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Executive Summary 

This deliverable describes how comparability between results should be accomplished within WINNER, 
how WINNER proposals should be compared, which figures of merit that should be used, and under what 
common test conditions. 

 ‘Comparability’ is defined and the instruments how to maintain the comparability of results are 
described.  This is achieved through the calibration of tools, a cross-workpackage discussion group and 
visibility of simulation configurations and parameters. 

An overview of the test configurations is given with focus on the deployment scenarios that are under 
study in Phase I of WINNER. The configurations are defined in terms of combinations of environment, 
user location and mobility modeling, service mixes, equipment constraints and channel models.  All 
aspects of the test configurations are described in sufficient detail to allow implementation by the 
partners. 

Figures of merits are defined covering the user experience, network performance and as far as possible 
complexity and cost implications. 

Risks are assessed and methods for ensuring the material contained in this document is kept up-to-date 
are outlined.  It is expected further versions of this document will be issued to take account of new 
information from other workpackages or substantial additions to the test configurations. 
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1 Introduction  

In order to select technologies and system concepts that fulfils the requirements WINNER must ensure 
that the various system technologies are compared using the same set of basic assumptions and 
methodologies, or at least, that any differences are clearly identified, explained, and well understood.  
 
Since there will be no common simulation tool developed within the WINNER context, it is important to 
ensure comparability between tools and methods used by the different partners by other means.  
 
Furthermore, since WINNER is an ongoing research project where unexpected results might result in 
changed direction or technical approaches there must also be mechanisms and fora defined how to cope 
with changes even after the completion of this document.  
 
The purpose of this document is manifold:  

1. Describe how WINNER will ensure the comparability of results and how this process is firmly 
planted in all WINNER work, even after the completion of this document. 

2. Define the test configurations so that comparability is ensured, but without making unnecessary 
assumptions on the technical solutions. 

3. Define the figures of merit that will be used. 
4. Identify the risks of this approach and outline a roadmap to maintain updated versions of 

assessment criteria and test configurations. 
 
The document is mainly structured according to these main tasks. 
 
During the course of WINNER, it is likely that more test configurations will be added, or other changes 
will take place when models and assumptions are refined. In this case new editions of this deliverable will 
be issued.  In order to handle and discuss such matters as well as other simulation or methodology related 
matters, a cross work package discussion forum has been created. 

2 Securing the comparability of WINNER results 

2.1 Introduction 

The assessment of candidate systems for a 4th generation mobile radio system may be based on 2 main 
approaches. 

• Absolute 
The ”absolute” approach may be appropriate whenever a system has to be evaluated against 
limits which originate from fixed boundary conditions for the 4G system design. Such 
restrictions are physical or legal limits for instance.  

• Relative 
This approach can be used for optimization of systems. Since systems have to be evaluated 
against each other, these systems have to be comparable. The clear definition of aspects and 
strategies to achieve and guaranty comparability finally yields “fair comparisons”. 

Within WINNER Phase I, key technologies are going to be selected for further investigations. Therefore, 
relative comparability is the main focus of that project phase. 
The goals of this subtask are 

1. Define the aspects of the term “comparability”, i.e. clarify, where comparability is mandatory 
2. Define strategies how to achieve and maintain comparability 

2.2 Comparability – An Object Oriented Point of View 

Comparing objects of different types or classes is not an easy task. The saying “You can’t compare apples 
with oranges” is quite well known. An object oriented approach, however, provides formal methods to 
solve this problem at least partially. The main mechanisms in such an approach are: 

• Generalization 
• Inheritance 

In a first step, common attributes (variables) of different classes are identified, which end up in the 
definition of a parent class. Having defined such a parent class, the child classes can inherit all the 
attributes from their parent class without any need of redefining these attributes. Of course, additional 
attributes may be defined by child classes. These additional attributes actually express the individuality of 
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the child classes against each other. The common attributes, however, which are defined in the parent 
class, can be used for common operations. This means, that objects of child classes are treated as 
instances of the parent class and therefore use its interface (methods resp. functions and attributes). 
 
Example: 

The two classes “car” and “airplane” have the common attributes “consumption”, “travel distance” 

and “number of passengers”. These three attributes are used to define a parent class “vehicle” which 

has the three attributes “consumption”, “travel distance” and “number of passengers”. In addition  for 

the “car” class one can define an additional attribute ”cylinder capacity”, whereas for  the “airplane” 

one may define “cruising height”. 

 
The common attributes of the parent class then define an interface between the different child classes, 
thus allowing them to be compared against each other. Having provided comparability by a common 
interface, the next question is how to define fairness of comparisons and, respectively,  how to guarantee 
it. First of all, comparing objects of a class can simply be done by comparing the values of a specified 
attribute. 
 
Example (ctd.): 

An instance of class “car”, called “911”, defines “consumption = 15 liters” and an “airplane” object, 

say “A320”, assigns “consumption = 5000 liters”. So one comparing statement would be “The 911 

consumes less fuel than the A320”. 

 
The comparison of just one attribute without taking care about the others results in usually called “unfair” 
comparisons. The solution is to keep other attributes equal or build new attributes from the defined ones 
(e.g. “consumption per travel distance”): 
 
Example (ctd.): 

“911” defines “travel distance = 100 km” 

“A320” defines “travel distance = 1000 km” 

The comparing statement now can be: “911 consumes less fuel per km (0.15 l/km) than the A320l (5 

l/km)”. Now, we are fair with respect to the travelling distance. But what about the ”number of 

passengers”? 

 
Comparisons are fair with respect to those attributes which are kept constant and unfair regarding the 
others with arbitrary values. Additionally, the result of a comparison may differ from the other considered 
attributes. The example above demonstrates this fact: 
 
Example (ctd.): 

“911” defines “number of passengers = 2” 

“A320” defines “number of passengers = 100” 

Therefore: “The A320 consumes less fuel per kilometer and passenger than the 911”. 

 
To forward this example to the comparability efforts of simulation results, we can define some formal 
steps: 
� Identify common parameters (attributes) of simulation systems 
� Select one of these parameters for comparison 
� Keep the other parameters constant (as much as possible) in order to guarantee fairness 
 

2.3 Aspects of Comparability 

2.3.1 Comparability of Simulation Tools 

The usage of different simulation tools among the WINNER partners is ambivalent. On the one hand, 
manifoldness of simulation tools holds the risk of using different basic algorithms (e.g. random 
generators) which may cause differences in the results. In this case it is mandatory to guarantee 
comparability taking into account the working conditions of different tools. On the other hand, the usage 
of different simulation tools increases the reliability of results when running simulations twice on 
different systems. This aspect, however, again forces comparable tools, since, in this case, it must be 
guaranteed, that simulations being equal but running on different simulators yield the same results. 
Simple test simulations can be performed on different simulation systems in order to evaluate if these 
tools – or at least  their basic algorithms (e.g. random generators) - are comparable and yield equal results. 
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If same results are not obtained from different tools under simple test simulations, the reasons should be 
investigated. Having identified the differences of the tools, it should be evaluated what can be done to 
overcome these problems, or how to calibrate the tools. If a calibration of simulation tools fails, it must be 
clarified whether the different simulation tools allow at least relative comparisons; i.e. performance 
differences of two test simulations are equal for the different tools. In the case where alignment can not be 
achieved and relative comparison is not sufficient, the WINNER partners possibly have to agree on the 
usage of a common simulation tool.  

2.3.2 Comparability of System Concepts 

Since the WINNER project does not focus on predefined techniques, it is necessary to assess different 
system approaches. On the physical layer, heavily different concepts like single carrier systems and multi 
carrier systems have to be evaluated for instance.  
If a greatest set of common parameters of systems under comparison is identified and used for system 
performance evaluations, the assessment of these systems against each other can be viewed as “fair” with 
respect to the common and equally chosen parameters for those systems. Furthermore, having achieved 
comparability should allow statements as: 

• “System A shows a better figure or parameter of merit X (e.g. packet error rate) than system B 
under the set of common and equal boundary conditions (parameter set realization) Y (e.g. 
bandwidth, center frequency, scenario, …).” 

or 
• “The figure X is the same for system A with parameter set realization y1 and system B with 

parameter set realization y2 is the same, but y1 is superior to y2.” 
In the first case, the comparison is simple, since one has to assess two realizations of a typically scalar 
parameter X while keeping other common parameters fixed. Evaluation in the 2nd case is more 
complicated. Here y1 and y2 have to be compared and since these two sets are not scalar in general, an 
appropriate norm or metric has to be defined for comparison. To assess system concepts against each 
other test scenarios and configurations are defined in section 3. 

2.3.3 Comparability of Simulation Results 

Computer simulations are expected to be the main instrument of generating figures of the system concepts 
under investigation in WINNER. Simulation results are reasonable if they can be compared against each 
other. This aspect does not only focus on comparability among simulation results, obtained within 
WINNER, but also on the comparability of the WINNER results against public available figures (e.g. 
journals, other projects). Ensuring a high degree of comparability of simulation results, i.e. a high 
concurrence of the fixed simulation parameter sets, allows a clear determination of the effects, which are 
related to the variable simulation parameters. 
Achieving comparability for simulation results requires the usage of comparable simulation tools and 
comparable system concepts. Having guaranteed that, the parameter sets of the simulation runs should be 
chosen such that verification of already existing results is possible, which is the basis of a comparison 
against non WINNER results and a clear assignment of system effects to the variable parameters of 
interest is guaranteed. 

