting high-quality live video from the field no longer only depends on expensive satellite equipment. 

Today, broadcasters can rely on portable uplink systems to provide broadcast-quality video via terrestrial 

wireless networks including 4G LTE/3G, Wi-Fi and WiMAX. This technology provides mobility and 

flexibility along with increased performance. The challenge is guaranteeing quality of service over unreliable 

and saturated cellular networks and applicable to many live streaming services. In this work we discuss the 

session monitoring, as an enabler technology for a “satellite-like” experience in a channel bonding 

(simultaneous use of channels), and enabling any video professional to create and webcast their content live 

from any location using a small, lightweight and compact device. Broadcast and online media have a 

common need for an accessible and reliable product for high-quality, real-time video transmission. The end 

to end measurement play significant role where the key parameters with highest interest to the application 

are usually delays, loss, and throughput.  

Satellite broadcasting technology has traditionally offered a reliable but expensive, cumbersome solution 

for live transmission. Broadcasters cannot always reach the site with satellite broadcasting trucks to cover 

breaking news and the technology is simply beyond the budget of online media sites. Over the last five 

years, widening cellular networks and new video uplink technology has changed the transmission space 

significantly. The growing connectivity of terrestrial wireless networks has provided a resilient, cost-

effective alternative to streaming video via traditional satellite and fiber. Today, more and more 

broadcasters and online media use cellular-bonded technology for cost- effective live video transmission 

from any location, combining multiple cellular technologies and networks, including 2.5G, 3G, 4G LTE, 

WiFi and WiMAX, for reliable, High Definition (HD) (even up to 3D) video uplinks. Often referred to as 

“backpack  reporting”,  this technology packs the capabilities of an HD satellite truck into a professional 

backpack. Key advantages include portability, flexibility and cost, whereby expensive satellite space 

is substituted by paying for a mobile operator’s data plan. Handheld devices are now coming on to the 

market, offering an even lighter, compact and cost-effective HD live video solution.  

3.3.2 Scientific Work 

In this work we are focusing on the session monitoring in a multilink scenario, this technology fits for many 

applications that need high bandwidth and reliable delivery. With the exponential growth in demand for 

online video (“by 2012 Internet video will account for over 50 percept of consumer Internet traffic” as 

stated in [37]), channel bonding technologies are also being included in new standards evolving in multi-

link technology, for example: 
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• Multipath TCP (MPTCP) working group [35], developing mechanisms that add the capability of 

simultaneously using multiple paths to a regular TCP session. The key goals for MPTCP are “to be 

deployable and usable without significant changes to existing Internet infrastructure; to be usable by 

unmodified applications; and to be stable and congestion-safe over the wide range of existing Internet 

paths”. 

• IEEE 802.21 [36], this standard specifies IEEE 802 media independent mechanisms that optimize 

handovers between heterogeneous IEEE 802 systems and between IEEE 802 systems and cellular 

systems.  

Resource data management is responsible for channel performance monitoring, session monitoring and 

predictions in order to allocate resources for the optimal transmission as well as for the content creation. 

This component enables priority scheduling for optimal bandwidth utilization, determining which 

information has higher momentary priority to be transmitted first or on better-suited modems. 

• Session Management predicts the session throughput and assigns the target bandwidth rate and 

minimal bandwidth attributes rates that maximize the smoothness of the stream. Parameters per 

channel include: current bandwidth, latency, loss and jittery behaviour. The session management 

entity is responsible for the creation and monitoring of sessions; it is responsible for setting the target 

bitrate for the encoding of the live content. Setting up  session attributes for the next interval must be 

based on reliable session monitoring and predictions algorithms. Monitoring is best done 

transparently without using non-payload packets. 

• Performance Monitoring avoids sharp changes to session attributes to achieve as smooth 

changes in the perceived quality as possible. The handling of a sharp change in the resources 

depends greatly on the momentary status of the buffer, and thus is done at the session level. 

This component enables modem prediction - the ability to anticipate the modems’ behaviour and 

proactively change transmission parameters so as to minimize fluctuations and potential link failures. It 

also enables as many modems as possible to be kept in operation, so that a problem with a few may 

be mitigated via the others. 

In this work we are focusing on real experimental measurements of 3G/4G networks, to analyse their delay, 

throughput, and correlations. We have collected information from various transmissions to see the 

characteristics of the delivery; this work holds the bases of the short term online channel monitoring that 

would generate the information to allow a better transmission over correlated channels. 

 

3.3.3 Results 

In this section we provide some of our results obtained through the field experiment we have made, it 

includes the modems delay statistics, their delay correlation and their throughput. We have implemented 

end to end delivery loggers that contain the information of each packet, when it was sent, when it was 

arrived, through which channel, and at which delivery rate. With this tool, we have conducted a series of 

tests in Kfar Saba, Israel, which have included drive tests, indoor tests, long overnight tests and short bursty 

tests along the day. We have used the public 3G networks of 3 operators in Israel, Orange, Pelephone, and 

Cellcum in our tests. We have used video encoded data in the transmission as the compressed video is 

uncorrelated and thus serves as a white noise generator.  

Modems Delay: 

Table 2 contains statistics about the delay values per modem. These are the average delay, the delay value’s 

standard deviation, min & max delays, the median (i.e. the value which separates the higher half of the delay 

values from the lower half), the 1st and 3rd quartile (i.e. the values under which 25% and 75% of the delay 

values are located) and the 10th and 90th percentile (i.e. the values under which 10% and 90% of the delay 

values are located). All delays are given in milliseconds.  
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Modem details Statistics of the delay values 

Device Name Source 

address 
Source 

port 
Average Standard 

Deviation 
Min Max Median 3rd 

quartile 
1st 

quartile 
10th 

percentile 
90th 

percentile 

Sierra Wireless 

HSPA Modem 
95.35.253.18 1327 979.2912725 6365.627563 0 85226 72 185 36 15 672 

Sierra Wireless 

HSPA Modem #2 
2.54.144.99 1328 1653.735802 3048.264055 0 33382 189 2189 62 27 5230 

Sierra Wireless 

HSPA Modem #3 
2.54.54.87 1329 1405.672083 2849.234195 0 33206 132 1614 59 25 4620 

Sierra Wireless 

HSPA Modem #4 
95.35.83.178 1330 441.330966 836.0981946 0 7664 96 441 45 19 1334 

Sierra Wireless 

HSPA Modem #5 
2.54.48.121 1331 1258.427822 2713.807194 0 32380 119 1281 58 26 3859.2 

Sierra Wireless 

HSPA Modem #6 
188.64.201.12 36809 559.2713898 1213.726594 0 13466 105 570 60 23 1511.3 

Sierra Wireless 

HSPA Modem #7 
188.64.201.24 62307 565.8945261 4423.353429 0 72868 91 311 49 22 988 

 

  
Table 2: statistics of the modem's delay values 

 

The data is subsumed in form of a box plot in Figure 11 Modem #2, #3 & #5 tended to higher delay values 

than the others, as can be seen from this figure and the table.  

 

 

Figure 11: Box plot of the delay per modem 

 

Modems Delay Correlations: 

 

Table 3 contains correlation coefficients between the delay values of different modems. The correlation 

coefficient (Pearson product-moment correlation coefficient) between two variables is normally defined as 

 

 
 

Where X and Y are discrete variables, xi and yi are their ith values. 
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However, there are different numbers of non-equidistant samples per modem. Therefore, a slightly different 

definition was used to compute the correlation coefficients between the delay values of different values. Let 

D1 and D2 be the delay-values of modem #1 and modem #2, d1i and d2j the ith and jth sample of the delay 

values from modem #1 & #2 ,N1 and N2 the numbers of samples for modem #1 and #2 where N1<N2. Let’s 

define d2k as the sample of D2 which is temporally nearest to d1i (i.e. both samples were taken shortly 

before or after each other), then our pseudo correlation coefficient is defined as: 

 
There is a high correlation between the delays of modem #2, #3 and #5 as can be seen from Table 3 this 

information could be very important for a multi-channel scheduler and content protection modules.  

 

 
Table 3: Modems delay correlations 

 

Modems Throughput: The moving averages of the modems’ throughput values are analyzed in this section 

and are given in kilobits per second [Kbps], in order to get some statistics which are less influenced by short-

term fluctuations. We have analyzed the statistics on the throughput’s moving averages with a window of 20, 

50, 100 and 500 sample points,  Table 4 shown the data we have collected and derived for a window of 50 

samples.  

 

 
Table 4: Modem Throughput Statistics for 50 samples window 

 

3.4 Selecting the number of channels required in a session  

Objectives: The objective of the proposed algorithm is to determine the number of active channels that are 

required in a multi-link session (Uplink and Downlink) in order to support the required video bitrate. The 

number of required active channels is determined adaptively according to the channel quality and the target 
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bitrate to achieve a certain target QoE in the video session. This technology is applicable to any video 

streaming session. 

3.4.1 Background & Challenges 

Over the last decade streaming over multi-channels has been suggested to improve the video quality over the 

Internet [14][15][16][17][18][19], in peer-to-peer networks [20][21][22][23] and wireless ad-hoc networks 

[12][13]. Multi-channel video transmission is also often coupled with adaptive/scalable layered-video 

encoding (H.264/SVC) to overcome channel rate variation and heterogeneous video client capabilities.  

Devices enabling multichannel transmission are widespread. Smartphones have both 3G and WiFi 

connectivity, which can be used for multi-channel transmission. The IEEE 802.21 standard [24] which was 

introduced recently supports algorithms enabling seamless handover between networks of the same type as 

well as handover between different network types (for example, WiFi and 3G). 

The challenge in this scientific work is to first determine how many channels should be activated at a given 

time. We are trying to answer this question based on a target minimal bitrate to achieve a certain chosen QoE 

for the stream. In this work we are facing this challenge by adaptively determining the number of channels 

that should be used in a multi-channel session based on channel performance monitoring in the session 

management. To the best of our knowledge, no study has previously dealt with the number of active channels 

required in the context of a multi-channel video session. Moreover, the Connection Manager (CM), see 

section 3.6 can be responsible on the assignment of channels through interaction with the application and 

user preferences. 

 

3.4.2 Scientific Work 

The goal of the work described here is to propose and assess an algorithm, which determines the number of 

required active channels in each time interval, based on the session monitoring. 

In order to develop our algorithm we have collected a real data trace using 3G and WiFi networks. First, we 

transmitted video streams using several channels under various conditions. The transmission of the channels 

used the LU60 (LiveU Unit), and employed one to five modems connected to three different cellular 

networks, where each modem had a different connection to the Internet. We recorded the received data with 

the LU1000 server (LiveU unit at the network) and Wireshark. We have recorded for each delivered packet 

the modem used, the packet sequence number, the transmit time stamp and the received time stamp.  

 

The recordings were made throughout the day including both peak (busy hours) and off-peak hours. Each 

experiment consisted of 5 samples of video transmissions using one to five simultaneous channels. The 

experiment was repeated 10 times with long video files (about 15 minutes). In addition, the experiment was 

repeated twice with short video files (five minutes) to test whether the observed statistic behaviour also fits 

short transmissions. Overall, the recording trace included statistics for more than 12 million packets. 

 

The algorithm we have tested is the following: 

The transmission is divided into time intervals that are short compared to the channel quality change rate, 

thus we can assume that the channel doesn’t change significantly during the interval. For each such interval 

the algorithm determines the number of channels to use in the scheduler.  

In the first time interval: schedule over all available channels to obtain information on these channels from 

the session monitoring as in section 3.3 (bitrate, delay, loss, correlation). 

In the second time interval: based on the information retrieved from the session monitoring, we determine 

the minimal number of channels that can support the required bitrate. 

For every other interval: 

- Get report from the session monitoring 

- Check the link quality compared to predetermined thresholds interpolated from the algorithm 

proposed in section 3.2: 



MEDIEVAL D2.2: Final specification for Video Service Control 

Page 26 of (91)  © MEDIEVAL 2011 

o If the link is “too good”, i.e. the rate is larger than a high threshold THhigh, remove one 

channel from the link (unless only a single channel is used) 

o If the link is “not good enough”, i.e. the rate is smaller than a low thresholds THlow, add 

a channel to the link (unless all channels are already utilized) 

o Otherwise – continue scheduling over the same number of channels. 

 

3.4.3 Results 

The following graphs show a comparison example to demonstrate the impact of the proposed algorithm. By 

comparing managed and unmanaged scheduling methods, we are showing that the transmission quality and 

required resources are improving. Figure 12(a) shows the video rate (blue) and error rate (red) for an 

unmanaged session with two channels. For a target video rate of 1.2Mbps, in 468 out of the 900 time 

intervals simulated the required bitrate was not provided. 

 

 

 



MEDIEVAL  D2.2: Final specification for video service control 

Page 27 of (91)  © MEDIEVAL 2011 

 

 

 

Figure 12: Simulation results for managed and not-managed sessions. (a) Unmanaged two channels, (b) 

Managed, up to 4 channels, (c) Unmanaged four channels, (d) Number of active channels in managed session 

 

Figure 12(b) shows the simulation results for a managed session based on the algorithm described above. In 

this case, there were only 295 time intervals with under rate video. As a reference, Figure 12c shows the 

simulation results when all 4 available channels were activated constantly. Only 239 time intervals violated 

the required rate, but much more overhead was generated. Figure 12d shows the number of active channels 

as a function of time for the managed simulation. The average number of active channels was 3.1. Therefore 

dynamically changing the number of active channels saves on average the resource of a single channel, at a 

relatively small cost of 56 additional time intervals with under rate video.  

 

3.5 Optimizing network resources by controlling progressive 

download streaming rates 

Objectives: The Objective of controlling the download streaming rate in a progressive download service 

(Youtube) is to minimize the allocated resources to the flow while preventing buffering and assuring service 

continuity. This work will increase fairness among clients which compete on the network resources. 

3.5.1 Background & Challenges 

Optimizing the delivery of video streaming applications has become the number one challenge in ISP’s 

networks. The enormous amount of generated and consumed video data is rapidly increasing and over-

utilizing the network resources. In this work, we aim to optimize ISP resources for TCP based Progressive 

Download (PD) services, PD is the most common video streaming method over HTTP, and it is widely used 
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in internet portals such as Youtube. Although PD is the most common streaming method over the Internet it 

is highly inefficient from the internet service provider (ISP) point of view.  

The resources of the ISP are limited, and should be allocated carefully to the clients while improving the 

overall QoE. PD does is a streaming service of video clips that does not adapt the download rates based on 

the client state, thus the network might allocate too many or too little resources to a client, regardless the 

status of the client buffer state. This may also resulted in wasted traffic in case the viewers stopped watching 

the video before its end. 

The following work presents a buffer-free video streaming traffic shaping solution, based on TCP window 

size and scale modification, which depends on the CBR video encoding rate and network conditions.  

Our solution can save up to 60% of bandwidth per connection under certain viewing habits conditions. Our 

simulation, which consisted of 3600 users over the time span of one hour, managed to achieve better network 

utilization by up to 25%. It is based on network monitoring of the progressive download session, and 

controls the TCP window size in a network proxy. This is in order to efficiently use the resources in the 

network and ensure fairness between users while preventing service interruptions. 

To better explain our point, an example of two YouTube sessions is shown, in Figure 13(upper), the network 

resources allocated to the user are insufficient (download bar in gray versus play bar in red below the video 

screen are tightly aligned, indicating an empty buffer in the client), thus the service is interrupted and the 

user is experiencing pause intervals until sufficient data is buffered at the client. In the lower example in 

Figure 13 the allocated resources are excessive, resulting in a large amount of data that was buffered 

needlessly, data which may not be eventually used if the user terminates the session unexpectedly. The 

purpose of this work is to control the session buffering status by the network to achieve QoE fairness while 

preventing over use and under use of network resources. In this example, it means increasing the allocated 

resources to the first stream and reducing them to the second stream. 

 

Figure 13: Progressive Download Examples 

 

 

3.5.2 Scientific Work 

Unlike live transmissions where the encoder can change the bitrate on the fly, for sessions using progressive 

download, we propose controlling the TCP window size at a proxy server, to enforce a certain bandwidth on 
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the video stream, as a candidate mechanism to ensure fairness among users. In this work we currently 

support PD only, but similar mechanisms may be used in any TCP based application, 

Our solution is based on reading the PD video header, extracting the video data rate, and modifying the TCP 

window throughout the connection depending on the network condition, client buffer redundancy and video 

encoding rate. 

