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Disclaimer: This document reflects the contribution of the participants of the research project EARTH. 
The European Union and its agencies are not liable or otherwise responsible for the contents of this 
document; its content reflects the view of its authors only. This document is provided without any 
warranty and does not constitute any commitment by any participant as to its content, and specifically 
excludes any warranty of correctness or fitness for a particular purpose. The user will use this document 
at the user's sole risk.  

 

Keyword list: Test scenario, simulation assumptions, assessment criteria, reference scenarios, baseline 
system, optional system extensions, and deployment 

Abstract: This deliverable defines the reference system and scenarios used within the EARTH project. 
For comparable evaluation of results it is essential to ensure that studies are performed on the basis of 
a common baseline system combined with a limited number of optional parameters and parameter 
ranges. This document describes in detail what the mandatory and optional system assumptions, 
deployment environments, and employed models are that will be used throughout the EARTH project 
work. 

It is divided into three parts: 

 Baseline System 

 Optional System Extensions 

 Reference Scenarios 

The deliverable serves three goals: 

 Provide the basis for a state of the art EE evaluation 

 Deliver parameters for simulator calibration 

 Enable configuration of live test beds 

Work package 2 (WP2 – Energy Efficiency Analysis, Metrics, and Targets) provides this document on the 
definition of the reference system and reference scenarios for discussion and alignment to WP3 (Green 
Networks), WP4 (Green Radio), WP5 (Proof of Concepts and Operator Test Plant) and WP6 (Integrated 
Solutions, Standardization & Dissemination). 
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Executive Summary 

The main objective of the EARTH project is to reduce the power consumption of cellular networks by 50% by 
using a holistic approach affecting all layers, from hardware components up to system level. EARTH is 
committed to quantify attainable gains of its new solutions such that the resulting figures allow predicting with 
very good confidence what gains would be observed in real networks.  

This document captures the agreements on a common reference system and common reference scenarios 
resulting from intense work and discussions performed in EARTH. These results are an indispensible 
prerequisite for any serious coordinated efforts which aim at solid and comparable quantification of solutions 
to increase the energy efficiency of LTE systems. As such they are a cornerstone for the EARTH project, but 
would equally provide the baseline for any other efforts having the same high ambitions as EARTH. The 
parameters and settings described in this document define a unique baseline LTE system used in the EARTH 
project as reference for state-of-the-art. The identified extensions of the baseline system represented by 
optional features such as relays or heterogeneous networks are envisaged to be used in the EARTH solutions 
beyond state of the art so they represent building blocks along which EARTH solutions can be designed and 
evaluated. 

The system description is presented in three steps: 

 The baseline system (BLS) 

 The Optional System Extensions (OSE) 

 The reference scenarios (RSc) 

The baseline system describes a state-of-the-art 3GPP Release 8 FDD LTE system consisting of: 

 Link level parameters 

 Simplified signalling overhead 

 Basic user equipment (UE) assumptions 

The OSE consist of a description of: 

 Further detail in the physical layer implementation 

 Remote radio heads 

 Relaying concepts 

 Heterogeneous networks 

 Coordinated multipoint 

 Multiple combined radio access technology (multi-RAT) 

The OSE details are not limited to Release 8 and may be part of Release 9+ or yet unspecified. The transition 
from baseline to OSE provides a natural guideline for permanent improvement of simulator capabilities 
conducted by the EARTH partners. 

The reference scenarios specify deployment and operation assumptions for different cell types (macro, micro, 
pico or femto), deployments (urban, suburban or rural) and usage patterns (short term or daily). As such they 
provide the different operation condition under which the EARTH concepts and solutions will be analysed with 
respect to the energy savings they provide compared to the baseline system. Further essential characteristics 
of different RATs are provided to have realistic assumptions for multi-RAT operation. 

This document also provides an overview of the 3GPP specifications that are relevant for the EARTH studies. 
All source documents (and sections therein) are referenced in detail such that additional information can 
easily be found. 
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1. GENERAL INFORMATION 

1.1. INTRODUCTION 

The EARTH project aims to improve the energy efficiency (EE) of mobile communication systems using a 
holistic approach, from components over protocols up to the system level. This is done in analysis, simulation 
and live testing. The EARTH project is divided into the following work packages (WPs): 

 WP1: Project Management 

 WP2: Energy Efficiency Analysis, Metrics, and Targets 

 WP3: Green Networks 

 WP4: Green Radio 

 WP5: Proof of Concepts and Operator Test Plant 

 WP6: Integrated Solutions, Standardization & Dissemination 

The WPs 3, 4, 5 and 6 require a common basis for their analysis, which is called the “Reference System”. 

The scope of this document is the provisioning of parameters for a state-of-the-art system, the extension 
thereof towards an advanced system for on-going research and the definition of relevant reference scenarios 
for result assessment. To guarantee comparability of results, it is crucial to ensure agreement on as many 
system parameters as possible without restricting the freedom of research. 

The purpose of the document is stated as follows: 

 Provide the basis for a state of the art EE evaluation 

 Deliver all mandatory and optional parameters for simulator calibration 

 Enable configuration of test beds 

Calibration of simulators refers to the tuning of software simulators by comparing sample outputs for common 
baseline assumptions. This assures that the results are comparable and reliable. 

In addition, the baseline system will serve as reference to compare EE improvements of individual 
technologies to select the most promising research tracks. The Reference Scenarios will provide the 
environmental reference parameters for EE evaluations of different technologies. 

1.2. REFERENCE SYSTEM AND REFERENCE SCENARIOS 

The reference system definition facilitates 

 Provisioning of parameters for simulator calibration for WP3 and WP4, 

 Configuration for the construction of the test bed in WP5, and 

 A basis for calculation of system energy consumption for a final assessment in WP6. 

The general description on reference systems and scenarios is broken up into several chapters. FIGURE 1 
illustrates an overview on the reference system which is divided into three parts: 

 Baseline System (BLS) 

 Optional System Extensions (OSE) 

 Reference Scenarios (RSc) 
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FIGURE 1. Graphical representation of reference system and reference scenarios. 

1.3. REFERENCE SYSTEM 

1.3.1. Baseline System (BLS) 

The baseline system contains a minimally complex but maximally binding system definition. In the baseline 
system general physical layer aspects and simple assumptions on the user equipment and backhaul connection 
are provided. All partners will include these parameters as a mandatory basis for their work. Also, since most 
partners do not start from scratch, but use existing simulators or setups for their work in EARTH, this should be 
a guideline for calibration. 

The Baseline System (BLS) represents the smallest common denominator and minimal configuration regarding 
to system parameters. It forms a reliable basis for relative comparisons and assessment of future 
developments. Every simulator in the project should adhere to these mandatory settings. This is the basis for a 
state-of-the-art energy consumption calculation. It mirrors the 3GPP Release 8 LTE standard, which was frozen 
in December 2008 and is hierarchically structured into subsystems and system level. 

1.3.2. Optional System Extensions (OSE) 

Since system evaluations and simulations grow highly complex with each added feature, there are many 
aspects of 4G and beyond which are outside of the scope of the baseline system. While most of these are part 
of the current and coming standards releases and well defined, not all are mutually relevant to energy 
efficiency considerations such that they can be considered baseline (or mandatory) features. These aspects are 
covered as complementary optional extensions of the baseline system. Examples are TDD or relays and 
repeaters. This includes the synopsis of the most advanced approaches and is based on the latest results of 
investigations as well as on purely conceptual work. 

Simulating the entire reference system goes beyond the capabilities of an individual simulator. Therefore, each 
research partner will compose their analysis or simulation within the bounds of BLS and OSE. The OSE shall be 
constantly updated as work in higher work packages progresses. If needed, this work will be adjusted after 
initial delivery. 
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1.3.3. EARTH System 

The outcome of the EARTH project in month 30, which will be a result of WP6, is targeted to be a new energy 
efficient LTE-and-beyond system, which is called the “EARTH system”. It is mentioned here for completeness 
and is not part of this report. 

1.3.4. Reference Scenarios 

In addition to the static descriptions of the baseline system and its extensions, some aspects of a mobile 
network depend on its location, its operation and its users. These varying parameters are described in the 
"reference scenarios" section, e.g. deployment assumptions, channel models and traffic models. 

Reference Scenarios (RSc) are technology agnostic use cases that can be specifically compared. RScs are 
chosen to represent relevant cases for energy efficiency evaluation. Section 4 on reference scenarios captures 
those network parameters that change, depending on geographical, behavioural or deployment aspects. All 
partners will compare EE improvements of individual technologies over the BLS with respect to the Reference 
Scenarios. 

1.4. ON THE DOCUMENT STRUCTURE 

To enable a further structuring of the system description, a system hierarchical separation is undertaken. The 
system aspects described are binned according to their effect in the mobile network. Aspects related to the 
operation of a single mobile cell or site (but beyond hardware) are listed in the "subsystem level" section. 
Examples include the transmission scheme, the user equipment or femto cells. The "system level" section 
contains aspects affecting multiple cells, like Cooperative Multi-Point or parallel radio access schemes. 

While the goal of the EARTH project is to improve the energy efficiency of a 4G mobile network (and many 
partners will inspect 4G in particular), a relevant and practical fact is that high energy consumption will be 
caused by the parallel operation of 4G and legacy systems combined. Consideration of multiple radio access 
technologies together is termed multi-RAT and described in section 3.4.  

 



EARTH PROJECT 

 

 

EARTH_WP2_D2.2_v2 17 / 87 

2. BASELINE SYSTEM (BLS) 

FIGURE 2 illustrates the hierarchical structure of the Baseline System. It is divided into three parts: 

 Component level, 

 Subsystem level, and 

 System level. 

White boxes indicate sections of this document. 

The baseline system contains a minimally complex but maximally binding system definition. All partners will 
include these parameters as a mandatory basis for their work. Also, since most partners do not start from 
scratch, but use existing simulators or setups for their work in EARTH, this should be a guideline for calibration. 
When the choice of a value is in doubt the baseline system shall provide a default. 

The Baseline System (BLS) represents the smallest common denominator and minimal configuration regarding 
to system parameters. It forms a reliable basis for relative comparisons and assessment of future 
developments. Every simulator in the project should adhere to these settings to ensure that the basic 
assumptions are equal for all systems. Additionally, this shall form the basis for a state-of-the-art energy 
consumption calculation. The BLS mirrors the 3GPP Release 8 LTE standard, which was frozen in December 
2008 and is hierarchically structured into subsystems and system level. 

 

System View
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FIGURE 2. Hierarchical structure of the baseline system. 
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2.1. BASELINE PARAMETER SUMMARY 

The baseline system serves two purposes: firstly, to facilitate system level simulator calibration; and secondly, 
to establish the state-of-the art for the energy efficiency analyses carried out within EARTH. For system level 
simulator calibration one base station transmit antenna in combination with downlink round robin scheduling 
is assumed, whereas for the energy efficiency analysis two base station transmit antennas are assumed. In this 
case, 2x2 dual stream closed loop MIMO transmission is chosen. Since this requires channel knowledge at the 
transmitter, downlink proportional fair scheduling is assumed for 2x2 MIMO. 

In TABLE 1, the core BLS parameters are summarized to provide a quick overview of the system assumptions. 
For each value, the source for further information is provided. 

TABLE 1. LTE baseline system (BLS) parameter summary. 

 Parameter Value Remarks 

Sy
st

e
m

 

Duplex scheme FDD See section 2.2.1.1. 

Section 3.2.1.1 for TDD 

Default carrier frequency Band I (UL: 1920 – 1980 MHz,  
DL: 2110 – 2170 MHz) 

See page 52 

Cyclic Prefix (CP) length 5 µs, 144 samples  [TS36.300] for more 

Subcarrier spacing 15 kHz See section 2.2.1 

Bandwidth 10 MHz (default) {5, 20} MHz optional 

Frame duration 10 ms, 10 subframes See section 2.2.1.1 

Subframe duration 1 ms, 2 slots See section 2.2.1.1 

Resource Block (RB) 1 ms × 12 subcarriers (180 kHz), 84 Resource 
Elements 

See section 2.2.1.1 

OFDM symbol duration 1/14 ms See section 2.2.1.1 

Modulation (for data) QPSK, 16 QAM, 64 QAM See section 2.2.1.2 

Signalling overhead 27.7% and 29.3% of resource elements used 
for signalling for 1 Tx and 2 Tx antennas, 
respectively 

See section 5.1 

Scheduling DL: 
  1 Tx: Round robin (distributed) 
  2 Tx: Proportional fair 
UL: Round robin (contiguous) 

See section 2.3.1 

Code rates Approximately 0.10 to 0.97 See section 2.2.1.4 

B
as

e
 

st
at

io
n

 

Network synchronization Ideal See section 2.3.1 

BS maximum Tx power 46 dBm @ 10 MHz See section 3.2.4.1 
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Number of antennas Tx: 1 or 2 
Rx: 2 

Antennas are cross-polarized (+/-45 
degrees) 

See section 4.1.1 

Receiver sensitivity -89 dBm @ 10 MHz  

Power control DL None  

Noise figure 5 dB  

BS antenna gain 

m

dB

H AA ,12min

2

3

 [dB] 

  = azimuth, 3dB = 70°,  Am = 25 dB 

See section 4.1.1 

BS antenna gain 
(in front-end direction) 

14 dBi See section 4.1.1 

U
E 

Number of antennas Tx: 1 
Rx: 2 

Antennas are cross-polarized (+/- 45 
degrees) 

See section 2.2.2 

UE antenna gain 0 dBi (omni-directional) See section 2.2.2 

UE maximum transmit power 23 dBm See section 2.2.2 

Noise figure 9 dB See section 2.2.2 

Power control UL Adjusted See [R4-091796] 
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2.2. SUBSYSTEM LEVEL 

2.2.1. Physical Layer (PHY) and Radio Resource Management (RRM) 

This section describes the most basic physical layer and radio resource management aspects of the LTE system 
according to 3GPP [TS36.300]. The radio interface described in this specification covers the interface between 
the User Equipment (UE) and the network. The radio interface is composed of the Layers 1 (Physical Layer), 2 
and 3. 

The multiple access scheme for the LTE release 8 physical layer is based on Orthogonal Frequency Division 
Multiplexing (OFDM) with a cyclic prefix in the downlink, and on Single-Carrier Frequency Division Multiple 
Access (SC-FDMA) with a cyclic prefix in the uplink. To support transmission in paired and unpaired spectrum, 
two duplex modes are supported: 

 Frequency Division Duplex (FDD), supporting full duplex and half duplex operation, 

 Time Division Duplex (TDD). 

FDD is assumed for the baseline system, TDD is described in Section 3.2.1. 

Layer 1 is defined in a bandwidth agnostic way based on resource blocks, allowing the LTE Layer 1 to adapt to 
various spectrum allocations. A resource block spans 12 sub-carriers with a sub-carrier bandwidth of 15 kHz 
each over a slot duration of 0.5 ms [TS36.201]. 

Throughout this description, unless otherwise noted, the size of various fields in the time domain is expressed 
as a number of time units Ts = 1/(15000 x 2048) in seconds. Downlink and uplink transmissions are organized 
into radio frames with Tf = 307200 x Ts = 10 ms duration [TS36.211]. 

Aspects covered in this section are: 

 Frame structure for FDD, 

 Downlink Transmission Scheme, 

 Uplink Transmission Scheme, 

 Channel Coding, 

 Scheduling. 

2.2.1.1. Frame structure for FDD 

In LTE [TS36.300], the frame duration is 10 ms for uplink as well as downlink. The description is based here on 
Type 1 for FDD for half and full duplex. 

A radio frame consists of 10 sub-frames, each with a length of 1 ms, and a sub-frame consists of two slots, 
each with a length of 0.5 ms, numbered from 0 to 19 (see FIGURE 3). 

 

#0 #1 #18 #19#2

   Sub- frame

  slot

  One radio frame = 10ms

 

FIGURE 3. Frame structure type 1 [TS36.300]. 

Uplink (UL) and downlink (DL) are separated in the frequency domain. Therefore, both UL and DL have 10 sub 
frames available. 
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2.2.1.2. Downlink Transmission Scheme 

The LTE Release 8 downlink transmission scheme uses QPSK, 16QAM, and 64QAM modulation. Up to four 
spatial layers are supported. A schematic picture of the downlink transmission chain is depicted in FIGURE 4. 
Channel coded bits are scrambled and mapped to complex-valued modulation symbols. The complex symbols 
are then mapped to (spatial) transmission layers according to a predefined codeword to layer mapping. Each 
layer is precoded to generate the signal for transmission on each of the antenna ports. After the precoding, 
the signals for each of the antenna ports are mapped to a time-frequency resource element and finally the 
OFDM signal is generated. 

Scrambling
Modulation 

mapper

Layer

mapper
Precoding

Resource element 

mapper

OFDM signal 

generation

Resource element 

mapper

OFDM signal 

generation
Scrambling

Modulation 

mapper

layers antenna portscode words

 

FIGURE 4. Downlink physical channel processing [TS36.211]. 

For initial system level simulator calibration a single BS transmit antenna is employed, which implies that a 
single code word is mapped to a single spatial layer that is transmitted from a single antenna port. 