2.4 WINNER Instruments for Achieving Comparability 

The technical WPs – WP2 and WP3 – as well as the systems engineering workpackage WP7 are 
interested in keeping simulation results and system concepts “as comparable as possible”. To provide a 
good basis for this effort, several instruments have been defined in WINNER. These instruments are 
described in the following subsections. 
 

2.4.1 Cross Workpackage Group Simulation 

Beside WP-internal discussion forums, a “Cross Work package Group Simulation (XWP Simulation)” 
has been formed. This group consists of members of the technical workpackages WP2 and WP3, who are 
performing simulations, and members of the systems engineering workpackage WP7. In addition 
members of WP1 take part to provide input of service modeling and WP5 to ensure linkage with the 
channel modeling activities.  The objectives of this group are: 
 
� Harmonize simulations within WINNER 
� Ensure comparability of simulations and results 
� Guarantee sufficient completeness of simulation results 
� Discussion platform for resolving comparability problems 
� Platform for continuing discussions on test configurations and assessment methodology 
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2.4.2 Discussion Forums 

Discussion forums have been set up on the BSCW server in order to initiate common discussions among 
the WINNER partners. Currently, there are several forums within the workspace of the different WPs. In 
addition, 4 discussion forums, concerning simulation topics, have been established in the XWP section of 
the BSCW server. These discussions should aim in a common understanding of system concepts, 
parameters, scenarios, simulation methodology, etc. A broad basis on common understanding is essential 
for comparability. 

2.4.3 Simulation Database 

A common WINNER database of simulation results is set up on the WINNER BSCW server and is 
accessible for each WINNER partner. This database should provide information about and links to 
simulation results for each WINNER partner. The content of the database is simulation results itself and 
the necessary simulation system and parameter description. The system and parameter description must 
be detailed enough to guarantee clarity and prevent ambiguity. A simulation register as Excel table 
summarizes necessary information about simulations and provides a link to the simulation description and 
results.  
Information about simulation systems and results should be given detailed enough in order to provide the 
possibility for WINNER partners to follow and understand the system ideas, use the results and reproduce 
them. Important  information in this sense is for instance 
� The system idea(s) 
� The intention of the simulation (either for research or as reference) 
� A simulation system description (e.g. block diagram) 
� A complete parameter definition and description 
� The simplifying system assumptions, which are being made 
� Simulation results including discussion and comparisons to already existing results 
 
Not only already finished simulations should be included but also planned ones. This allows to identify 
vacancies in an early stage of the project. Correctness and timeliness of the database entries are 
mandatory for any simulations of system concepts under evaluation. 
The simulation register can be found in the XWP Simulation workspace on the BSCW server.  
 

2.4.4 Simulator Calibration 

Comparability of simulation tools is essential. Therefore it is mandatory to calibrate the simulators, which 
are used in the project. For that purpose, calibration scenarios and parameters for simulation tools have 
been defined in the document “System Simulator Calibration”, which can be found in the XWP section on 
the BSCW server. In the same server area, a discussion forum, concerning calibration issues, has been 
established. 

2.4.5 Maintaining Comparability 

 
Maintenance of comparability in this sense also includes retrieving comparability if non comparable cases 
occur. Since comparability failures are expected to be individual technical problems, no formal procedure 
is defined. Instead of that, guidelines for solving comparability problems are provided subsequently. 
These guidelines should help to find quick and individual problem solutions.  

2.4.5.1 Simulation Tool Calibration Failure 

Simulation tools are expected to provide equal simulation results for equal simulation systems. If this is 
not the case, the sources of the discrepancy have to be identified. For this purpose standard debugging 
methods should be used as for instance: 
1. Stepwise simplification (reduction) of the simulation systems in order to isolate the block(s) which 

cause(s) the difference. 
2. Choice of parameters in order to make a direct view of the signals possible. E.g. choose the 

parameters such that only a few data symbols are transmitted, which can be analyzed manually. 
3. Run the simulations without interferences such as additive white Gaussian noise. 
4. Usage of simple algorithms for blocks, which are working correct. This may speed up the debugging 

procedure. 
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2.4.5.2 Non-Comparable Simulation Results 

Simulation results, which are not comparable to any other ones are not meaning- and useful and should be 
avoided. This can already be done in the planning and implementation phase of the simulation systems, 
having in mind, which results are expected and, therefore, which properties and capabilities the 
simulation system(s) have to provide. If some simulation results are not comparable anyway, the 
following items could help to overcome the conflict: 
1. Running additional simulations in order to provide at least “indirect” comparability. E.g. if 

simulation result A is not comparable to already existing results B, an additional simulation run can 
provide results C, which are comparable to both A and B. Therefore, A and B are comparable 
indirectly via C. 

2. If additional simulation runs fail due to insufficient capabilities of the simulation tool or the 
simulation system, an extension of the tool/system should be considered. This might have to be done 
in coordination with other WINNER partners, which are involved in simulation activities of similar 
systems, which have to be compared. Exchanging additional information among partners may help to 
speed up necessary additional implementations. Such information can be e.g.: 

� Detailed descriptions of used algorithms 
� Source, object or executable simulation code 

If it is necessary to extend simulation tool/system capabilities and different partners are involved in 
simulation activities, it should be evaluated, which partner can provide necessary additional results 
with lowest (i.e. fastest) implementation effort. 

3. Discussion of possible solutions within the XWP Simulation group 
 

3 High level definition of scenarios and test configurations 

3.1 Basic deployment scenarios 

Currently D7.1 defines the following deployment scenarios: 
 
 Name Coverage # Propagation 

Conditions  
Mobility Traffic Density 

(Indicative) 
A.1 Indoor Scenario A In and around 

building 
Localised and 
non- ubiquitous 
coverage A.2 Indoor to outdoor 

0-5 km/h [High] 

B.1 Typical Urban 
B.2 Bad Urban 

0-70 km/h 
 

B.3 Indoor 
B.4 Outdoor to Indoor 

0-5 km/h 

[High] Scenario B Hot 
Spot/Area 

Area wide but 
non- ubiquitous 
coverage 

B.5 LOS – Stationary 
Feeder 

0 km/h [High] 

C.1 Suburban [Medium] 
C.2 Typical Urban 
C.3 Bad urban 

[Medium]/[High] 

C.4  Outdoor to 
Indoor 

0-70 km/h 

[Low]-[High] 

Scenario C Metropolitan  Ubiquitous 
coverage 

C.5 LOS - Feeder  0 km/h [Low]/[Medium] 
D.1 Rural 0-200 km/h [Low] Scenario D Rural Ubiquitous 

coverage D.2 LOS - Moving 
Networks 
(Feeder) 

0-300 km/h [High] 

Table 3-1 WINNER High-level deployment scenarios 

3.2 Prioritized deployment scenarios 

WINNER will focus on the scenarios A1, B1, C2, D1, and B5 in Phase I of the project.  
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3.3 Test configurations 

A test configuration is a combination of environment, user, equipment, service, and propagation 
parameters that  

• Is designed to test aspects of the system requirements of deliverable D7.1 [1]. 
• Contains enough details for other workpackages to perform simulations 
• Is sufficiently well described so that results from different partners are comparable 
• Does not make premature assumptions on the technical solutions (e.g. 3- sector sites with 1 km 

between sites). Technical solutions will be the outcome of studies, not part of the input. 
 
The requirement in the last bullet will likely make the comparison between different deployment concepts 
more difficult and puts more demand on WINNER to ensure comparability throughout the course of the 
project. 
 
This table described the initial configurations to be tested. During the progress of WINNER, more 
configurations may be added after discussion.  
 
The table is constructed to give the reader an overview of the configurations; the details of all 
characteristics are given in dedicated sub sections of chapter 5. It should be noted that just because a relay 
characteristic like maximum transmission power or AP-to-RS pathloss is described, it does not mean that 
relays HAVE TO be part of the solution. Rather it means that, IF relays (either fixed or mobile) are part 
of the solution, the maximum powers and pathloss characteristics should be like that.  
 
For more complex test configurations the description in table form might become cumbersome. Such 
configurations are marked with an asterisk (*), and further described in text form below. It is possible that 
more such configurations will arise later in the evaluation and validation phases of WINNER. 
 
In the course of research naturally many simulations will be made with many parameter combinations that 
are not in the list below. It is advisable that the WPs whenever possible define their internal 
configurations using this structure to the extent that it is relevant.  
 