The algorithm we propose is divided into two stages – buffering and steady state. The buffering stage 

ensures that the client will achieve a sufficient amount of redundant buffer, to avoid jitter. Once the required 

buffer is filled, we switch to steady state mode. The purpose of this mode is to restrict the client buffer and 

prevent unnecessary streaming traffic from being sent from the server to the client. The combination of both 

states enables the algorithm to adapt to changing network conditions and remain unaffected by short term 

network problems. 

Traditionally, the TCP window is calculated by: 

 
DataRateRTTW *

 

This is the proposed minimal window size that should satisfy the minimum needs of our traffic window 

shaper. We found that the formula above for W is insufficient because the server fills the window only if a 

full packet has enough space to enter. This is because progressive download stream servers use a fixed 

packet length size. Therefore, we use an optimized window size for streaming W’: 

 thPacketLengModWWmod  

}||'{

}'{)0(

mod

modmod

thPacketLengWWWelse

WWWWIf  

For example, given that W = 2500 and the Packet-Length is 1400, because the window is too small for two 

packets, the streaming server will send a non-optimal window size with an actual size of 1400 (a single 

packet), which will cause an underflow of 1100 Bytes. Another example: if W = 2900, then the underflow is 

100. In order to send a window that is suitable for our stream needs, it is required to compensate our window 

in order to utilize the full window. 

We define the underflow and overflow as follows: 

 modWUnderFlow
 

WWOverFlow '  

Underflow is the size of the buffer that is not used because it is smaller than the packet size. Overflow is the 

amount of redundant data that was sent in the current window compared to the original window size W. 

The algorithm controlling the buffer is the following: 

Buffering mode: 

{ 

WindowSize = W’ 

If (Client Buffer Size > Threshold)  

   {Go to Steady state mode} 

Else  

{Send modified packet and continue to Buffering mode} 

} 

 

Steady state mode: 

{ 
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Gap  

Timer = T_size 

While ( (Timer > 0) && (Client Buffer Size > Threshold)) 

{   //soft shaping stage 

Gap = Gap -1  // Gap minimum value is 1 

Send Gap modified packets with WindowSize = W’ and one modify packet with 

WindowSize = W 

} 

If (Client Buffer Size < Threshold)  

{return to Buffering mode} 

 

While ( Client Buffer Size > Threshold) 

{  // aggressive shaping  

tempW’ = W/2 

Send modified packet with window size of tempW’  

} 

 

If (Client Buffer Size < Threshold) 

{  //adaptive window size increases 

While (tempW’ ≤ W’) 

{ 

NumOfPackets = 0 

While (Client Buffer Size < Threshold) && (NumOfPackets < P_Gap) 

{ 

NumOfPackets ++ 

Send modified packet with window size = tempW’ 

} 

If (Client Buffer Size > Threshold) 

{Return to Steady state mode} 

 

tempW’ = tempW’ + incFactor 

   } // gradual window size increase. Every P_Gap packets 

} 

Return to Buffering mode 

} 

 

Gap is defined as the compensation between the overflow and the underflow. If the gap is relatively small, 

less smooth traffic will be observed (resulting in a larger amount of small peaks). However, faster control 

over the client buffer is achieved. If the gap is larger, then the traffic will be smoother, but controlling the 

client buffer will be harder. Moreover, the system reaction time will be longer. If after T_Size seconds we 
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cannot control the client buffer, we will switch to aggressive mode and adjust the window size to tempW’. In 

order to prevent unnecessary peaks in traffic, we adaptively increase the window size every P_Gap packets. 

We used a Threshold = 25 seconds of client buffer size. Influenced by adaptive streaming, after the client 

accumulates 20-30 seconds of video redundancy (depending on the algorithm that is being used), the 

algorithm switches from buffering state to steady state. We have tested the algorithm with different threshold 

sizes, and found that it is quicker to smooth the traffic when the client buffer size is small. The drawback of 

using a small threshold is that the traffic is less smooth. After hundreds of network tests with different ISPs, 

we found out that the optimized parameters best fitted from our standard deviation (STD) tests are: T_Size 

=3, P_Gap = 20 and incFactor = 10. However, the implemented system can have different optimized values 

due to changing network conditions on its specific location. Therefore, the system needs an initial 

optimization in order to achieve the desired results. 

3.5.3 Results 

The results we have achieved are summarized in here, 

The results of the proposed algorithm are shown in Figure 14 (a), (b), (c), (d), where: 

 (a) shows the data rate as a function of time for an unmanaged session. At the beginning of the session the 

stream is downloaded fast. This requires significant network resources, and some of the transmitted streams 

might be redundant in case the video is not viewed in full.  

 (b) shows the data rate as a function of time for a managed session, without buffer control (without the 

steady state phase). The figure shows that we managed to minimize the maximum peak due to our TCP 

scaling and window modification. It is possible to decrease the maximum peak even more but in exchange to 

increasing initial play out delay. 

(c) shows the data rate as a function of time for a managed session with the algorithm described above, 

including the steady state phase. After 32 seconds the algorithm switches to steady state mode, and the 

average data rate approaches the desired rate 

(d) shows the buffer size for the three cases described above, as a function of time. The dashed line (no 

session management) shows that the client reached a 25 seconds buffer size in only 7.81 seconds. The dash 

dot line (managed without buffer control) shows that after 33 seconds we have already accumulated 25 

seconds of redundancy stream buffered. In addition, when the stream is fully downloaded, the client has 42.5 

seconds of redundancy. If we assume that most viewers will not watch the entire stream, this situation 

demonstrates the unnecessary download. In the fully managed transmission (dotted line), the redundant 

transmission was avoided. 
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Figure 14: Data rate as a function of time for (a) unmanaged session, (b) managed session without buffer control, 

(c) managed session with buffer control and (d) buffer size for the three sessions 

 

 

3.6 Application Driven Connectivity Management 

Objectives: 

The objective of this work is to develop a next generation Connection Manager (CM), that bridges the 

network and application layers towards defining new APIs and improve functionality on both sides. 

Applications can obtain network information from the lower layers, regarding interface availability, traffic, 

mobility and any network change but also to trigger improved network conditions like enabling a better 

usage of the available resource. With the adequate input from the Application, the Connection Manager can 

enable multiple interfaces simultaneously, schedule packets appropriately, initiate mobility procedures and 

adjust the different policies provided by other sources.  

Still the Connection Manager API should not be mandatory for Applications and the CM should be able to 

perform automatically or with some user input to provide limited benefits to legacy applications. At the same 

time, the connection Manager should also provide an abstraction Layer for Applications, where they can 

simply ignore the technology being used for transmission and configure CM to provide appropriate 

conditions for the quality and rates being transmitted. 

As a proof of concept, MEDIEVAL will focus in the integration with Personal Broadcast solutions, 

providing the Components on the source terminal the ability to adapt the packet rates, the transmission 

quality ensuring that the uplink capacitates of the interface are well used. The Connection Manager shall 

offer the Live Streaming Application an abstraction of the lower layers. 
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3.6.1 Background and Challenges 

More than ever, there is a growing detachment between the services provided by the network and 

Applications. At this point many mechanisms are being redundantly implemented and deployed to improve 

the management of resources at lower network layers and the redundancy and adaptation mechanisms at 

higher applications layers due to the lack of interaction between both. Moreover Applications assume that 

the connection will fail and loose quality and plan in advance to compensate. Applications also assume that 

concurrent traffic will be a problem and support mechanisms for retransmission and buffering.  

The currently available Connection Managers are mostly statically configured allowing some limited 

behaviour variation by users. Typically these only handle connectivity and for most of the cases only focus 

on the availability of the wireless connections. They manage some security aspects and monitor the signal 

strength of the interfaces, enabling a new one when the previous fails. 

To answer some of the issues being posed to operators and network providers by introduction of faster and 

faster mobile networks; the increasing multiplicity of mobile networks available (2G, 3G, 4G); the growing 

congestion of some networks which is leading a lot of operators to use Wi-Fi Hotspots as traffic offload; and 

the introduction of new devices such as Mobile Broadband devices, smartphones, tablets benefiting from 

new processing capacities but also requiring more and more bandwidth and ubiquity to meet the customers’ 

expectations, the need for proper management, standardization bodies are putting emphasizes on the 

management aspects of mobile. 

3GPP has defined the Access Network Discovery and Selection Function (ANDSF). The ANDSF has 

features complementary to the MIH 802.21 and additional ones that define and provide operator scope rules 

to the client. These allow the CM to handle the convergence of multiple access networks in different operator 

driver scenarios driving the experience of the user. It allows setting different priorities for interface 

according to timeslots, signal quality, cell usage etc., plus provides a common infrastructure and knowledge 

database to the multiple clients using the same access networks. In this scope 3GPP has standardized the 

structures and interfaces for this knowledge database, but does not open the path for application and content 

providers to take advantage of these infrastructures. 

Following this trend and since that up to now, there is no existing standard or de facto standard for 

Connection Managers. The Open Mobile Alliance (OMA) is currently defining requirements [38] and 

architecture [39] for the OMA Open Connection Manager API (OpenCMAPI). The OpenCMAPI is a middle 

layer targets to provide a specification relevant for the whole industry that addresses the following facts. 

 For Mobile Broadband devices, this situation is critical and leading to a strong effort for service 

providers to develop Connection Manager applications as there are already several networks to 

support and any new mobile broadband device, such as USB modem, requires to redevelop existing 

Connection Managers to be implemented and supported by these applications. 

 For smartphones or tablets, the importance of management of WiFi offloads for example and/or the 

need to expose information status on the connection to applications is requiring a solution through 

the Connection Manager application. Furthermore, new fast growing businesses such as Connected 

Devices & M2M are facing the same hurtles and will need as well a solution to reduce the impacts 

and efforts to deal with the connection management aspects. 

Still OMA definitions only consider two parts for a Connection Manager as presented in Figure 15 thus it 

only provides an API between the drivers and hardware to the interfaces and service enablers. 

1. The hardware & connectivity engine part to manage the device with the necessary functions relevant 

for the user/customer of the Connection Manager or for the application requiring information status 

on the connection 

2. The user experience presented to the customer and composed mainly of the UI, the profiles and the 

services offered to the user based on actions and answers from the hardware engine part. 
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Figure 15: OMA High Level diagram for Open CM API Enabler [38] 

 

In MEDIEVAL, we believe that this can be a good opportunity for extending and defining an API that allows 

Applications to make use of this terminal module and improve the experience for their users. The challenge 

for this work is to specify a set of primitives, useful and flexible for the applications, but at the same time 

easy for any application to use. At this moment there are no RFCs (IETF) or other specifications (OMA, 

3GPP) or drafts about this issue thus making an opportunity to influence standards in this way. MEDIEVAL 

also pretends to extend this CM to include and support other cross-layer activities developed in the different 

WPs, such as mobility and the support of optimization mechanisms. 

 

3.6.2 Scientific work  

If the application is any kind of a live streaming or receiving application, sitting on a laptop, iPad, mobile 

phone or similar mobile hardware it will be dependent of the lesser reliability of wireless interfaces. 

Typically these hardware solutions have fewer resources and have to be tightly managed plus they are also 

subjected to fast environment changes with potential mobility or rapid connectivity degradations. To a larger 

extent, this implementation tries to serve several kinds of mobile applications. 

 

3.6.2.1 Mobile Streaming Applications 

All the Mobile Streaming Applications such as PBS sources, Live Mobile cams, etc. any application sitting 

on a mobile device that is on a mobile streaming or delivering (upstream) into the network.  

All these applications have a common problem, they sit on a terminal limited to wireless networks that are 

usually asymmetric links and provide much less resources on the uplink than on the downlink. With this in 

consideration it becomes of critical importance that they are able to take the best advantage of the available 

resources. Typically problems on the uplink reflect a loss of quality for all the users that are viewing the 

content, whatever network and resources they have available. The uplink bottleneck is one of the most 

critical limitations to mobile Streaming Applications and typical the source for significant Quality of 

Experience to users. 
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Figure 16: Concept for adaptation and connectivity management on mobile streaming applications 

 

The concept presented on Figure 16 represents the concept that MEDIEVAL devises for mobile streaming 

applications. In this concept the applications provide policies to the lower layer which monitors and 

configures the network and operative system. The network interfaces are selected and configured according 

to the application requirements and provided policies. At the same time the information provided by 

monitoring interfaces, operative system and drivers to the applications, which in turn adapts the video to 

make use of all the resources available. 

 Adaptation: Typically most mobile applications import their concepts from the non-mobile 

application and assume that the network is “there”, the bandwidth is available and it’s enough to just 

stream. Still when facing connectivity problems the application should be able to adapt the stream, 

even if reducing the bitrate to overall improve the experience of the video consumers. Still for this it 

requires a complete knowledge of the network conditions. 

 Multilink: The ability to provide multiple interfaces simultaneously, on demand or transparently, can 

be a solution to many situations where the applications would have to adapt their streaming 

minimizing the quality or simply would deliver am unwatchable stream. 

 Optimal Interface Selection: A mobile terminal can have several wireless interfaces and it is easy to 

choose and configure the best to support a specific streaming application if we consider the ideal 

conditions. Still during operation, the best typical best interface may not be the optimal at a given 

time, and just because there is connectivity doesn’t means that it offers the best conditions. Such 

possibilities should be evaluated automatically and the selection of the interface should be done 

based on the requirements of the applications, on current characteristics of the interface and the 

active operator policies. 

 Video Layer splitting: Applications aware of the existing multiple interfaces can better decide which 

layers to deliver thru different interfaces. This provides the applications the ability to choose the 

basic/most important video layers and force them to use the most reliable interfaces, leaving the 

higher quality layers for the less reliable and possible more volatile interfaces. Such mechanisms do 
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not allow the higher layers to damage those basic layers and ensure a minimal quality being 

streamed. 

 Content Protection: Applications that implement content protection mechanisms such as TCP 

retransmission or Forward Error Correction can adjust these mechanisms and activate them only 

when they really provide an added value to the system and reduce the impact and resource 

consumption they have. 

 Abstraction: By providing this layer, it’s possible to video applications to adapt their streams without 

directly monitoring queues, interacting with drivers or understand specific technology commands. It 

also allows applications to provide policies based on thresholds generic enough to leave the 

interpretation and execution to the lower layers. The application can be aware of the existing 

multiple interfaces and request all to be used, simultaneously and deliver specific video layers or 

simply specify its policies and requirements and relinquish the decision on which and how to use the 

interfaces. 

 

3.6.2.2 Mobile Receiving Applications 

All applications acting as mobile video clients such as VoD clients, Mobile TV listeners, PBS receivers, etc. 

that receive a video stream from a source, individually or part of a group, downstream from the network. 

Similarly to the streaming applications, these applications have high connectivity requirements and by sitting 

on terminals limited to wireless networks have to do with the constant changes on the quality of the links. 

Even with having more resources on the downlink than on the uplink there is also a larger demand from 

more users on the resources on the downlink. Depending on the network these resources can be shared by 

multiple users or available from reserved channels.  

The concept presented on Figure 17 represents the concept that MEDIEVAL devises for mobile video client 

applications. In this concept the applications can provide policies to the lower layer which monitors and 

configures the network and operative system. The network interfaces are selected and configured according 

to the application requirements and provided policies. At the same time the information provided by 

monitoring interfaces, operative system and drivers to the applications, which in turn can use this 

information to improve the polices it provides. 

 Optimal Interface Selection: By having access to monitoring information on the wireless interfaces it 

is possible to choose and configure the best to support at a specific time. The best interface can 

rapidly change as well as the needs of the application running on the terminal leading to update the 

active interface. The operator policies should also have a significant impact on the selection of the 

interface. 

 Battery longevity: Video playback has a serious impact on the longevity on a terminal battery. First 

since it requires an intensive use of the screen and graphical interface, second because it requires 

heavy processing for decoding (mostly when done by software) and it requires heavy usage of the 

network interfaces. Even if the first two are hard to improve, in low battery situations, it’s possible to 

select the most energy efficient interface or make the applications request lower quality streams and 

reduce the consumption. 

 Multilink: The ability to provide multiple interfaces simultaneously, on demand or transparently, can 

be a solution to many situations where different applications running on the same terminal compete 

for network resources or where it’s impossible to fully provide adequate connectivity to an 

application by using a single interface. 