The baseline for the energy efficiency analysis work assumes dual antenna transmissions based on closed-loop 
linear precoding with rank adaptation. For this purpose the closed loop spatial multiplexing scheme from 
[TS36.213] is employed, using the codebook in Table 6.3.4.2.3-1 of [TS36.211] and the codeword to layer 
mapping as specified in Table 6.3.3.2-1 of [TS36.211]. For rank one transmission a single code word is mapped 
to a single spatial layer that is transmitted over two antenna ports using one of the rank one precoders. For 
rank two transmissions two code words are mapped to two spatial layers, which are transmitted over two 
antenna ports using one of the rank two precoders. 

 

Detailed descriptions of the different processing steps can be found in Section 6.3.1-6.3.5 in [TS36.211]. In 
addition, Section 6.4-6.11 in [TS36.211] describes physical channel processing procedures specific for certain 
channels. 

As depicted in FIGURE 5, a resource element is a time-frequency unit and a resource block comprises Nsymb
DL x 

Nsc
RB, where Nsymb

DL is the number of OFDM symbols in time and Nsc
RB the number of sub-carriers in frequency. 

With a normal cyclic prefix and a sub-carrier spacing of 15 kHz, Nsymb
DL = 7 and Nsc

RB = 12. The number of 
resource blocks (NRB

DL) depends on the downlink transmission bandwidth. The physical layer specification 
supports any number of resource blocks between 6 and 110, however, the requirements in [TS36.104] are 
defined for the bandwidths 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz, which corresponds to 6, 15, 
25, 50, 75, and 100 resource blocks. For simulations a bandwidth of 10 MHz should be selected as default 
value. 
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FIGURE 5. Downlink resource grid [TS36.211]. 

2.2.1.3. Uplink Transmission Scheme 

The LTE Release 8 uplink transmission scheme is based on a single-carrier frequency division multiple access 
(SC-FDMA) with cyclic prefix and uses QPSK, 16QAM, and 64QAM modulation. The support of 64QAM depends 
on the UE category [TS36.306]. A single codeword is transmitted using a single spatial layer, i.e., no codeword 
to layer mapping is needed (compared to the downlink). A schematic picture of the uplink transmission chain 
is depicted in FIGURE 6. Channel coded bits are scrambled, mapped to complex values modulation symbols 
and precoded. The signals are then mapped to resource elements and the SC-FDMA signal is generated. 

Detailed descriptions of the different processing steps can be found in Section 5.3.1-5.3.4 in [TS36.211]. 
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FIGURE 6. Uplink physical channel processing [TS36211]. 

A resource element is a time-frequency unit and is defined by the associated sub-carrier and OFDM symbol. A 
resource block is made up of Nsymb

UL OFDM symbols in time and Nsc
RB sub-carriers in frequency. With a normal 

cyclic prefix and a sub-carrier spacing of 15 kHz, Nsymb
UL = 7 and Nsc

RB = 12. The number of resource blocks 
(NRB

UL) depends on the uplink transmission bandwidth. The physical layer specification supports any number of 
resource blocks between 6 and 110, however, the radio requirements in [TS36.104] are defined for the 
bandwidths 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz, which corresponds to 6, 15, 25, 50, 75, and 
100 resource blocks. The uplink resource grid is depicted in FIGURE 7. For simulations a bandwidth of 10 MHz 
should be selected as default value. 
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FIGURE 7. Uplink physical grid [TS36.211]. 
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2.2.1.4. Channel Coding 

In LTE Release 8, channel coding by means of turbo coding is employed on the downlink and uplink shared 
channels. The turbo coder comprises two half-rate turbo coders and an internal interleaver, which results in a 
code rate of 1/3. To achieve code rates higher than 1/3 only a subset of the coded bits are transmitted over 
the air. Additional parity bits may be transmitted in case the packet is erroneously decoded and must be 
retransmitted. The maximum code block size is 6144 bits [TS36.212] and transport blocks exceeding this size 
are segmented. 

The channel code rate can be calculated from the resource allocation (number of assigned resource blocks), 
the employed modulation scheme and the transport block size. The allowed transport block sizes are given in 
[TS36.213], Section 7.1.7.2 for downlink and in Section 8.6.2 for uplink, respectively. Assuming a resource 
allocation of 50 RBs, 3 symbols PDCCH overhead and CRS overhead corresponding to a single transmit antenna 
there are 126 symbols per RB available for data transmission. Available code rates then span from 
approximately 0.10 to 0.63 for QPSK modulation, 0.35 to 0.65 for 16QAM, and 0.49 to 0.97 for 64QAM. 

For simulator calibration using a single base station transmit antenna a single code word is used whereas for 
the baseline energy efficiency evaluations dual transmit antennas are employed. In the latter case, according 
to the code word to layer mapping specified in [TS26.211], a single code word is employed for rank one 
transmission whereas two code words are used for rank two transmissions. 

2.2.1.5. Signalling Overhead 

From an energy consumption point of view, it is relevant how much time and spectrum is used for signalling 
(reference, broadcast, synchronization and control signals). In each resource block (RB), a certain number of 
Resource Elements (RE) is used for the transmission of signalling information. In a MIMO system, the number 
of signalling REs is significantly larger than in a single transmit antenna system. 

FIGURE 8 visualizes the distribution of signalling REs in a subframe. Since the number of REs for control signals 
is not constant or periodic, a worst case average is assumed as baseline. TABLE 2 contains the numeric results. 

Details on the individual control elements can be found in the appendix 5.1. 

 

FIGURE 8. Signalling resource element distribution in a subframe for central 6 RB. 
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TABLE 2. L1 signalling overhead (including CRS) at 10MHz bandwidth; normal cyclic prefix 

Antenna ports Overhead 

1 27.7% 

2 29.3% 

4 33.2% 

2.2.2. User Equipment (UE) 

Since the focus of the EARTH project is the energy consumption in the network, the description of the UE 
subsystem focuses on the radio related capabilities and parameters that may be needed to evaluate the radio 
performance and the energy consumption of the network. Considering the importance of long UE battery lives 
as a success factor for mobile communication it is also crucial to highlight any potential trade-off between UE 
and network energy consumption. The proposed parameters, summarized in TABLE 3, are largely taken from 
the 3GPP E-UTRA simulation assumptions as described in [TR25.814] and [TR36.814R9]. 

TABLE 3. UE baseline parameters 

Parameter Value Source 

Number of transmit antennas 1 [TR25814], 
see table A.2.1.6-1 

Number of receive antennas 2 [TR25814], 
see table A.2.1.6-1 

Antenna gain 0 dBi (omni-directional) [TR25814], 
see table A.2.1.6-1 

Receiver noise figure 9 dB [TR25814], 
see table A.2.1.6-1 

Max. output power level 23 dBm (200 mW) [TR36814R9], 
see table A.2.1.1-2 

Antenna configuration Cross-polarized (+/- 45°)  

Receiver combining scheme Maximum ratio combining (MRC) for single stream 
transmission (1 Tx antenna) 

 Interference rejection combining (IRC) of inter-
stream interference in case of spatial multiplexing 

 

Power control UL Adjusted See [R4-091796] 
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2.3. SYSTEM LEVEL 

2.3.1. Scheduling 

Round robin (RR) scheduling is assumed for simulator calibration purposes whereas a proportional fair 
scheduler is assumed in the system used as a baseline for the downlink energy efficiency analysis. 

Round robin (RR) scheduling is assumed for the baseline. For round robin scheduling userRB / NN  resource 

blocks are assigned to one user, where NRB is the number of resource blocks (RBs) and Nuser is the number of 
active users. In the downlink, RBs are randomly assigned to users in a distributed manner, in the way that RBs 
allocated to a certain user are not contiguous. By doing so, frequency diversity can be exploited in the 
downlink. For the uplink, on the other hand, contiguous allocation of RBs is assumed [TR36.814R9]. This means 

that a certain user gets assigned userRB / NN  consecutive RBs. We note that for round robin scheduling, the 

RB assignment is carried out independent of radio link quality. An RB is the smallest unit available to the 
scheduler. 

2.3.2. Measurements and Signalling 

The downlink measurements for scheduling and link adaptation purposes are based on the assumptions in 
Table A.2.2-1 of [TR36.814R9]. The UEs are assumed to perform wideband CQI measurements with a 
periodicity of 5 ms. These measurements are reported to the base station and are available with a 6 ms delay. 
For the simulator calibration, which assumes round robin scheduling only wideband CQI measurements are 
required (mode 1-0). For the baseline energy efficiency analysis, based on closed loop 2x2 MIMO with 
proportional fair scheduling, the Precoding Matrix Indicator (PMI) is reported for each subband (mode 1-2). 
For 10 MHz the subband size equals 8 RBs. 

2.3.3. Further details on LTE measurement and signalling procedures are detailed in 
Appendix 5.1.Backhaul 

For the baseline system it is assumed to use an ideal backhaul, i.e. any delays and energy consumptions are 
neglected for the considered backhaul connections and an infinite backhaul capacity is used. 

The state-of-the-art framework consists of Radio Access Networks (RANs) which are connected to hierarchical 
traffic aggregation stages from low end aggregation up to high end aggregation. For interconnections radio 
links with low capacity are used. From a network architecture point of view the first two aggregation stages 
are typically realized in a tree architecture whereas the high end aggregation stages are built on a ring 
structure. The traffic from several aggregation networks is then fed into central offices (COs) which are 
connected again by a ring structure to city hubs which are the gateways to the backbone. 

Operators tend to avoid “high trees” with lot of leaves, because one backhaul link failure disconnects the rest 
of the tree. Therefore, a ring topology is reached very early and base stations that are not part of a backhaul 
ring can typically be reached from the ring structure in up to two hops. In current networks microwave links 
could be used for these hops. 
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3. OPTIONAL SYSTEM EXTENSIONS (OSE) 

FIGURE 9 illustrates the hierarchical structure of the Optional System Extensions (White boxes indicate 
sections within this document). It is divided into three parts: 

 Component level, 

 Subsystem level, 

 System level. 

Implementation and treatment of aspects described in this section is not mandatory. Rather, these definitions 
shall aid the reader to find default values for many parameters in wide fields of research. Although parameters 
and settings in these research topics can be freely chosen as needed, the reader is encouraged to follow these 
guides to foster comparability of research findings. 

Where the provision of parameters is not possible (due to complexity or technology immaturity), this is stated 
and, alternatively, an introduction to the research field is provided. 

Wide Area Base Station

Components UEM & S PHY/RRM

System View

Components

subsystem

AntennasPower AmplifierRF TransceiverDSP Cooling

RRHRelay & Repeat HetNet/Node Type
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FIGURE 9. Hierarchical structure of the Optional System Extensions 
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3.1. ADDITIONAL OPERATING BANDS 

TABLE 4. Frequency bands for OSE 

Parameter Value 

TDD band Band 39: 1880 – 1920 MHz 

Minimal frequency band 
FDD 

Band 14: 788 – 798 MHz (UL), 758 – 768 MHz (DL) 

Maximal frequency 
band FDD 

Band 7: 2500 – 2570 MHz (UL), 2620 – 2690 MHz (DL) 

3.2. SUBSYSTEM LEVEL 

3.2.1. Physical Layer (PHY) and Radio Resource Management (RRM) 

This section describes extended PHY and RRM aspects as compared to section 2.2.1. These aspects are either 
too detailed for a baseline system, i.e., they go beyond the state-of-the-art, or are based on Release 9 and 
higher. 

While FDD, using frame structure type 1, is considered as the baseline transmission scheme, it may be 
necessary in some situations to also implement TDD and frame structure type 2. 

3.2.1.1. Frame structure type 2 – for LTE TDD 

A radio frame consists of two half-frames, each with a length of 5 ms. A half-frame consists of eight slots, each 
with a length of 0.5 ms, and three additional special fields, taking up 1 ms together (see FIGURE 10). The 
special fields are the Downlink Pilot Time Slot (DwPTS), the Guard Period (GP), and the Uplink Pilot Time Slot 
(UpPTS), which are specified in [TS36.211]. 

  One radio frame =10 ms

  One half frame =5 ms

# 0 # 2 # 3 # 4 # 5 # 7 # 8 # 9

  1 ms

DwPTS UpPTSGPDwPTS UpPTSGP
 

FIGURE 10. Frame structure type 2 for 5ms switch-point periodicity [TR36300] 

Two regular slots are called a sub-frame, like FDD. 

Uplink and Downlink are separated in the time domain. Seven different configurations are defined on how UL 
and DL are assigned to slots, see TABLE 5. The configuration “1” with a switch-point periodicity of 5 ms is 
chosen as the default configuration for OSE. 

Information on transport channels and scheduling can be found in the appendix section 5.2. 
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TABLE 5. Uplink-downlink allocations (D = Downlink, U = Uplink, S = Signalling) [TS36.300]. 

Configuration Switch-point periodicity Subframe number 

0 1 2 3 4 5 6 7 8 9 

0 5 ms D S U U U D S U U U 

1 5 ms D S U U D D S U U D 

2 5 ms D S U D D D S U D D 

3 10 ms D S U U U D D D D D 

4 10 ms D S U U D D D D D D 

5 10 ms D S U D D D D D D D 

6 5 ms D S U U U D S U U D 
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FIGURE 11. Layer 2 structure for DL [TS36.300] 
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FIGURE 12. Layer 2 structure for UL [TS36.300] 

Even if scheduling operation is defined as a MAC layer functionality, potentially this task involves also other 
different levels of the eNB protocol stack, due to a possible interaction of the scheduler, e.g. with PHY layer 
measurements, or RLC/RRC layers configurations, or even with QoS requirements provided from higher layers. 
More detailed LTE specifications define also the interaction of the MAC scheduler with PHY functionalities. In 
fact, the scheduling operation is in charge of: 

 Management of HARQ transmissions for each scheduled TB, 

 Definition of the modulation and coding schemes (MCS) and Transport Block Size (TBS) for each 
scheduled TB, 

 Resource and power assignment for each scheduled TB, 

 Antenna mapping for each scheduled TB. 

FIGURE 13 and FIGURE 14 show the PHY layer model respectively for UL-SCH and DL-SCH transmission 
[TS36.302]. In both cases the packet scheduler is connected with several PHY modules and manages the PHY 
layer configuration for a proper transmission/reception in the eNB. 
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FIGURE 13. PHY layer model for the DL-SCH transmission [TS36.302] 
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FIGURE 14. PHY layer model for the UL-SCH transmission [TS36.302] 
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3.2.2. Remote Radio Head (RRH) 

Remote radio heads form a part of a distributed base station system in which all RF related functions are 
contained in a unit mounted outside together with the antenna. The RRH is linked to a main unit that contains 
the control and baseband signal processing. Since the power amplifier is located close to the antenna, losses of 
conventional base stations incurred by feeder cables are mitigated. RRHs therefore enable lower capital and 
operating expenditures, reduce typical power requirements, and add flexibility to network configurations. 

Remote Radio Heads potential for energy saving is twofold: 

 RRH reduce the loss of RF signal power in the feeder cable between power amplifier and antenna. In 
typical deployments with base station located in the basement and feeder cables up to the antenna 
these losses are around 50%. RRH move the power amplifier (i.e. the transceiver) up on the roof or 
even next to the antenna, so that cable loss is basically limited to the connector loss. The connector 
loss depends on the quality of the used connector and can vary between 0.1 and 0.5 dB. 

 Secondly, RRH can enable deployments and system architectures that are hindered by the RF feeder 
cable: With RRH several antennas with tens or hundreds of meters distance can be driven by one 
base station, enabling stronger decoupling of RF channels of multiple antennas for spatial 
multiplexing and MIMO. RRH can be placed in dedicated locations for coverage optimisation that are 
not accessible with thick RF feeder cables (building walls, lamp posts). Finally, such architecture is 
beneficial for cooperative transmission schemes (CoMP). While CoMP between bases stations 
requires heavy signalling on the X2 interface, CoMP between RRH is much less involved as the base 
band processing is performed in the joint central base station. 

A RRH is characterised by properties like its backhaul latency, admission restrictions and locations for its 
placement [TR36.814R9]: 

 few s latency to a macro BS (No latency is the default) 

 Open access to all UEs, 

 Placed indoors or outdoors. 

Feeder losses for BS and RRH are specified by ETSI in [TS102.706]: 

 A value of 3.0 dB for a standard macro BS including feeder, jumpers and connectors 

 An uplink/downlink feeder loss (jumper loss) of 0.5 dB for a BS with remote radio head. 

System level modelling and simulation in WP3 are required to quantify the possible gain of RRHs and to 
analyze the potential tradeoffs and limitations. 

3.2.3. Relay and Repeater 

Relays and repeaters are one of the approaches for new deployment scenarios. Many studies have proved that 
they can be used for increasing the spectral efficiency and/or the coverage of cellular networks as well as 
reduce the cost of network deployment [Firework], [Rocket]. However, analysis and performance of relays and 
repeaters are yet to be considered from an energy efficiency point of view. 

This section will provide input to task T3.1, where relay and repeaters will be studied from an architecture and 
energy saving point of views. Also, in task T3.4, cooperative mechanisms will be utilised to improve the energy 
efficient, e.g., combination of relaying and queuing for designing a relay assisted multi-access techniques, 
amplify, and forward and networking coding. Moreover, relay will be used in multihop setting and mesh 
networks, which are issues that will be tackled in task T3.4. Finally, some reference scenarios will incorporate 
the use of relays (see Section 4). 
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3.2.3.1. Relay 

3.2.3.1.1. State of the art of relaying 

So far two relay types are defined in 3GPP, depending on whether they form separate cells or not: 

 Type 1 relays control cells on their own, each with a unique physical-layer cell identity. It provides all 
the RRM mechanisms usually offered by a LTE Release 8 eNB, so that it appears to LTE Release 8 UEs 
as a normal eNB. This relay type is already included in [TR36.814R9] and is currently being specified 
in 3GPP. 