 

No Environment 

(section 5.1)  

-environment 
-mobility model 
parameters 

User related 

(section 5.2)  

-device class 
-distribution 

Equipment 

(section 5.3)  

-Max 
AP/FRS 
transmit 
power 
- mobile RS 
availability  
 
 
 

Service mix 

(sections 5.4, 5.5) 

The percentage 

specified below 

refers to 

percentage of the 

total traffic load 

 

Propagation 

models  

(section 5.6 )  

-Carrier frequency 
-Model  
 

Result 

related/Other 

(Section3.5)  

 
Results from 
the optional 
set of FoM 
may also be 
presented 

1*  

Indoor  
A1 

Mobility model: 
as 5.1.2.1 

Class 2 users 
Uniform 

 

1/1 W 
MRS % tbd 

 

50% File transfer 
50% Internet 

5GHz 
Model 1 

: 

 
FM1.3, FM1.4 

System set 
User Set 1 

2 Typical Urban, 
B1 

;Mean Speed: 3 
km/h 

Minimum Speed: 
0 km/h 

Maximum speed: 
5 km/h 

Standard 
deviation for 

speed: 0.3 km/h 

Class 2 users 
Uniform 

4/4 W 
MRS % tbd 

 
 

50% File Transfer 
50% Streaming 

 

5GHz 
Model 2 

 

 
FM1.2, FM1.4 

System set 
User Set 1 
User Set 2 

Mobility Set 
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3* Typical Urban, 
B5 

0km/h 

Class 2 users 
Uniform 

4/4 W 
MRS % tbd 

 
 

 

User traffic same 
as in (2) 

Aggregated traffic 
in APs equal the 

sum of the traffic 
from users served 

by that AP  

5 GHz  
Model 2 

+Feeder-AP: TBD 
 

 

FM1.2, FM1.4 
System set 
User Set 1 
User Set 2 

Mobility Set 

4 Typical Urban 
C2  

Speed: constant 
60 km/h 

Class 2 users 
Uniform. In 

the central 
10% of the 

simulated area 
the user 

density is 5 
times higher 

than in the 
remaining 

area. 

20/20W 
MRS % tbd 

 

 
50% Internet 

 
50% VoIP 

5Ghz 
Model 3 

 
FM1.1, FM1.3 

System set 
User Set 1 
User Set 2 

 

5 Rural  
D1 

Speed: constant 
120 km/h 

Class 2 users 
Uniform 

20/20W 
MRS % tbd 

 

Internet 5GHz 
Model 4 

 
FM1.3 

System set 
User Set 1 

 
 

Table 3-2 WINNER Test Configurations 

3.3.1 Configuration 1: Indoor A1 

This scenario uses the indoor environment in section 5.1.1.1 that models floors and rooms, while the 
corresponding path loss model from 802.11n does not explicitly take into account floors and walls, but 
only distance.  
 
Hence, the wall configuration will not explicitly influence the result. Future path loss models developed 
in WINNER can be designed to take walls and/or floors into account and corresponding new test 
configurations can be defined. The proposal should ignore the room structure and use the above path loss 
model in a straight line between UE and AP.  

3.3.2 Configuration 3: Typical Urban B5 Feeder 

This scenario models a part of a wireless transport network to/from the APs and builds on B1-based test 
configuration 2. All details related to communication between the APs and the UEs (and possibly RS) are 
identical to this test configuration. Additionally, the APs are connected to a feeder over a wireless 
WINNER air interface operating in the same or a different band (specified in the proposal). The main 
purpose of this test configuration is to assess the performance over the feeder link. The modeling of the 
behavior between the AP and UEs is necessary in order to generate the right amount of traffic in the AP. 
The Figures of merits to be measured are the same as for APs but centered on the feeder rather than the 
AP. 
 
The propagation model between the Feeder and AP is yet to be defined. It will be defined at a later stage 
of the project. 

3.4 System load operating point for measurements 

The user density is a free variable that should be used to find the measurement operating point in the 
following way. The traffic load should be gradually increased by increasing the user density (users per 
square kilometers) until the required quality of service is just obtained for this value (but not for higher 
loads). This defines the load at which system comparisons and assessment should be performed. 
 
The percentages of services should remain constant equal to the values specified in the Service Mix 
column, when the user density varies.  
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The required quality of service is the satisfied user criterion (see section 4.1.1) for that service and should 
be achieved 98% of users.  This implies that the figures of merit are presented for a fully loaded system.  
Additional results may be presented for lower traffic loads. 

3.5 Linkage of Figures of Merit to test configurations 

The Figures of Merit are defined in detail in the following section but some comment on their usage is 
made here.  It is necessary to limit the mandatory number of results that should be produced in order to 
allow performance to be assessed clearly and also reduce the burden on those carrying out the 
simulations.  Therefore the Figures of Merit are applied in the following manner: 
 
The Satisfied User Criteria for the services under study should obviously be used as described in section 
3.4 (above). 
• A basic  set of Figures of Merit related to the system should be presented  
• The appropriate Figures of Merit for the services in the test configuration 
• For test configurations with multiple velocities of users, the mobility set should be used (see table in 

3.3) 
• Any Figures of Merit from the optional set may be additionally presented. 
 
These sets are defined in section 4.1. 

4 Figures of Merit (FoM)  

In the following subsections, first, the FoMs that are more easily measurable and thus can be determined 
in Phase I simulations or from calculations are described. In the second subsection, additional FoMs 
where only first estimates will be possible in Phase I are defined. In Phases II and III more exact 
calculations and measurements of these FoMs will be made.  FoMs that may be considered additionally in 
Phases II and III are contained in Appendix A. 

4.1 Quantifiable FoM during Phase I  

A number of FoMs are defined as CDFs/PDFs.  In the presentation of results of the test configurations 
specific measurement points will be requested, in addition to the plot of the distribution.   Unless 
otherwise stated these measurement points are the 95th, 50th and 10th percentiles of the CDF. 
 
The FoMs in this section are numbered for ease of reference in the format FMx.y 
 
As described in section 3.5 it has been seen necessary to group the FoMs as below: 
 
• Satisfied user criteria: FM1.1 – FM1.4 
• System set: FM1.0, FM2.1, FM7.1 – FM7.3, FM8.1 – FM8.3, FM9.1 – FM9.4 
• User set 1 (packet services): FM3.1, FM4.1, FM5.1 
• User set 2 (other services): FM6.x 
• Mobility set: FM3.4, FM4.4 
• Optional set: FM2.2, FM3.2, FM3.3, FM3.5 – FM3.7, FM4.2, FM4.3, FM5.2, FM8.4 
 

4.1.1 Satisfied user criterion (SUC)  

 
A satisfied user is defined as a user that has all three of the following constraints fulfilled (see also [8, p. 
56]): 
 
• The user does not get blocked when arriving to the system, see Table 4-1 below when applicable.  
• Service dependent criterion, see Table 4-1 for details: 
• The user does not get dropped, see Table 4-1 when applicable. 
 
1 Blocking of packet users means that they are not put in a queue but entirely blocked from the system 
 
The satisfied user criterion are given below for the services that are defined for use in the test 
configurations as described in section 5.4. 
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The Table 4-1  summarises the definition of satisfied users criterion per service containing the constraints 
dropping and blocking. Generally, blocking is an issue, which has to be taken into account for real-time 
services only, whereas dropping is a criterion, which applies to all kinds of services. 
Dropping is here defined as release of the radio connection when the radio link cannot serve the desired 
quality of service for a certain amount of time. For BER-based criterion, the BER exceeds a predefined 
threshold for a certain amount of time. For packet-based service, the packet will be retransmitted until it 
can be received correctly, but a number of consecutive not decode able packets will drop the user. 
 
The throughput thresholds for the Internet and File Transfer services have been derived based on a 
nominal data rate of 5 Mbps. This figures equals the minimum sustained bit rate defined in WINNER 
deliverable D7.1 [1].  
 
Service Service Dependent Criterion Blocking Dropping 

Conversational 
(VoIP) 

 
Delay drop-out probability (see dropping) 

� �no packet 
successfully 

received for 5 
seconds 

Streaming  
Delay drop-out probability (see dropping) 

� � no packet 
successfully 

received for 5 
seconds 

Internet Throughput at least 10% of 5 Mbps = 500 kbps - TBD 
File Transfer Throughput at least 10% of 5 Mbps = 500 kbps - TBD 

Interactive Gaming 
(later phase) 

TBD   

Table 4-1 Summary of the satisfied users criterion. 

SUC for VoIP – FM1.1 
SUC for streaming – FM1.2 
SUC for Internet – FM1.3 
SUC for File transfer – FM1.4 
 
The number of users in the simulation where the Satisfied User Criterion is meet (see section 3.4) is also a 
figure of merit – FM1.0 

4.1.2 Spectral Efficiency 

4.1.1.1. Site Spectral Efficiency – FM2.1 

 
The WINNER FoM for spectral efficiency is calculated per site to correspond to the requirement in [1].   
 
It is defined as a modified version of the one described in [8, p. 57]. First, the system load for packet users 
is derived as BTDv pkt //=  bit/s/Hz/site, where D is the total number of correctly received user bits 
within the site from where the statistics are collected (in [8] the spectral efficiency is defined per cell, not 
per site).  
 
The site is defined as physical co-location of hardware serving the set of antennas. Users may be 
connected to a site either directly or through relay stations.  Both types should be taken into account when 
calculating the spectral efficiency of a site 
 
Parameter T is the simulation measuring time defined as the time during the simulation when the statistics 
are collected, and B is the system bandwidth.  The spectrum efficiency is given separately for uplink and 
downlink. 
 

4.1.1.2. Area Spectral Efficiency – FM2.2 

 
Additionally the spectral efficiency can be calculated per area as: 
 
νpkt = Da/T/B/A bit/s/Hz/km2 
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Where Da is the total number of correctly received user bits in the area where statistics are collected.  T 
and B are as given above and A is the area in km2 from which statistics are collected. 

4.1.3 User Experience for Packet Data Services 

This section describes figures of merit for packet data services (of interactive and background type in 
terms of UMTS QoS classes).  Services such as conversational voice and streaming are not covered by 
these FoMs.  In mixed service simulations these FoMs should be presented for each service separately. 
 