 Buffering: Being aware of network conditions allows them to properly time the buffering 

mechanisms they implement and adjust them depending on the interfaces they are using and the 

network conditions they provide. It can decrease the buffering on a high-speed network or increase 

the buffers on a resource limited network, making a better usage of memory and processor on the 
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terminal. Similarly applications can perform extra buffering when the resources are going down and 

an interface change/mobility is likely to occur. 

 Mobility: The integration with video applications can also better manage the socket and IP/DNS 

handling of applications. Since typical mobility platforms manage the IP addressing for terminals 

and hide the attachment to new networks, this allows interested applications to be aware of those 

facts. Sometimes changing network means that a new service is available or that a different stream is 

now optimal, in a closer server/cache.  

 Abstraction: By providing this layer, it’s possible to video applications to be aware of the network 

they use to receive their streams without directly monitoring queues, interacting with drivers or 

understand specific technology commands. It also allows applications to provide policies based on 

thresholds generic enough to leave the interpretation and execution to the lower layers. 
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Figure 17: Concept for application driven connectivity management on mobile video clients 

 

3.6.2.3 Legacy applications 

Legacy applications such as: Email client, Browser, etc. Any other non-video application that can compete 

for resources with the video applications can be targeted for management according to the defined policies. 

Contrary to the MEDIEVAL applications, the legacy ones do no integrate these APIs directly but still 

compete for the same resources on the same interfaces on the mobile terminals. The mechanisms here 

described allow the user to select predefined policies and apply them to traffic other applications produce. 

Similarly the policies defined by the operator can impact on how the terminal handles different applications. 

Figure 18 represents the concept that MEDIEVAL devises for legacy applications. Here users (using a GUI) 

and operators set policies and configure monitoring mechanisms. Afterwards, the monitoring mechanisms 

trigger the policy engine to adjust the network mechanisms and provide adequate connectivity.  
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The operator policies must be considered when selecting an interface time-limited promotions, network 

capabilities, user load, etc. while supporting the requirements of the applications can benefit the user. At the 

same time the ability to allow the operator to offload clients and properly manage its clients will have a 

significant impact on the overall quality experience by the users (In the macro picture). Optimal Interface 

Selection is important and possible when there is a clear idea of the required resources. Knowing which 

legacy applications are running and the prioritization given by the user allows a better usage of the resources. 

It can also give different priorities to the outgoing traffic in bottleneck situations or save battery on tight 

situations. 
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Figure 18: Concept for adaptation and connectivity management on mobile streaming applications 

 

3.6.3 Results 

The first outcome from this work is the specification of the components required on Connection Manager 

and the APIs that enables it and interfaces with the Applications. The second outcome will be provided by 

the proof of concept and the integration of these components with the MEDIEVAL PBS Applications. Last 

will be the exploitation of the results achieved in Medieval thru the exploitation of the CM component and 

APIs. 

By the end of the projects are expected results, namely the full specification and implementation of this 

innovative APIs, in order to allow applications to access to the CM and provision the behaviour expected 

from a Connection Manager. We will also provide an evaluation of the benefits provided by the integration 

of the Connection Manager with the PBS Live Unit and report on the advantages provided to the video 

service. 

In the MEDIEVAL project, WP2 is particularly interested in developing a next generation Connection 

Manager (CM). Considering the potential commercial value, they will devote most of their internal and 

external dissemination to this component and sub-modules with both the specification and implementation. 

We are still planning a few more publications, namely regarding the CM architecture. However, the most 

important dissemination aspect regarding the CM would be the description of the integration of the CM with 

the applications (APIs, etc.) and the integration demonstrations. The MEDIEVAL project partners are also 

planning internal and external demonstrations in order to show the advantages of the CM-applications 
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integration. WP2 partners, aligned with the MEDIEVAL project, are also studying the possibility of showing 

a demo on the IETF in order to influence this standardization body, since this is a hot topic today and there 

are still no standards. 

Demos are able to show how applications can take advantage by using the CM API. An example is the PBS 

application, which captures video and sends it to a central server for distribution. Using the CM API, the 

PBS application is able to dynamically provision the necessary set of rules, in order to influence the outgoing 

interface of the generated flows. It can also use the monitoring CM API in order to obtain information 

regarding the network interface occupation, helping the application to obtain feedback regarding network 

interfaces status and, dynamically, change the interfaces balancing policy according to this status. This 

allows the LiveU, or any other application, to control its flows in a simple, generic and standard way. 

In detail, for exploitation, PT Inovação is planning to enhance the specification and development of the 

Connection Manager (CM), with the purpose of supporting PT products in the future. PT Inovação believes 

that in multi-radio access environments, CMs will be key components to manage the flow handling, making 

operators to take advantage of these technologies, reducing congestion, and improving network efficiency 

and provide a better QoE to the end users. These efforts are aligned into a broader interest of PT Inovação in 

products such as Policy Charging and Rules Function (PCRF), or Access Network Discovery and Selection 

Function (ANDSF), among others. We plan to evaluate the potential exploitation of this technology together 

with LiveU LU60/40 multi-link product lines. 
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4 Update on the Specification work  

4.1 Considerations on video service control architecture  

This section is focusing on the considerations and the designing of an improved video transport architecture 

that greatly improves the perceived QoE of video streams. Within MEDIEVAL we studied ways that take 

into consideration the application of QoE profile and requirements, the momentary behaviour of the wireless 

link and its dynamicity, the QoS available by the relevant core network service nodes, and predictions that 

might arise from events such as mobility. The QoE of an application is dependent to the streaming protocol 

used. Typically two categories of streaming protocols are proposed in the State of Art: RTP and TCP. RTP 

protocol is adopted in the standard for 3GPP mobile streaming called Packet-switched Streaming Service 

(PSS), which is currently the most mature standard in this field [26], [27]. The content adaptation and rate 

control could be monitored through the use of RTCP feedbacks [28]. However, this adaptation is obtained 

through satisfying classical QoS metrics: delay, jitter, loss, and bandwidth. Mapping a loss rate to a QoE 

metric is still an open issue. For this reason, MEDIEVAL project will gain over this protocol by 

incorporating some QoE metric relevant, obtained through a QoE monitoring engine in MEDIEVAL 

architecture, in order to adapt the content and its rate. 

The second family is developed over TCP, particularly because of its properties: connection-oriented, 

congestion control, and because of the popularity of the WWW, which is based on HTTP/TCP. It is also 

easier to access the video content even through Firewalls (which often filter all ports except those used for 

HTTP) and NATs. There are many possibilities to transmit multimedia content over TCP, among which: 

Progressive download and HTTP Adaptive Streaming. On progressive download, the streaming is treated as 

classical file download. However, HTTP adaptive streaming (e.g. HLS of Apple [29], Silverlight [30], 

Flashmedia [31]) presents several challenging issues. In these protocols, the video is segmented into many 

chunks. Each chunk is characterized by duration of 2-4 sec for Silverlight and 10 sec for HLS. Chunks are 

encoded in several bitrates and the terminal pulls only the selected ones.  

Besides the transport protocol, the QoE will be improved by taking into account the mobility. For example, 

the IEEE 802.21 [24], standard group which focuses on seamless handovers, both intra and inter-domain; 

However, its wide scope of handover optimization does not consider specifically video and does not attempt 

to take the optimization perspective of the network for video delivery. 

The considerations we take when addressing the VSC Subsystem design is to manage video aware service 

control interfaces and mechanisms to deal with video services in future aware mobile networks and optimize 

the QoE perceived by the users. The following objectives are defined for this subsystem: 

 Enable a reliable video delivery over an evolved mobile network, which offers improved resource 

utilisation and an enhanced user experience, by proposing a new cross-layer interface between the 

Video Service Control subsystem (video applications), and Mobility/Transport Optimizations 

subsystems. 

 Designing a set of innovative service controllers to support a new world of video applications 

leveraged by the social networking trend, hiding the service management issues from the multimedia 

applications in order to allow new video-related services, with QoS support, improving resource 

utilisation and application flexibility. 

 Provide reliable and adaptive content delivery in the inherently unreliable networks maximising the 

users’ Quality of Experience taking into account the network dynamics as well as other potential 

factors, such as monetisation schemes or user differentiation, for the variety of video-rich 

applications.  

The specification provided in section 4.2 takes into account the above objectives, it provides cross layer 

interfaces with the underlying network to pass derived application data and to retrieve network events such 

as mobility. Dedicated entities for the creation of the QoE knowledge at the network are suggested, service 

provisioning and portal are provided, session management and adaptation modules are designed and fully 

specified in 4.2. 
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The Video Services Provisioning is a layer responsible for receiving the service characterization and 

providing this information to the undelaying layers. It is the external interface to applications and service 

portals. It encloses the user provisioning that manages all the information regarding users, terminals and 

groups; the content provisioning that contains the pointers to content files, the content lists available in the 

distributed caches, the playlists for the TV video channels and the location and access information regarding 

the PBS sources. This layer allows the composition of different services with those provided by the lower 

layers.  

The video services control incorporates all the functionalities that provide flexibilities to the system with the 

goal of performing server and network adaptation of the content stream. The QoE engine retrieves sensitivity 

information from the video files and produces the QoE evaluation charts to later facilitate the QoE 

adaptation. The session management handles the signalling and maintains the session between the client and 

the streaming server. The E2E monitoring functions in parallel with session manager provides mechanisms 

to monitor the QoS on the flow being delivered to client and for the client to produce feedback regarding the 

state of the session and the service being provided. The video control module takes decisions based on the 

monitoring results and session information such as mobility or resources changes to trigger adaptation on the 

source streaming side. This module also controls all the delivery and protection methods that take place to 

enhance the video session, it decides on the best codec metrics and rates to be transmitted to specific clients.  

The Video service Distribution layer is comprised of the content adaptation, the content protection and the 

network transport. The content adaptation handles the online and offline adaptation of video files and live 

content to meet the codecs and rates defined by the control layer. The network transport interacts with the 

content streaming and network delivery mechanisms that produce the packet flows. The content protection 

works on top of the network transport and provides reliability and optimization mechanisms at packet level 

such as layer classification and forward error correction.  

The architecture presented in this section targets to enhance Quality of Experience of users on mobile Video 

Services. It excels by combining the knowledge of the user: mobile terminal capabilities, profile and personal 

feedback with the video characteristics and extrapolated QoE on the network mechanisms to enhance 

aggregated network performance while improving the individual QoE. 

It innovates particularly by centring the network around the video service adaptation and not on the tradition 

QoS mechanisms to improve the user experience. The authors are implementing the components to target the 

provided scenarios and evaluate performance of system. As next steps they consider extending the details of 

the interactions into API’s and parameters, simulations and algorithms developments. They will also 

examine different criteria’s and metrics for the so called “Global QoE” among many users sharing the 

networks.  

This is part of the core work developed on this work package that connects the QoE estimation and content 

adaptation. It presents how the video services can be improved through the analysis of contents and 

comparison to reference videos with the intentions of finding possible QoE cut points. These will allow the 

adaptation of these contents to occur while producing minimal impact on the perceived experience. This 

architecture also explores the mobility challenge for video services and how QoE based content adaptation 

can ease the handover transitions. 

This architecture was the starting point of the work developed in WP2 and has since then evolved. Still the 

objective maintains and WP2 will be implementing some of the parts of this architecture to provide a proof 

of concept of some of these contents. The implementation plan is described in the sections below.  

 

4.2 Video Service Control Updated Specification 

This section presents the final architecture updates of the VSC subsystem and provides the detailed evolution 

of the individual components specification with respect to the latest architecture specified in MEDIEVAL 

D2.1 [3] a year ago. No major conceptual changes have been done thus most of this chapter provides more 

details on the module design, the interfaces, and relates the scientific work provided in 3 to the architecture 

subsystems and modules. The VSC is composed of five major blocks: the Video Service Portal, 

Provisioning, Session Management, the Adaptation & Transport and the Application Configuration modules, 

more information can be found in D2.1 and in the following sub sections. 
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Figure 19: VSC Architecture 

 

4.3 Updates on Module Designs 

4.3.1 Video Service Portal  

Objectives: 

The objective of the video service portal is to provide an interface to users and applications where they can 

select contents and configure the MEDIEVAL video services. 

 

Description:  

The video service portal entity is responsible for providing an interface for video services and video contents 

selection by users and applications. It is browser implementation of an advertisement system for video 

services and contents being distributed by MEDIEVAL architecture. It allows different users to register and 

request contents directly from a webpage or through a web-service by terminals and player applications.  

 

Module Design:  

The Video Service Portal is one of the many possible ways for services to be advertised to users and its 

contents to be publicly promoted. Developed as a portal it allows users and applications to be managed by 

clients in a simpler and efficient way. It allows the transport of terminal related information through the 

network from the terminal to the source.  

 

The Portal is composed of two major layers: 

 Presentation Layer: Related with the graphical interface presented to the users. It manages all the 

artefacts relater with the GUI and the different platforms it can be deployed in.  

 Service Layer: Related to the layer composed by services provided by the presentation layer, plus the 

interfaces with other modules, such as provisioning, etc.  
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Figure 20: Illustration of VSP GUI design 

 

The Figure 20 presents the portal website GUI structure, indicating all possible navigation flows 

(Presentation Layer). This graphical web interface is going to be developed under the scope of WP2, in order 

to allow end users to access and control the video services. The structure itself is very simple and user 

friendly and fulfils all the requirements of the MEDIEVAL project. 

The portal homepage allows the user to browse the video service contents available on the platform. Apart 

from that, the Video Service Portal does also implement the Service Layer. This layer includes a set of web-

services APIs to interact with applications  

 

4.3.2 Video Service Provisioning  

Objectives: the objective of the video service provisioning is to provide an API for provisioning purposes, 

regarding information related to end users, contents and services, etc. This component is also responsible to 

store this data, namely to be managed on the portal.  

 

Description: The video service provisioning serves as database for video service information and also as an 

external interface for MEDIEVAL. It allows other applications such as those of network operators, content 

providers, distribution platforms, among others, to provision information. This information will also feed the 

activity of the video service portal and other modules. 

The main provisioning actions available and features are the following: 

 Provisioning and profiling of users: receives all the information from operators, applications and 

terminals. It aggregates the user related information such as user profile, terminals, user groups and 
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operator contracts. By having detailed information on the user and his equipment it’s possible to 

improve the quality of experience perceived by the user while even reducing the resources spent. 

 Provisioning of user terminal information. It includes the terminal application info that can be 

updated from webservices to the terminal providing the application characteristics. 

 Provisioning of the location of content files to be delivered. It maintains the consistency of the Video 

Files being stored in different places for different services and allows a fast reference to the contents 

and the places where they are stored. For complex and composed services such as Mobile TV, the 

Content Provisioning can store playlists of different content files to be played in sequence, i.e. the 

programs that play on a channel for a Mobile TV service. 

 Provisioning of metadata related to content files to be delivered. 

 Provisioning of Mobility support and Multicast service capabilities. Allows the configuration of 

video services according to the operator network and preferences. Allows the operator to permit or 

deny mobility support on specific services. 

 

4.3.2.1 User Provisioning 

This module is where all the information related to the users is stored. It consists mainly on the database that 

receives all the information from operators, applications and terminals. It aggregates the end user related 

information such as user profile, terminal characteristics, user groups and operator contracts. The main 

intention of this is to provide applications and the Video Service Portal with the ability to register their users 

and allow to some extent the personalization of the streaming functions and the perceived QoE. 

 

4.3.2.2 Content Provisioning 

This module is not a content storage and its intention is not to store content. Instead it relates to the actual 

location of content files and their characteristics. It can also store metadata provided by other modules 

related to specific content files. 

 

4.3.2.3 Service Provisioning 

This module is responsible for storing the actual details of the services being provided by MEDIEVAL and 

interacts with service portals and applications. It matches the other provisioning modules (users and 

contents) to actual services. It also stores data concerning service capabilities, such as the ability to support 

dynamic IP address change and multicast delivery. 