 Type 2 relays are part of the donor cell. They do not create cells of their own nor do they transmit 
PDCCH and CRS. They are transparent to LTE Release 8 UEs, and their main purpose is to increase 
network capacity rather than coverage. This relay type is included in the “Relay for LTE” Work Item; 
see [RP-091434].Relays can be also distinguished as inband and outband relays. For inband relays the 
eNB-relay link (Un interface) share the same bandwidth of the relay-to-UE link (Uu interface). For 
outband relays the two interfaces are transmitted on separated carriers. Both Type 1 and Type 2 
relays are inband relays, therefore, in order to correctly operate, some resources in the time-
frequency space should be reserved for the backhaul link (Un interface) and cannot be used for the 
access link (Uu interface). Due to concern over self-interference the relay transmitter could cause to 
its own receiver, TDM resource partitioning between Un and Uu links is assumed. 

In order to grant full duplex configuration of the Un and Uu link, two new relay strategies have been recently 
proposed in 3GPP works: 

o Type 1a, relay is a Type 1 relay with the only difference that it is an outband relay, and it has 
been proposed in 3GPP in order to have a full duplex relay scheme that can be easily 
implemented with only limited impact on specification.  

o Type 1b relay is an inband Type 1 relay where the self-interference between the relay 
transmitter and receiver is avoided thanks to adequate TX and RX antenna isolation, so that Un 
and Uu links can be operated in full duplex with no self-interference issue.  

Both Type 1a and Type 1b are presented in the technical report for physical layer aspect [TR36.814R9] of the 
Study Item “Further advancements for E-UTRA” *RP-080137]. According to this report, at least Type 1 and Type 
1a relay nodes will be part of LTE-Advanced, and they will be studied in the “Relay for LTE” work item [RP-
091434]. 

3.2.3.1.2. Use cases 

Types of relays according to their related usage: 

 Fixed relay station (infrastructure) placed over-the-roof (micro-cell) 

o Relays are deployed for improving the coverage of areas around and beyond cell-edge, in two 
or more hops. 

o See scenarios I and II in FIGURE 15 and TABLE 6. 

 Fixed Relay station (infrastructure) placed below-the-roof (pico-cell) or mounted on a vehicle (femto-
cell) 

o Relays are deployed for improving the user throughput in dense area, i.e., hotspots, in poorly 
covered area, i.e., blind spots, inside building and in public transportation.  

o See scenarios III, IV, and V in FIGURE 15 and TABLE 6. 

 Nomadic relay station, i.e., portable but static when operating (pico-cell) 
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o Portable relays are deployed for giving access to subscribers within a room or a building or for 
providing a temporary coverage to areas where the traffic experiences a peak, e.g., emergency 
situations, disaster recovery if infrastructure is defaulting, social events. Relay stations maybe 
placed in Line-Of-Sight (LOS) or Non-LOS (NLOS) positions, depending on the onsite availability. 

o See scenario VI in FIGURE 15 and TABLE 6. 

 Mobile station acting as a relay station (pico-cell) 

o Mobile stations are used as relays to forward data from the base station or another mobile 
station, i.e., mesh network type of architecture. The concepts of ad-hoc and meshed networks 
are usually put forward with claims of easy deployment and cost-effective level of coverage. 
These concepts have a large potential to reduce the overall system energy consumption by 
shortening the distance for each transmission link.  

o See scenario VII in FIGURE 15 and TABLE 6. 

 

FIGURE 15.  Various communication scenarios involving relays. 
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TABLE 6. Overview on communication scenarios involving relays  
(BS = Base Station, MS = Mobile Station, RS = Relay Station). 

Scenarios I II III IV V VI VII 

Type urban/ 
sub-urban 

rural urban all urban/ 
sub-urban 

urban/ 
sub-urban 

urban 

Multihop no yes no no no no yes 

RS location outdoor outdoor outdoor outdoor outdoor outdoor/ 
indoor 

outdoor/ 
indoor 

RS height high high medium medium low medium/ 
low 

low 

RS mobility fixed fixed fixed fixed fixed nomadic mobile/ 
nomadic 

MS location outdoor outdoor/ 
indoor 

outdoor indoor indoor outdoor/ 
indoor 

outdoor/ 
indoor 

MS mobility mobile mobile/ 
nomadic 

mobile nomadic nomadic/ 
fixed 

mobile/ 
nomadic 

mobile/ 
nomadic 

BS-MS 
Channels 

non static 
(highly 

varying) 

non static 
(slowly 
varying) 

non static 
(highly 

varying) 

non static 
(slowly 
varying) 

non static 
(highly 

varying) 

non static 
(slowly 
varying) 

non static 
(slowly/highly 

varying) 

BS-RS 
Channels 

static static static static non static 
(highly 

varying) 

static non static 
(slowly/highly 

varying) 

RS-MS 
Channels 

non static 
(highly 

varying) 

non static 
(slowly 
varying) 

non static 
(highly 

varying) 

static static non static 
(slowly 
varying) 

non static 
(slowly/highly 

varying) 

Note that 3GPP is currently working on the parameter definition of relays for LTE [RP-091434], but 
documentation has yet to be released.  

According to their type of usage, relays can be assumed as micro, pico, or femto-cell. Parameters for these cell 
configurations are provided in Sections 4 along with guidelines on relay positioning. 

3.2.3.2. (RF-)Repeater 

A repeater is a type of bi-directional amplifier that is commonly utilised for boosting the cell phone reception 
in area where the coverage is weak. It is formed of a reception antenna, a signal amplifier and an internal 
rebroadcast antenna. The reception antenna is generally an external directional antenna, since this type of 
antenna can provide significant signal strength gain. This is because the antenna can be oriented and located 
outside to provide the best possible signal, usually aligned with the nearest BS. Repeaters are mainly used for 
rebroadcasting the cellular signals form a base station inside a building, i.e., Scenario IV of FIGURE 15 and 
TABLE 6, and can be viewed as a pico or femto-cell in terms of power characteristics. They usually employ an 
external, directional antenna to collect the best cellular signal, which is then amplified and retransmitted 
locally, providing significantly improved signal strength. They allow the signals to be repeated in different time 
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slot and frequencies in order to increase the robustness of the system. Their main advantage is an increase in 
the cell phone battery life, i.e., energy saving capability, and a lower level of radiation emitted by the handset, 
because of the proximity between the phone and the repeater. 

Some parameters for repeaters can be found in 3GPP documentation, i.e., [TS25.116], however, they are 
specific to Low Chip Rate (LCR) TDD repeaters. 

3.2.4. Node type 

Several aspects differentiate the micro-cell, the pico-cell/RRH, and the femto-cell/HeNB from the standard 
eNB, namely 

 Power levels, 

 Adjacent Channel Leakage power Ratio (ACLR), 

 Transmitter OFF power,  

 Error Vector Magnitude (EVM), 

 Frequency accuracy. 

There are other aspects that are unique to certain node types like regulatory aspects, local IP access or the 
physical location, which are not relevant to energy efficiency considerations and thus not described here. 

3.2.4.1. Power levels 

Power levels for different base stations are summarized in TABLE 7 for a bandwidth of 10 MHz. For each 
doubling of antenna ports, the transmit power is reduced by 3 dB. For each doubling of bandwidth add 3 dB. 

TABLE 7. Base Station rated output power; see Section 6.2 in [TS36.104R9]. 

BS class Rated Output Power PRAT 

Wide Area BS (Macro) 46 dBm 

Local Area BS (Micro, Pico) 30 dBm 

Home BS (Femto) 20 dBm 

3.2.4.2. Adjacent Channel Leakage power Ratio (ACLR) 

The Adjacent Channel Leakage power Ratio (ACLR) is a relevant parameter for transmitter design and is 
described here following a request from Work Package 4. 

ACLR is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean 
power centred on an adjacent channel frequency. ACLR is specified by 3GPP in Section 6.6.2 in [TS36.104R9]. 

The requirements shall apply regardless of the type of transmitter considered (single carrier or multi-carrier). It 
applies for all transmission modes foreseen by the manufacturer's specification. For a multi-carrier BS, the 
requirement applies for the adjacent channel frequencies below the lowest carrier frequency transmitted by 
the BS and above the highest carrier frequency transmitted by the BS for each supported multi-carrier 
transmission configuration. The requirement applies during the transmitter ON period. 

The ACLR is defined with a square filter of bandwidth equal to the transmission bandwidth configuration of the 
transmitted signal (BWConfig) centred on the assigned channel frequency and a filter centred on the adjacent 
channel frequency according to the TABLE 8 and TABLE 9. 

For Category “Wide Area BS”, either the ACLR limits in the TABLE 8 and TABLE 9 or the absolute limit of 
-13 dBm/MHz apply, whichever is less stringent. 
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For Category “Wide Area BS”, either the ACLR limits in the TABLE 8 and TABLE 9 or the absolute limit of 
-15 dBm/MHz apply, whichever is less stringent. 

For Local Area BS, either the ACLR limits in the TABLE 8 and TABLE 9 or the absolute limit of -32 dBm/MHz shall 
apply, whichever is less stringent. 

For Home BS, either the ACLR limits in the TABLE 8 and TABLE 9 or the absolute limit of -50 dBm/MHz apply, 
whichever is less stringent. 

For operation in paired spectrum, the ACLR shall be higher than the value specified in TABLE 8. 

TABLE 8. Base Station ACLR in paired spectrum. 

E-UTRA transmitted signal 
channel bandwidth 
BWChannel [MHz]  

BS adjacent channel centre 
frequency offset below the first 
or above the last carrier centre 

frequency transmitted 

Assumed adjacent 
channel carrier 
(informative) 

Filter on the adjacent 
channel frequency and 

corresponding filter 
bandwidth 

ACLR 
limit 

1.4, 3, 5, 10, 15, and 20 BWChannel E-UTRA of same 
BW 

Square (BWConfig) 45 dB 

2 x BWChannel E-UTRA of same 
BW 

Square (BWConfig) 45 dB 

BWChannel / 2 + 2.5 MHz 3.84 Mcps UTRA RRC (3.84 Mcps) 45 dB 

BWChannel / 2 + 7.5 MHz 3.84 Mcps UTRA RRC (3.84 Mcps) 45 dB 

NOTE 1: BWChannel and BWConfig are the channel bandwidth and transmission bandwidth configuration of the E-
UTRA transmitted signal on the assigned channel frequency. 

NOTE 2: The RRC filter shall be equivalent to the transmit pulse shape filter defined in [TS25.104], with a chip rate as 
defined in this table. 
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For operation in unpaired spectrum, the ACLR shall be higher than the value specified in TABLE 9 (below). 

TABLE 9. Base Station ACLR in unpaired spectrum with synchronized operation. 

E-UTRA transmitted 
signal channel 

bandwidth BWChannel 
[MHz]  

BS adjacent channel centre 
frequency offset below the first or 

above the last carrier centre 
frequency transmitted 

Assumed adjacent 
channel carrier 
(informative) 

Filter on the adjacent 
channel frequency and 

corresponding filter 
bandwidth 

ACLR 
limit 

1.4, 3 BWChannel E-UTRA of same BW Square (BWConfig) 45 dB 

2 x BWChannel E-UTRA of same BW Square (BWConfig) 45 dB 

BWChannel /2 + 0.8 MHz 1.28 Mcps UTRA RRC (1.28 Mcps) 45 dB 

BWChannel /2 + 2.4 MHz 1.28 Mcps UTRA RRC (1.28 Mcps) 45 dB 

5, 10, 15, 20 BWChannel E-UTRA of same BW Square (BWConfig) 45 dB 

2 x BWChannel E-UTRA of same BW Square (BWConfig) 45 dB 

BWChannel /2 + 0.8 MHz 1.28 Mcps UTRA RRC (1.28 Mcps) 45 dB 

BWChannel /2 + 2.4 MHz 1.28 Mcps UTRA RRC (1.28 Mcps) 45 dB 

BWChannel /2 + 2.5 MHz 3.84 Mcps UTRA RRC (3.84 Mcps) 45 dB 

BWChannel /2 + 7.5 MHz 3.84 Mcps UTRA RRC (3.84 Mcps) 45 dB 

BWChannel /2 + 5 MHz 7.68 Mcps UTRA RRC (7.68 Mcps) 45 dB 

BWChannel /2 + 15 MHz 7.68 Mcps UTRA RRC (7.68 Mcps) 45 dB 

NOTE 1: BWChannel and BWConfig are the channel bandwidth and transmission bandwidth configuration of the E-
UTRA transmitted signal on the assigned channel frequency. 

NOTE 2: The RRC filter shall be equivalent to the transmit pulse shape filter defined in [TS25.105], with a chip rate as 
defined in this table. 

3.2.4.3. Transmitter OFF power 

The requirements for the transmitter OFF power apply to Wide Area Base Stations, Local Area Base Stations 
and Home Base Stations unless otherwise stated and is specified in Section 6.4.1 in [TS36.104R9]. 

The transmitter transient period is illustrated in FIGURE 16 and the transmitter transient period shall be 
shorter than the values listed in TABLE 10. 
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FIGURE 16. Illustration of the relations of transmitter ON period, transmitter OFF period and transmitter 
transient period, see Section 6.4.1 in [TS36.104R9] 

TABLE 10. Minimum requirements for the transmitter transient period, see Section 6.4.1 in [TS36.104R9] 

Transition Transient period length [µs] 

OFF to ON 17 

ON to OFF 17 

3.2.4.4. Error Vector Magnitude (EVM) 

The Error Vector Magnitude (EVM) is a measure of the difference between the ideal symbols and the 
measured symbols after equalization. This difference is called the error vector. The EVM result is defined as 
the square root of the ratio of the mean error vector power to the mean reference power expressed in 
percent. EMV is specified in Section 6.5.2 in [TS36.104R9]. 

For all bandwidths, the EVM measurement shall be performed over all allocated resource blocks and downlink 
subframes within 10 ms measurement periods. The boundaries of the EVM measurement periods need not be 
aligned with radio frame boundaries. The EVM value is then calculated as the mean square root of the 
measured values. The EVM for different modulation schemes on PDSCH shall be better than the limits in TABLE 
11. 

TABLE 11. EVM requirements see Section 6.4.1 in [TS36.104R9]. 

Modulation scheme for PDSCH Required EVM 

QPSK 17.5 % 

16QAM 12.5 % 

64QAM 8 % 



EARTH PROJECT 

 

 

EARTH_WP2_D2.2_v2 40 / 87 

3.2.4.5. Frequency stability 

To maintain frequency alignment with the macro cellular network, the femto-cell’s transmit frequency error 
must be within 250 parts-per-billion (ppb) for LTE [TR25.820]. An earlier Release 7 requirement was 100 ppb, 
but was relaxed in Release 8. 

3.3. SYSTEM LEVEL 

3.3.1. Quality of Service 

In LTE Quality of Service (QoS) control is exerted via the EPS bearer. EPS bearers route IP traffic from a gateway 
in the Packet Data Network (PDN) to the UE. A bearer is an IP packet flow with a defined QoS between 
gateway and UE. Each bearer level can be adjusted via 

 QoS Class Identifiers, 

 Allocation and Retention Policies, 

 Guaranteed Bit Rate. 

This section summarizes the QoS classes as described in Section 6.1.7 in [TS23.203R9]. 

An overview on standardized QCI characteristics is summarized in TABLE 12. VoIP and HTTP from Section 
4.3.1.2 correspond to QCI 1 and 9, respectively. 
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TABLE 12. Standardized QCI characteristics [TS23.203R9]. 

QCI Resource 
Type 

Priority Packet Delay 
Budget (NOTE 1) 

Packet Error Loss Rate 
(NOTE 2) 

Example Services 

1 
(NOTE 3) 

 2 100 ms 10
-2

 Conversational Voice 

2 
(NOTE 3) 

 
GBR 

4 150 ms 10
-3

 Conversational Video (Live Streaming) 

3 
(NOTE 3) 

 3 50 ms 10
-3

 Real Time Gaming 

4 
(NOTE 3) 

 5 300 ms 10
-6

 Non-Conversational Video (Buffered 
Streaming) 

5 
(NOTE 3) 

 1 100 ms 10
-6

 IMS Signalling 

6 
(NOTE 4) 

  
6 

 
300 ms 

 
10

-6
 

Video (Buffered Streaming)  
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

sharing, progressive video, etc.) 

7 
(NOTE 3) 

Non-GBR  
7 

 
100 ms 

 
10

-3
 

Voice, 
Video (Live Streaming) 

Interactive Gaming 

8 
(NOTE 5) 

  
8 

 
 

300 ms 

 
 

10
-6

 

Video (Buffered Streaming) 
TCP-based (e.g., www, e-mail, chat, ftp, p2p file  

9 
(NOTE 6) 

 9   sharing, progressive video, etc.) 