4.1.3.1 Delay  

 
Key metric:FM3.1 -  CDF of  users’ packet call delay experienced for 95% of the user’s packet calls 

 

 

 

 

 

 

 

 

 

 

Figure 4-1 – Example of FM3.1 

This metric is determined in the following way: 

1) A CDF of packet call delay is plotted for each user 
2) The 95th percentile point is read for each user 
3) The values read in 2) are plotted in a CDF 
 

Definitions: 

Packet Call is a sustained burst of user data such as a web-page or file.  
Packet Call Delay =  
I. time from initial user request to completion at application level (e.g. web-page completely 

loaded, file completely transferred) (delay at application level) 

II. arrival of 1st “data block” at RLC on the transmission side to  last “data block” SDU decoded at 
RLC on the reception side. (delay  at L2) 

The definition used will depend on the capability of the simulation tool.  It should be clearly stated in the 
presentation of the results which definition is used. 

Other metrics: 

• FM3.2 - CDF of users’ average packet call delay. 

• FM3.3 - CDF of packet call delays of users located at cell edge 

• FM3.4 - Packet call delay as function of user velocity 

• Histograms/PDFs of latency (FM3.5), RTT (FM3.6) and jitter (FM3.7) of single packet. (Important 
for gaming, where the concept of a packet call may not exist). 

4.1.3.2 Throughput  

 
Key metric: FM4.1 - CDF of users’ packet call throughputs experienced for 5% of packet calls 

% users 

Packet Call 
delay for 95% 
of packet calls 
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Definitions: 

1) Packet call throughput = (all good bits received)/(packet call delay) 

2) Average User Packet Call Throughput = sum of packet call throughputs for user/number of packet 
calls for user 

This metric is determined in the following way: 

1) A CDF of packet call throughput is plotted for each user 
2) The 5th percentile point is read for each user 
3) The values read in 2) are plotted in a CDF 

Other Metrics: 

• FM4.2 - CDF of users’ average packet call throughputs 

• FM4.3 - CDF of  packet call throughputs at cell edge 

• FM4.4 - Packet call throughput as a function of velocity 

4.1.3.3 Fairness 

The FoMs in this section seek to understand fairness in two ways: 
1) The variation in performance in location 
2) Between different users. 
 
Key metric:FM5.1 - Packet call throughputs as a function of (normalised) distance from the site.  (If the 
metric is given as normalised, the parameter and value by which the normalisation was made should be 
given). 

0 1 Normalised distance

 

Figure 4-2 Example of FM5.1 

Other metrics 

• FM5.2 - CDF of user average packet call throughput/average packet call throughput 

 

4.1.4 User Experience for other services 

 
Figures of Merit reflecting user experience need to be defined for other (non packet data) services used in 
the test configurations such as voice and streaming. 
 
These figures of merit will be numbered FM6.x. 

4.1.5 Bandwidth requirements  

 
• FM7.1 - Total system bandwidth for a single operator [MHz]. 
• FM7.2 -  Downlink, bandwidth [MHz] 
• FM 7.3 - Uplink bandwidth [MHz] 
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4.1.6 Coverage  

 
% of geographic area for : 
• FM8.1  Conversational Voice 
• FM8.2 - Minimum sustained user throughput – 5Mb/s (see requirements [1]) 
• FM8.3 - End-high sustained user throughput – 50Mb/s (see requirements [1]) 
 
It should be noted that a different method may be need to determine this FoMs from that outlined in 
section 3.4, e.g. a fixed user density.  This will be done in the next version of this document. 
 
• Coverage plots 

FM8.4 - x-y plot of packet call throughput 

4.1.7 Deployment Aspects  

 
• FM9.1 - AP/FRS density  
• FM9.2 - Number of FRS to Number of AP ratio 
• FM9.3 - Antenna size at studied frequency 
• FM9.4 - Backhaul capacity required from APs  
 

4.2 FoMs for first estimation during Phase I  

These FoMs are identified as being important to consider during Phase I but a definitive analysis and 
calculation may not be possible.  More accurate calculations and measurements will be made of these 
FoMs during Phase II. 
 

4.2.1 Deployment Cost 

 
The cost of deployment is clearly an important figure of merit for a future mobile system but as no 
absolute costs will be available during phase I of WINNER then an estimation has be made.  This will be 
based primarily on FM9.1-9.4.  A possible approach to assess and compare the deployment cost for 
different deployments is presented in [25].  This approach is based on normalised (weighted) deployment 
costs. 

4.2.2 Complexity  

 
In general, complexity includes, in addition to itself, the aspects: 
 
• power requirements 
• size and weight of the chip or chip set 
• cost of the chip or the chip set  
 
These are discussed under two main headings: hardware and processing (including baseband and RF 
processing, hardware implementation) and power (consumption, idle mode, talk and standby time). 
 

4.2.2.1 Hardware and Processing 

Baseband and RF processing complexity 

General goal in an architecture design is to minimize time (delay, sampling rate), weight/size/silicon area, 
power consumption and total cost under requirements such as accuracy, dynamic range and stability. For 
algorithm complexity (or computational requirements) evaluation, the following FoMs need to considered 
[3, p. 3]: 
 
• The number of operations (i.e. multiplications, divisions, and additions/subtractions) required to 

make one complete iteration of the algorithm 
• The size of memory locations required to store the data and the program 
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In addition, the complexity of the RF parts needs to be taken into account. The choice of the duplex 
scheme greatly affects to the RF complexity. In the TDD (time division duplex) method, operational 
blocks like channel selection filters can be reused since there is no interaction between RX and TX. This 
is valuable feature specially in the multi antenna case since complexity and thus cost and power 
consumption are increased with multi antenna transceivers due to multiplication of transmitters and 
receivers. In a TDD system, it is important that networks are synchronized. The FDD (frequency division 
duplex) scheme has biggest impact on the RF architecture, see the subsection HW complexity below.  
 
Hardware complexity 

In Section 5.2.1 Device classes, four different terminal classes with varying complexity have been 
initially defined: low end, normal, high end and laptop. Globally approved spectrum would enable cost 
competitive terminals. In case transceivers being multi-mode, multiservice, multiband and/or 
multistandard, hardware complexity would be very high.  
 
For baseband (BB) processing implementation the complexity FoMs are typically:  
 
• For FPGA (field programmable gate array), amount of LUT (look-up-table) elements and a number 

of memory bits.  
• For ASIC, (application specific integrated circuit) number of gates and number of memory bits  
• Software complexity can be summarized as usage of program memory (code size) and utilization of 

data memory. The unit for software complexity is presented typically in a number of bytes. This is 
reflected to as needed memory components in hardware. 

 
RF front end complexity depends on used RF components: high quality duplex filter and own synthesizer 
for both TX and RX plus one extra RX filter (in FDD), RX/TX switch and one synthesizer (in TDD), 
number of RX/TX antennas and multiplication of transmitters and receivers in multi antenna case, 
transmitter nonlinearities control (peak power reduction in OFDM systems, use of linearization methods 
due to nonlinearities of analog components), power amplifier (PA), low noise amplifier (LNA), oscillator, 
etc. Furthermore, possible transmission and reception at two frequencies with varying signal bandwidths 
(in TDD) would require tunable channel selection filters and separate RF filters and switches for both 
frequency bands. In FDD/TDD hybrid scheme, the synthesizer has to change local oscillator (LO) 
frequency between RX and TX slots, and the frequency settling time is finite. 
 
AP Equipment 

A key factor in ease of deployment is the size of the equipment installed.  Therefore an important figure 
of merit to consider will be the dimensions of the AP equipment. 
 

4.2.2.2 Power 

Power consumption (mainly user equipment) 

Power consumption depends on various parameters like the required cell size, multiple/medium access 
method, modulation order, frequency values and ranges, mobility, duplexing method, etc., and thus the 
high data rates of WINNER indirectly influence the minimum power consumption. What comes to the 
duplex schemes, the FDD method has potentially higher power consumption than others (excluding CDD, 
code division duplex) mainly because of the simultaneous RX and TX operations: power consumption is 
increased due to two synthesizers, higher insertion loss of the duplexers and because of the TX leakage. 
In MIMO operation, continuous transmission and reception in FDD with 100 MHz band is not reasonable 
scenario only because of high power consumption. Power consumption is considered under two different 
categories: 
 
- transmission power (in mWatts) 
- signal processing power (in Watts) 
 
Minimization of the transmission power mainly reduces interference to other users and minimization of 
the processing power prolongs the battery life at mobile stations. Transmission power is much smaller 
than processing power.  
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For layers L1-L2 total power consumption, power consumed in digital baseband and RF parts as well as 
protocols is considered. As FoM, total power consumption is estimated for different device classes (see 
Section 5.2.1) in each test configuration case which are defined in Section 3.  
 
Power minimization methods are discussed in Appendix A (under Flexibility/Scalability). A complexity 
budget can be used to estimate the signal processing power. From the number of basic operations per 
second and the memory needed in the algorithms and implementation architecture, the number of gates 
and the clock frequencies can be estimated to create an estimate of the required power [4]. In case of SW, 
a proper attribute is clock cycles instead of gates as in HW. Power consumption strongly affects to talk 
and standby times of the devices. Talk and standby time is treated in the subsection 4.3.4. 
Idle mode behavior 

To minimize the processing power, a device should go from active state to idle mode when it does not 
need to process user data [5]. Sophisticated signaling to inform a device about state mode changes is an 
important issue. Long settlement times in RF section limit in practice the speed of mode changes. 
 