 

 

4.3.3 Session Management Module 

The Session Management (SM) has a crucial responsibility to the QoE fairness between sessions in the 

network, it negotiates with the underlying network regarding the available resources, exchange E2E 

monitoring and provides the network with application information on the perceived quality of the video and 

the SM is also responsible on controlling the input data rates to the network. There are no significant changes 

with respect to the specification of this module provided in [3], and in here we provide elaboration and 

updates with respect to the functionality and design. The session manager is supporting both live and non-

live streaming sessions. The SM is composed from 2 sub modules the QoE Engine & video Control sub 

module and the Session Management & E2E monitoring sub module as detailed below. The main functions 

of the SM are as follows: 

 Create and Distribute QoE curves for VoD 

 Assess and distribute QoE in realtime for live services 

 Monitor the main session attributes 



MEDIEVAL  D2.2: Final specification for video service control 

Page 45 of (91)  © MEDIEVAL 2011 

 Negotiate and inform the network on the application requirements for resources 

 Assign requirements for the Adaptation & Transport module 

 

 

4.3.3.1 QoE Engine & Video Control  

Objectives: the QoE Engine & video Control module is responsible for assessing the video QoE in both Live 

and VoD cases, to distribute the associated metadata of the stream to the underlying networks and to collect 

and retrieve network events that require immediate resource modification.  

Description: 

VoD and Live streaming are addressed in different manners with respect to generation of QoE sensitivity 

information, however the structure of this information from the network (information user) perspective is the 

same, thus the optimization based on QoE at the network is un-effected whether this is Live or VoD service.  

For VoD applications, the QoE engine derives in offline the video sensitivity information using the QoE 

model described in Section 3.1. For live streaming, this module assesses in realtime the QoE using the 

algorithms provided in section 3.2. 

The sensitivity information is represented by discrete points to outline the relation of data rates and the 

perceptual quality. They are retrieved by WP5 cross-layer optimization module when the optimization 

algorithms are triggered. The QoE engine is responsible to update the sensitivity information if the video has 

varying sensitivities. For non-compatible video servers, the sensitivities provided will be average references 

per video profiles. The QoE engine keeps a set of default sensitivity profiles. Videos are categorized into 

limited types based on their spatiotemporal characteristics. Each type of video can approximately use a 

default sensitivity profile. The QoE engine maps the type of a video and selects a sensitivity profile for the 

video. 

The QoE engine introduces signalling on the interface to WP5 cross-layer optimization module. The 

scalability study will be presented in [4] with respect to the signalling overhead introduced by updating the 

video sensitivity information. 

The Video Control (VC) is responsible to trigger adaptation mechanisms, based on the information retrieved 

from the monitoring function in the VSC and in the network, as well as user mobility events and network 

conditions events triggered from the Mobility subsystem in WP4 through the CM or the network Optimizer 

subsystem in WP5. Based on this information the VC decides to perform adaptation to the streaming. It may 

also able to inform the transport optimization if it finds that the network conditions no longer meets the 

requirements of the applications. In multi-channel links, the VC can also determine the required number of 

channels to be activated in each time interval using the scientific results provided in section 3.3. 

For live streaming, the Video Control (VC) sets the target rates for the content adaptation in the next time 

interval. The output of the VC can be the target bitrate for the encoder, protection levels and so on as 

specified in Annex A. For VoD, the VC can modify the TCP window size to control the transmission rate 

(see more information in section 3.5).  

 

Module Design: As shown in Figure 21, the QoEVC is divided into two sub modules, the QoE Engine and 

Video Control (VC), the QoE model within the QoE Engine is responsible to derive the video sensitivities 

metadata, for VoD it uses offline derivation as discussed in section 3.1 having the source file available, for 

live or OTT TV, it assess the QoE sensitivities via realtime information retrieved from the A&T module 

implementing the lightweight algorithm described in section 3.2.  

In both realtime or offline derivation of QoE metadata, the VC is responsible for supplying the QoE 

metadata to the underlying network layer through external interfaces specified in D1.1 [2], It gets their 

requests and reply to with the requested QoE metadata. The VC is also responsible for providing updates on 

sensitivity changes when occurs.  

In addition, the VC is retrieving session and channel conditions from the different monitoring at the core 

network (through external interfaces specified in D1.1) and from the SME2E specified in 4.3.3.2 through 
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internal interfaces. Based on the combined monitored information the VC controls the Adaptation & 

Transport module to set the required data rates and attributes to meet with the path conditions, this adaptation 

at the source is relatively fast and can improve the QoE by preventing service interruptions.  
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Figure 21: QoEVC Module 

 

 

 

4.3.3.2 Session Management & E2E Monitoring  

Objectives: the objectives of the Session Management & E2E Monitoring is to monitor and assess the main 

session and channel attributes such as delays, play out times, data rates and channel rates, in order to request 

the right resources for the session from the network and to enable proper video adaptation to the channel 

conditions.  

Description: The session management entity is responsible for the creation and monitoring of sessions, in 

order to allow the network to optimize the network resource allocation and ensure fairness between users 

based on QoE. Setting up session attributes for the next time interval must be based on a good and reliable 

session monitoring and prediction algorithm. In order to determine the optimal resource allocation the 

session manager monitors the session, by examining session attributes such as video rate, transmitted rate, 

delay and display time as discussed in 3.3, 3.4, 3.5. After analysing these attributes, the session manager can 

reallocate the network resources in several methods such as request additional channel allocation (multi-

link), control of the TCP window size, and control of the encoder bitrate for live transmission. 

 

Module Design: As shown in Figure 22, the SME2E module is divided into Session Manager and E2E 

Monitoring, the session manager is responsible for session operations such as creation and maintenance, it 

interacts with the provisioning to gather information on the service, the user and the content in order to 

provide the relevant functionalities (i.e. in PD for instance it monitors the client buffer size). The SME2E 

interacts with the QoEVC to supply the E2E monitored data, and to retrieve estimations of the required 

bitrate to achieve certain QoE. The E2E monitoring information such as the target transmission throughput, 

buffering status, required FEC and the Target Encoder generation throughput all for the next time interval, 

are delivered from/to the application as specified in 3.6.  
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Figure 22: Session Management Module Design 

 

 

4.3.4 Adaptation & Transport  

Objectives: the objectives of the Adaptation & Transport entity are to perform the real-time controlling of 

encoding, protection and streaming of the video over the available network interfaces in a manner that the 

perceived quality is maximized.  

 

Description: The Adaptation & Transport module is divided into 3 logical sub modules to handle content 

adaptation, content protection, and network aware transportation as detailed in [3]. The following text is 

update on the module design with respect to the material provided before. 

 

The Adaptation and transport module is responsible to generate, protect and adapt the content at the source 

based on the QoEVC sub module decisions through the internal interfaces, thus as part of the VSC and the 

overall MEDIEVAL architecture this module receive the proper information and controls to generate and 

adapt the content creation or transport adaptations. For instance, in TCP sessions to limit the session 

throughput, the size of the TCP window is controlled as detailed in section 3.3. When encoding takes place 

such as for live streaming or transcoding at the network, the adaptation mechanism are also for controlling 

the video encoding rate including the minimal and expected rates over the next time interval and video 

distribution attributes like the FEC rate. 

 

When SVC encoder is used, it allows certain advantages over AVC in rapidly changing environmental 

conditions. These cases are often occurring due to variable nature of VBR encoding and by the fast changes 

in the wireless links availability. The SVC encoding is providing certain robustness against rapid changes by 

allowing the immediate dropping of packets carrying the enhancement layers at the source buffers and at the 

network at a time of congestion. In order to maximize the perceived quality, the generation of SVC stream 

should take into account the expected and worst case probable conditions, and to create and protect the 

content accordingly. 

 

Module Design: As shown in Figure 23, the A&T module is further divided into 3 sub-modules, the Content 

Adaptation (CA), Content Protection (CP) and Network Aware Transport (NAT). The CA is responsible for 

creation and adaptation of the content with accordance to the QoEVC settings of the target BR, the minimal 

expected BR, required FEC, the CA is also responsible to supply the QoEVC the momentary encoding 

attributes and the throughput to enable the QoE assessment as specified in 3.2. The CP is responsible for 

protecting the content and allows reconstruction with high probability to mitigate loss and late arrival packets 

through FEC, it interacts with the QoEVC to retrieved the information on the expected loss in the networks. 

The NAT is responsible for the adaptations at transport layers, it interacts with the QoEVC to retrieved the 

target transmission rate, the NAT is marking the content at the IP headers with the proper priority values, 
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controls the TCP window size at the proxy and responsible for the scheduling over the multilink which 

decides which content is assigned to which channel.  
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Figure 23: Adaptation & Transport module design 

 

 

4.3.5 Application Configuration  

 

Objectives: 

The objective of the Application Configuration (APPCFG) is to implement the mechanisms that allow 

applications to configure the Video Services accordingly. It triggers and promotes appropriate usage of the 

network services to supply adequate connectivity for the video services. 

 

Description:  

This component implements the mechanisms that allow applications to configure Video Services, according 

to their needs when running. This triggers and promotes appropriate usage of the network services to supply 

adequate connectivity for the video services. This is targeted mainly for applications running on terminals, 

both those acting as video sources and those acting as video players. This allows users or applications to 

define priorities for traffic and interfaces, for instance, to divide the streams and provide multiple interfaces 

for different types of packets. 

As an example, an application that generates SCV video traffic, may decide that the traffic corresponding to 

the basic SVC layer should be sent over a 3GPP interface, while high quality layers should be sent through a 

WLAN interface. This application may use the Application Configuration to provision this behaviour on the 

SME2E. 

 

Module Design:  

The application configuration may appear in two different ways: 

 As an Independent Application: Integrated with an application GUI where end users can go and 

configure how the Video Services (the Session Management and End to End Monitoring) should act 

regarding a video applications. This allows legacy applications to be monitored and their traffic to be 

treated accordingly by the network. End users can properly select how video services should react to 

the different applications running on terminals. It allows the definition of generic actions and rules 

for the applications that the SME can interpreter.  

 Integrated in MEDIEVAL aware Application: When integrated in Applications it interfaces with the 

Session Management and End to End Monitoring to activate specific monitoring functions and 
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trigger different network mechanism. Contrary to when it is deployed as an independent application, 

when integrated in a Video Streaming Application it allows the direct configuration of the SME2E 

and its services. 
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Figure 24: The two possible approaches for APPCFG 

 

 

4.4 Interfaces Specifications  

The purpose of this section is to provide a high level view of the interfaces between WP2 modules. It was 

aimed to present a general description of the functions for which each interface is used, listing the related 

primitives and overall operation. Thus, the detailed description of these interfaces, enlisting the full 

specification of each primitive (i.e. defining the involved parameters) should be consulted in Annex A. The 

description and specification of the external interfaces, i.e. the interfaces between the VSC and the other 

MEDIEVAL sub-systems (Mobility, and Transport Optimization), will be shown in [4]. 

 

4.4.1 PRO_VSP_If 

This interface is between the Provisioning and the video service portal on the network side. The purpose of 

this interface is to exchange the provisioned information for the service; they will exchange the following 

primitives: 

 PRO_VSP_GetContentList.Request (from VSP  to PRO) 

This message signals the QoEVC with the required video specific information. 

 PRO_VSP_GetContentList.response (from PRO to VSP) 

This message signals the QoEVC of the result of the required settings.  

 



MEDIEVAL D2.2: Final specification for Video Service Control 

Page 50 of (91)  © MEDIEVAL 2011 

4.4.2 APPCFG_SME2E_If 

This interface is between the APPCFG running in the MN and the QoEVC running in the MN as well, the 

purpose of this interface is to provide a tight handshake between the application on the terminal and the 

wireless access interfaces such as WiFi or 3G/4G, they will exchange the following primitives: 

 APPCFG_SME2E_GetNetworkInterfaces.request  (from APP to CM) 

The Application requests the available network interfaces to the CM. 

 APPCFG_SME2E_GetNetworkInterfaces.response  (from CM to APP) 

The CM sends the available network interfaces to the Application. 

 APPCFG_SME2E_SetInterfaceStatus.request  (from APP to CM) 

The Application sets the status of the interface to the CM. 

 APPCFG_SME2E_SetInterfaceStatus.response  (from CM to APP) 

The CM returns the result of the set operation to the Application. 

 APPCFG_SME2E_GetInterfaceStatus.request  (from APP to CM) 

The Application requests the status of the interface to the CM. 

 APPCFG_SME2E_GetInterfaceStatus.response  (from CM to APP) 

The CM sends the status of the interface to the Application. 

 APPCFG_SME2E_AddPolicyRules.request  (from APP to CM) 

The Application adds a policy rule on the CM. 

 APPCFG_SME2E_AddPolicyRules.response  (from CM to APP) 

The CM returns the result of the set operation to the Application. 

 APPCFG_SME2E_RemovePolicyRules.request  (from APP to CM) 

The Application removes a policy rule on the CM. 

 APPCFG_SME2E_RemovePolicyRules.response (from CM to APP) 

The CM returns the result of the removal operation on the Application. 

 APPCFG_SME2E_GetPolicyRules.request  (from APP to CM) 

The Application requests the available policy rules to the CM. 

 APPCFG_SME2E_GetPolicyRules.response (from CM to APP) 

The CM sends the available policy rules to the Application. 

4.4.3 PRO_SME2E_If 

This interface is between the Provisioning and the SME2E, the Provisioning is on the network side and the 

SME2E could be at the source on the MN or the network. The purpose of this interface is to exchange the 

provisioned information for the required service monitoring with the SME2E; they will exchange the 

following primitives: 

 PRO_SME2E_GetServiceMonitoring.Request (from SME2E to PRO) 

This message the SME2E request provisioned information of the service with respect to monitoring methods. 

 PRO_VSP_ GetServiceMonitoring.response (from PRO to SME2E) 

This message signals the SME2E the required methods for monitoring of the service. 

 

4.4.4 SME2E_QoEVC_If 

This interface is between the SME2E and the QoEVC both running on the source either at the MN or on the 

network side. The purpose of this interface is enable information exchange from the session monitoring and 

management and the video control in order to control of the video session attributes, for example setting of 

the target transmission rates, they will exchange the following primitives: 

 SM_VC_SetSessionAttribute.request (from SME2E to QoEVC) 

This message signals the QoEVC the session target attributes based on monitoring or provisioning. 
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 SM_VC_SetSessionAttribute.response (from QoEVC to SME2E) 

This message signals the SME2E of the result of the required settings.  

 SME2E_QoEVC_GetDeviceParams.request (from APP to CM) 

The Application requests the device parameters to the CM. 

 SME2E_QoEVC_GetDeviceParams.response (from CM to APP) 

The CM returns the device parameters to the Application. 

 SME2E_QoEVC_GetDeviceStatus.request (from APP to CM) 

The Application gets the device status from the CM. 

 SME2E_QoEVC_GetDeviceStatus.response (from CM to APP) 

The CM returns the device status to the Application. 

 SME2E_QoEVC_RegisterDeviceStatus.request (from APP to CM) 

The Application registers device status events to be triggered. 

 SME2E_QoEVC_RegisterDeviceStatus.response (from CM to APP) 

The CM returns the result of the status register operation to the Application. 

 SME2E_QoEVC_NotifyDeviceStatus.request (from CM to APP) 

The CM notifies the Application regarding a status event triggered and previously registered. 

 SME2E_QoEVC_NotifyDeviceStatus.response (from APP to CM) 

The Application acknowledges the status notification received to the CM. 

 SME2E_QoEVC_GetDeviceStatistics.request (from APP to CM) 

The Application gets the device statistics from the CM. 

 SME2E_QoEVC_GetDeviceStatistics.response (from CM to APP) 

The CM returns the device statistics to the Application. 

 SME2E_QoEVC_RegisterDeviceStatistics.request (from APP to CM) 

The Application registers device statistics events to be triggered. 

 SME2E_QoEVC_RegisterDeviceStatus.response (from CM to APP) 

The CM returns the result of the statistics register operation to the Application. 

 SME2E_QoEVC_NotifyDeviceStatistics.request (from CM to APP) 

The CM notifies the Application regarding a statistic event triggered and previously registered. 

 SME2E_QoEVC_NotifyDeviceStatistics.response (from APP to CM) 

The Application acknowledges the statistic notification received to the CM. 

 

4.4.1 QoEVC_VSP_If 

This interface is between the QoEVC and the Application modules, both running on the source either at the 

MN or on the network side, on the network the application could be VSP and on the terminal the browser for 

example. The purpose of this interface is to exchange video specific application information; they will 

exchange the following primitives: 

 VC_VSP_SetPreferences.request (from VSP to QoEVC) 

This message signals the QoEVC with the required video specific information. 