NOTE 1: A delay of 20 ms for the delay between a PCEF and a radio base station should be subtracted from a given PDB to 
derive the packet delay budget that applies to the radio interface. This delay is the average between the case where 
the PCEF is located "close" to the radio base station (roughly 10 ms) and the case where the PCEF is located "far" from 
the radio base station, e.g. in case of roaming with home routed traffic (the one-way packet delay between Europe 
and the US west coast is roughly 50 ms). The average takes into account that roaming is a less typical scenario. It is 
expected that subtracting this average delay of 20 ms from a given PDB will lead to desired end-to-end performance in 
most typical cases.  

NOTE 2: The rate of non congestion related packet losses that may occur between a radio base station and a PCEF should be 
regarded to be negligible. A PELR value specified for a standardized QCI therefore applies completely to the radio 
interface between a UE and radio base station. 

NOTE 3: This QCI is typically associated with an operator controlled service, i.e., a service where the SDF aggregate's uplink / 
downlink packet filters are known at the point in time when the SDF aggregate is authorized. In case of E-UTRAN this is 
the point in time when a corresponding dedicated EPS bearer is established / modified. 

NOTE 4: This QCI could be used for prioritization of specific services according to operator configuration. 

NOTE 5: This QCI could be used for a dedicated "premium bearer" (e.g. associated with premium content) for any subscriber / 
subscriber group. Also in this case, the SDF aggregate's uplink / downlink packet filters are known at the point in time 
when the SDF aggregate is authorized. Alternatively, this QCI could be used for the default bearer of a UE/PDN for 
"premium subscribers". 

NOTE 6: This QCI is typically used for the default bearer of a UE/PDN for non privileged subscribers. Note that AMBR can be 
used as a "tool" to provide subscriber differentiation between subscriber groups connected to the same PDN with the 
same QCI on the default bearer. 
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3.3.2. Physical Layer Transmission and Reception Techniques 

Four main types of transmission/reception techniques will be studied: 

 MIMO/Beamforming, 

 Adaptive antenna array, 

 Advanced retransmission schemes, 

 Coordinated multipoint transmission and reception. 

The 3GPP standard body is currently working on the parameter definition of downlink and uplink MIMO 
transmission techniques for LTE-A [RP-091429] and [RP-091430], respectively, but documentation has yet to 
be released. 

3.3.2.1. MIMO/Beamforming 

The use of multi-antenna along with beamforming technique can offer a significant increase in data 
throughput and link range without additional bandwidth or transmit power. This is achieved through higher 
spectral efficiency and link reliability or diversity. The main parameters for MIMO are the number of transmit 
and receive antennas, which are defined according to the scenarios of Section 4. 

3.3.2.2. Adaptive antenna array 

An antenna array is a group of isotropic radiators with currents of different amplitudes and phases running 
through them. Antenna arrays are used to go beyond the limitations of operating a single antenna. Adaptive 
antenna array uses sophisticated signal-processing algorithms for distinguishing between desired signals, 
multi-path and interfering signals as well as updating its beam pattern. They can achieve greater performance 
improvements than conventional beamforming technique by combining adaptive digital signal processing with 
spatial processing techniques. 

3.3.2.3. Advanced retransmission schemes 

In packet-oriented data transmission, error control methods based on HARQ are utilised to prevent the loss of 
packets. An effective transmission strategy by itself is not sufficient to prevent loss of transmitted packets 
when the system is operating under static (block) fading conditions and the transmitter is not able to properly 
tune its transmission rate due to the lack of sufficient level of channel knowledge. In this case, retransmission 
techniques based on automatic repeat request, i.e. ARQ and its advanced hybrid types, commonly known as 
HARQ, i.e. the combination of channel coding and ARQ, can be used to circumvent this problem and guarantee 
correct data packet delivery. The main parameters for retransmission scheme are the retransmission threshold 
and the maximum number of retransmission. 

3.3.2.4. Coordinated multipoint transmission and reception (CoMP) 

From theory, it is known that inter-cell-interference can be cancelled or even exploited if base stations 
cooperatively process signals connected to multiple terminals, a concept commonly referred to as Coordinated 
Multi-Point Transmission and/or Reception (CoMP). As these schemes promise significant improvements of 
spectral efficiency and a more homogeneous throughput distribution, they are seen as a key technology of 
future mobile communications systems such as LTE Advanced, currently specified in 3GPP (see [TR36.814R9]). 

In particular different CoMP categories have been considered in 3GPP: 
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 Joint Processing: data is available at each point in the CoMP cooperating set 

o Joint Transmission: PDSCH transmission from multiple points (part of or entire CoMP 
cooperating set) at one time. Data to a single UE is simultaneously transmitted from multiple 
transmission points, e.g. to (coherently or non-coherently) improve the received signal quality 
and/or cancel interference actively for other UEs. 

o Dynamic cell selection: PDSCH transmission from one point at a time (within CoMP 
cooperating set). 

 Coordinated Scheduling/Beamforming: data is only available at one cell (data transmission from that 
point) but user scheduling/beamforming decisions are made with coordination among cells 
corresponding to the CoMP cooperating set. 

The CoMP cooperating set is defined as the set of (geographically separated) points directly or indirectly 
participating in data transmission to UE. The CoMP transmission points are the subset of CoMP cooperating 
set that is actively transmitting data to the UE. In the Joint transmission case the CoMP transmission points are 
the points in the CoMP cooperating set, while for dynamic cell selection, a single point is the transmission 
point at every subframe. This transmission point can change dynamically within the CoMP cooperating set. For 
Coordinated scheduling/beamforming, the CoMP transmission point corresponds to the serving cell. 

3GPP decided to start a Study Item on CoMP in the second half of 2010. Possible CoMP techniques will be 
considered in the LTE Release 11 and beyond. 

While the effect of CoMP techniques on common system performance measures such as user fairness and 
spectral efficiency has been previously investigated, its effects on the energy efficiency of a communication 
network remain unclear. In particular, application of CoMP techniques is expected to have impact on three 
aspects of site power consumption, namely 

 Downlink transmit power, due to potential SINR gains through cooperative transmission. 

 Processing power, due to additional multi cell processing in uplink and downlink. 

 Backhaul power, due to additional signalling between base stations. 

For the Optional System Extensions, the following CoMP schemes are considered for 

 Uplink 

o Distributed antenna system (DAS). Here, one or multiple base stations forward quantized 
receive signals to another BS for centralized multi-user detection [KhRF2006]. 

o Distributed interference subtraction (DIS). Here, one base station (partially) decodes the 
transmission of a terminal and forwards decoded bits (or soft information on decoded bits) to 
another base station for the purpose of interference cancellation [MaFe2008]. 

o Iterative techniques – Interference subtraction can also be performed iteratively, where 
multiple BSs successively aid each other in decoding the terminal’s transmissions *KhRF2008+. 

 Downlink 

o Distributed antenna system. Here, multiple base stations jointly and coherently transmit to 
multiple terminals. In order to reduce backhaul requirements, only those base stations may 
contribute to the transmission to certain terminals that have a reasonably strong link 
[MaFe2009]. 

3.3.2.4.1. Cell clustering concepts 

In order to determine which base stations co-operatively transmit and receive user signals, so called cell 
clustering concepts are required. A cell cluster is the collection of base stations (or cells) that cooperate. 
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Cooperation can in principle be envisioned between base stations of the same site as well as different sites, 
referred to as intra-site and inter-site cooperation, respectively. For the EARTH Optional System Extensions, 
intra and inter site cooperation is assumed to take place according to the following schemes assuming a 3-fold 
sectorization of sites: 

 For intra-site CoMP, naturally, the three base stations located at one site cooperate. Due to the co-
location short and inexpensive backhaul links between these base stations can be utilized. 

 In case of inter-site CoMP, static clustering concepts are considered as illustrated in FIGURE 17 where 
terminals are assigned to clusters of three cells according to average path loss considerations. Each 
cluster is assigned to one third of the overall system resources, leading to an overall reuse factor of 
one, and creating CoMP scenarios of strong intra-cluster interference, but with alleviated background 
interference. Cooperation is then constrained to within these clusters, so that exactly two sites and 
one (logical) backhaul link are involved in each cooperation process. The scheme is able to yield 
significant fairness improvements over intra-site CoMP, and is described in detail in [Mars2010]. 

 

 

FIGURE 17. Illustration of a fixed clustering concept. Subsets a, b, and c of the system resources are used in 
neighbouring clusters. Sectors are numbered, e.g., 1 to 57 for a layout with two tiers of interfering sites and 3-

fold sectorization. 

The effects of different clustering concepts on transmit, processing, and backhaul power requirements are still 
an open topic of research. Tradeoffs, e.g., between increased spectral efficiency and user fairness and 
potentially higher energy consumption due to CoMP techniques and various CoMP clustering concepts need to 
be investigated. 

3.3.3. Self-Organizing Network (SON) 

Automatic procedures based on Self-Organizing Network (SON) algorithms are essential to avoid manual 
interventions for energy saving reasons and are related to task T3.2. Therefore, self-configuration and self-
optimization procedures concerning both individual cells as well as the interaction between multiple cells will 
be investigated. The targets are the dynamically switching on and off of cells or the dynamically adaptation of 
the output power or bandwidth allocated to a cell depending on the traffic load and service. 

3GPP specified first procedures for energy saving reasons in [TS36.423R9]. This allows a decreasing of energy 
consumption by enabling indication of cell activation and deactivation over the X2 interface. Deactivation of a 
cell is initiated by using the “eNB configuration update” message and indicates the cells, which are switched 
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off for energy saving reasons. The purpose of a “cell activation” message is to request to a neighbouring eNB 
to switch on one or more cells, previously reported as inactive due to energy saving reasons. Upon receipt of 
this message, the neighbour eNB should activate the concerned cells and shall indicate in the response 
message for which cells the request was fulfilled. 

A major part of further investigations within the EARTH-project will be focused on the control plane 
architecture. In particular, a fully distributed architecture will be investigated in which individual cells are not 
subordinated to any master control node as opposed to a hierarchical architecture. 3GPP protocols for the 
interaction between cells should be enhanced by basic mechanisms, specifying negotiation procedures 
between them including means for avoiding typical deadlock and non-convergence issues in distributed 
systems. 

3.3.4. Backhaul 

An important part of the backhauling is based on the connection between eNBs, which is called the X2 
interface, and between an eNB and the core network, which is called the S1 interface (see further details in 
[TS36.300]). Performance assessments with respect to the latency of both interfaces are mentioned in 
[TR23.912]. A typical one-way latency of 5 ms is assumed for the packet processing within an eNB and their 
transmission via the X2 interface to a neighbour eNB. Both for the control and user plane a one-way delay of 
up to 15 ms must be considered for the packet transfer via the S1 interface. 

Although the architecture described in Section 2.3.1 fits well to current traffic profiles like WCDMA, it is 
noteworthy to investigate more energy efficient solutions, especially for LTE beyond Release 8. In this case 
power hungry packet processing both in the high end aggregation stage and in the metro networks, 
connecting the big central offices (COs) and the city hub, should be replaced due to the higher access 
bandwidth. 

With LTE, the access bit rate will be increased to over 100 Mbps in downlink and over 50 Mbps in uplink. This 
will lead to higher power consumption in each stage of the network due to the required faster packet 
processing necessity. New architectures are required to reduce the overall power consumption in order to stay 
flat from an energy perspective. Several technologies will be investigated. Two main directions based on 
microwave links and optical links are identified so far, regarding the evaluation of backhaul parts. 

The European Conference of Postal and Telecommunications Administration (CEPT) originally standardized the 
E-carrier system. An E1 link operates over two separate sets of twisted pair wires. The line data rate is 2.048 
Mbit/s for a full duplex approach. Higher E-levels (E2, E3, etc) can carry 4 signals from the level below. In 
current systems the backhaul capacity allocation is quite rigid, namely multiples of E1 capacities are 
permanently assigned between the aggregation point and the eNB, regardless of the actual carried traffic. The 
activity around this topic will assume a completely dynamic routing and aggregation within the backhaul 
network, without dedicated capacities for dedicated connections. Every eNB acts as a possible aggregation 
point or switching entity at any layer whenever switching or routing is considered. 

The parameters summarized in TABLE 13 are needed for microwave links, which are typically used for the 
current backhaul traffic. 
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TABLE 13. Relevant parameters for microwave links. 

Parameter Frequency Band 

Operating frequency band 26 GHz 

Used bandwidth Typically multiples of 7 or 14 MHz 

Used technology TDM/PDH (n*E1, E3, etc.) is BLS, Ethernet over PDH or other 
Ethernet over microwave solutions in OSE 

Microwave path loss model ITU models (more complex) or free space loss 

Microwave device energy consumption Simple model of Pfix + Pout for radio link and  may capture traffic 
dependency as well 

Microwave dish characteristics High gain and antenna pattern of any commercial antenna 

Site-to-site distance This is also defined regarding the RAN network as possible cell sizes 

Base station or rather micro antenna height 20 or 30 m in urban scenarios 
50 m in rural scenarios 

Power Control ATPC (Adaptive Transmit Power Control) 
AMC (Adaptive Modulation and Coding) 

Ethernet networks, which are considered as the baseline system, will be compared to both so called Macro 
Frame Switched (MFS) networks and networks based on the Optical Transport Hierarchy (OTN). MFS networks 
are collecting many small IP/Ethernet frames with the same destination address and Class of Service (CoS) into 
one large container. This packet processing can significantly be reduced because only large containers have to 
be treated while simultaneously the benefit of statistical multiplexing is maintained. An aggregation of packet 
traffic in containers of 10 kByte will be considered for future networks. It is expected that the effort for the 
packet processing, especially for the number of Label Switched Paths (LSPs), the size of look-up tables, the 
number of processed packets per period, can be reduced by a factor of up to 200. In this case the energy 
consumption of the corresponding components can be reduced. 

Ethernet links are considered for the baseline system, where the following parameters might be needed: 

 Ethernet frame length: between 64 and 1500 Bytes [IEEE802.3]. 

On the other hand OTN based networks are considerable cheaper than packed based due to the non-existing 
packet processing capability. This technology could be combined with an additional improvement namely to 
introduce dynamic optical bypasses which are notified to a central instance within the network, e.g. a Path 
Computation Element (PCE), by the node itself. With this approach all transit traffic within a node, which 
represents the majority of the overall traffic of a node, can be treated in the optical domain which reduces 
notably both power consumption and OPerational EXpenses (OPEX) of a network. 

For future networks it is intended to process packets as much as possible in the optical layer compared to a 
processing of each bit or packet in the electrical layer. Energy savings could be considerable for this approach, 
but it is not applicable for the complete data traffic. 

Advanced dynamic self-backhauling will be investigated for scenarios when neighbouring eNBs are in the 
coverage areas of each other, thus the backhaul traffic itself, or parts of the backhaul traffic can be 
transmitted over the LTE air interface. In this case the radio capacity is used for both the serving of mobiles 
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and the forwarding of backhaul traffic. This is typically the case with X2 signalling and handover traffic, when 
packets are forwarded between eNBs, are transmitted over the radio interface, while the rest of the backhaul 
traffic, i.e. traffic from other eNBs, is sent over microwave links. However, advanced dynamic backhauling 
would mean that any traffic can be temporarily routed over the LTE radio interface. Hence the capacity and 
hopefully the energy consumption of fixed backhaul links can be reduced. 

This type of self backhauling has also significance with respect to robustness, as the LTE radio interface might 
serve as backup backhaul link, if another fixed link fails. It might be possible for low traffic areas that fix 
backhaul links can be omitted at all. As example, if the LTE radio interface is deployed with 20 MHz in a cell, 
but mobile traffic can be well served with 5 MHz, then the rest might be used as backhaul capacity. However, 
this necessitates a dense base station deployment, which is in contrast with the low traffic assumption, 
because low traffic areas need not to be covered by dense networks. One possible solution might be to 
transmit the LTE radio over a separate, highly directional antenna as well, which points to a neighbouring eNB. 

This kind of backhauling method provides in gain of the overall backhaul capacity, saving of microwave 
spectrum, better utilization of LTE spectrum, saving of microwave/backhaul operational and deployment cost, 
and backup backhaul capacity, e.g. in the case when heavy rain fades the microwave link. 

Energy savings are envisaged during operation as well as during backhaul deployment. Finally, energy 
efficiency should be increased for the whole backhaul and not only for a single link. 

3.3.4.1. Backhaul requirements of cooperation schemes 

Generally, it is not trivial to give concrete numbers on backhaul requirements of practical cooperation 
schemes, since these depend strongly on how often certain interference scenarios occur in a chosen 
environment. Finding concrete requirements is a topic that is still under investigation through field trails. A 
theoretical insight is given in [Mars2010]. 

An upper bound can be found for the downlink, where cooperation between M base stations requires at most 
(M-1) times the backhaul of a conventional, non-cooperative system. 

3.4. MULTI-RAT ASPECTS 

As mobile networks evolved over the years, different Radio Access Technologies (RATs) have been deployed, 
adding new RATs to existing legacy networks. This stratified evolution resulted in a de-facto Multi-RAT 
environment that allows for shifting users between the RATs to optimize aspects like capacity utilisation, QoS 
and round trip delays. The interworking of the multi-RAT deployment can also be exploited for energy 
efficiency. This requires an assessment which efficiency gains can be achieved by certain deployments and 
distributions of traffics. 