For evaluation in an idle mode, average ‘duty cycle’ of RF front end in an idle mode for paging search, 
cell search, and other control procedures can be measured. System control procedures should be designed 
so that the RF front end is active as little as possible since its power consumption is likely substantial. 
 
Talk and standby time  

 
Talk and standby time is the duration of time before the terminal being in talk and standby mode, 
respectively, needs to be recharged. As an example, talk and standby times for current cellular phones are 
in the range of several hundreds of minutes and several days, even couple of tens of days, respectively, 
see [6]. As stated in the Power consumption subsection above, after knowing the total power consumption 
for each device class, the talk and standby times can be estimated as FoMs for each test configuration. 
 
In [7] a short discussion was provided in case of a two-state battery consumption model, where battery 
life is broken down into talk time (TT) and standby time (ST). If ft is the fraction of time using talk time 
and fs the fraction of time using standby time, the utility time of terminal is defined as UT 

( )TTfSTf ts += 1 . If the target standby time (τ ) achieves an utility time of 90 % of the 
asymptotic value (with unlimited standby time), for a heavy user (120 min/day), 198=τ h, for a medium 
user (25 min/day), 1019=τ h, and for a light user (5 min/day), 5166=τ h. The utility times for the 
heavy, medium and light user would be 0.98, 4.32 and 15.4 days, respectively. 

4.2.3 Safety, Security and Confidentiality  

 
For safety reasons, the EMF regulations (see EMF Section in [1]) must be followed.  
 
With regard to security and confidentiality, the requirement R7.2 in [1] states that end-to-end security will 
be provided, and necessary security on L1-L3 will depend on the overall security concept of the Wireless 
World Initiative.  
 
For security in the case of mobile networks, as an example, mobile terminal authentication, access control 
and user identity and information confidentiality have  been provided in [2, p. 20]. Mobile terminal 
authentication means the confirmation of the system that the subscriber identity, transferred by the mobile 
terminal within the identification procedure on the radio path, is the one claimed. In terms of access 
control, the network can support restrictions on access by or to different network subscribers, such as 
restrictions by location. User identity confidentiality means the property that the user identity on the radio 
link is not made available or disclosed to unauthorized individuals, entities or processes. User information 
confidentiality means accordingly the property that the user information is not made available or 
disclosed to unauthorized individuals, entities or processes. 
 

4.2.4 Reliability  

 
Reliability is truly an important attribute from the user’s point of view but being hard to quantify as a 
distinct number it will not be considered in detail in Phase I of the project. In order to have better insight 
in this respect, the following key aspects are considered relevant: 
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Reliability of data transmission is usually defined as acknowledged data transmission and retransmission 
of packets in unreliable transmission channel and network. Retransmission and acknowledgement can be 
performed at various level of protocol stack. 
• Transport level 

• Acknowledged end-to-end transmission 
• Packet loss due to corruption of packet or packet loss due to congestion 

• IP network level 
• E.g. packet loss due to the exceeding of maximum packet lifetime in routing  

• Link control level 
• Mis-sequencing of data packets in end nodes and routers. 
• Acknowledgement of data packets at MAC and link control level 
• Dropping corrupted packet and arranging retransmission as early as possible in order to 

minimize delay and jitter 
• Guaranteeing reliability in data transmission includes also preliminary handshakes before data 

transmission (e.g. MAC layer RTS/CTS signaling) 
• E.g. GPRS supports acknowledgement at RRC and LLC levels 

Broadcast and multicast transmission creates more challenges for reliability than unicast type of 
transmission. 
 
 

5 Definition of parameters 

5.1 Environment related characteristics 

It is assumed that test environments deployment models described in UMTS 30.03 can be used also in 
WINNER with some modifications. The main reasons to reuse the UMTS environments are: 

• It is assumed that these environments are already widely implemented in the simulator tools that 
are planned to be used in WINNER. This can lead to significant time/effort savings in later 
phases of the project. 

• Benchmarking with 3G becomes easier as the test environments are the same 
• It is assumed that by reinventing the wheel significant improvements cannot be achieved. 

 
The deployment models in [8] specify the site number and locations. In WINNER this is left for the WPs 
to decide what is the number of the sites needed, site separation and actual site locations. 

5.1.1 Test environment 

 
 
5.1.1.1 Indoor Office Test Environment Model  

This model represents typical office environment. 
 
Next table summarises the physical environment 
Area per floor 
(m2) 

Number of floors Room dimension Mobile velocity 
(km/h) 

5000 3 10 x 10 x 3 (room) 
100 x 5 x 3 
(corridor) 

3 

 
The indoor office model is illustrated in the figure below.  
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5.1.1.2 Typical Urban Test Environment Model (B.1) 

A Manhattan-like structure is used in typical urban scenario. 
Area Block size Street width 
6.5 km² 200 m x 200 m 30 m 

 

5.1.1.3 Typical Urban Test Environment model (C.2) 

The following table summarises the physical environment 
Area Cell layout 
20 km² Hexagonal 

 

5.1.1.4 Rural Test Environment model 

The following table summarises the physical environment 
Area Cell layout 
100 km² Hexagonal 

 

5.1.1.5 LOS – Stationary Feeder Environment model 

The following table summarises the physical environment 
Link max. 
length 
TBD 

 

5.1.2 Mobility models and distributions 

 

5.1.2.1 Indoor model 

The mobility model is characterised as follows: 
• there are no mobility between the floors 
• mobiles are either stationary or moving with constant speed from an office room to corridor or 

vice versa. 
• if a mobile is in an office room, it has higher probability to be stationary 
• if a mobile is in the corridor, it has lower probability to be stationary 
• Each mobile is either in the stationary or the moving state. The transition from the stationary 

state to the moving state is random process. Time duration each mobile spends in the stationary 
state is drawn from the geometric (discrete exponential) distribution with different mean values 
depending whether the mobile is in an office room or in the corridor. The transition from the 
moving state to the stationary state takes place when mobile reaches its destination. The figure 
below illustrates the state transition. 

• When a mobile is in an office room and it is switched to the moving state it moves to the 
corridor, according to the following procedure:  
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o Select the destination co-ordinates in the corridor with uniform distribution. (Each place 
in the corridor has equal probability to become the destination point.) 

o The mobile ‘walks’ from its current location to the destination location so that first the 
vertical (y) co-ordinate is matched with the new co-ordinate and next the horizontal co-
ordinate is matched with the destination co-ordinate. The speed is constant during the 
‘walking’. 

o When the mobile reaches the destination point it is transferred into the stationary state. 
• By letting mobiles simply walk straight out from the office room, it is simply assumed that the 

door dividing each office room and corridor is as wide as the office room itself. When a mobile 
is in a corridor and it is switched to the moving state it moves either to any of the office rooms 
with equal probability. The following 4 step procedure defines the movement along the corridor 
and from the corridor to an office room. 

o Select the destination office room by using discrete uniform distribution. 
o Select the destination co-ordinates with uniform distribution. (Each place in the corridor 

or in an office room has equal probability to become the destination point.)  
o The mobile ‘walks’ from its current location so that first the horizontal (x) co-ordinate 

is matched with the new co-ordinate and next the vertical (y) co-ordinate is matched 
with the destination co-ordinate. The speed is constant during the ‘walking’. 

o When the mobile reaches the destination point it is transferred into the stationary state. 
• At the stationary state mobiles do not move at all. 

StationaryMove

P(S,S)P(M,M)

P(S,M)

P(M,S)

 

To derive transition probabilities from the stationary state to the move state the following parameters 
must be set:  ratio of mobiles at office rooms (r), mean office room stationary time (mr) and iteration time 
step (∆t). With these parameters the transition probabilities per iteration time step (1-∆t/mr, 1-∆t/mc) and 
mean corridor stationary time(mc) can be derived so that flow to the office rooms equals to the flow from 
the office rooms. 
 

mc

t
r

mr

t
r

∆
•−=

∆
• )1(  

 
with the default parameters, enlisted in the table below, the following values are obtained. 

P(S,S) in office room = 1-0.005/30=0.999833 
P(S,M) in office room = 0.005/30=0.0001667 
P(S,S) in office room = 1-0.0009444=0.9990556 
P(S,M) in office room = 0.005*85/(30*15)=0.0009444 
and average stationary time in the corridor becomes ∆t/P(S,M)=5.294 seconds. 
 

The following table presents the default parameters for the indoor mobility model : 
 

ratio of mobiles at office rooms 85% 
mean office room stationary time 30 s 
simulation time step 0.005 s 
number of office rooms 40 
mobile speed 3 km/h 

 

5.1.2.2 Typical Urban (B.1) 

The typical urban mobility model mobiles move along streets and may turn at cross streets with a given 
probability. Mobile’s position is updated every 5 metres and speed can be changed at each position update 
according to a given probability. The mobility model is described by the following parameters: 

• Mean speed : Specified in 3.3 
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• Minimum speed: Specified in 3.3 
• Maximum speed: Specified in 3.3 
• Standard deviation for speed (normal distribution): Specified in 3.3 
• Probability to change speed at position update: 0.2 
• Probability to turn at cross street: 0.5 

The turning probability is illustrated on the figure below : 

1 - TurnProb

TurnProb / 2

TurnProb / 2

 

Mobiles are uniformly distributed in the street and their direction is randomly chosen at initialisation. 
 