 VC_VSP_SetPreferences.response (from QoEVC to VSP ) 

This message signals the QoEVC of the result of the required settings.  
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5 Status of the implementation work  

With their available resources WP2 is focusing on the implementation of the components that are regarded 

more relevant in terms of dissemination and exploitation. We want to provide the best impact on the 

companies supporting these innovations and on the European market. Terminals are now the focus point of 

innovation and the gather of efforts into producing evolving systems that react to the changes in the 

environment. In this sense WP2 will focus a great part of its implementation efforts into the mechanisms that 

not only enable connectivity but allow and improve the experience of the users. To support the MEDIEVAL 

demonstrations, WP2 will be implementing several components with a significant impact on their 

effectiveness. These scenarios are described in detail in [7] and the impact of WP2 is: 

5.1 Session Monitoring Implementations 

5.1.1 End to end session management 

As part of the technology we develop for the LU40/60 product lines we have implemented a basic end to end 

session monitoring module that is responsible for the assignments of the resources to the encoder and the 

scheduler. It implements the interfaces between the Video Control sub module and the Adaptation & 

Transport module.  

The on-going session monitoring is shown in Figure 25, the lower black line represents the aggregated 

transmitted stream (for simplicity and clarity of the example, it is assumed a fix rate and thus a straight line), 

the brown line represents the generated stream, thus the difference between the lower black line and the 

brown line represents the momentary fullness status of the transmission buffer. The SM monitoring 

algorithm assigns the next session attributes based on the status of this buffer. The generated video content is 

of variable nature as well as the channels, thus the temporal status of the buffer is not sufficient for making 

right decisions on the needed resource modifications, as it does not reflects whether the amount of buffer 

data is increasing or decreasing, thus the algorithm shall consider the history to calculate the required trend-

lines of the session and to make the necessary predictions.  

 

 
Figure 25: Illustration of Session Monitoring 

 

Moreover, the session monitoring shall avoid sharp changes to session attributes to achieve smooth changes 

in the perceived quality as possible, however the generated stream shall be ready for sharp changes in the 

available bandwidth, as triggered by the mobility manager in WP4 via FM_QoEVC_HOCommit.request or 

by network optimizations in WP5 via CM_QoEVC_ContentAdaptation Commit.request, for more details of 

these interfaces please see MEDIEVAL D1.1 [2]. 

 

The session monitoring shall identify, and handle changes in the available resources as illustrated in Figure 

26. The handling of such sharp change in the resources depends greatly on the temporal status of the buffer, 

and thus is done at the session level. When the session monitor notices that the generated stream rate is larger 

than the transmit rate, such that the transmission buffer is getting full, it must take action to prevent buffer 

overflow which will result in loss of data and delays.  
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Figure 26: Sharp change in session resources 

 

5.1.2 PSNR measurements 

This development is designed to tune the QoE assessment algorithm and to derive the estimation errors.  

To assess the quality that is generated in real time, we are working on a light QoE Engine algorithm as 

detailed in section 3.2, we have implemented a PSNR analyser that takes the original encoder inputs 

sequence of raw frames (in YUV format [41]) and also receives the decoder output frames in (YUV format), 

the current status of this analyser is that it can compares the received frames with the original frames to 

derive the real PSNR value in real time, this value will be tested against the QoE assessment derived in the 

QoE analyser as shown in Figure 27, the PSNR Analyser would allow real time comparison and derivation 

of the QoE error by comparing the real value versus the estimated value.  
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Figure 27: QoE assessment evaluation system 

 

 

5.2 Adaptation & Transport Implementations 

5.2.1 SVC Implementation  

Scalable Video Coding (SVC) is an extension to the H264 codec standard, which allows sending multi-

layered video streams.   

The SVC stream always contains a base layer which does not depend on any other layer, and may contain 

one or more enhancement layers, which provide either resolution, frame rate or quality enhancements. 
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5.2.1.1 Parsing SVC streams 

The SVC RTP stream is composed of NAL (Network Abstraction Layer) units, where each unit contains a 

NAL header and the actual raw payload, and each RTP packet may contain one or more NAL units. 

Figure 28 shows the SVC NAL header structure: 

 
Figure 28: SVC NAL header structure 

 

 

We have implemented a code that parses each RTP packet’s NAL header and checks whether it contains a 

base layer (AVC compatible) or an SVC enhancement layer.   

The parsing (separating the base layer from the enhancement layers) is done according to the Type field (The 

last 5 bits in the first octet).  

There are two special NAL types that require additional parsing: 

1. Parsing Fragmented NALS (NAL Type = 28): 

Fragmentation is defined only for a single NAL unit and not for any aggregation packets.  

Fragments of the same NAL unit must be sent in consecutive order with ascending RTP sequence 

numbers (with no other RTP packets within the same RTP packet stream being sent between the first 

and last fragment).  

2. Parsing Aggregated NALS (NAL Type = 24): 

Aggregated packets can contain several NAL units, where each unit is preceded by its sub type and 

its length. 

 

5.2.1.2 Working with SVC streams 

We have developed several modules, which handle the creation and parsing of an SVC stream, allowing 

layer separation and also support the assignment of different SVC layers to different channels (For example, 

Sending the SVC base layer on 3G and the enhancement layer on WiFi). 
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Figure 29: SVC modules 

 

This system is composed of the following modules, shown in Figure 29: 

1. The Encoder module: A DirectShow graph [42], containing a VSoft SVC encoder, and an RTP 

broadcaster. 

2. Parser and scheduler: A module that intercepts the RTP stream and parses each RTP packet, 

separating the SVC layers. The packets are then marked using the DSCP field in the IPV4 header, 

according to the SVC layers, so that each layer can be sent on a different channel. 
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(Note that in the MEDIEVAL demonstrations which use these modules, a dedicated SW module was 

added in order to copy the IPV4 DSCP field value to the IPV6 flow label field) 

3. The Decoder module: A VSoft decoder which receives the stream from the appropriate channel/s. 

 

A simulator was built in order to assess the system’s behaviour under different delays (between different 

channels but also simulating variable delays inside the channels) and to simulate possible packets drops, and 

channels drops. 

After working with the simulator we were able to predict the required configuration parameters on the 

decoder side per different channels and delays. 

The decoder side parameters included setting the latency for the display time, and the reordering buffer size, 

in order to compensate for the different channels delays. 

 

5.2.1.3 Phase 1 

In the first phase we used the basic NAL parser to divide an SVC stream containing a base layer and one 

enhancement layer over two channels, by sending the base layer on one channel and the enhancement layer 

on a different link.  

This phase relies solely on the SVC modules which were described in section 5.2.1.2 

 

5.2.1.4 Phase 2 

In the second phase, more code was developed in order to support IPV6 multicast instead of IPV4 unicast. 

Instead of marking the DSCP field, each SVC layer was sent to a different multicast group. 

We also added code on the receiver side in order to convert the IPV6 multicast packets back to IPV4 unicast, 

and send them to the VSoft decoder. 

 

5.2.1.5 Phase 3 

In the third phase we plan to extend our code to support two new capabilities: 

1. Parsing and separating a large number of SVC layers. 

In order to achieve this goal we’ll analyse the full layers dependencies according to the QID, PID 

fields in the NAL header (To determine the enhancement layer type and number). 

2. We plan to develop and implement algorithms for SVC streaming and un-equal protection. 

 

 

5.3 Connection Manager Implementation 

As part of the MEDIEVAL project and WP2 we will implement some of the concepts introduced in scientific 

work in the section 3.6, the architecture in sections 4.3.5 and the interfaces defined on Annex A. This 

component targets to solve or minimize some of the connectivity limitations imposed by the mobile 

terminals. As defined in section 3.6 the connection manager targets to implement the concepts defined for 

video streaming applications, video clients and legacy applications. Still for WP2 the most crucial is the 

integration with video streaming applications which is described in the next sections. 
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5.3.1 A Video Service Control proof of concept 

The main objective of this implementation is to produce a software component that incorporates some of the 

concepts defined in WP2 and that is commercially valuable and an exploitable outcome of the architecture 

here defined. In this sense the integration of the WP2 components into the connection manager allows the 

bridging of applications to the network levels abstracting the majority of the complexity present on the lower 

layers. 
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Figure 30: WP2 Components integrated on a Mobile Terminal 

 

Figure 30 provide an overview how different WP2 components take part on this proof of concept. It 

illustrates how the SME2E is can be implemented as part of the CM and interfaces with both the APP Config 

and the QOEVC acting on the Streaming application which also contains the video adaptation and transport.  

There are different levels of integration that can be reached. The most basic one is by manually configuring 

the CM (e.g. using a GUI), indicating how to handle the different applications flows. Based on the 

application, on transport ports, ToS, or any other packet field, the user is able to statically configure, for 

example, the interface the application should use to forward the traffic. Optionally, this kind of configuration 

can also come from the operator, e.g. by using ANDSF or Media Independent Information Service of IEEE 

802.21. 

More advanced integrations can be achieved by developing well-known APIs on the CM. Using these APIs, 

developers are able to contact the CM to request information like interfaces available. But most importantly, 

they can dynamically provision rules in order to implement a certain flow handling policy. Furthermore, 
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those APIs may let applications to know the status of the CM, obtaining from it monitoring information. 

According to monitoring levels, applications may decide to change the policy, using provisioning APIs, by 

changing the outgoing interface, or balancing the traffic flows among all the available interfaces. 

The integration model described above is particularly interesting for smartphone operating systems (OSs). In 

this segment, developers are very attracted to use specific APIs, as long as they take advantage of them, and 

allow the applications to provide an added-value to the end users. This is especially true in cases where an 

API is largely widespread and is available for thousands of applications. 

This is the case of the CM. Unlike many others APIs, the CM API is not suitable to be openly available in 

the Internet, as the CM is running of the terminal. However, many operators deliver Internet access services 

with dongles by installing CMs. For this reason, those CMs become very popular and largely widespread, 

making them good targets for developers. At the same time, a large number of applications developed for a 

CM API add value too for the manager itself. 

Applications that support the CM API are able to take advantage of the CM capabilities, allowing the end 

user to dynamically control the traffic flow. Legacy applications cannot take full advantage of this API. 

Nevertheless, they can also take advantage of the CM flow handling by statically provision the CM, by 

directly using the CM GUI. 

This integration between the CM and applications will be developed and specified mainly under the 

MEDIEVAL WP2 scope. The CM Rules Engine and Rules Repositories, although a more general piece of 

the CM, will also fit into the WP2. 

 

5.3.2 The Connection Manager detailed components 

The Connection Manager (CM) resides in the User Equipment (UE) and is responsible to manage all 

connectivity actions required in the terminal side. The CM is a MIH user that interacts with the wireless 

access networks using IEEE 802.21 primitives. It is also the FM counterpart, using the IEEE 802.21 protocol 

as well. 

The specification work on the CM has evolved for a most specific architecture, defining clearly the internal 

set of components and interfaces. 

The CM implements access network policies, selecting the preferred access interface to use, or splitting the 

traffic along the multiple access networks available, when the terminal is able to use them simultaneously. 

These policies can be provisioned on the CM by multiple sources, namely CM GUIs, applications and 

operators. 

The CM receives monitoring information, in order to improve the QoE experienced by the end users. These 

monitoring data can be related to OS parameters (CPU, battery, etc.), network interfaces (e.g. signal 

strengths, up/down interfaces, etc.), end-to-end metrics (delay, loss, etc.), or any other relevant data. 

The Figure 31 depicts the general architecture of the CM proposed for the MEDIEVAL project. This 

architecture includes the whole functionality, even though some parts could not be implemented, or 

implemented partially, under the MEDIEVAL scope. 
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Figure 31: Detailed diagram of the CM subcomponents 

 

The Figure 31 shows boxes with different grey levels. The inner box (dark grey) comprises the whole set of 

components considered part of the CM (Connection Manager) entity, while the interim box (grey) comprises 

the User Equipment (UE), the terminal. The outer box (light grey) comprises the entire wireless mobile 

environment as a whole, including operators, providers and all other players potentially involved.  

The orange and green dashed boxes indicate whether the components and APIs inside are considered under 

the scope of WP2 or WP4, respectively, for the MEDIEVAL project. Also, round-squared boxes of multiple 

colours (see the legend) are used to identify components not considered for implementation by the project 

(red) and components to be implemented under different WPs (orange, blue and green). 

The CM is basically compounded by three parts: the Terminal Policy Manager, the Terminal Monitoring and 

Multilink (both under the WP2 scope), and the Terminal Mobility Manager (under the WP4 scope).  

The Terminal Policy Manager has a central component: the Engine. The Engine is responsible to handle 

events coming from multiple sources, e.g. OSs, RATs, interfaces, users, applications, or monitoring, among 

others. The Rules Repository is the component responsible to store the set of rules to be applied. Those rules 

will be interpreted by the Engine. The rules stored in the Rules Repository can have multiple sources: the end 

user (e.g. GUI), the operator (e.g. ANDSF) and applications (e.g. LU40). The Rules Interface component is 

responsible to adapt GUIs (e.g. function), interfaces (e.g. S14) and APIs (e.g. WS, REST, etc.) coming from 

these sources to a common rule set format. 

The Terminal Monitoring and Multilink is responsible to manage the monitoring of the CM, allowing 

external monitoring sources to reach the CM. The Monitoring Manager is able to feed the Engine with events 

resulting from notifications, e.g. thresholds, which can influence the evaluation of a rule and, therefore, the 

policies to apply. The Monitoring Manager can also provide monitoring data to applications through an API. 

The Multilink Manager component is responsible to implement Multilink policies on the CM according to 

the existing rules. 
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Finally, as described in [6], the Terminal Mobility Manager is responsible to interact with low layer 

resources, in order to implement mobility, routing and flow handling. For that purpose, there are specific 

components such as the Interface Manager, the Flow Routing Handler and the RAT Manager (to deal with 

the 802.21 protocol). All these components are able to feed the Engine with triggers. At the same time, the 

Engine is able to enforce commands on these components. 

Some features such as authentication, security and client-based mobility protocols (e.g. DSMIPv6), despite 

important, are out of scope of the MEDIEVAL project. 

 

5.3.3 Implementation Phases 

The implementation of the Connection Manager is performed in both WP2 and WP4. For WP4, the 

implementation focus on the mobility aspects and interfaces as well as in the MIH 802.21 as specified in 

D4.3 [5]. Concerning WP2 the implementation focuses on the core decision engine, all the rules mechanisms 

and in monitoring and multilink components. This targets the integration with the PBS Live Unit and will be 

done in 3 phases with incremental complexity. The first phase is under development at this point, the others 

will follow in the next months 

The LiveU integration with the Connection Manager (CM) is a key issue in order to provide better QoE to 

PBS end users. The LiveU application shall be able to interact with the CM, indicating the policies that 

should be used for the different flows. For this purpose, the LiveU application should use the CM APIs. 

To integrate with the hardware provided by LiveU a gateway application is going to be implemented in 

incorporate some of the mechanisms defined by MEDIEVAL and interface with the Connection Manager.  

The following sections describe the planned implementation for the Connection Manager and its integration 

with the PBS unit, step by step on the three different phases. A figure describes the components being 

implemented in each step and afterwards a set of steps describes the operation of the different components in 

a hypothetical demonstration.  

 

5.3.3.1 Phase 1 

In implementation phase 1 (see Figure 32), only a few components of the CM are used. The Engine and the 

Multilink Manager are available, but only implementing basic features. The Gateway is able to mark the 

packets coming from the LiveU in the ToS, mapping different interfaces into different ToS marks. 

At this phase, there is still no direct interaction between the Gateway and the CM. The mapping between the 

ToS mark and the network interface, to which packets should be sent, is configured manually on the CM (in 

a rules file) and the Gateway. 

In the CM, according to multilink rules, the Engine enforces the policy on the Multilink Manager, which in 

turn is responsible to enforce the policies on the Operating System (OS). In the Gateway, the mapping is also 

manually configured. The Gateway sends marked packets that go throughout the OS, as normally, where 

they get the expected routing behaviour.  
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Figure 32: Implementation status: CM and LiveU integration: Phase 1 

 

Control plane operation description, step by step: 

(1) In the Rules Repository, a set of rules is provisioned statically defining the priorities and interfaces 

for each of the SVC layers being transmitted, e.g. 

a. Conditions: Port = XXXX, ToS = 0xXX ; Decisions: Traffic Prio = 1º WiFi, 2º 3G 

b. Conditions: Port = XXXX, ToS = 0xYY ; Decisions: Traffic Prio = 1º 3G, 2º WiFi 

(2) When the CM starts, the Engine reads the rules from the Rules Repository (file) 

(3) The Engine interprets the rules and generates an output 

(4) The Engine notices that the output has to do with Multilink features 

(5) The Engine sends a command (enforcement) to the Multilink Manager 

a. This interaction uses a specific communication technology (internal to the whole CM) 

(6) The Multilink Manager understands the high-level commands, and 

(7) Generates low-level commands to implement the policy 

a. As an example could be iptables commands, netfilter API, etc. 