This section attempts to define the default settings of OSE for multi-RAT studies within EARTH. Although the 
main focus of EARTH is on 3GPP LTE and LTE-A, there are also legacy technologies that need to be considered 
in specific studies, e.g., network management features that switch off nodes during low traffic hours. These 
studies are expected to be focused on system level issues such as network management or network 
deployment, hence the level of detail on the system provided in this section is limited to high level parameters 
that are not common in different RATs and are expected to influence the energy consumption. Specific issues 
such as detailed radio resource management are omitted in this document. 

3.4.1. Reference settings for supported standards 

In EARTH, the technologies that will be considered for multi-RAT studies are those belonging to the 3GPP 
family of standards, namely GSM and UMTS. Moreover, a specific set of parameters and available features is 
defined for each of these standards. The final multi-RAT study may include one or both legacy standards in 
addition to LTE. 
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All the settings and assumptions defined for LTE in Sections 2 and Section 3 shall be applied to multi-RAT 
scenarios whenever it is possible. However, there are parameters that cannot be mapped to LTE settings in a 
straightforward way due to fundamental differences in the standard design, e.g., number of codes, carrier 
spacing, and system bandwidth. This section goes through the identified system parameters that are 
technology specific and need to be defined uniquely if a specific RAT is used in a multi-RAT study. 

3.4.1.1. GSM 

This section comprises the following parameters: 

 Carrier frequencies, 

 Carrier spacing, 

 Base Transceiver Station (BTS) maximum power, 

 Reference interference level, 

 “Reference signal-to-noise ratio in the modulating bit rate bandwidth” Ec/N0 threshold,  

 Cell size ranges, 

 Trade off between Ec/N0 and “Cochannel interference ratio” C/Ic. 

 

Carrier frequencies used for GSM are specified by 3GPP in Section 2 in [TS45.005R9]. The relevant frequency 
bands are summarized in TABLE 14. 

TABLE 14. GSM frequency bands, see Section 2 in [TS45.005R9] 

GSM Band Frequency Band 

(ix) Standard or primary GSM 900 Band, P-GSM 890 MHz to 915 MHz: mobile transmit, base receive 

935 MHz to 960 MHz: base transmit, mobile receive 

(x) Extended GSM 900 Band, E-GSM (includes 
Standard GSM 900 band) 

880 MHz to 915 MHz: mobile transmit, base receive 

925 MHz to 960 MHz: base transmit, mobile receive 

(xiii) DCS 1800 Band 1710 MHz to 1785 MHz: mobile transmit, base receive 

1805 MHz to 1880 MHz: base transmit, mobile receive 

 

The carrier spacing is 200 kHz as specified by 3GPP in Section 2 in [TS45.005R9]. 

The BTS maximum power is specified by 3GPP in Section 4.1.2 in [TS45.005R9]. 

 For a normal BTS, the maximum output power measured at the input of the Base Station Subsystem 
(BSS) Tx combiner, shall be, according to its class, as defined in TABLE 15. 

 For a micro-BTS or a pico-BTS, the maximum output power per carrier measured at the antenna 
connector after all stages of combining shall be, according to its class, defined in TABLE 16. 
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TABLE 15. Normal BTS power classes, see Section 4.1.2 in [TS45.005R9]. 

 

GSM 400 & GSM 900 & GSM 850 

& MXM 850 and GSM 700 

DCS 1800 & PCS 1900 

& MXM 1900 

TRX power class Maximum output power TRX power class Maximum output power 

1 320 - (< 640) W 1 20 - (< 40) W 

2 160 - (< 320) W 2 10 - (< 20) W 

3 80 - (< 160) W 3 5 - (< 10) W 

4 40 - (< 80) W 4 2,5 - (< 5) W 

5 20 - (< 40) W   

6 10 - (< 20) W   

7 5 - (< 10) W   

8 2,5 - (< 5) W   

TABLE 16. Micro BTS and Pico BTS power classes, see Section 4.1.2 in [TS45.005R9]. 

GSM 900 & GSM 850 

& MXM 850 and GSM 700 micro and pico-BTS 

DCS 1800 & PCS 1900 

& MXM 1900 micro and pico-BTS 

TRX power class Maximum output power TRX power class Maximum output power 

Micro  Micro  

M1 (> 19) - 24 dBm M1 (> 27) - 32 dBm 

M2 (> 14) - 19 dBm M2 (> 22) - 27 dBm 

M3 (> 9) - 14 dBm M3 (> 17) - 22 dBm 

Pico  Pico  

P1 (> 13) - 20 dBm P1 (> 16) - 23 dBm 
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Reference interference levels are specified by 3GPP in Section 6.3 in [TS45.005R9]. 

 Reference interference ratio requirements for voice are listed in TABLE 17. 

TABLE 17. Reference interference ratio requirements – circuit-switched GMSK modulated channels except for Enhanced 
circuit-switched data and Wideband AMR, see Section 6.3 in [TS45.005R9]. 

Requirements Cochannel interference 
ratio 

for cochannel interference C/Ic = 9 dB 

for adjacent (200 kHz) interference C/Ia1 = - 9 dB 

for adjacent (400 kHz) interference C/Ia2 = - 41 dB 

for adjacent (600 kHz) interference C/Ia3 = - 49 dB 

 

Ec/N0 threshold is specified by 3GPP in Section 3.2 in [TR43.030R9]. 

 The reference signal-to-noise ratio in the modulating bit rate bandwidth (271 kHz) is Ec/N0 = 8 dB 
including 2 dB implementation margin for the GSM system at the minimum service quality without 
interference. 

Cell size ranges are specified by 3GPP in Section 3.4 and Annex C in [TR43.030R9]: 

 Large cells 

o The cell radius is minimally 1 km and normally exceeds 3 km. 

o Cells with ranges more than 35 km can work properly if the timeslot after the Common Control 
Channel (CCCH) and the timeslot after the allocated timeslot are not used by the BTS 
corresponding to a maximum total range of 120 km see Section 4.10 in [TR43.030R9]. 

 Small cells 

o For small cells the maximum range is typically less than 1 to 3 km. 

 Micro-cells 

o Micro-cells have a radius in the region of 200 to 300 m. 

Trade off between Ec/N0 and C/Ic is specified by 3GPP in Section 4.2 in [TR43.030R9]. 

 For planning large cells the service range can be noise limited as defined by Ec/N0 plus a degradation 
margin of 3 dB protected by 3 dB increase of C/Ic, see Annex A in [TR43.030R9].  

 For planning small cells it can be more feasible to increase Ec/N0 by 6 dB corresponding to an increase 
of C/Ic by 1 dB to cover shadowed areas better. C/(I+N) = 9 dB represents the GSM limit performance. 

 To permit handheld coverage with 10 dB indoor loss, the Ec/N0 has to be increased by 10 dB outdoors 
corresponding to a negligible increase of C/Ic outdoors permitting about the same interference 
limited coverage for MS including handhelds. 
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3.4.1.2. WCDMA 

The baseline configuration for WCDMA is specified in [TS21.101]. The default parameters are the same as in 
LTE if not specified otherwise. TABLE 18 contains default settings for WCDMA specific system parameters to be 
used in a multi-RAT EARTH study. 

TABLE 18. Default settings for WCDMA specific system parameters as relevant for multi-RAT considerations. 

Parameter BLS Value 

Carrier frequency Band I and VIII (see note 1) 

System bandwidth 5 MHz (single carrier) 

Mode of Operation FDD 

Maximum sector transmit power See TABLE 20 (see note 2) 

Antenna type Same as LTE 

Number of BS antennas per sector 2 

Multi Antenna technique(s) DL: 2x2 MIMO, UL: 1x2  

BS receiver type GRAKE2 

BS noise figure 5 dB 

Common channels power fraction 20%  

Max HSPA power All remaining power available for HSPA  

Multicodes reserved for HS-DSCH 15 

Modulations DL: QPSK, 16-QAM, 64-QAM 
UL: QPSK, 16-QAM 

UE Tx power 24 dBm (250 mW) 

UE antenna gain 0 dBi  

UE noise figure 9 dB 

UE receiver Type GRAKE2  

Scheduler Round Robin 

CQI estimation Ideal: 0 ms CQI reporting delay,  
no CQI bias and CQI std = 0 dB 

Active set management Link Addition threshold = 4 dB 
Deletion threshold = 4 dB 

Max Active set size = 3 
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Interference method at BS and UE (e.g. coordination, 
interference rejection combining) 

None 

Note 1: UTRA/FDD is designed to operate in the paired bands [TS25.104] as summarized in TABLE 19 

Note 2: Maximum output power, Pmax, of the BS is the mean power level per carrier measured at the antenna 
connector in specified reference condition. The rated output power, PRAT, of the BS shall be as specified in 
[TS25.104]. 

TABLE 19. Frequency bands UTRA/FDD [TS25.104]. 

Operating 
Band 

UL Frequencies 
UE transmit, Node B receive 

DL frequencies 
UE receive, Node B transmit 

I 1920 - 1980 MHz 2110 -2170 MHz 

II 1850 -1910 MHz 1930 -1990 MHz 

III 1710-1785 MHz 1805-1880 MHz 

IV 1710-1755 MHz 2110-2155 MHz 

V 824 - 849MHz 869-894MHz 

VI 830-840 MHz 875-885 MHz 

VII 2500 - 2570 MHz 2620 - 2690 MHz 

VIII 880 - 915 MHz 925 - 960 MHz 

IX 1749.9 - 1784.9 MHz 1844.9 - 1879.9 MHz 

X 1710-1770 MHz 2110-2170 MHz 

TABLE 20. Base Station rated output power [TS25.104]. 

BS class PRAT 

Wide Area BS (Macro) - (see note) 

Medium Range BS (Micro) < +38 dBm 

Local Area BS (Pico) < +24 dBm 

Home BS (Femto) < +20 dBm (without transmit diversity or MIMO) 

< +17 dBm (with transmit diversity or MIMO) 

NOTE: There is no upper limit required for the rated output power of the Wide Area Base Station like for the base 
station for General Purpose application in Release 99, 4, and 5. 
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Cell ranges depend on base station classes: 

 Wide Area Base Stations are characterised by requirements derived from macro-cell scenarios with a 
BS to UE minimum coupling loss equals to 70 dB. The cell radius of a wide area BS is typically larger 
than 3 km. 

 Medium Range Base Stations are characterised by requirements derived from micro-cell scenarios 
with a BS to UE minimum coupling loss equals to 53 dB. Typical cell radii for medium range base 
stations range between 1 and 3 km. 

 Local Area Base Stations are characterised by requirements derived from pico-cell scenarios with a BS 
to UE minimum coupling loss equals to 45 dB. Local area base stations cover cells with a radius 
ranging from a few hundred meters up to 1 km. 

 Home Base Stations are characterised by requirements derived from femto-cell scenarios and cover 
areas defined by a radius ranging from tens of meters to a few hundred meters. 

3.4.2. Switching delays and signalling effort 

The means of achieving energy efficiency gains in a multi-RAT enabled network are basically the coordinated 
usage and adaptation of different radio interfaces to changing traffic conditions and different service types. 
Switching delays mean on one hand the time needed to wake up a radio interface node (either a single 
interface on a base station with multiple interfaces, or multiple interfaces) that was sent to standby mode (or 
switched off) earlier in order to save energy. On the other hand a switching delay appears when a given 
customer’s traffic is directed to another radio interface (inter-RAT handover). As the aim of the project is to 
provide solutions for energy efficiency, while keeping user experience unaltered, these delays play important 
role in the evaluations. 

3.4.2.1. Network node wake up time 

Network node wakeup time is the time required for a given radio interface hardware to reach fully operational 
mode from standby mode (of from being switched off). This parameter might be different for several RATs. 
Providing exact values for this wake up time is not the aim of this document. Rather this delay is a changeable 
parameter in the evaluations and results of these will show the applicable value that multi-RAT devices must 
keep, in order achieving a given level of energy efficiency gain. This may lead to specification of wake up time 
requirements for base station hardware in a multi-RAT network. 

3.4.2.2. IRAT Handover interruption time 

Inter-RAT handover interruption time is the time required for switching a given user traffic from one radio 
interface to the other radio interface. This parameter might be different for several RATs. 

This parameter is not directly linked to the efficiency gain, but it affects the feasibility of some energy efficient 
mechanisms as these delays impact the quality of service perceived by the user. Providing exact values for this 
interruption time is not the aim of this document. Rather this delay is a changeable parameter in the 
evaluations and results of these will show the applicable value that multi-RAT devices must keep, in order 
achieving given level of energy efficiency gain. This should be compared to achievable values with the system 
architecture and mobility protocols specified for 3GPP SAE. 

3.4.2.3. Signalling and measurement overhead for handover 

Inter-RAT handovers for load balancing require the UEs to monitor other RATs and report measurement 
results continuously. Measurements are continuously done by user equipments in a single RAT system as well 
in order to report channel quality (CQI) and in order to allow the system to execute handovers in time. 
Naturally, in a multi-RAT environment these measurements are also constantly being executed over the RAN 
the terminal is currently attached to. Extra overhead is due to the fact that these measurements have to be 
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done over several radio interfaces. It is assumed that the energy consumed, or the time required for these 
measurements and related signalling over a given RAT is the same as if it was a single RAT system with that 
given RAT only. 

The overhead due to these measurements and signalling depends on the actual situation and the associated 
procedure to be carried out; hence the actual parameter values of this overhead are scenario dependent. For 
example, if a terminal is in the coverage of a RAT, e.g. HSPA, but is capable of communicating over another 
RAT, e.g. LTE, it should periodically perform a full LTE cell search in order to find better coverage (this 
procedure might last for seconds). 

The extra energy consumption for transmitting and processing of measurements in the network is opposed to 
potential energy efficiency gains. 

3.4.3. Radio Channel models 

The same radio channel models and path loss models are used for all RATs considered (GSM, WCDMA, LTE) 
that is defined for the reference scenarios (see Section 0 and Section 4.2.4). The applied path loss models are 
taken into account with the appropriate carrier frequency defined for the RAT considered. Base station height 
and mobile station height are the same for all RATs and the same as defined in the baseline system scenarios. 

3.4.4. Transport Channel models 

The benefit of multi-RAT cooperation is limited by the amount of traffic that can be assigned to the resources 
of different RATs. For the impact of multi-RAT cooperation on the system performance and the delivered QoS 
it is important to know the capacity limit and the transmission delay of the channel. 

Normally the capacity of the link depends on the current load and distances of the UEs and should be an 
output of the RAT simulator. For high level comparisons instead of dynamic values the theoretical values 
(single user in cell with good radio channel) can be used. A set of informative values is summarized in TABLE 
21. 

TABLE 21. Capacity values for GSM/GPRS and WCDMA/HSDPA. 

RAT Assumption Voice Capacity Data Capacity 

GSM/GPRS 8 PSK EDGE 
no multi-carrier 

1 voice connection per timeslot 
(normal codec) 

2 connections per slot (half-rate 
codec) 

60 kbps per timeslot 

32 QAM EDGE 
no multi-carrier 

100 kbps per timeslot 

WCDMA/HSDPA (see 
Note) [TS25.214] 

16 QAM 
no dual-stream MIMO 

NA 12.7 Mbps 

64 QAM 
no dual-stream MIMO 

19.2 Mbps 

16 QAM 
dual-stream MIMO 

23.3 Mbps 

64 QAM 
dual-stream MIMO 

42.1 Mbps 

Note: WCDMA/HSDPA: assuming all channelization codes and all transmit power is used by HSDPA. 
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Transmission delay occurs due to channel coding, other data processing (e.g. interleaving, PDU assembly in 
RLC and MAC layers, and retransmission) and due to queuing delay of packets before being scheduled. 

 The scheduling delay depends on the load (different for single user or for congestion) and if available 
the actual output value of the simulator shall be used. The maximum observed value and any 
impairment of the user quality of experience shall be given. 

 Considering the traffic types of Section 4.3, it is concluded that all possible RATs are capable of 
providing such low level of processing delay that these services might be used without degradation 
of packet level QoS. Moreover, as multi-RAT studies will be carried out within the areas of network 
deployment and network management solutions, the exact packet level delays are of less 
importance. 
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4. REFERENCE SCENARIOS (RSC) 

This section describes the reference system deployments to be used for the different system evaluations. In 
line with the specifications of the reference system, a baseline that only considers macro-cellular deployment 
and a set of reference deployments is specified that allow the modelling of various realizations of 
heterogeneous networks (HetNets) including macro, micro, pico, femto-cells, as well as relays. The baseline 
deployment only captures one specific scenario, to allow for comparison and calibration purposes of 
simulators from different partners. The baseline deployment is the foundation for the reference deployment 
scenarios that describe heterogeneous networks in specific operation conditions, namely these are: 

 Dense urban (Scenario 1), 

 Suburban (Scenario 2), 

 Rural/high speed (Scenario 3). 

The baseline deployment is the basis for the various realizations of reference scenarios. The reference 
scenarios specify the placement and system parameters of low power nodes. According to the 3GPP 
specifications [TR36.814R9], different kinds of low power nodes are defined, see TABLE 22. 

TABLE 22. Deployment scenarios for HetNets [TR36.814R9]. 

  Backhaul Access Placement 

Case A Macro-cellular network  X2 Open to all UEs Hexagonal cells 

Case B1 Remote radio head 
(RRH) 

Several µs latency to 
macro 

Open to all UEs Placed indoors or 
outdoors 

Case B2 Pico eNB (i.e. node for 
Hotzone cells) 

X2 Open to all UEs Placed indoors or 
outdoors. Typically 

planned deployment. 