5.1.2.3 Typical Urban (C.2) 

The mobility model for the typical urban (C.2) environment is a pseudo random mobility model with 
semi-directed trajectories. Mobile’s position is updated according to the decorrelation length, and 
direction can be changed at each position update according to a given probability. Direction can be 
changed within a given sector to simulate semi-directed trajectory. 
 
Mobile’s speed is constant and the mobility model is defined by the following parameters : 

Speed value: Specified in 3.3 
Probability to change direction at position update: 0.2 
Maximal angle for direction update: 45° 
Decorrelation length : 20 metres 

Mobiles are uniformly distributed on the map and their direction is randomly chosen at initialisation.  
 

5.1.2.4 Rural 

The mobility model for the rural environment is a pseudo random mobility model with semi-directed 
trajectories. Mobile’s position is updated according to the decorrelation length, and direction can be 
changed at each position update according to a given probability. Direction can be changed within a given 
sector to simulate semi-directed trajectory. 
Mobile’s speed is constant and the mobility model is defined by the following parameters : 

Speed value: Specified in 3.3 
Probability to change direction at position update: 0.2 
Maximal angle for direction update: 45° 
Decorrelation length : 20 metres 

Mobiles are uniformly distributed on the map and their direction is randomly chosen at initialisation. 
 
Inhomogeneous traffic 

Inhomogeneous traffic has some hot spots with high traffic density in an area with normal traffic density. 
The mobility in these hot spots is different to the mobility of the other users (this is quite general for hot 
spots – otherwise the users will leave the hot spot). In WINNER the mobility in a hot spot is modeled as 
low mobility (3 km/h) with a high probability of changing the direction of movement. (see Figure 5-1).  

 

 
Figure 5-1 Mobility inside Hot Spot Area 
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For simulations the different mobility in the hot spot will only be applied to the additional users created 
for the hot spot. The users created with the “normal” density function will have the “normal” mobility. 
The users created, as additional traffic will have the hot spot mobility. This “semi-transparent hot spot 
model” is realistic (cars are allowed in most shopping streets, except in the centers of cities) and keeps 
simulations and evaluations simple (no change of mobility for users entering / leaving the hot spot). 
With a speed of 3 km/h and a direction change probability of 100% every tv ∆⋅  m the users stay 
(typically) inside an area of 25 m. 
With this simple mobility model, the average distance d traveled by a user can be calculated as 
follows: 

t

t
tvd

Session

∆
⋅∆⋅=  

where v  is the velocity in [m/s] of the user, Sessiont  is the mean lifetime of a user in seconds and 

t∆ the mobility update interval in seconds. 

5.2 User related characteristics 

5.2.1 Device classes 

Furthermore the device classes were defined as follows: 
# Type antenn

as 
Power Maximum 

transmission power 
(mW) 

other 

1 low 
end 

1  200 narrower BW 

2 norma
l 

2 2W power amplifier DC power 
consumption 

200 size like current 
terminals 

3 high 
end 

4 bigger battery 200 larger size 

4 laptop >= 4 
  

higher power/plugged in 400 higher order 
modulation like 64-
QAM is possible 

Table 5-1 Definition of device class in terms of maximum transmission power and number of 

antennas 

 

5.2.2 User location distribution 

For the most scenarios uniform user distribution in the area is assumed.  
 
In some scenarios the verification will base on inhomogeneous user distribution. One sub-area (hot spot) 
with significantly higher traffic is embedded in an area of normal user density. The user distribution in the 
hot spot area is also uniformly distributed in area (see Figure 5-2).  
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Base Station 

v 

v 

Red: Hot 
Spot area 

 
Figure 5-2 Inhomogeneous user density 

 
The Hot Spot area is defined as a geographic area occupying 10% in the center of the total simulated area. 
Some cell areas will be partly in the hot spot area. 
 
In simulations only the distribution of users at session initiation time can be defined. With mobility the 
user will leave the hot spot. As a consequence the user density will be spread over nearly the whole 
simulation area (see Figure 5-3). 
 
 

User density at session 
creation 

User density including 
mobility 

 

Figure 5-3 User distribution and Mobility 

The solution is to use a dedicated mobility model with lower velocity and higher probability of direction 
change. (This type of mobility is shown in Figure 5-4 corresponds very well to a pedestrian walking up 
and down during a call). See section 0. 
Mobility causes that users do not stay within a geographical area, but walk around. This will change the 
user density distribution. With the above mobility the resulting user distribution can be identified clearly 
as a hot spot (something like Figure 5-4). 
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User density at session 
creation 

User density including 
mobility 

 

Figure 5-4 User distribution with dedicated Hot Spot Mobility 

 

5.3 Equipment related characteristics  

5.3.1 Max TX power 

 
Maximum transmission power of AP and Fixed Relay Station (FRS). 

5.3.2 Antenna configuration/gain 

Solution dependent, to be declared by proponent. 

5.3.3 (Fixed or) Mobile RS percentage per class 

The percentage of users (see previous section) who will allow their terminal to be used as a Mobile Relay 
Station (MRS). 
 
The number (or percentage of FRS) in the configuration is not defined as this is solution dependent. 
 

5.4 Traffic models 

To describe the simulated traffic, traffic models are needed.   Five models have been identified by WP1 to 
be used initially and are described in [9].  The abbreviation in brackets is for use in the test configuration 
table in section 3.3. 
• Conversational Voice (VoIP)  
• Video streaming (Streaming) 
• Audio streaming (Audio) 
• Internet  
• File transfer  
 
WP1 have identified that models are required for the following services but have not at this stage found 
suitable models externally: 
 
• Real-time control applications (low amounts of data) 
• "Data" telephony (e.g. remote computer access/use -  could be low, medium or high data, for 

example depending on whether it is a telnet session or an X windows session) 
• Gaming.  
 
The traffic models will be updated as work on this progresses in WP1. 

5.5 Propagation related characteristics  

The following overview of the models suitable test scenarios considered in WINNER Phase I can be 
made: Further details and references can be found in the WINNER deliverable D5.2 [10].  
 
The ‘Modified SCM’ model refers to the 3GPP/3GPP2 SCM model but modified by the WINNER project 
to a 100 MHz bandwidth model operating at 5GHz, see [10]. This model includes path loss and 
shadowing models. 
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The Modified 3GPP/3GPP2 SCM models are defined in detail in [10] and details how the models should 
be realized can be found in [11].  
 
In the table below, explicit propagation cases involving mobile RS are missing. In all cases, any mobile 
RS will be treated like a UE from a propagation point of view.  
 
Measurements are ongoing for the indoor and outdoor UE-UE propagation models, but the exact details 
of the models are TBD.  

 

Model Type of paths Suitable for 

use in 

scenario 

Reference to detailed 

description of setting or 

methodology 

1 AP-UE: IEEE 802.11n, Setting: C-NLOS 
UE-UE: IEEE 802.11n, Setting: C-NLOS 
AP-fix RS: TBD 
Fix RS-UE: as  for AP-UE 

A1 Indoor Indoor MIMO WLAN Channel 
models, 
IEEE 802.11-03/940r2 

2 AP-UE: Modifed SCM Urban Micro 
UE-UE: TBD 
AP-fix RS: TBD 

Fix RS-UE: as AP-UE 

B1 Typical 
Urban 

Original 3GPP SCM document 
D5.2 

 Feeder-AP: To be decided B5 Feeder-AP The Feeder-to-AP propagation 
path model is not yet defined. 

3 AP-UE: Modified SCM Urban Macro 
UE-UE: TBD 
AP-fix RS: TBD 
Fix RS-UE: as AP-UE 

C2 Typical 
Urban 

Original 3GPP SCM document 
D5.2 

4 AP-UE: Modified SCM Rural 
UE-UE:TBD 
AP-fix RS: TBD 

Fix RS-UE: as AP-UE 

D1: Rural 
(TBD) 

Original 3GPP SCM document 
D5.2. The Rural configuration 
is not described in the original 
SCM report, only for the 
Modified SCM model in D5.2. 
Currently the details are TBD. 

 
 
Note that the Table 5.1 in the original SCM document is defined for a 1.9GHz carrier and using 5 MHz 
bandwidth and is NOT completely applicable for WINNER simulations with other carrier and bandwidth 
parameters. The corresponding modified table for WINNER can be found in D5.2. 
 
Since there are studies planned involving relay stations, and since currently not all propagation paths 
involving relays have been defined (e.g. the AP-fix RS), the channel models need to be updated later on 
in Phase I in order to allow for comparison with solutions using relays. The same argument goes for the 
outdoor UE-UE path. Hence, it is important that the discussion between WP7 and WP5 continues, and 
that work is ongoing in WP5 to settle these matters. 
 
In principle, a free space propagation model can be used as a first approximation for these lacking 
models, but it has been decided to wait until a proper model has been made. 

6 Follow up during the course of the WINNER Phase I  

It is important that the definitions of figures of merit and test configurations are monitored, augmented, 
refined or even replaced during the course of WINNER when necessary. It is the task of WP7 to do this, 
after discussions in the XWP simulation group.  
 