(8) The generated commands are enforced on the OS 

a. Execution of iptables, netfilter API invocation, etc. 

(9) The provisioning is ready, traffic can start to flow through the OS 

(10) No more control functions are required in this simple case 

 

Data plane operation description, step by step: 

(1) The LU40 starts requesting the list of interfaces available 

a. The Gateway can send back any information that make sense (but will not be really used) 

(2) The LU40 starts sending traffic to the Gateway, using a proprietary protocol (where the control and 

data plane goes altogether) 

a. The LU40 signals the interface that should be used to send next packets, 
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b. Then, sends a sequence of one or more packets, 

c. Each data packet requires acknowledgement (acks), when it is correctly sent 

(3) The Gateway speaks the LU40 with the LU40 

a. It includes the sending of acknowledgments; at this phase, without a real feedback 

(4) The Gateway marks the received packets in the ToS, according to the interface indicated by the 

proprietary protocol 

a. This marking has to be done according to the previously provisioned set of rules 

(5) IP packets, ToS marked, are handled by the OS 

a. The OS has been previously configured to send ToS X to one interface and ToS Y to another 

b. Packets flow through the different network interfaces, according to the provisioned policy 

(6) Optionally, the OS may unmark the ToS (mark ToS = 0) 

 

5.3.3.2 Phase 2 

In phase 2, Figure 33, a few more components of the CM are implemented. Beyond the Engine and the 

Multilink Manager, the Rules Interface component is in place. This component makes available an API that 

allows applications in this case, the Live Unit plus the Gateway to dynamically obtain the network interfaces 

and to provision mapping rules. The Gateway indicates what ToS mark should be send through a particular 

network interface. With this interface, the CM is no longer manually configured and the rules defined into 

the CM can be updated at any time. 

This way, anytime the Live Unit initiates a stream and starts the proprietary protocol with the CM, it requests 

the list of available interfaces and provisions the mapping rules on the CM, using the API. Then, it starts 

marking packets in the ToS and sending them normally, according to the rules provisioned. At this time, the 

Gateway has no feedback from the CM, e.g. the network interfaces occupation or other monitoring data. 

 

 

Figure 33: Implementation status: CM and LiveU integration: Phase 2 

 

Control plane operation description, step by step: 
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Note: There is no static control plane before the traffic starts flowing on the LU40 

(1) The LU40 starts requesting the list of interfaces available 

(2) The Gateway obtains the list of interfaces from the CM (via Rules Interface API) 

(3) When the Gateway gets the list, it maps one interface with one ToS code 

(4) The Gateway performs a provisioning of this rule on the CM (Rules Interface API) 

(5) The Rules Interface stores the rules on the Rules Repository and notifies the Engine 

(6) The Engine reads the rules from the Rules Repository (file) 

(7) The Engine interprets the rules and generates an output 

(8) The Engine notices that the output has to do with Multilink features 

(9) The Engine sends a command (enforcement) to the Multilink Manager 

a. This interaction uses a specific communication technology (internal to the whole CM) 

(10) The Multilink Manager understands the high-level commands, and 

(11) Generates low-level commands to implement the policy 

a. As an example could be iptable commands, netfilter API, etc. 

(12) The generated commands are enforced on the OS 

a. Execution of iptables, netfilter API invocation, etc. 

(13) The provisioning is ready, LU40 traffic can start to flow through the OS 

(14) The Gateway send back to the LU40 the list of interfaces 

(… data traffic flow …) 

(end of data traffic … assuming the proprietary protocol indicates the end of the session) 

(15) The Gateway removes the rules (provisioning) on the CM (via Rules Interface API) 

(16) The Rules Interface removes the rules on the Rules Repository (file) 

(17) The Rules Interface notifies the Engine about the rules removal 

(18) Recognizing it, the Engine indicates the removal to the Multilink Manager 

(19) The Multilink Manager removes low-level commands to implement the policy 

a. As an example could be iptable commands, netfilter API, etc. 

(20) No more control traffic is required 

 

Data plane operation description, step by step: 

Note: The dynamic control plane setup has already take place 

(1) The LU40 starts sending traffic to the Gateway, using a proprietary protocol (where the control and 

data plane goes altogether) 

a. The LU40 signals the interface that should be used to send next packets, 

b. Then, sends a sequence of one or more packets, 

c. Each data packet requires acknowledgement (acks), when it is correctly sent 

(2) The Gateway speaks the LU40 proprietary protocol with the LU40 

a. It includes the sending of acknowledgments; at this phase, without a real feedback 

(3) The Gateway marks the received packets in the ToS, according to the interface indicated by the 

proprietary protocol 

a. This marking has to be done according to the dynamically provisioned set of rules 
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(4) IP packets, ToS marked, are handled by the OS 

a. The OS has been dynamically configured to send ToS X to one interface and ToS Y to 

another 

b. Packets flow through the different network interfaces, according to the provisioned policy 

(5) Optionally, the OS may unmark the ToS (mark ToS = 0) 

 

5.3.3.3 Phase 3 

In phase 3, Figure 34, the last Connection Manager components are implemented. Beyond the Engine, the 

Multilink Manager and the Rules Interface, the Monitoring component is also in place. This component 

makes available an additional API that allows applications (in this case, the Gateway) to dynamically obtain 

monitoring data from the CM. 

This way, the Gateway is able to obtain, periodically, monitoring data from the CM, feeding the proprietary 

interface for the LiveU application with acknowledgements. This way, the LiveU application is able to truly 

acknowledge the LiveU with real information regarding the status of the CM, e.g. the network interface 

occupation. In a second stage, the gateway could register to some events on the CM, and be automatically 

notified. 

 

Figure 34: Implementation status: CM and LiveU integration: Phase 3 

 

Control plane operation description, step by step: 

Note: There is no static control plane before the traffic starts flowing on the LU40 

(1) The LU40 starts requesting the list of interfaces available 

(2) The Gateway obtains the list of interfaces from the CM (via Rules Interface API) 

(3) When the Gateway gets the list, it maps one interface with one ToS code 

(4) The Gateway performs a provisioning of this rule on the CM (Rules Interface API) 

(5) The Rules Interface stores the rules on the Rules Repository and notifies the Engine 

(6) The Engine reads the rules from the Rules Repository (file) 

(7) The Engine interprets the rules and generates an output 
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(8) The Engine notices that the output has to do with Multilink features 

(9) The Engine sends a command (enforcement) to the Multilink Manager 

a. This interaction uses a specific communication technology (internal to the whole CM) 

(10) The Multilink Manager understands the high-level commands, and 

(11) Generates low-level commands to implement the policy 

a. As an example could be iptable commands, netfilter API, etc. 

(12) The generated commands are enforced on the OS 

a. Execution of iptables, netfilter API invocation, etc. 

(13) The provisioning is ready, LU40 traffic can start to flow through the OS 

(14) The Gateway send back to the LU40 the list of interfaces 

(… data traffic flow …) 

(15) Periodically (e.g. every 2/3 seconds), monitoring data is obtained from the CM 

a. The Gateway gets monitoring data (regarding interface status) from the Monitoring Manager 

API 

(end of data traffic … assuming the proprietary protocol indicates the end of the session) 

(16) The Gateway removes the rules (provisioning) on the CM (via Rules Interface API) 

(17) The Rules Interface removes the rules on the Rules Repository (file) 

(18) The Rules Interface notifies the Engine about the rules removal 

(19) Recognizing it, the Engine indicates the removal to the Multilink Manager 

(20) The Multilink Manager removes low-level commands to implement the policy 

a. As an example could be iptable commands, netfilter API, etc. 

(21) No more control traffic is required 

 

Data plane operation description, step by step: 

Note: The dynamic control plane setup has already take place; control plane is used for monitoring 

(1) The LU40 starts sending traffic to the Gateway, using a proprietary protocol (where the control and 

data plane goes altogether) 

a. The LU40 signals the interface that should be used to send next packets, 

b. Then, sends a sequence of one or more packets, 

c. Each data packet requires acknowledgement (acks), when it is correctly sent 

(2) The Gateway speaks the LU40 proprietary protocol with the LU40 

a. Acks are sent to the LU40 based on monitoring feedback from Monitoring Manager API 

(3) The Gateway marks the received packets in the ToS, according to the interface indicated by the 

proprietary protocol 

a. This marking has to be done according to the dynamically provisioned set of rules 

(4) IP packets, ToS marked, are handled by the OS 

a. The OS has been dynamically configured to send ToS X to one interface and ToS Y to 

another 

b. Packets flow through the different network interfaces, according to the provisioned policy 

(5) Optionally, the OS may unmark the ToS (mark ToS = 0) 
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5.4 QoE Engine integration  

For the first prototype, the QoE sensitivity profiles will be generated offline and provided as a static data 

base. For simplicity the data base will be placed with the WP5 XLO module in the MAR for the XLO 

module to access the data base directly. 

For the final prototype, the QoE Engine will be implemented as a separated module at the server end, with 

signalling communications with the WP5 XLO module through the interface QoEVC_XLO_If. The QoE 

Engine generates the sensitivity profiles offline and stores them in its data base. It listens to the request 

messages from the WP5 XLO module and replies to the requests in real time. 
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6 Conclusions and next steps  

This document presents the final specification of the VSC element as well as related scientific work achieved 

via research activities in WP2; it is a direct continuity of the work done in D2.1 with further elaborations and 

updates. 

In Section 2, we have provided the key contributions, we have achieved a very good scientific result which 

has a great potential impact on future networks that should understand video services and monitor their 

quality and sessions, the results we have achieved were published and presented in 4 publications and 2 

workshops.  

In Section 3 we are providing our scientific results, the results we have achieved are on QoE curves and 

metadata to feed the network, for VoD we are deriving those curves in offline while for live/onlineTV we 

aim at generating the curves at the encoder level using real-time assessment. Further results are on the field 

of session management and are targeting the monitoring and controlling of the progressive download over 

TCP as well as assigning the right number of channels to the session to minimize the errors and improve the 

quality. We also provide the scientific results for the CM to handle the interfaces between the application and 

the underlying networks. 

In section 4 we are providing the VSC specification, we provide the full description of the sub modules 

Video Service Portal and the services provisioning, the Session Management, the Transport & Adaptation 

and the Connection Manager. For each of the sub-modules we provide the description, the design, and the 

interfaces. We also provide a summary table of the interfaces in section 4.4. 

In Section 5, we have provided a description of the implementation status, including the SVC modules, the 

CM the QoE Engine, and summary information relating the implementation within WP2 and the different 

phases of the integrated prototype activities. Some of the developed modules has already been integrated and 

tested.  

In Annex A, we provide a detailed specification of the interfaces, including their primitive parameters. In 

Annex B, we provide the list of publications and dissemination activities. 

Finally, we achieved good scientific results, and innovative VSC specifications aligned with the 

MEDIEVAL framework and addressing all of the objectives.  

The upcoming specification and implementation work will allow to further validating the architecture and to 

perform some experimental evaluation of effective advantages, e.g. QoE assessment in real time, session 

management and SVC adaptation. We further aim to focus on the scientific work and implementations 

related to Application to CM interfaces and explore how the CM can be used in LiveU broadcast systems. 

 



MEDIEVAL  D2.2: Final specification for video service control 

Page 67 of (91)  © MEDIEVAL 2011 

Acknowledgements and Disclaimer 

This work was partially funded by the European Commission within the 7th Framework Program in the 

context of the ICT project MEDIEVAL (Grant Agreement No. 258053) [1]. The views and conclusions 

contained here are those of the authors and should not be interpreted as necessarily representing the official 

policies or endorsements, either expressed or implied, of the MEDIEVAL project or the European 

Commission. We are grateful to Ofer Hadar, Ran Dubin, Chen Hadad, Eyal Ron, Tomer Margolin, Tal 

Vazana and Ofer Hermoni for their help on the scientific work on TCP Window size change for progressive 

download. 

 



MEDIEVAL D2.2: Final specification for Video Service Control 

Page 68 of (91)  © MEDIEVAL 2011 

References 

[1] European Commission FP7 Project: “MEDIEVAL: MultiMEDia transport for mobIlE Video 

AppLications”, http://www.ict-MEDIEVAL.eu/, retrieved June 2011. 

[2] MEDIEVAL Project, Deliverable D1.1, “Preliminary architecture design”, June 2011. 

[3] MEDIEVAL Project, Deliverable D2.1, “Video service control initial architecture”, June 2011. 

[4] MEDIEVAL Project, Deliverable D1.3: “Final architecture design”, interim version: June 2012 (final 

version: December 2012. 

[5] MEDIEVAL Project, Deliverable D4.3: “Final Specification for mobility components & interfaces” 

June 2012 

[6] MEDIEVAL Project, Deliverable D4.3: “Final Specification for mobility components & interfaces” 

June 2012 

[7] MEDIEVAL Project, Deliverable D6.3, “First Periodic Testing”, June 2012. 

[8] K. Jonnavittula, “Performance Analysis and Comparison of H.264 based on JM and 

FFMPEG Softwares”, guided by. Dr K.R.Rao.  

[9] Cerqueira, E., Janowski, L., Leszczuk, M., Papir, Z., Romaniak, P., “Video artifacts assessment for 

live mobile streaming applications”, Proceedings of the 2nd International Workshop on Future 

Multimedia Networking, pages 242 - 247, 2009. 

[10] T. Wiegand, G.J. Sullivan, and A. Luthra, “Draft ITU-T Recommendation H.264 and Final Draft 

International Standard 14496-10 AVC,” JVT of ISO/IEC JTC1/SC29/WG11 and ITU-T SG16/Q.6, 

Doc. JVTG050r1, Geneva, Switzerland, May 2003. 

[11] S. Thakolsri, W. Kellerer, E Steinbach, “QoE-based cross-layer optimisation of wireless video with 

unperceivable temporal video quality fluctuation”, International Conference on Communications, 

June 2011. 

[12] E. Setton, X. Zhu and B. Girod, “Minimizing distortion for multipath video streaming over ad hoc 

networks”, IEEE Int. Conf. Image Processing (ICIP-04), Singapore, Vol.3, pp.1751–1754, Oct. 2004. 

[13] S. Mao, S. Lin, S. Panwar, Y. Wang, and E. Celebi, "Video Transport Over Ad Hoc Networks: 

Multistream Coding With Multipath Transport", IEEE Journal on Selected Areas in Communications, 

Vol. 21, No. 10, pp. 1721-1737, December 2003.  

[14] B. Wang, W. Wei, and D. Towsley, "Multipath Live Streaming via TCP: Scheme, Performance and 

Benefits", ACM Transactions on Multimedia, 2009. 

[15]  D. Jurca and P. Frossard, “Distributed media rate allocation in multipath networks”, Signal 

Processing: Image Communication., Vol.23, pp.754–768, 2008. 

[16] J. Apostolopoulos, T. Wong, W. Tan, and S. Wee. "On multiple description streaming with content 

delivery networks", In IEEE INFOCOM, 2002. 

[17] L. Golubchik, J. Lui, T. Tung, A. Chow, W. Lee, G. Franceschinis, and C. Anglano. Multi-path 

continuous media streaming: What are the benefits? Performance Evaluation, 2002. 

[18] Y. J. Liang, E. G. Steinbach, and B. Girod. Real-time voice communication over the Internet using 

packet path diversity. In ACM Multimedia, Ottawa, Canada, September/October 2001. 

[19] T. P. Nguyen and Z. Avideh. Mutiple sender distributed video streaming. IEEE Transaction on 

Multimedia, 6(2), pp. 315-326, April 2004. 

[20] M. Wang, L. Xu and B. Ramamurthy, "Linear Programming Models For Multi-Channel P2P 

Streaming Systems", Mini-Conference at IEEE INFOCOM 2010. 

[21] V. Agarwal and R. Rejaie, “Adaptive Multi-Source Streaming in Heterogeneous Peer-to-Peer 

Networks,” Proc. Multimedia Computing and Networking, Jan. 2005. 

[22] Y. Guo, C. Liang, and Y. Liu, “AQCS: Adaptive Queue-based Chunk Scheduling for P2P Live 

Streaming,” in Proceedings of IFIP Networking, 2008. 