Case C Home eNB (HeNB) (i.e. 
node for femto-cells) 

No X2 Closed Subscriber 
Group (CSG) 

Placed indoors. Consumer 
deployed. 

Case D Relay nodes Through air-interface with 
a macro-cell 

Open to all UEs Placed indoors or 
outdoors 

 

Given the macro-cellular layout (e.g. dense urban) a subset of the above low power nodes may be added to set 
up the reference scenario for dense urban HetNets. Then dense urban macro-cells with co-channel deployed 
femto-cells are defined as HetNet Scenario 1-C. FIGURE 18 describes the hierarchical structure of the reference 
scenario deployment options. 
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Channel-specific
• Path loss models
• Fast fading models
• User mobility

User/Usage-specific
• User densities
• User distribution
• Service classes
• Cell load

Deployment-specific
• Topology/geometry
• Max BS power
• Backhauling

Scen. 1.A
Macro-cell

Scen. 1.C
Femto-cell

Scen. 1.B
Pico-cell / RRH

• Medium 
mobility

• Base coverage

• many users per 
cell

• rel. low traffic 
per user

• Hexagonal grid
• 500m inter-site 

distance
• power <46dBm

• Low mobility
• hot spot

• Low mobility
• indoor

• medium no. 
users per cell

• High traffic per 
user

• few users per 
cell

• High traffic per 
user

• Random 
deployment 

(outdoor)
• power <37dBm

• Random 
deployment 

(indoor)
• power <20dBm

Scenario 1:
Dense Urban

Scen. 1.D
Relays

• Low mobility
• outdoor/indoor

• few users
• Low to medium 

traffic per user

• Random and/or 
planned 

deployment 
(outdoor/indoor)

 

FIGURE 18. Hierarchical structure of HetNet Deployment scenarios 

4.1. BASELINE DEPLOYMENT: HEXAGONAL MACRO-CELL NETWORK 

The minimum basic assumptions related to carrier frequency (CF), Inter-site distance (ISD), operating 
bandwidth (BW), and UE speed are given in TABLE 23 for Scenario 1 to 3. Other parameters follow LTE Rel-8 
specifications and are detailed in the baseline system design described in Section 2. Furthermore, information 
regarding the used channel models is detailed in Section 0, while the antenna configurations are summarized 
in Section 4.1.1. 

TABLE 23. Baseline scenario parameters. 

 Carrier 
Frequency 

(GHz) 

Inter-site 
distance (m) 

Bandwidth 
(MHz) 

Fast fading 
channel model 

Speed 
(km/h) 

Source 

Scenario 1 2.0 500 FDD: 10+10 
TDD: 20 

Urban macro 
(UMa) 

3 [TR36.814R9] 

Scenario 2 2.0  1732 FDD: 10+10 
TDD: 20 

Suburban macro 
(SMa) 

30 [TR36.814R9] 

Scenario 3 2.0 1732 FDD: 10+10 
TDD: 20 

Rural macro 
(RMa) 

120 [ITU2135] Section 8 

FIGURE 19 depicts the hexagonal cell layout of the macro-cellular baseline deployment. One BS site serves 3 
sectors. The inter-site distance (ISD) specifies the distance between two BSs. For system level simulations two 
tiers are tessellated around a central site, resulting in 57 sectors. To avoid edge effects, in the way that sectors 
near the boundaries are exposed to less interference compared to sectors located near the centre area, either 



EARTH PROJECT 

 

 

EARTH_WP2_D2.2_v2 58 / 87 

wrap around or the modelling of additional tiers (typically 2) is possible. The simulation assumptions are taken 
from [TR25.814] and are summarized in TABLE 24. 

Inter site 
distance (ISD)

 

FIGURE 19. Hexagonal cell layout for macro-cellular deployments. Base station sites (marked with red circles) 
serve 3 sectors 

TABLE 24. Macro-cell simulation baseline parameters [TR25.814]. 

Parameter Assumption 

Cellular Layout Hexagonal grid, 19 cell sites, 3 sectors per site 

Number of UEs per sector Nuser = 10 

Users are dropped randomly within the sector 

Correlation distance of Shadowing 50 m 

Shadowing 
correlation 

Between sites 0.5 

Between sectors 1.0 

 

4.1.1. Antennas 

For the macro-cellular deployment antenna diagrams are assumed as proposed for evaluation purposes in 
[TR25.814] and [TR36.814R9]. TABLE 25 presents the assumed antenna diagrams for three-sectorized macro 
base stations. For the macro base station either the horizontal antenna pattern may be used on its own or the 
horizontal and the vertical antenna patterns may be combined to form a so called 3D antenna diagram. The 
latter is required e.g. if the effects of base station antenna tilting should be captured in the evaluations. 
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TABLE 25. Base station antenna diagram. 

Base station type Antenna diagram Source 

Macro BS Horizontal antenna pattern (2D) 

m

dB

H AA ,12min

2

3

 

with   = azimuth, 3dB = 70°,  Am = 25 dB 

[TR36814R9], see 
Table A.2.1.1-2 

Vertical antenna pattern 

v

dB

etilt
V SLAA ,12min

2

3

 

with   = tilt, 3dB = 10,  SLA  = 20 dB 

etilt is the electrical antenna down tilt. 

[TR36814R9], see 
Table A.2.1.1-2 

Combining method in 3D antenna pattern 

mVH AAAA ,min,  

[TR36814R9], see 
Table A.2.1.1-2 

BS antenna gain (in front-end direction) 

14 dBi 

[TR25.814], see Table 
A.2.1.8-1 

For BSs equipped with multiple transmit antennas the antenna array should comply with the geometry as 
specified in TABLE 26.  

TABLE 26. Base station antenna array configurations. 

 Default value Optional values 

Max. # antennas 2 Tx, 2 Rx {1,4} Tx, 4 Rx 

Antenna spacings λ/2 4λ 

Antenna array geometry Pairwise cross-polarized antenna elements 

X X 

Uniform linear array (ULA) 

I I I I 
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4.1.2. Channel models 

4.1.2.1. Path loss and shadowing models 

The distance dependent path loss models depend, amongst others, on the chosen carrier frequency and 
antenna height. In 3GPP distance dependent path loss models for urban and rural scenarios are specified in 
Appendix A2.1.1.2 of [TR36.814R9], each with line of sight (LoS) and non-line of sight (NLoS) specification. 

TABLE 27 specifies the path loss models for macro-cellular deployments. Log-normal shadowing is added to all 
links. These baseline assumptions model the shadowing correlation from one UE to multiple BS, and assume 
no shadowing correlation from one BS to multiple UEs no matter how close the UEs are located. Optionally, 
shadowing correlation from one BS to multiple UEs can be modelled as a function of separation between UEs, 
with an auto-correlation distance for macro BS of 50 m. 

TABLE 27. Path loss models for macro cells [TR25.814], [ITU2135]. 

 Macro BS to UE 

Urban Macro 
(UMa) 

Distance d  in m  and carrier frequency cf  in GHz  

c2GHz 6GHzf  

Log-normal 
shadowing 
standard 
deviation 

Applicability ranges 

LoS 
LoS 10 10 c22.0log 28.0 20.0logPL d f  4dB  '

BP10m d d  

'
BPd …break point 

LoS 10 10 BS

10 UT 10 c

40.0log 7.8 18.0log 1

18.0log 1 20.0log

PL d h

h f
 

4dB  '
BP 5000md d  

BSh …BS ant. height 

UTh …UT ant. height 

NLoS 
NLoS 10 10

2

10 BS

BS

10 BS 10

2

10 c 10 UT

161.04 7.1log 7.5log

24.37 3.7 log

43.42 3.1log log 3

20.0log 3.2 log 11.75 4.97

PL W h

h
h

h

h d

f h

 

6dB  10m 5000md  

h …avg. build. height 

W … street width 

BS

UT

5m 50m

5m 50m

10m 150m

1m 10m

h

W

h

h

 

 
63 63

LoS

18
min ,1 1 e e

d d

P
d

 

9
' c
BP BS UT

10
4 1 1

f
d h h

c
 with 

83.0 10
m

c
s
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Rural Macro 
(RMa) Distance d  in m  and carrier frequency cf  in GHz  

c450MHz 6GHzf
 

Log-normal 
shadowing 
standard 
deviation 

Applicability ranges 

LoS 
1.72c

LoS,1 10 10

1.72
10

40
20.0log min 0.03 ,10 log

3

min 0.044 ,14.77 0.002 log

f
PL d h d

h d h

 

4dB  
BP10m d d  

LoS,2 LoS,1 BP 10

BP

40.0log
d

PL PL d d
d

 
6dB  

BP 10000md d  

NLoS 
NLoSPL equals NLoSPL  of UMa scenario 8dB  10m 5000md  

 

10LoS
1000

1,         10m

e , 10m
d

d
P

d
 

9
c

BP BS UT

10
2

f
d h h

c
 with 

83.0 10
m

c
s

 

  

 

4.1.2.2. Fast fading channel models 

Fast fading may be modelled using any of the following: 

 Static simulations 

o No fast fading 

 Dynamic simulations with uncorrelated transmit and receive antennas 

o Fast fading with typical urban channel model. 

 Dynamic simulations with sophisticated ITU spatial channel models (SCM) [ITU2135], described also 
in Appendix B of [TR36.814R9] 

o Scenario 1 (dense urban): fast fading is modelled with ITU urban macro (UMa) model 

o Scenario 2 & 3 (suburban, rural): fast fading is modelled with ITU rural macro (RMa) model 

4.2. HETEROGENEOUS NETWORK DEPLOYMENTS 

In heterogeneous networks, illustrated in 0, low power nodes complement the conventional macro-cellular 
network layout. Pico-cells cover high traffic demand (hotzone) areas, while indoor base stations constitute 
femto-cells that provide broadband coverage to indoor users. Furthermore, relay nodes are a cost efficient 
means to extend outdoor coverage, since expensive backhaul links are avoided. 
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backhaulpico-cell
femto-cell

relay

 

FIGURE 20. Heterogeneous network deployment, consisting of pico-cells serving hot spot areas, femto-cells for 
indoor users, and relays. 

4.2.1. Placement of low power nodes and users in HetNets 

In order to provide high capacity mobile access to busy areas, so called hotzones, micro-cells, pico-cells and 
relays are being deployed. The existence of hotzones implies that the conventional uniform user distribution 
no longer holds. In [TR36.814R9], Section A2.1.1.2, clustered placement of users in hotzones is described as 
follows: 

 Fix the total number of users, Nusers, dropped within each macro geographical area, where the default 
value is set to Nusers is 60. 

 Randomly and uniformly drop the configured number of low power nodes, N, within each macro 
geographical area (the same number N for every macro geographical area). N may take the values 
from {1, 2, 4, 10}), where N=4 is the default value. 

 Randomly and uniformly drop Nlpn users within a 40 m radius of each low power node, where 

NNPN /users

hotspot

lpn , where Photspot defined in TABLE 28, is the fraction of all hotspot users over 
the total number of users in the network. 

 Randomly and uniformly drop the remaining users, Nusers - Nlpn*N, over the entire macro geographical 
area of the given macro cell (including the low power node user dropping area). 

TABLE 28. Configuration parameters for clustered user dropping. 

Total number of 
users 
Nusers 

Number of low 
power nodes 

N 

Fraction of all hotspot users over the total number 
of users in the network 

P
hotspot

 

60 

(Nusers may be 
varied to model 

low load 
situations) 

1 

2 

4 (default) 

10 

1/15 

2/15 

4/15 

2/3 
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4.2.2. Placement of indoor base stations in HetNets 

Low power nodes that are placed indoors are either home eNBs (HeNBs) or indoor relays. This section 
describes the placement of indoor base stations (HeNBs) constituting femto-cells; the placement of indoor 
relays is discussed in Section 4.2.3. For evaluation purposes co-channel deployment with macro-cells is 
considered, where macro and femto-cells share the available resources. Closed subscriber group (CSG) femto-
cells are considered, which means that only authorized users are allowed to connect to a femto-cell. Clustered 
indoor deployment of femto-cells is considered. In [TR36.814R9] two indoor deployment models are 
suggested: 

 5x5 grid model [R4-092042] 

 Dual strip model [R4-092042], [TR36.814R9] 

For femto-cell related studies in EARTH, the 5x5 grid model is preferred due to its simplicity. 

As a baseline assumption uniform distribution of macro-UEs is assumed. Optionally, non-uniform distribution 
of macro-UEs within the cell is also possible. To this end, the fraction of macro UEs in one apartment block 
(femto cluster) may be set to 35% or 80%.  

4.2.2.1. 5x5 Grid model 

The 5x5 grid model is a simple HeNB cluster model as shown in FIGURE 21. 

HeNB
Active UE
Idle UE

10m

10m

 

FIGURE 21. 5x5 grid model for indoor deployment of HeNBs and femto-UEs 

A single floor building with 25 apartments is considered. The apartments are 10m x 10m and are placed next 
to each other on a 5x5 grid on each floor [R4-092042]. In addition, it is assumed that with probability p1, there 
is a HeNB in each apartment. This probability represents the density of HeNB deployment. For apartments that 
have a HeNB, the HeNB as well as the associated femto UEs are dropped randomly and uniformly in the 
apartment. In order to model the case that a HeNB does not serve any active UE, an activation ratio, denoted 
by p2, for femto UEs is introduced. In case a femto UE is inactive, only control channel information between 
HeNB and femto UE is exchanged, while data transmissions are suspended. The parameters for the indoor 
deployment of low power nodes are summarized in TABLE 29. 
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TABLE 29. Assumptions for the indoor deployment of low power nodes 

HeNB deployment 5x5 grid 

Number of clusters (5x5-grids) per cell 4 

HeNB deployment probability p1 0.2 

HeNB activation probability p2 0.5 

Number of femto UEs per HeNB 1 

 

Please note that the wall penetration loss only applies to outside walls. The effect of internal walls is taken into 
account by an increased shadow fading standard deviation of 10 dB (see TABLE 32), as compared to 4 dB when 
internal walls are explicitly taken into account [R4-092042]. 

4.2.2.2. Dual Strip model 

The dual strip model is a more sophisticated model for the deployment of indoor low power nodes (femto-
cells and indoor relays). The dual strip model is considered as unnecessarily complex for EARTH considerations 
and should not be used. For a reference, the dual strip model is described in [R4-092042], and specific 
parameters for placing indoor low power nodes are given in Appendix A2.1.1.2 of [TR36.814R9]. 

4.2.3. Placement of Relays 

The placement of relays is typically not random, as relays are placed on positions they are most needed in 
terms of SINR (geometry), and/or relays are placed on cell edge areas. In Section A2.1.1.4 in [TR36.814R9] two 
alternatives how to model the planned deployment of relays are suggested. For performance evaluation of 
relaying schemes in EARTH, Alternative 1 is preferred. 

Alternative 1: 

 Add a 5 dB SNR gain to the BS to relay link. Furthermore, the line of sight (LOS) probability for the BS 
to relay link is increased (see Table 2.1.1.4-2 in [TR36.814R9]). 

Alternative 2 describes the following relay planning procedure: 

 N = 5 candidate relay sites are considered within a searching area of 50 m radius around the virtual 
relay. 

 For simplicity, the candidate relays are randomly placed in the searching area. 

 The best relay site is selected based on SINR criteria on the backhaul link. 

For indoor relay scenarios, 2 cases are distinguished, depending on the relay node configuration: 

 If the relay donor antenna is outdoors, no planned deployment of relays is performed.  

 If the relay node is made up of a donor module and a coverage module, both being placed indoors, 
the donor module has to be placed near a window to optimize the backhaul link quality. This 
optimization is reflected by a penetration loss of 5 dB in TABLE 33. The coverage module has to be 
placed in the centre of the house to provide maximum coverage. 

The actual placement of indoor relays and users is according to the placement of HeNBs in femto-
deployments. 
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4.2.4. HetNet deployment parameters 

The deployment specific parameters for performance evaluations in HetNets from [TR36.814R9] are 
summarized for pico and femto-cells in TABLE 30, as well as for relays in TABLE 31. For the number of transmit 
and receive antennas 2x2 MIMO is the baseline assumption. The antenna array geometry corresponds to the 
macro BS specified in TABLE 26.  

TABLE 30. Heterogeneous system simulation baseline parameters for pico and femto-cells 

Parameter Assumption 

RRH / Hotzone Femto 

Nodes per macro-cell 
RRH/Hotzone, and outdoor relay: 1, 2, 4 or 10 nodes, where 4 is the default value 

Femto and indoor relay: 4 clusters 

Antenna pattern (horizontal) dBA 0  
(omnidirectional) 

Carrier Frequency (CF)  
CF= 2 GHz for scenarios 1 and 2 (dense urban, suburban)  

CF = 0.8 GHz for scenario 3 (rural high speed) 

UE speeds of interest 
Scenarios 1 and 2: 3 km/h for all UEs  

Scenario 3 (Rural/high speed): 120 km/h for UEs served by macro, RRH, hotzone or 
relay nodes; 3 km/h for UEs served by femto-cells. 