It is especially important when the system assessment tasks are running that the information in this 
document is updated and aligned within WINNER. The reason updates will be necessary is that as 
WINNER progresses traffic models, channels models, evaluation methodology, scenario focus and other 
things on which this deliverable is built on, will be augmented, refined and perhaps corrected. 
 
The WP7 will  
• Coordinate discussions in XWP and collect material 
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• Publish an updated version of the main chapters of this document an internal document at an 
appropriate point in time 

• Firmly align this new version in the WINNER project 
 

6.1 Items to be updated 

In this deliverable a number of items have been identified for further work, either by WP7 or another 
workpackage.  These are listed here: 
 
• Handling of mobile relay stations in test configurations 
• Initial channel models for: Feeder to AP, AP to FRS, UE to UE 
• Inclusion of new WINNER channel models when available 
• Satisfied user criteria for gaming and use of dropping for file transfer and internet services 
• Figures of merit for voice and streaming services 
• Methodology for calculating coverage figures of merit 
• Definition of the maximum length of a feeder link 
• Update following identification of traffic models for real-time control, “data” telephony and gaming 

by WP1 
• Detailed approach for estimating deployment costs 
• Addition of new test configurations 
 
In view of these open issues it is envisaged that further version(s) of this deliverable will be issued to 
formally capture significant new input. 

7 Risks 

This deliverable defines figures of merits and test configurations. Since WINNER is a research project 
that deals with previously unsolved research topics it is hard to pinpoint with 100% accuracy everything 
that is needed to define these entities. Also, much of the input needed to define these entities has been 
developed elsewhere in the WINNER project in parallel with the completion of this deliverable, and more 
will be developed afterwards. Already, WP7 has identified a need to update this deliverable later. 
 
These factors make it necessary to define a process to monitor and update the figures of merit and test 
configurations, and also after that to critically monitor the evaluations and methodologies themselves. 
 
A cross workpackage group has been formed to discuss these matters to minimize risks related to these 
factors. This group will be active as long as it serves a purpose-most likely during the full course of Phase 
I. 

8 Conclusions 

This deliverable define the process how to ensure comparability within WINNER, also after the 
completion of this document. The main instrument for that is an informal discussion group under WP7 
coordination, the cross work package simulation group that has already had several teleconferences. 
 
Furthermore, figures of merit have been defined and a first set of test configurations have been defined to 
establish a common ground for simulations and comparisons.  
 
The discussions leading up to this document have been WINNER-wide in the sense that input from many 
work packages has been needed: from WP1 and WP5, the service models and propagation models, 
respectively has been essential, and from WP 2 and WP3 input on prioritized studies has been essential to 
obtain a focused approach. All this has then been compiled into test configurations, figures of merit and 
parameter settings while also keeping an eye on the WP7 Initial Assumptions and System Requirements 
documents. 
 
It should however be noted that some characteristics that are needed in order to completely specify the 
test configurations are still missing, and that further updates might be needed. This is due in part to the 
research nature of WINNER- all characteristics are not known at this stage, and to the fact that much of 
the work has been (and is) ongoing in parallel with the completion of this deliverable.  
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This includes propagation models for Feeder-AP, AP-Fix RS, and UE-UE paths, It was decided to leave 
the models to be defined later. However, it is important to soon start working on and incorporating these 
models into the test configurations in order to allow for relay-based solutions. Hence, this is something to 
discuss in the cross work package group and with WP5. 
 
Furthermore, it might be necessary to update the Satisfied User Criteria based on the further work of 
WP1.  It is expected further versions of this document will be issued to take account of new information 
from other workpackages or substantial additions to the test configurations. 
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Appendix A: Useful but unused figures of merit  

These are Figures of Merit that were considered during task 7.4 on assessment criteria but not considered 
necessary at this stage or overlapping with other FoM during Phase I.  They are retained for possible use 
during Phases II and III. 
 

A.1 Blocking probability  

Blocking probability is the probability that a new user will find all channels busy and will be denied 
service, i.e., the fraction of attempted calls that cannot be allocated a channel [, p. 15].  
 

A.2 Dropping probability 

Dropping probability is the probability that user’s connection is dropped during the active call, i.e., the 
fraction of connected calls that are dropped before successful completion. Dropping is most often found 
more critical than the blocking from the user point of view. 
 

A.3 Grade of service (GOS)  

Grade of service (GOS) measures the inability of the network to cope with the demand placed on the 
network, and it is defined as the ratio of unsuccessful calls to the total number of calls attempted. GOS is 
expressed as the percentage of calls that fail during the busy hour due to the limited availability of 
channels [13, pp. 384-385]. 
 

A.4 Satisfactory reception 

In satisfactory reception [13, p. 295] two criteria need to be fulfilled simultaneously, namely, (i) the 
signal from the wanted transmitter, or sw, must exceed some threshold level s0, i.e. 0ssw ≥  and (ii) due 
to co-channel interference sw must exceed the interfering signal si by the protection ratio R, i.e. 

Rss iw +≥  (R in dB). If one of those criteria is not satisfied, an outage exists. The probabilities of the 

outages are ( )∫ ∞−
=
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case of multiple interferers, for carrier-to-interference criterion, it is necessary that the wanted signal 
exceeds the sum of powers of the interfering signals by an amount equivalent to R. One approach is to 
find statistics of a single “equivalent” intereferer which involves finding the distribution of the sum of the 
short-term interfering signal powers, and then use the Equation above for outage probability. 
Alternatively, if the distribution of the wanted signal and those of individual interfering signals are all 
known then the outage probability can be expressed by ‘multiple integral’ method [13, p. 301]. In 
simulations, the wanted and interference signals can be just monitored and the outage is calculated (in %) 
as time duration division between criteria fulfilled and failed situations.  
 

A.5 Spectral and power efficiency 

 
There are different measures for the performance of point-to-point links and cellular systems in terms of 
spectral efficiency. They are discussed briefly in the following separate subsections. 
 

A.5.1 Link spectral and power efficiency 

 
In wireless fading channels, average link spectral efficiency measures the spectral efficiency of a single 
transmission link. The average link spectral efficiency is the useful information rate averaged over all 
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carrier-to-interference ratios divided by the bandwidth of the link in bits/s/Hz. The amount by which the 
signal power should be increased to achieve an acceptable bit error probability depends on the modulation 
method and it is measured with the link power efficiency. The link power efficiency is often expressed as 
the ratio of the signal energy per bit to noise power spectral density required at the receiver input for a 
certain error probability [14. p. 221].  
 

A.5.2 Area spectral and power efficiency 

 
To assess the performance of a complete cellular network in a fading wireless environment, the link 
spectral efficiency is not adequate because the total system performance can degrade although the link 
spectral efficiency increases. Thus another measure, the area spectral efficiency ASE, which takes into 
account the interference from other users, is needed. A well known definition for the ASE was given by 
Hatfield [15] as the carried traffic for the unit sizes of the radio bandwidth and service area 
(Erlangs/MHz/mi2). Hatfield considered cellular systems with non-adaptive transmission. An alternative 
definition for the ASE is presented as the number of channels per unit bandwidth and unit area 
(channels/Hz/m2) [16, 17] or the number of users served per unit bandwidth and unit area (users/Hz/m2) 
[18]. The relation between channels/Hz/m2 and Erlangs/Hz/m2 is presented in [16, 17]. When the average 
traffic per user is known, users/Hz/m2 can be derived from Erlangs/Hz/m2. Being the most applicable in 
modern systems, Alouini and Goldsmith defined the average area spectral efficiency (AASE) of cellular 
data systems with adaptive transmission as the total useful data rate of the users in a cell per unit 
bandwidth allocated to the cell per unit area supported by the cell’s base station (bits/s/Hz/m2) for a given 
maximum BER [19]. Thus total data rate is considered neglecting the situation of an individual user. In 
the ITU recommendation [20], the spectral efficiency for voice traffic is measured in Erlangs/MHz/cell 
and for data traffic in Mbits/s/MHz/cell.  
 
In addition to the spectral efficiency, the power efficiency, which focuses on minimizing the total 
consumed power in the network, needs to be considered. Here again total power is treated, and power of 
individual users are neglected. Power efficiency aims at minimizing the transmission power to reduce 
interference to other users and minimizing the signal processing power to prolong the battery life at 
mobile stations.  
 

A.6 Flexibility/Scalability 

 
As an example, UMTS system will have to be flexible in terms of deployment, service provision, resource 
planning and spectrum sharing [8, p. 12]. The considered items are: 
 
• Ability to balance capacity versus RF signal quality as long as minimum performance requirements 

are met 
• Adaptability of system(s) to different and/or time-varying propagation and traffic environments 
• Ease of radio resource management 
• Ability to accommodate fixed wireless access (FWA) architecture 
• Ease of service provision including variable bit rate capability, asymmetric services, packet data 

mode transmission and simultaneous transmission of voice and non-voice services 
• Ability to provide interoperability and backwards compatibility including implementation of dual 

mode handportables with GSM/DCS 
• Ability to coexist in a co-ordinated manner with existing systems 
 
And for terrestrial considerations: 
 
• Ability to accommodate mixed-cell (pico, micro, macro and mega) architecture 
• Suitability for multiple operators in the same/overlapping service areas. Radio transmission 

technologies will be compared based on their ability to: (i) efficiently share a common spectrum 
allocation, (ii) share network infrastructures and (iii) provide for handover between systems run by 
different operators. 