MEDIEVAL  D2.2: Final specification for video service control 

Page 69 of (91)  © MEDIEVAL 2011 

[23] M. Zhang, Y. Xiong, Q. Zhang, and S. Yang, Optimizing the throughput of data-driven peer-to-peer 

streaming, IEEE Transactions on Parallel and Distributed Systems, Vol.20, No.1, 2009. 

[24] IEEE Standard for Local and metropolitan area networks- Part 21: Media Independent Handover, 

IEEE Std 802.21-2008 , vol., no., pp.c1-301, http://standards.ieee.org/about/get/802/802.21.html 

Jan. 21 2009. 

[25] R. Nossenson, N. Amram, “Session Management in a Multi-Channel Video Streaming System for 

Wireless Networks”, Submitted to WMSN conference in Barcelona in June 2012. 

[26] P. Frojdh et al, “Adaptive streaming within the 3GPP packet-switched streaming service”, IEEE 

Network, Vol. 20, No. 2, pp. 34-40, April 2006. 

[27] RFC 3550, RTP: A Transport Protocol for Real-Time Applications, H. Schulzrinne, S. Casner, R. 

Frederick, V. Jacobson, The Internet Society July 2003 

[28] RFC 3605, Real Time Control Protocol (RTCP) attribute in Session Description Protocol (SDP), C. 

Huitema, Microsoft,Oct. 2003 

[29] IETF draft proposal, “HTTP Live Streaming”, Draft-pantos-http-livestreaming-01, June 2009. 

[30] Microsoft,”IIS Smooth Streaming Transport Protocol”, Sep. 2009. 

[31] D. Hassoun, Dynamic Streaming in Flash Media Server 3.5 - Part 1: Overview of the new 

capabilities, http://www.adobe.com/devnet/flashmediaserver/articles/dynstream_advanced_pt1.html, 

Jan, 2009. 

[32] K. Chih-Heng et al, “A two markers system for improved MPEG video delivery in a DiffServ 

network”, IEEE Communications Magazine, 2005.  

[33] Z..Wang, A. Bovik, H. Sheikh, and E. Simoncelli, “Image quality assessment: from error visibility to 

structural similarity”, IEEE Trans. Image Process., vol. 13, no. 4, pp. 600-612, Apr. 2004. 

[34] Dialogic, “Quality of Experience for Mobile Video Users”, White Paper 11681-01, Dialogic 

Corporation (December 2009), http://www.dialogic.com/medialabs/ 

[35] https://datatracker.ietf.org/wg/mptcp/charter/ 

[36] http://standards.ieee.org/about/get/802/802.21.html 

[37] Cisco Visual Networking Index (VNI): Forecast and Methodology, 2010 - 2015 

[38] Open Mobile Alliance, “Open Connection Manager API Requirements”, Nov 2011 

[39] Open Mobile Alliance, “Open Connection Manager API Architecture”, Nov 2011 

[40] Cisco Visual Networking Index (VNI): Forecast and Methodology, 2010 – 2015 

[41] http://en.wikipedia.org/wiki/YUV 

[42] http://en.wikipedia.org/wiki/DirectShow 

 

 

 

 

 

http://standards.ieee.org/about/get/802/802.21.html
http://www.adobe.com/devnet/flashmediaserver/articles/dynstream_advanced_pt1.html
http://ieeexplore.ieee.org/search/srchabstract.jsp?tp=&arnumber=1413641&queryText%3DA+Two+Markers+System+for+Improved+MPEG+Video+Delivery+in+a+DiffServ+Network%26openedRefinements%3D*%26searchField%3DSearch+All
http://ieeexplore.ieee.org/search/srchabstract.jsp?tp=&arnumber=1413641&queryText%3DA+Two+Markers+System+for+Improved+MPEG+Video+Delivery+in+a+DiffServ+Network%26openedRefinements%3D*%26searchField%3DSearch+All
http://www.dialogic.com/medialabs/
https://datatracker.ietf.org/wg/mptcp/charter/
http://standards.ieee.org/about/get/802/802.21.html
http://en.wikipedia.org/wiki/YUV
http://en.wikipedia.org/wiki/DirectShow


MEDIEVAL D2.2: Final specification for Video Service Control 

Page 70 of (91)  © MEDIEVAL 2011 

Annex A Internal Interfaces 

A.1 PRO_VSP_if 

This is a bi-directional interface between “Provisioning” (PRO) and the “Video Service Portal” (VSP) 

module. The interface allows the VSP to be updated with the provisioned service information such as 

whether the service is delivered via Unicast or Multicast bearers, whether the service requires IP address 

continuity in mobility and more, the interface should allow the VSP to insert new content to the system and 

to provision its attributes, this will result in storing and QoE sensitivity calculations. 

 

A.1.1 VC_VSP_SetPreferences.request 

Function 

PRO_VSP_GetContentList.Request and PRO_VSP_GetContentList.Response is a bidirectional interface for 

the VSP to query the Provisioning about the list of available contents to a service. After the service has been 

selected it triggers the content provisioning about the available contents and this is returned to it. Afterwards 

this is provided to the Application. 

 

Semantics of the service primitive 

PRO_VSP_GetContentList.request ( 

 ServiceType, 

) 

 

Parameter Type Description 

ServiceType Int Describes the type of content, PBS, 

VoD, etc. requested 

Table 5: PRO_VSP_GetContentList.request parameter list 

 

 

When generated 

The message is generated when the Video Service Portal contacts the Provisioning to request the list of 

available contents for a type of service. 

Effect on receipt 

The portal provides the applications the info about the contents available for the users to select and request 

for viewing. 

 

 

A.1.2 PRO_VSP_GetContentList.response 

This is the interface between the QoEVC_VSP/APP , it allows the application level to interact with the video 

control and vice versa to exchange information. 

Function 

This message is used to set App/portal attributes to the VC, mainly application preferences are exchanged.  

 

Semantics of the service primitive 
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PRO_VSP_GetContentList.response ( 

 ContentList Content{ 

   ContentID,  

   ContentName,  

   ConentType,  

   ContentDuration  

 }, 

) 

 

Parameter Type Description 

ContentList List {Content} List of the available contents for a 

specific content type 

ContentID Long Int Identifier of the content 

ContentName String Name of the content 

ContentType String Type of the content 

ContentDuration String Duration of the content in seconds 

Table 6: PRO_VSP_GetContentList.response parameter list 

 

When generated 

The message is generated after a the video service portal requests the content list  

Effect on receipt 

After receiving this message the VC act with accordance to the APP/VSP preferences. 
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A.2 APPCFG_SME2E 

A.2.1 APPCFG_SME2E_GetNetworkInterfaces.request 

Function 

The Application requests the available network interfaces to the CM. 

Semantics of the service primitive 

APPCFG_SME2E_GetNetworkInterfaces.request ( 

 Boolean Status 

) 

 

Parameter Type Description 

Status (optional) Boolean Status of the interface 

Table 7 - APPCFG_SME2E_GetNetworkInterfaces.request parameter list 

When generated 

Generated when an Application wants to obtain the list of available interfaces of the device. 

Effect on receipt 

On receipt, the Connection Manager collects the list of available interfaces and sends it in response. 

A.2.2 APPCFG_SME2E_GetNetworkInterfaces.response 

Function 

The CM sends the available network interfaces to the Application. 

Semantics of the service primitive 

APPCFG_SME2E_GetNetworkInterfaces.response ( 

 List String Interfaces 

) 

 

Parameter Type Description 

Interfaces List String List of interface, by name 

Table 8 - APPCFG_SME2E_GetNetworkInterfaces.response parameter list 

When generated 

Generated when the Connection Manager responds with the list of available interfaces to the Application. 

Effect on receipt 

On receipt, the Application reads the available interfaces and may use this information for any purpose. 

A.2.3 APPCFG_SME2E_SetInterfaceStatus.request 

Function 

The Application requests the change of the interface status to the CM. 

Semantics of the service primitive 

APPCFG_SME2E_SetInterfaceStatus.request ( 

 List String Interface 

) 

 

Parameter Type Description 

Interface List String List of interface names 
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Table 9 - APPCFG_SME2E_SetInterfaceStatus.request parameter list 

When generated 

Generated when an Application wants to change the status of a given list of interfaces. 

Effect on receipt 

On receipt, the Connection Manager attempts to change the interfaces’ status and sends an acknowledgement 

in response. 

A.2.4 APPCFG_SME2E_SetInterfaceStatus.response 

Function 

The CM sends an acknowledgement regarding the change of the interfaces’ status to the Application. 

Semantics of the service primitive 

APPCFG_SME2E_SetInterfaceStatus.response ( 

 List Boolean Result 

) 

 

Parameter Type Description 

Result List Boolean List of operation results 

Table 10 - APPCFG_SME2E_SetNetworkInterfaces.response parameter list 

When generated 

Generated when the Connection Manager intends to acknowledge the result of the provisioning operation to 

the Application. 

Effect on receipt 

On receipt, the Application reads the result of the provisioning operation and may act accordingly. 

A.2.5 APPCFG_SME2E_GetInterfaceStatus.request 

Function 

The Application requests the interfaces’ status to the CM. 

Semantics of the service primitive 

APPCFG_SME2E_GetInterfaceStatus.request ( 

 List String Interface 

) 

 

Parameter Type Description 

Interface List String List of interface names 

Table 11 - APPCFG_SME2E_GetInterfaceStatus.request parameter list 

When generated 

Generated when an Application wants to obtain the status of a given list of interfaces. 

Effect on receipt 

On receipt, the Connection Manager evaluates the interfaces’ status and sends it in response. 

A.2.6 APPCFG_SME2E_GetInterfaceStatus.response 

Function 

The CM sends the interfaces’ status to the Application. 

Semantics of the service primitive 
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APPCFG_SME2E_GetInterfaceStatus.response ( 

 List String Status 

) 

 

Parameter Type Description 

Status List Boolean List of interfaces’ status 

Table 12 - APPCFG_SME2E_GetNetworkInterfaces.response parameter list 

When generated 

Generated when the Connection Manager responds with the list network interfaces’ status to the Application. 

Effect on receipt 

On receipt, the Application reads the interfaces’ status and may use this information for any purpose. 

A.2.7 APPCFG_SME2E_AddPolicyRules.request 

Function 

The Application requests the addition of a list of policy rules on the CM. 

Semantics of the service primitive 

APPCFG_SME2E_AddPolicyRules.request ( 

 List String Policy_Rule 

) 

 

Parameter Type Description 

Policy_Rule List String List of policy rules to add 

Table 13 - APPCFG_SME2E_AddPolicyRules.request parameter list 

When generated 

Generated when an Application wants to add a list of policy rules. 

Effect on receipt 

On receipt, the Connection Manager attempts to add the list of policy rules and sends an acknowledgement 

in response. 

A.2.8 APPCFG_SME2E_AddPolicyRules.response 

Function 

The CM sends an acknowledgement regarding the addition of the list of policy rules to the Application. 

Semantics of the service primitive 

APPCFG_SME2E_AddPolicyRules.response ( 

 List Boolean Result 

) 

 

Parameter Type Description 

Result List Boolean List of operation results 

Table 14 - APPCFG_SME2E_AddPolicyRules.response parameter list 

When generated 

Generated when the Connection Manager intends to acknowledge the result of the provisioning operation to 

the Application. 

Effect on receipt 

On receipt, the Application reads the result of the provisioning operation and may act accordingly. 
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A.2.9 APPCFG_SME2E_RemovePolicyRules.request 

Function 

The Application requests the removal of a list of policy rules on the CM. 

Semantics of the service primitive 

APPCFG_SME2E_RemovePolicyRules.request ( 

 List String Policy_Rule 

) 

 

Parameter Type Description 

Policy_Rule List String List of policy rules to add 

Table 15 - APPCFG_SME2E_RemovePolicyRules.request parameter list 

When generated 

Generated when an Application wants to remove a list of policy rules. 

Effect on receipt 

On receipt, the Connection Manager attempts to remove the list of policy rules and sends an 

acknowledgement in response. 

A.2.10 APPCFG_SME2E_RemovePolicyRules.response 

Function 

The CM sends an acknowledgement regarding the removal of the list of policy rules to the Application. 

Semantics of the service primitive 

APPCFG_SME2E_RemovePolicyRules.response ( 

 List Boolean Result 

) 

 

Parameter Type Description 

Result List Boolean List of operation results 

Table 16 - APPCFG_SME2E_RemovePolicyRules.response parameter list 

When generated 

Generated when the Connection Manager intends to acknowledge the result of the provisioning operation to 

the Application. 

Effect on receipt 

On receipt, the Application reads the result of the provisioning operation and may act accordingly. 

A.2.11 APPCFG_SME2E_GetPolicyRules.request 

Function 

The Application requests the list of policy rules to the CM. 

Semantics of the service primitive 

APPCFG_SME2E_GetPolicyRules.request ( 

 List Integer Ids 

 List String Sources 

) 

 

Parameter Type Description 

Ids (optional) List Integer List of Policy Rule Ids 
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Sources (optional) List String List Policy Rules Sources 

Table 17 - APPCFG_SME2E_GetPolicyRules.request parameter list 

When generated 

Generated when an Application wants to obtain the policy rules provisioned (indicating Ids and/or sources). 

Effect on receipt 

On receipt, the Connection Manager evaluates the list of policy rules status and sends it in response. 

A.2.12 APPCFG_SME2E_GetPolicyRules.response 

Function 

The CM sends the list of policy rules to the Application. 

Semantics of the service primitive 

APPCFG_SME2E_GetPolicyRules.response ( 

 List String Rules 

) 

 

Parameter Type Description 

Rules List String List of Policy Rules 

Table 18 - APPCFG_SME2E_GetPolicyRules.response parameter list 

When generated 

Generated when the Connection Manager responds with the list policy rules to the Application. 

Effect on receipt 

On receipt, the Application reads the policy rules and may use this information for any purpose. 
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A.3 PRO_SME2E   

This is the interface between the PRO and the SME2E module is to provide provisioned information on the 

type of the service to support the proper monitoring mechanisms. 

 

A.3.1 PRO_SME2E_SetServiceMonitoring.request  

Function 

This message is used to trigger the proper E2E monitoring mechanism for the relevant type of service.  

 

Semantics of the service primitive 

PRO_SME2E_SetServiceMonitoring.request ( 

 FlowID, 

 serviceMask, 

) 

 

 

Parameter Type Description 

FlowID Integer The ID of the Flow 

serviceMask Integer 

0 - Live,  

1 – VoD,  

2 – MobileTV 

3 – OTT TV 

 

Table 19: PRO_SME2E_SetServiceMonitoring.request parameter list 

When generated 

The message is generated when the session is initiated to activate the right monitoring to the service. 

Effect on receipt 

After receiving this message the SME2E is monitoring the service accordingly. 

 

A.3.2 PRO_SME2E_SetServiceMonitoring.response  

Function 

This message is used to trigger the proper E2E monitoring mechanism for the relevant type of service.  

 

Semantics of the service primitive 

PRO_SME2E_SetServiceMonitoring.response ( 

 returncode 

) 

Parameter Type Description 

returncode Boolean True or false 

 

Table 20: PRO_SME2E_SetServiceMonitoring.response parameter list 

When generated 
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The message is generated when the session is initiated to activate the right monitoring mechanism and 

attributes. 

Effect on receipt 

After receiving this message the SME2E is monitoring the service accordingly. 
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A.4 SME2E_QoEVC_if   

A.4.1 SM_VC_SetSessionAttribute.request 

This is the interface between the SME2E and the QoEVC is for exchanging the E2E monitored information 

of the video session, for example the available throughput, the delay, and the loss. 

Function 

This message is used to notify the VC with momentary estimated monitored information. 

 

Semantics of the service primitive 

SM_VC_SetSessionAttribute.request ( 

FlowID, 

maxDelay, 

minDelay, 

aveDelay, 

maxThroughput, 

minThroughput, 

aveThroughput, 

Loss, 

playOutBufferDelay, 

) 

 

Parameter Type Description 

FlowID Integer The ID of the Flow 

maxDelay Float 
The maximum delay in the last interval 

[ms] 

minDelay Float 
The minimum delay in the last interval 

[ms] 

aveDelay Float 
The average delay in the last interval 

[ms] 

minThroughput Integer 
The maximum throughput in the last 

interval [Kbps] 

maxThroughput Integer 
The minimum throughput in the last 

interval [Kbps] 

aveThroughput Integer 
The average throughput in the last interval 

[Kbps] 

Loss Float The loss in the last interval [%] 

playOutBufferDelay Float 
The available delay/buffering in the client 

terminal. 