Total BS TX power (Ptotal) 
30 dBm – 10 MHz carrier (37 dBm is 

optional for scenarios 2 & 3 
(suburban, rural)) 

20 dBm – 10 MHz carrier 

UE power class 
23 dBm (200 mW)  

This corresponds to the sum of PA powers in multiple Tx antenna case 

Antenna configuration 
1, 2, 4 Tx antenna ports,  

2, 4 Rx antenna ports  

(2x2 MIMO as default) 

Antenna gain and connector loss 
5 dBi 

 

Placing of new nodes and UEs 
As described in Section 4.2.1 (see also 

Table A.2.1.1.2-4 in [TR36.814R9]) 
As described in Section 0 (see also Table 

A.2.1.1.2-6 in [TR36.814R9]) 

Minimum distance between low 
power node and regular base 
station 

≥ 75 m 

Minimum distance between UE 
and macro base station 

≥ 35 m 

Minimum distance between UE 
and low power node 
(RRH/Hotzone, Femto) 

For outdoor RRH/Hotzone 
> 10 m 

≥ 3 m 

Minimum distance among new 
nodes 

40 m 40 m cluster radius 
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TABLE 31. System simulation baseline parameters for relays. 

Relay 
Parameter 

Description 
Scenario 1 

(Dense Urban) 
Scenario 2 & 3 

(Suburban, Rural) 
Indoor Relay 

(Scenarios 1 to 3) 

Nodes per macro-cell 1, 2, 4 or 10 nodes , where 4 is the default value 4 clusters 

PRN 
Max Tx power 30 dBm @ 10 MHz 

bandwidth 
30 dBm @ 10 MHz 

bandwidth 

(37 dBm is optional) 

Downlink: 
20 dBm @ 10 MHz bandwidth 

 

Uplink: 
Indoor donor antenna: 

23 dBm @ 10 MHz bandwidth 

Outdoor donor antenna: 
30 dBm @ 10 MHz bandwidth 

PUE 
UE power class 23 dBm (200 mW) 

This corresponds to the sum of PA powers in multiple Tx antenna case 

Minimum distance between relay 
and macro BS 

≥ 75 m 

Minimum distance between UE 
and Relay 

Outdoor relay > 10m 

Indoor relay ≥ 3 m 

Minimum distance between 
relays 

40 m 

HRN 
Relay antenna 

height 
5 m 5 m 

Outdoor antenna: 5 m 

Indoor antenna: N/A 
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Relay 
Parameter 

Description 
Scenario 1 

(Dense Urban) 
Scenario 2 & 3 

(Suburban, Rural) 
Indoor Relay 

(Scenarios 1 to 3) 

Antenna 
Configuration 

One antenna 
set 

5 dBi antenna gain, Omni 
1, 2, 4 Tx antenna ports, 

2, 4 Rx antenna ports 
(2x2 MIMO as default) 

N/A 

Two antenna 
sets 

Relay-UE link: 

5 dBi antenna gain, 
Omni 

dBA 0  

 

2 Tx , 2 Rx antenna 
ports 

Relay-UE link: 

5 dBi antenna gain, 
Omni 

dBA 0  

or 

directional pointing away 
from the donor cell 

m

dB

AA ,12min

2

3  

dB3  = 70° and Am = 20 dB 

 

2 Tx , 2 Rx antenna ports 

Relay-UE link: 

5 dBi antenna gain, 
Omni 

dBA 0  

 

2 Tx , 2 Rx antenna ports  

Macro-Relay link 

7dBi, directional 

m

dB

AA ,12min

2

3  

dB3  = 70° and Am = 20 dB 

 

1, 2, 4 Tx antenna ports, 
2, 4 Rx antenna ports 

(2x2 MIMO as default) 

Macro-Relay link 

Indoor donor antenna: 
5 dBi, directional 

Outdoor donor antenna: 
7 dBi, directional 

m

dB

AA ,12min

2

3  

dB3  = 70° and Am = 20 dB 

1, 2, 4 Tx antenna ports, 
2, 4 Rx antenna ports 

(2x2 MIMO as default) 

NFRN 
Noise figure 5 dB 5 dB 5 dB 

HWRN 
Hardware 

loss/cable loss 
0 dB 0 dB Outdoor donor antenna:  

2 dB 

Indoor donor antenna: 
0 dB 
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4.2.5. HetNet Channel Models 

4.2.5.1. Path loss and shadowing models 

The distance dependent path loss models strongly depend on the chosen deployment. In particular, whether 
the low power nodes are deployed indoors strongly affects the applicable channel models. Furthermore, the 
antenna height does have a significant impact on the path loss model. 

The following tables specify the path loss models for HetNets with pico and femto-cell deployment in TABLE 
32, and with relay deployment in TABLE 33, respectively. Log-normal shadowing is added to all links. In TABLE 
32 and TABLE 33 the shadowing standard deviation and shadowing correlation between adjacent cells are 
given for low power nodes and relays.  

These baseline assumptions model the shadowing correlation from one UE to multiple BS, and assume no 
shadowing correlation from one BS to multiple UEs no matter how close the UEs are located. Optionally, 
shadowing correlation from one BS to multiple UEs can be modelled as a function of separation between UEs. 
In this case the auto-correlation distance for macro BS is assumed to be higher (50 m) than for HeNB (3 m). 
Further, due to the different auto-correlation distances of macro BSs and HeNBs, the shadowing correlation 
between macro and pico cells should be set to zero. 

TABLE 32. Path loss models (no relaying). 

Parameter RRH / Hotzone Femto 

Distance-dependent path loss 
from low power nodes to UE 
(Note A) 

Urban Micro (UMi) 

LoS:  

LoS 10 10 c22.0log 28.0 20.0logPL d f

 

'
BP10m d d  

LoS 10 10 BS

10 UT 10 c

40.0log 7.8 18.0log 1

18.0log 1 20.0log

PL d h

h f
 

'
BP 5000md d  

NLoS:  

NLoS 10 10 c36.7log 22.7 26.0logPL d f

10m 2000md  

36 36
LoS

18
min ,1 1 e e

d d

P
d

 

9
' c
BP BS UT

10
4 1 1

f
d h h

c
 with 

83.0 10
m

c
s

 

Distance d  in m  and carrier frequency cf  in 

5x5 Grid 

Femto to UEs inside the same cluster 

L= 127+30 log10(R) 

Other links 

L= 128.1+37.6 log10(R) 

for 2 GHz, R in km, 
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Parameter RRH / Hotzone Femto 

GHz  c2GHz 6GHzf  

Shadowing standard deviation  For outdoor RRH/Hotzone 

for LoS: 3dB  

for NLoS: 4dB  

5x5 Grid 

10 dB for Link between HeNB and HeNB UE. 

8 dB for other links 

Shadowing 
correlation 

Between cells 
(Note B) 

For outdoor RRH/Hotzone: 0.5 0 

Between 
sectors 

N/A N/A 

Penetration Loss For outdoor RRH/Hotzone 

20 dB for all scenarios (dense urban, suburban 
and rural) 

5x5 Grid 

Femto to UEs inside the same cluster: 0 dB 

All other links: 20 dB 

Note A: The distance dependent pathloss models are taken for a carrier frequency of 2GHz.  

Note B: Cells including macro cells of the overlay network and new nodes. 
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TABLE 33. Path loss models for relays. 

Parameter Relay 

Distance-dependent path loss 
from BS and relay to UE 

Macro to UE: 

PLLOS(R)= 103.4+24.2 log10(R) 

PLNLOS(R)= 131.1+42.8 log10(R) 

for 2 GHz, R in km. 

 

Scenario 1 (Dense Urban):  

Prob(LOS)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063) 

Scenario 2 (Suburban): 

Prob(LOS)=exp(-(R-0.01)/0.2) 

Scenario 3 (Rural/ high speed):  

Prob(LOS)=exp(-(R-0.01)/1.0) 

 

Macro to relay: 

Relay with outdoor donor antenna: 

PLLOS(R)=100.7+23.5 log10(R) 

PLNLOS(R)= 125.2+36.3 log10(R) 

For 2GHz, R in km. 

 

Prob(LOS) based on ITU models: 

Scenario 1 (Dense Urban):  

Prob(LOS)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072) 

Scenario 2 (Suburban): 

Prob(LOS)=exp(-(R-0.01)/0.23) 

Scenario 3 (Rural/ high speed) 

Prob(LOS)=exp(-(R-0.01)/1.15) 

 

Note 1: Bonus for donor macro to relay for optimized deployment by site planning is 
described in Section 4.2.3 (see also Annex A.2.1.1.4 in [TR36.814R9]) 

 

Note 2: Higher probability of LOS shall be reflected in consideration of the height of RN 
antenna, as described in Section 4.2.3 (see also Annex A.2.1.1.4 in [TR36.814R9]). 

 

Note3: If link from donor Macro to optimized relay site is LOS, the links from other 
macros to optimized relay site could be LOS or NLOS, else all interference links from 

other macros are NLOS. 
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Parameter Relay 

 

Relay with indoor donor antenna: 

PLLOS(R)= 103.4+24.2 log10(R) 

PLNLOS(R)= 131.1+42.8 log10(R) 

For 2GHz, R in km 

 

Scenario 1 (Dense Urban): Prob(LOS)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063) 

Scenarios 2 & 3 (suburban, rural):  

Prob(LOS)=exp(-(R-0.01)/1.0) 

 

Note 4: Higher probability of LOS shall be reflected in consideration of the height of RN 
antenna 

Relay to UE: 

Relay with outdoor coverage antenna: 

PLLOS(R)=103.8+20.9 log10(R) 

PLNLOS(R)=145.4+37.5 log10(R) 

For 2GHz, R in km 

Scenario 1 (Dense Urban): 

Prob(LOS)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) 

Scenarios 2 & 3 (suburban, rural): 

Prob(LOS)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095)) 

 

Relay with indoor coverage antenna: 

5x5 Grid 

Relay to UEs inside the same cluster 

RL 10log30127  

Relay to UEs in different clusters 

L= 128.1+37.6 log10(R) for 2 GHz,  

R in km, the number of floors in the path is assumed to be 0.  

Shadowing standard 
deviation 

Macro to relay: 

Relay with outdoor donor antenna: 6 dB 

Relay with indoor donor antenna: 8 dB 

Relay to UE: 

Relay with outdoor coverage antenna: 10 dB 
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Parameter Relay 

 

Relay with indoor coverage antenna: 

5x5 Grid 

10 dB for link between relay and relay UE. 

8 dB for other links 

Shadowing 
correlation
  

Between cells  Relay with outdoor coverage antenna:0.5 

Relay with indoor coverage antenna: 0 

Betw. sectors 
(Note A) 

N/A 

Penetration Loss Macro to UE: 

20 dB if the UE is indoors, 0 dB if the UE is outdoors. 

Macro to relay: 

Relay with outdoor donor antenna: 0 dB 

Relay with indoor donor antenna: 5 dB 

Relay with outdoor coverage antenna to UE:  

20 dB for all scenarios; See [ITU2135] for ITU Rural 

 

Relay with indoor coverage antenna to UE: 

5x5 Grid 

Relay to UEs inside the same cluster:0 dB 

Relay to UEs in different clusters: 20 dB. 

Note A: Cells including macro cells of the overlay network and new nodes. 

4.2.5.2. Fast fading channel models 

For dynamic simulations with sophisticated spatial channel models (SCM) [ITU2135] the ITU fast fading 
channel models are specified in TABLE 34. Otherwise the assumptions for macro cell fast fading channel 
models from Section 0 apply. 

TABLE 34. ITU fast fading channel models for HetNet system level simulations [ITU2135]. 

Scenario ITU fast fading channel model 

Macro BS to UE UE is outside Scenario 1 (dense urban): urban macro (UMa) 

Scenario 2 & 3 (suburban, rural): rural macro (RMa) 

UE is inside Scenario 1 (dense urban): urban macro (UMa) NLOS 

Scenario 2 & 3 (suburban, rural): rural macro (RMa) NLOS 
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Scenario ITU fast fading channel model 

Outdoor low power 
node (pico-cell / RRH or 
relay) to UE 

UE is outside Urban micro (UMi) 

UE is inside Urban micro (UMi) NLOS 

Indoor BS to UE (HeNB 
or indoor relay) 

UE is outside InHouse (InH) NLOS 

UE is inside a 
different building as 
the indoor BS 

InHouse (InH) NLOS 

UE is inside the same 
building as the 
indoor BS 

InHouse (InH)  

 

4.3. TRAFFIC MODELS 

Traffic models for system performance evaluations are provided in TABLE 35. The use of real traffic patterns 
for developing real traffic models will be studied upon availability of real traffic traces. 

The default considerations are full buffer for maximum load considerations and FTP for simple load modelling. 
EARTH partners are encouraged to use the more advanced HTTP and VoIP models for detailed traffic 
modelling. 

TABLE 35. Traffic Models [TR36.814R9] 

Traffic Models Model Applies to 

Full buffer DL and UL 
Continuous traffic 

Non-full buffer 
FTP model 

DL and UL 
Bursty traffic 

Non-full buffer 
HTTP model 

DL 
Bursty traffic 

VoIP DL and UL 
Real time services 

Traffic-specific parameters refer to both the characteristics of the services to be provided over the system and 
to the users’ distribution, not only geographically but also logically in terms of users’ profiles/necessities. 

 System throughput studies shall be assessed using full-buffer traffic model capturing continuous 
traffic and non-varying interference. 

 Evaluations with time-varying interference shall be carried out using bursty traffic models. 3GPP 
proposes FTP traffic models to exercise system performance studies in bursty traffic as described in 
TABLE 35 [TR36.814R9]. 

 To model web browsing a HTTP traffic model shall be used [WINNER]. 

 For studies that consider real time services a VoIP traffic model shall be used [R1-070674]. 
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4.3.1.1. FTP traffic model [TS36.814] 

TABLE 36 shows the parameters for the FTP traffic Model 1. FIGURE 22 illustrates the user arrival of traffic 
Model 1. Baseline model is Model 1 with file size of 2 Mbytes. 

TABLE 36. FTP Traffic Model 1. 

Parameter Statistical Characterization 

File size, S 
2 Mbytes (0.5 Mbytes optional) 
(one user downloads a single file) 

User arrival rate, λ Poisson distributed with arrival rate λ 

Note 1: Small file size of 0.5 Mbytes can be chosen to speed-up the simulation. 

Note 2: Possible range of λ: *0.5, 1, 1.5, 2, 2.5+ for 0.5 Mbytes, *0.12, 0.25, 0.37, 0.5, 0.625+ for 2 Mbytes. Range of λ 
can further be adjusted. 

 

Time

Per cell traffic

S

user1 user2 user3 user4

 

FIGURE 22. Traffic generation of FTP Model 1 

 Other models addressing specific applications have also been proposed in the literature [WINNER]. 

 User density depends highly on the environment type and can be defined per service/application 
type. TABLE 37 characterises the user density and traffic parameters, such as number of session 
attempts and average session duration per environment and typical applications [FoBB2005]. 
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TABLE 37. User density, number of session attempts, and average session duration per environment type. 

Environment type User density 
(users/km

2
) 

Number of session 
attempts per day 

(1/users) 

Average session 
duration Dn,m(s) 

Applications 

Scenario 1: Indoor (residential-
dense urban) 

26400 5 120 

Voice 

VoIP 

SMS 

MMS 

Scenario 1: Indoor (office-dense 
urban) 

30000 10 150 

Scenario 2: Indoor (residential-
suburban) 

6600 6 120 

Scenario 1: Dense urban 11000 3 100 

Scenario 2: Suburban 2000 10 120 

Scenario 3: Rural 200 6 120 

Scenario 1: Indoor (residential-
dense urban) 

2640 1 180 

Streaming 

E-mail 

Web browsing 

M-banking 

Scenario 1: Indoor (office-dense 
urban) 

15000 1 600 

Scenario 2: Indoor (residential-
suburban) 

4400 1 180 

Scenario 1: Dense urban 1100 1 120 

Scenario 2: Suburban 500 1 600 

Scenario 3: Rural 50 1 120 
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4.3.1.2. VoIP traffic model [ITU2135] 

The simple 2-state voice activity model is considered as shown in FIGURE 23. 

 

Inactive State

State 0

Active State

State 1

a

c

d = 1-a

b = 1-c

 

FIGURE 23. 2-state voice activity model 

In the model, the probability of transitioning from state 1 (active speech state) to state 0 (inactive or silent 
state) while in state 1 is equal to “a”, while the probability of transitioning from state 0 to state 1 while in state 
0 is “c”. The model is assumed updated at the speech encoder frame rate R = 1/T, where “T” is the encoder 
frame duration. 

TABLE 38 provides relevant parameters of the VoIP traffic that shall be assumed in the simulations. The details 
of the corresponding traffic model are described below. 

TABLE 38. Relevant parameters of VoIP traffic 

Parameter Characterization 

Voice activity factor (VAF) 50% (c = 0.01, d = 0.99) 

SID payload Modelled 

15 Bytes (5 Bytes + header) 

SID packet every 160 ms during silence 

Protocol Overhead with compressed header 10 bit + padding (RTP-pre-header) 

4 Byte (RTP/UDP/IP)  
2 Byte (RLC/security) 

16 bits (CRC) 

 

4.3.1.2.1. VoIP capacity evaluation 

The system bandwidth for VoIP simulations is reduced to 5 MHz for all cases and the baseline overhead 
assumed in the simulations shall be scaled accordingly. The typical urban channel model shall be used for this 
case. 

4.3.1.2.2. Satisfied user criterion 

A VoIP user is in outage (not satisfied) if the 98% radio interface tail latency of this user is greater than 50 ms. 
An end-to-end delay below 200 ms is assumed for mobile-to-mobile communications. 
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The system capacity is defined as the number of users in the cell when more than 95% of the users are 
satisfied. 

4.3.1.3. HTTP traffic model [WINNER] 

Web-browsing using HTTP represents interactive traffic, modelled by the HTTP traffic model [WINNER]. A web-
page consists of a main object and embedded objects, e.g. pictures, advertisements. After receiving the main 
page, the web-browser will parse for the embedded objects. The main parameters to characterize web-
browsing are (see TABLE 39): 

 Main size of an object SM, 

 Size of an embedded object in a page SE, 

 Number of embedded objects ND, 

 Reading time D, 

 Parsing time for the min page TP. 

TABLE 39. Web-browsing traffic parameters. 

Parameter Statistical Characterization 

Main Object Size SM Truncated Lognormal Distribution 

Mean = 10710 Bytes, Standard Deviation = 25032 Bytes,  
Minimum = 100 Bytes, Maximum = 2 MBytes (before truncation) 

PDF: 

 

0,
2

1 2

2

2

ln

xe
x

f

x

x

, 
 37.8,37.1

 

Embedded Object Size SE Truncated Lognormal Distribution 

Mean = 7758 Bytes, Standard Deviation = 126168 Bytes,  
Minimum = 50 Bytes, Maximum = 2 MBytes (before truncation) 

PDF: 

 

0,
2

1 2

2

2

ln

xe
x

f

x

x

, 
 17.6,36.2

 

Number of Embedded Objects 
per Page = ND 

Truncated Pareto Distribution 

Mean = 5.64, Maximum= 53 (before truncation) 

PDF: 

 
mxkf k

x ,
1 , 

 
mx

m

k
f x ,

, 
 55,2,1.1 mk

 

Note: Subtract k from the generated random value to obtain ND 

Reading Time D Exponential Distribution 

Mean = 30 s 

PDF: 
 0, xef x

x ,  033.0  

Parsing Time TP Exponential Distribution 

Mean = 0.13 s 

PDF: 
 0, xef x

x ,  69.7  
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4.4. MULTI-RAT REFERENCE SCENARIOS 

Reference scenarios describe the main characteristics of a selection of environments where a system will be 
operated. The description must be independent from the technical solutions, so that it has to refer only to the 
external characteristics that cannot be changed by the system targeted at operating on these scenarios. These 
are, for example, user density and mobility as well as area characteristics in terms of height and density of 
buildings. Since a plethora of parameters can be extracted for describing test scenarios, typically they are 
categorized in three main areas: 

 Deployment-specific parameters, 

 User terminals, 

 Traffic-specific parameters. 

4.4.1. Deployment-specific parameters 

Deployment-specific parameters refer to the topology and positioning of the base stations, as well as the 
number and mix of sites in the scenario. Further classification can be: 

 A preferred topology is a macro-cell deployment of full 3G coverage (GSM/UMTS) and (partial) LTE-
coverage with LTE macro base stations collocated with the GSM/UMTS base stations. 

 Another topology may use dedicated LTE sites, e.g. with small or femto base stations, not collocated 
with 3G sites (see FIGURE 24). 

 Further topologies may be defined in WP3 during the analysis of multi-RAT cooperation energy 
efficiency gains, e.g. using Manhattan grid scenarios for the micro-cells, see [TR25.942R9]. 

   

FIGURE 24. Legacy macro (black) and collocated LTE macro sites (blue) with inserted LTE micro-cells 

 Base stations may either be dedicated base stations for one RAT or can be combined base stations 
that share parts of the site infrastructure or part of the hardware platform. In the latter case WP3 
has to define the power model of the combined base station, with a specific share of static and load 
dependent parts of the power model (see Section 4.4.3 for more details). The macro sites are 
sectorized in a realistic case, while the micro layer can comprise both sectorized and omni-directional 
cells. 
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4.4.2. User terminals 

Different classes of mobile user terminals need to be regarded in multi-RAT scenarios. Legacy terminals only 
support GSM and/or UMTS. LTE devices fully support 3G and GSM interfaces for backwards compatibility. The 
benefit of the multi-RAT cooperation depends on the mixture of these devices (see Section 4.4.5 for more 
details). 

4.4.3. Deployment (co-location) 

As already mentioned, reference scenarios must be independent from the technical solution adopted. In this 
sense, the multi-RAT condition of a scenario in terms of deployment-specific parameters shall be considered as 
if the environment defined were the same and the sites (number, distances, etc.) referred to all the different 
access technologies studied, this is, co-location is the baseline assumption. 

 Regular cell arrangements, hexagonal or Manhattan 

 A macro layer of legacy RAT in the lower frequency band 

 A collocated macro layer of LTE in the high-frequency band 

 Additional LTE sites for coverage as well as for capacity. These are to be inserted among the macro 
sites (femto-cells). 

Deployments of multi-RAT reference scenarios are not within the scope of this deliverable and will be 
determined by WP3 in a later stage. 

4.4.3.1. Re-use factor 

The re-use factor is specified in Section 4.8 in [TR43.030R9]. Channel allocation is normally made on an FDMA 
basis. Channel allocation for uniform traffic distribution preferably follows one of the well known re-use 
clusters depending on C/I-distribution, e.g. a 9-cell cluster (3-cell 3-site repeat pattern) using 9 RF channel 
groups or cell allocations [Stje1985]. The re-use scheme may be different for different RATs. 

4.4.4. Traffic mixes and traffic handling 

Traffic patterns and users densities remain the same independently of multi-RAT scenarios as for the LTE 
scenarios described above. But in a multi-RAT scenario an energy aware scheduler may decide on the 
distribution of the traffic to the RATs. The analysis shall invest how much gain such cooperation can yield. 
Furthermore, it is important to mention that the adequacy of the different RATs for different traffic types will 
be further investigated. In this sense, the specific characteristics of certain application might fit on specific RAT 
configurations, which may result on enhanced energy efficiency. 

4.4.5. UE types 

While on the single RAT scenarios UE characteristics are mainly addressed on the channel-specific parameters 
defining the PHY features of the mobile devices the user might be carrying, in the multi-RAT case there is an 
additional parameter that has to be taken into account. It is important to note that not all UEs might be 
equipped with the radio endpoints necessary to access via the available RATs. 

For EARTH, the following assumptions are made. 2 UE types are defined, one compatible with LTE (backwards 
compatibility is always assumed so that they are also compatible with other RATs) and another type for legacy 
UEs. The UE mix is defined by a percentage of legacy UEs. Scenarios are specified on a temporal basis, where 
early scenario assumes 50% of legacy UEs, and mid-term one counts with 20% of legacy UEs, heading towards 
long-term scenario where all UEs are LTE compatible. The gain of multi-RAT cooperation and deployment will 
depend on the UE mix. The analysis shall study how the gain develops with market penetration of advanced 
LTE UEs. 
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5. APPENDIX 

5.1. MEASUREMENT AND SIGNALLING (M&S) 

In a highly adaptive radio interface with many transmission modes such as LTE, measurements and signalling 
play a crucial role. They are needed for several purposes, e.g. to let the UE to find and synchronize to the 
network, to facilitate handover between cells, to schedule users, and to enable adaptation of transmission 
parameters such as modulation and coding scheme, and MIMO mode.  

The measurements and signalling involves activities at both the network (base station) and UE side. However, 
the focus here is on the activities taking place on the network side. From an energy efficiency perspective, it 
makes sense to distinguish between static and dynamic measurements and signalling activities. The static 
activities are ongoing independent of the traffic load (i.e., also in very lightly loaded and even in empty 
networks) whereas the dynamic activities are triggered by ongoing data transfer sessions. 

5.1.1. Static measurement and signalling activities 

In LTE Rel-8, there are a number of different static measurement and signalling activities continuously ongoing. 
To support these activities, the base station has to continuously transmit different signals in the cell. These 
include [TS36.211]: 

 Downlink reference signals, 

 Synchronization signals, 

 The broadcast channel. 

The cell-specific reference signals, the synchronization signals, and the broadcast channel need to be 
continuously transmitted in the cell in order to support the following static measurement and signalling 
activities [TS36.213]: 

 Initial cell search, 

 Mobility cell search, 

 UE synchronization. 

Another activity that can be classified as static is random access, which is the procedure that a UE uses to 
request a connection setup [TS36.213]. From the network perspective, this can be classified as a static activity 
since the base stations continuously have to listen for random access attempts. However, in LTE Rel-8 random 
access is only allowed in certain time slots, so-called random access regions. The number of random access 
regions is configurable and can vary from one per 20 ms up to one per 1 ms for FDD, while for TDD up to six 
attempts per 10 ms radio frame is possible [TS36.211]. For FDD simulations one random access region per 10 
ms is selected as default value. 

5.1.1.1. Downlink reference signals 

Active terminals need to perform channel estimation, typically based on the reference signals, in order to 
coherently receive the transmitted data. The obvious observation from an energy efficiency point of view is 
that transmission of reference signals for coherent demodulation can be omitted, without any loss of 
performance, when no terminal is receiving downlink data. However, the demodulation reference signals are 
used for other purposes, as described below. There are three types of reference signals defined for the LTE 
Rel-8 downlink [TS36.211]: 

 Cell-specific downlink reference signals are transmitted in every downlink subframe, and span the 
entire downlink cell bandwidth. Up to four cell-specific reference signals can be configured in order 
to support spatial multiplexing transmission. These reference signals are common to all users in the 
cell and are not precoded in the same way as the data. 
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 One UE-specific reference signal, which is used when so-called single layer non-codebook based 
precoding is applied. The term UE-specific means that each such reference signal is intended to be 
used for demodulation by one specific UE and it is precoded in the same way as the data. The UE-
specific reference signals are then only transmitted within the resource blocks assigned for 
transmission to that specific UE. 

 Multimedia Broadcast Multicast Service over a Single Frequency Network (MBSFN) reference signals 
are used for demodulation of signals being transmitted by means of MBSFN. 

5.1.1.2. Synchronization signals 

Synchronization signals are used for cell search purposes, and in [TS36.211] there are two synchronization 
signals defined: 

 Primary Synchronization Signal (PSS), 

 Secondary Synchronization Signal (SSS). 

The synchronization signals are transmitted every 5 ms. 

5.1.1.3. Broadcast channel 

The broadcast channel is continuously being transmitted in the cell and carries system information such as the 
downlink cell bandwidth, and PHICH configuration. Further details can be found in [TS36.211]. 

5.1.1.4. Initial cell search 

When switched on the terminals try to find potential cells to connect to by scanning for synchronization 
signals. Once a cell is found and synchronization is obtained, the terminal reads the broadcast channel 
transmitted in the cell to obtain the necessary system information and performs a random access to connect 
to the network. In LTE, the synchronization signals (PSS/SSS) used for this purpose are transmitted every 5 ms 
[TS36.211]. 

5.1.1.5. Mobility cell search 

Terminals regularly scan for neighbouring cells. The synchronization signals transmitted in a neighbouring cell 
are used to find and synchronize to potential neighbouring cells. Once synchronization is obtained, an active 
terminal may measure e.g. the Reference Signal Received Power (RSRP) of the neighbouring cell and report 
this to the network, which takes a decision whether the terminal should be handed over to the candidate cell 
or not. In LTE the terminals can perform mobility measurements at any time [TS36.213], which implies that 
base stations must constantly be in active mode. 

5.1.1.6. UE synchronization 

Idle terminals need synchronization signals and/or reference signals to be able to keep in sync with the 
network, these signals are used e.g. to fine-tune timing and frequency error [TS36.213]. 

5.1.2. Dynamic measurement and signalling activities 

In addition to the static measurement and signalling activities discussed above, a number of dynamic 
measurement and signalling activities are triggered when data transfer sessions take place. 

5.1.2.1. Channel state information feedback 

The downlink demodulation reference signals in LTE Rel-8 are used also for estimation and reporting of the 
downlink channel quality to support base station functions such as channel-dependent scheduling, link 

http://www.3g4g.co.uk/Mbms/GSM/magesh_annamalai_project_report.pdf
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adaptation, pre-coder adaptation, and rank adaptation. For this, the UE measures and calculates three 
indicators:  

 Channel Quality Indicator (CQI), which is an index that measures the SINR that a receiver experiences 
in a certain frequency band. The CQI can be reported over the whole frequency band (wideband), or 
over each or certain subbands. The CQI indicates the preferred Modulation and Coding Scheme 
(MCS) with which the receiver would achieve a particular transport block error rate. 

 Precoder Matrix Indicator (PMI), which indicates the preferred precoding matrix that the eNB should 
use for transmission based on the evaluation of the received reference signal. The PMI reporting is 
done per sub-band. 

 Rank Indicator (RI), which reports the number of transmission layers supported by the channel and 
by the UE. Depending on the UE category; one, two or four layers can be supported. 

The UE reporting of these parameters shows the preferred scheme for a certain performance. However, the 
decision of the actual transmission configuration is left to the eNB and it can be optimized according to certain 
criteria. For further details and definitions of CQI, PMI, and RI, see [TS36.213]. 

5.1.2.2. Downlink L1/L2 control signalling 

To support the downlink and uplink data transmissions, there is a need for certain associated downlink control 
signalling. The downlink L1/L2 signalling consists of downlink scheduling assignments and uplink scheduling 
grants, and hybrid-ARQ acknowledgements in response to uplink transmissions. The downlink control 
signalling is transmitted within the first part of each subframe, and can occupy one, two, or three OFDM 
symbols [TS36.211] depending on the traffic situation. The signalling is carried on three physical channel types: 

 Physical Control Format Indicator Channel (PCFICH) which informs the UE about the size of the 
control region (one, two, or three OFDM symbols), 

 Physical Downlink Control Channel (PDCCH) which carries the downlink scheduling assignments and 
uplink scheduling grants, 

 Physical Hybrid ARQ Indicator Channel (PHICH) which carries the Hybrid-ARQ (HARQ) 
acknowledgements. 

5.1.2.3. Uplink L1/L2 control signalling 

Similar to the downlink discussed above, there is also a need for associated uplink control signalling. The uplink 
L1/L2 control signalling consists of hybrid-ARQ acknowledgements in response to downlink transmissions, UE 
reports on downlink channel conditions (see channel state information feedback above), and scheduling 
requests. The uplink L1/L2 signalling must be transmitted regardless of whether the UE has an uplink 
scheduling grant or not, hence two options exist [TS36.211], [TS36.213]: 

 In case the UE has a valid scheduling grant, the control signalling is transmitted time multiplexed with 
the data on the Physical Uplink Shared Channel (PUSCH). 

 If the UE does not have a scheduling grant, the control signalling is transmitted on the Physical Uplink 
Control Channel (PUCCH). 

5.2. TRANSPORT CHANNELS 

Data from the Medium Access Control (MAC) layer is exchanged with the physical layer through transport 
channels. Data is multiplexed into transport channels depending on how it is transmitted over the air. 
Transport blocks are also referred to as MAC Packet Data Units from the MAC layer perspective. E-UTRA has 
four downlink and two uplink transport channel types defined [STB2009]. 

 DL channel types (see FIGURE 25): 

o Broadcast Channel (BCH), 



EARTH PROJECT 

 

 

EARTH_WP2_D2.2_v2 83 / 87 

o Downlink shared Channel (DL-SCH), 

o Paging Channel (PCH), 

o Multicast Channel (MCH). 

BCH PCH DL-SCHMCH

Downlink

Physical channels

Downlink

Transport channels

PBCH PDSCHPMCH PDCCH

 

FIGURE 25. Mapping between DL transport channels and DL physical channels, see Section 5.3.1 in [TS36.300] 

 UL channel types (see FIGURE 26): 

o Uplink Shared Channel (UL-SCH) 

o Random Access Channel(s) (RACH). 

Uplink

Physical channels

Uplink

Transport channels

UL-SCH

PUSCH

RACH

PUCCHPRACH

 

FIGURE 26. Mapping between UL transport channels and UL physical channels, see Section 5.3.1 in [TS36.300] 

5.3. SCHEDULING 

Packet scheduling in wireless systems is a very important task because it is in charge of the efficient utilization 
of the radio resources by taking into account different factors, like Quality of Service (QoS) requirements, 
channel conditions of different users, traffic characteristics, and priorities between different classes of 
services. 

The purpose of the packet scheduler in 3GPP LTE system is to allocate physical layer resources for the 
following transport channels (see also Section 5.2): 

 Downlink Shared Channel (DL-SCH) 

 Uplink Shared Channel (UL-SCH). 

Packet scheduling and resource allocation tasks are located in the eNB for both downlink and uplink. 
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More in detail scheduling operation is defined in the MAC layer of the eNB. FIGURE 11 and FIGURE 12 show 
the layer 2 structure of a LTE Release 8 system respectively for downlink and uplink. Radio Link Control (RLC) 
Protocol Data Units (PDU) coming from RLC layer and corresponding to different radio bearers are transmitted 
to the MAC layer that is in charge of: 

 Management of the scheduling priority between different radio bearers (for a description of bearer, 
please refer to section 3.3.1, 

 Multiplexing of different RLC PDUs belonging to each UE with MAC header addition, and 

 Delivery of Transport Blocks (TB) to PHY layer. 
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