Table 21: SM_VC_SetSessionAttribute.request parameter list 

When generated 

The message is generated when the session management E2E monitoring identify that a change in the video 

rates or protection levels should occur.  

Effect on receipt 

After receiving this message the VC shall decide on the right mechanism, such as controlling the TCP size or 

applying other mechanism of video adaptation.  
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A.4.2 SM_VC_SetSessionAttribute.response 

This is the interface between the SME2E and the QoEVC and is a response to 

SM_VC_SetSessionAttribute.request. It provides a positive or negative response to the update request. 

Function 

This message is used to notify the VC, to trigger Transport & Adaptation mechanisms for adapting the 

stream. 

Semantics of the service primitive 

SM_VC_SetSessionAttribute.request ( 

 returncode, 

) 

 

Parameter Type Description 

returncode Boolean True or false 

Table 22: SM_VC_SetSessionAttribute.request parameter list 

When generated 

The message is generated after the session management E2E monitoring identify that a change in the video 

rates or protection levels should occur.  

Effect on receipt 

After receiving this message the VC shall decide on the right mechanism, such as controlling the TCP size or 

applying other mechanism of video adaptation.  

A.4.3 SME2E_QoEVC_GetDeviceParams.request 

Function 

The Application requests the list of device parameters to the CM. 

Semantics of the service primitive 

SME2E_QoEVC_GetDeviceParams.request ( 

 List Enumeration Parameters 

) 

 

Parameter Type Description 

Parameters (optional) Enumeration String 

{“msisdn”, “imsi”, 

“imei”, 

“manufacturer”, 

“model”, “version”, 

“capabilities”, 

“operator”, 

“sw_version”} 

List of parameters to obtain values 

(none means all) 

Table 23 - SME2E_QoEVC_GetDeviceParams.request parameter list 

When generated 

Generated when an Application wants to obtain the list of device parameters. 

Effect on receipt 

On receipt, the Connection Manager collects the list of device parameter values and sends it in response. 
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A.4.4 SME2E_QoEVC_GetDeviceParams.response 

Function 

The CM sends the list of device parameters to the Application. 

Semantics of the service primitive 

SME2E_QoEVC_GetDeviceParams.response ( 

 List String Values 

) 

 

Parameter Type Description 

Values List String List of values for status parameters 

Table 24 - SME2E_QoEVC_GetDeviceParams.response parameter list 

When generated 

Generated when the Connection Manager responds with the list of device parameter values to the 

Application. 

Effect on receipt 

On receipt, the Application reads the list of device parameter values and may use this information for any 

purpose. 

A.4.5 SME2E_QoEVC_GetDeviceStatus.request 

Function 

The Application requests the list of status parameters to the CM. 

Semantics of the service primitive 

SME2E_QoEVC_GetDeviceStatus.request ( 

 List Enumeration Parameters 

) 

 

Parameter Type Description 

Parameters (optional) Enumeration String 

{“connection_state”, 

“signal_strength”, 

“roaming”, 

“available_plmns”, 

“plmn_type”, 

“network_type”, 

“ip_address”, “ssid”, 

“data_rate”, 

“queue_ocupation” 

“connection_duration”, 

“auth_mechanism”, 

“network_location”, 

“gps_location”, 

“gps_accuracy”, 

“mobility”} 

List of status parameters to obtain 

values (none means all) 

Table 25 - SME2E_QoEVC_GetDeviceStatus.request parameter list 

When generated 

Generated when an Application wants to obtain the list of status parameters of the device. 

Effect on receipt 

On receipt, the Connection Manager collects the list of status parameter values and sends it in response. 
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A.4.6 SME2E_QoEVC_GetDeviceStatus.response 

Function 

The CM sends the list of status parameters to the Application. 

Semantics of the service primitive 

SME2E_QoEVC_GetDeviceStatus.response ( 

 List String Values 

) 

 

Parameter Type Description 

Values List String List of values for status parameters 

Table 26 - SME2E_QoEVC_GetDeviceStatus.response parameter list 

When generated 

Generated when the Connection Manager responds with the list of status parameter values to the 

Application. 

Effect on receipt 

On receipt, the Application reads the list of status parameter values and may use this information for any 

purpose. 

A.4.7 SME2E_QoEVC_RegisterDeviceStatus.request 

Function 

The Application registers status notification for a given parameter and threshold values to the CM. 

Semantics of the service primitive 

SME2E_QoEVC_RegisterDeviceStatus.request ( 

 List String Parameter,Threshold 

) 

 

Parameter Type Description 

Parameters,Threshold List (Enumeration 

String 

{“connection_state”, 

“signal_strength”, 

“roaming”, 

“available_plmns”, 

“plmn_type”, 

“network_type”, 

“ip_address”, “ssid”, 

“data_rate”, 

“queue_ocupation” 

“connection_duration”, 

“auth_mechanism”, 

“network_location”, 

“gps_location”, 

“gps_accuracy”, 

“mobility”}, 

String) 

List of pairs parameters, threshold 

to trigger notifications 

Table 27 - SME2E_QoEVC_RegisterDeviceStatus.request parameter list 

When generated 

Generated when an Application wants to be notified regarding a parameter for a given threshold. 
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Effect on receipt 

On receipt, the Connection Manager attempts to register notifications for this status event and threshold, 

responding with an acknowledgement for the result of the operation. 

A.4.8 SME2E_QoEVC_RegisterDeviceStatus.response 

Function 

The CM sends the gets the result of status notifications registration to the Application. 

Semantics of the service primitive 

SME2E_QoEVC_RegisterDeviceStatus.response ( 

 List Boolean Result 

) 

 

Parameter Type Description 

Values List Boolean List of operation results 

Table 28 - SME2E_QoEVC_RegisterDeviceStatus.response parameter list 

When generated 

Generated when the Connection Manager intends to acknowledge the result of the registration operation to 

the Application. 

Effect on receipt 

On receipt, the Application reads the result of the registration operation. 

A.4.9 SME2E_QoEVC_NotifyDeviceStatus.request 

Function 

The CM notifies the Application regarding registered status events for a given set of parameters. 

Semantics of the service primitive 

SME2E_QoEVC_NotifyDeviceStatus.request ( 

 List String Parameter,Value 

) 

 

Parameter Type Description 

Parameters,Value List (Enumeration 

String 

{“connection_state”, 

“signal_strength”, 

“roaming”, 

“available_plmns”, 

“plmn_type”, 

“network_type”, 

“ip_address”, “ssid”, 

“data_rate”, 

“queue_ocupation” 

“connection_duration”, 

“auth_mechanism”, 

“network_location”, 

“gps_location”, 

“gps_accuracy”, 

“mobility”}, 

String) 

List of pairs parameters, value of 

the notifications 

Table 29 - SME2E_QoEVC_NotifyDeviceStatus.request parameter list 
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When generated 

Generated when a CM wants to notify the Application regarding a status parameters for a given threshold. 

Effect on receipt 

On receipt, the Application acknowledges the notification. 

A.4.10 SME2E_QoEVC_NotifyDeviceStatus.response 

Function 

The Application acknowledges the notification sent by the CM. 

Semantics of the service primitive 

SME2E_QoEVC_NotifyDeviceStatus.response ( 

 List Boolean Result 

) 

 

Parameter Type Description 

Values List Boolean List of operation results 

Table 30 - SME2E_QoEVC_NotifyDeviceStatus.response parameter list 

When generated 

Generated when the Application is notified by the CM regarding status events previously registered 

associated with a threshold. 

Effect on receipt 

On receipt, the CM reads the result of the notification operation. 

A.4.11 SME2E_QoEVC_GetDeviceStatistics.request 

Function 

The Application requests the list of statistic parameters to the CM. 

Semantics of the service primitive 

SME2E_QoEVC_GetDeviceStatistics.request ( 

 List Enumeration Parameters 

) 

 

Parameter Type Description 

Parameters (optional) Enumeration String 

{“sent_traffic”, 

“received_traffic”, 

“average_sent_traffic”, 

“average_received_traffic”, 

“average_queue_ocupation”} 

List of statistic parameters to obtain 

values (none means all) 

Table 31 - SME2E_QoEVC_GetDeviceStatistics.request parameter list 

When generated 

Generated when an Application wants to obtain the list of statistic parameters of the device. 

Effect on receipt 

On receipt, the Connection Manager collects the list of status parameter values and sends it in response. 

A.4.12 SME2E_QoEVC_GetDeviceStatistics.response 

Function 

The CM sends the list of statistic parameters to the Application. 
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Semantics of the service primitive 

SME2E_QoEVC_GetDeviceStatistics.response ( 

 List String Values 

) 

 

Parameter Type Description 

Values List String List of values for statistic 

parameters 

Table 32 - SME2E_QoEVC_GetDeviceStatistics.response parameter list 

When generated 

Generated when the Connection Manager responds with the list of statistic parameter values to the 

Application. 

Effect on receipt 

On receipt, the Application reads the list of statistic parameter values and may use this information for any 

purpose. 

A.4.13 SME2E_QoEVC_RegisterDeviceStatistics.request 

Function 

The Application registers statistics notification for a given parameter and threshold values to the CM. 

Semantics of the service primitive 

SME2E_QoEVC_RegisterDeviceStatistics.request ( 

 List String Parameter,Threshold 

) 

 

Parameter Type Description 

Parameters,Threshold List (Enumeration String 

{“sent_traffic”, 

“received_traffic”, 

“average_sent_traffic”, 

“average_received_traffic”, 

“average_queue_ocupation”}, 

String) 

List of pairs parameters, threshold 

to trigger notifications 

Table 33 - SME2E_QoEVC_RegisterDeviceStatistics.request parameter list 

When generated 

Generated when an Application wants to be notified regarding a parameter for a given threshold. 

Effect on receipt 

On receipt, the Connection Manager attempts to register notifications for this status event and threshold, 

responding with an acknowledgement for the result of the operation. 

A.4.14 SME2E_QoEVC_RegisterDeviceStatistics.response 

Function 

The CM sends the gets the result of statistics notifications registration to the Application. 

Semantics of the service primitive 



MEDIEVAL D2.2: Final specification for Video Service Control 

Page 86 of (91)  © MEDIEVAL 2011 

SME2E_QoEVC_RegisterDeviceStatistics.response ( 

 List Boolean Result 

) 

 

Parameter Type Description 

Values List Boolean List of operation results 

Table 34 - SME2E_QoEVC_RegisterDeviceStatistics.response parameter list 

When generated 

Generated when the Connection Manager intends to acknowledge the result of the registration operation to 

the Application. 

Effect on receipt 

On receipt, the Application reads the result of the registration operation. 

A.4.15 SME2E_QoEVC_NotifyDeviceStatistics.request 

Function 

The CM notifies the Application regarding registered statistics events for a given set of parameters. 

Semantics of the service primitive 

SME2E_QoEVC_NotifyDeviceStatistics.request ( 

 List String Parameter,Value 

) 

 

Parameter Type Description 

Parameters,Value List (Enumeration String 

{“sent_traffic”, 

“received_traffic”, 

“average_sent_traffic”, 

“average_received_traffic”, 

“average_queue_ocupation”}, 

String) 

List of pairs parameters, value of 

the notifications 

Table 35 - SME2E_QoEVC_NotifyDeviceStatistics.request parameter list 

When generated 

Generated when a CM wants to notify the Application regarding a statistics parameters for a given threshold. 

Effect on receipt 

On receipt, the Application acknowledges the notification. 

A.4.16 SME2E_QoEVC_NotifyDeviceStatistics.response 

Function 

The Application acknowledges the notification sent by the CM. 

Semantics of the service primitive 

SME2E_QoEVC_NotifyDeviceStatistics.response ( 

 List Boolean Result 

) 

 

Parameter Type Description 

Values List Boolean List of operation results 

Table 36 - SME2E_QoEVC_NotifyDeviceStatistics.response parameter list 

When generated 
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Generated when the Application is notified by the CM regarding statistics events previously registered 

associated with a threshold. 

Effect on receipt 

On receipt, the CM reads the result of the notification operation. 
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A.5 QoEVC_A&T_if  

A.5.1 VC_AT_SetAdaptation.request 

 

This is the interface between the QoEVC and the A&T, VC shall decide based on feedback from the E2E 

monitoring as well as the underlying network signalling the proper targets adaptation attributes.  

Function 

This message is used to control the A&T module operations.  

 

Semantics of the service primitive 

VC_AT_SetAdaptation.request ( 

FlowID, 

MechanismID, 

AttributeValue, 

AttributeName 

) 

 

Parameter Type Description 

FlowID Integer The ID of the flow 
targetMinEncoderBitRate Integer minimum expected rate 

[Kbps] 
targetMaxEncoderBitRate Integer maximum expected rate 

[Kbps] 
targetLoss Integer Target loss [%] 

targetTransporBitRate Integer transmission rate [Kbps] 

Table 37: VC_AT_SetAdaptation.request parameter list 

 

When generated 

The message is generated when the VC decide on an adaptation mechanism change. 

Effect on receipt 

After receiving this message the T&A module adapt the proper mechanism with the required settings. 

 

A.5.2 VC_AT_SetAdaptation.response 

This is the interface between the QoEVC and the A&T, VC shall decide based on feedback from the E2E 

monitoring as well as the underlying network signalling the proper mechanism of adaptation.  

Function 

This is the response confirming the reception of the request message 

 

Semantics of the service primitive 

VC_AT_SetAdaptation.response( 

 returncode 

) 

 

Parameter Type Description 

returncode Boolean True or false 
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Table 38:VC_AT_SetAdaptation.response parameter list 

When generated 

This message is generated after receiving a VC_AT_SetAdaptation.request 

Effect on receipt 

After receiving this message the T&A module adapt the proper mechanism with the required settings. 

 

A.5.3 VC_AT_SetEncodingResult.request 

This is the interface between the A&T CA and the QoEVC is for exchanging the encoding attributes and 

results to assess the QoE. 

Function 

This message is used to notify the QoE Engine with momentary video attributes and encoding results. 

 

Semantics of the service primitive 

SM_VC_SetSessionAttribute.request ( 

FlowID, 

quantizationParamerer, 

frameRate, 

Resolution, 

throughput, 

) 

 

Parameter Type Description 

FlowID Integer The ID of the Flow 

quantizationParamerer Integer The h264 QP parameter 

frameRate Integer The frame rate [frames/s] 

ResolutionX Integer The resolution of the frame in pixels 

ResolutionY Integer The resolution of the frame in pixels 

outputRate  Integer 
The output video rate in the last interval 

[Kbps] 

Table 39: SM_VC_SetSessionAttribute.request parameter list 

When generated 

The message is generated when periodically to derive the QoE in realtime.  

Effect on receipt 

After receiving this message the QoE Engine derives and update the sensitivity metadata.  
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A.6 QoEVC_VSP_if   

A.6.1 VC_VSP_SetPreferences.request 

   

This is the interface between the QoEVC_VSP/APP , it allows the application level to interact with the video 

control and vice versa to exchange information. 

Function 

This message is used to set App/portal attributes to the VC, mainly application preferences are exchanged.  

 

Semantics of the service primitive 

VC_VSP_SetPreferences.request ( 

 FlowID, 

 AttributeName, 

 AttributeValue 

) 

 

Parameter Type Description 

FlowID Integer The ID of the Flow 

AttributeName STRING VBR, CBR... TBD 

AttributeValue Integer Values are specific per attribute 

Table 40: VC_VSP_SetPreferences.request parameter list 

When generated 

The message is generated at session creation.  

Effect on receipt 

After receiving this message the VC act with accordance to the APP/VSP preferences. 

 

A.6.2 VC_VSP_SetPreferences.request 

This is the interface between the QoEVC_VSP/APP , it allows the application level to interact with the video 

control and vice versa to exchange information. 

Function 

This message is used to set App/portal attributes to the VC, mainly application preferences are exchanged.  

 

Semantics of the service primitive 

VC_VSP_SetPreferences.request ( 

 Returncode 

) 

 

Parameter Type Description 

returncode Boolean True or false 

Table 41: VC_VSP_SetPreferences.request parameter list 

When generated 

This message is generated after receiving a VC_VSP_SetPreferences.request 

Effect on receipt 

After receiving this message the VC act with accordance to the APP/VSP preferences. 
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