 
Flexibility contains various methods and dimensions including variability ranges of adjustable 
parameters, and it is not easily assessable qualitatively. Transmission power, processing power, 
robustness and user friendliness are possible proposals as FoMs for flexibility, see the discussion below. 
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Traffic asymmetry, ability to operate using flexible spectrum arrangement and the system capability to 
operate using many bandwidths are also important aspects of flexibility. 
 
The vision of WINNER is to develop an ubiquitous radio system concept or a single system concept 
adaptable/flexible for various different scenarios, applications and radio environments. Why is flexibility 
a desirable characteristic of a radio system? A simple answer resides in the general desire to be able to 
respond to various changes in the requirements or the specifications [21]. These can be service (or user) 
requirements and their related attributes (data rates, error rates, latency constraints, security, network 
accessibility etc.), network-level requirements (e.g. efficient resource allocation), “environmental” 
conditions (e.g. system dynamics, channel changes, mobility, other user-interference, other-system 
interference, etc.)., or system-level conditions, driven by the requirements of the network operator, and/or 
service provider, and/or manufacturer: operation within multiple standards or services or modes, future-
proofness, seamlessness across systems (say indoor/outdoor operation) and the like. Flexibility is thus the 
toolbox that enables the accommodation of any such circumstances, and therefore comprises the set of 
techniques in the service of desirable systemic properties of efficiency (spectral utilization), robustness 
(reliability), and scalability. 
 
In order to make business sense, flexibility must accrue benefits that outweigh potential minuses in cost, 
weight, power dissipation, etc.; flexibility and efficiency are sometimes contradictory notions (e.g. DSPs 
are known to be more flexible than ASICs but less power efficient) [21]. For wireless systems flexibility 
and adaptability to channel conditions usually requires increased signaling between base stations and 
mobile terminals, thus reducing the data throughput and spectral efficiency. A careful analysis is needed 
to establish measures of goodness of the flexible design, namely an agreeable set of Figures of Merit 
(FoM). Typical FoMs can be: transmission power, processing power, robustness, user friendliness (as in 
the case of SW downloads), and so on. A typical and optimizable FoM within the framework of flexibility 
could be minimization of the total power of a flexible terminal for a negotiated and guaranteed QoS. 
 
Optimization methods to minimize power consumption may be (run-time) adjustments of transmission 
parameters (varying constellation size, code rate, transmission power, antenna beams), i.e. link 
adaptation, as well as capability to rearrange the system configuration at structural or architectural level 
according to the changes in operating conditions and/or requirements [5]. The former methods are related 
to transmission power and the latter to processing power. Furthermore, in a power aware system, a block 
is active only when it has something useful to do. Power aware devices are switching clocks off from 
inactive parts as well as switching off power supply from unused chips. The processing power is 
minimum when there is smallest amount of HW in active state during processing. Reconfigurable 
(programmable in case of processor and SW based solutions) hardware reuses hardware resources, thus 
decreasing power consumption, silicon area, and cost: in the so called dynamic logic, the logic resources 
are time-shared, that is, one algorithm is running in the logic block, while others reside in a background 
memory. As soon as the computation of the algorithm is completed, the next one is switched from the 
memory to the active hardware. This way the same hardware is used for several purposes, and there is no 
need to have dedicated logic blocks for all functions. On the other hand, development costs for 
reconfigurable systems are much larger compared to the traditional systems because of multiple spatial 
temporal designs and need of a special control. A well planned design partition over possible set of 
configurations is required. In the case of ad-hoc communication, the dynamic selection of the master 
device to be in the best possible position gives robustness to the network and effects on the transmitted 
powers of slaves. 
 
Scalability enables various kinds and classes of devices moving from low complexity/moderate 
performance to higher complexity/higher performance terminals, e.g. devices targeting only a specific 
application and/or usage scenario and devices targeting the whole range of application and usage 
scenarios (multi-mode devices). Also, fixed or mobile relay stations can be used to extend the limited 
coverage range of a base station. Radio access network (RAN) should be scalable with regard to capacity 
i.e. after full coverage is reached the network should be able to increase the capacity by adding APs. 
 
Other important aspects of flexibility to cover includes: 
 

• Traffic asymmetry 
• Ability to operate using flexible spectrum arrangement 
• Bandwidths: can the system operate using many bandwidths (say 5, 20 and 100 MHz)? 
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A.7 QoS robustness.  

QoS (specifically throughput, delay and error rate) maintenance is arguably a demanding and problematic 
task specially in ad-hoc wireless networks. Currently, these networks use the best effort philosophy to 
provide the required QoS for a particular user [21]. This means that a network “does its best” to transport 
user data packets with the requested speed and performance level, but without any fixed guarantee. It 
would be important for the system to provide flexible tools (see Flexibility/Scalability below) in order to 
offer guaranteed QoS in varying channel and environmental etc. conditions. 
 

A.8 Other delays or latencies  

A.8.1 Time for network to discover terminals  

These are issues relating to mobility management and paging 

A.8.2 Time to establish basic synchronization to network (initial cell search)  

Time from start of measuring until the terminal has enough knowledge to read broadcast information 

A.8.3 Time to establish connection for packet transmission (‘random access’)  

Time from that the terminal requests resources for transmission until it is notified about what resources 
can be used. 
 

A.9 Hand over related issues  

We consider hand over between different ‘4G cells’, ‘4G modes’ (if any), ‘4G and major legacy systems’. 
These issues include: 

• Ability to perform HO in the above situations (how are measurements done, and signalled?) 
• Speed  of HO process 
• Implementation issues 

A.10 Network backward compatibility (or similar)  

Cost related. Can the network sites/nodes be reused or do we need new sites/nodes? Qualitative in its’ 
nature. Some possible issues that should be addressed are: 

• Reusability of sites BS/AP for e.g. 3G systems. Are many new sites necessary? 
• Can the core network be reused? (e.g. data bases, HLR etc..) 
• Network architecture similar to 3G RAN or a new approach? 
• Migration story from 3G to the new system. How is it done in an economical way? 

A.11 EMF  

How should this be measured?  
 
Estimated SAR for each relevant scenario? Where does the form factor of the terminal come into the 
equation. Terminal held to ear or PDA held in hand or laptop radio modem? 
 

A.12 Positioning requirements  

How? GPS or similar or using intra system signaling. FoM could be the probability of positioning within 
‘x’ meters from correct position should exceed ‘p’. Check FCC requirements and other governmental 
bodies. 
 

A.13 Trading off Figures of Merit against each other 

 
Well known trade-off exists between performance and complexity. In general, the former relates to 
quality and the latter to cost issues. More complex receiver design improves the performance but leads to 
reduced battery life due to increased power consumption by electronics. Therefore, it is important to make 
a compromise between the complexity of the receiver and the electronic power consumption [22, p. 259]. 
Many techniques in the link layer that reduce the transmission power require significant amount of signal 
processing and thus may not lead to any total power savings. Therefore, energy-constrained systems 
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should develop energy efficient processing techniques that minimize power requirements across all levels 
of the protocol stack and minimize messages for network control [23]. 
 
In order to make business sense, flexibility must accrue benefits that outweigh potential minuses in cost, 
weight, power dissipation, etc.; flexibility and efficiency are sometimes contradictory notions (e.g. DSPs 
are known to be more flexible than ASICs but less power efficient) [21]. 
 
The shift to higher frequencies in order to have larger bandwidths has the advantage that antenna 
structures are smaller, but it has also created challenges in the technology [Saunders 1999, pp. 5-6]. The 
propagation attenuation generally increases with frequency. Therefore, higher frequencies are more 
suitable for communications over short distances and lower frequencies for long distances.  
 
Maximum throughput decreases with increasing mobility and coverage e.g. due to higher Doppler 
frequencies. Also use of higher frequencies results larger Doppler effects. 
 
Increase of security level enlarges the complexity of higher layer protocols, and may result a decrease of 
payload data throughput. 
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Appendix B: Signal to noise ratio definitions 

To avoid ambiguity, the SNR definition has to be clear. SNR definitions in case of link adaptation are not 
considered here. 

General definition of SNR:  

 
The received signal power in one Rx antenna is divided by the noise spectral density times the bandwidth 
for that antenna, the same is calculated for all antennas, and then averaged over all receive antennas. 
 )/( 0

1 BNPSNR i

i

iM R
∑=   

where Pi  is the total received power  [W]  in antenna i,  Ni0 is the noise spectral density [W/Hz]  in that 
antenna, B is the bandwidth [Hz] and MR is to number of receive antennas. Note that this definition is in 
independent of the channel model used. 

B.1 Computation/Definition of Eb/N0 

Proposed definition of Eb/N0:  
 

CSNRRBSNRNEb /// 0 =⋅=  
where B [Hz] is again the bandwidth, R is the bit rate [information bits/s], and C is the spectral efficiency 
[information bits/s/Hz].  
 
 

B.2 Long-term and short term SNR 

 
With the abbreviation BLER the block error rate (with data blocks of variable size, e.g. 3840 bits) is 
meant according to UMTS terminology. 
 
BLERs should be measured with long-term or short-term SNR. Long-term SNR means averaging the 
SNR over the whole simulation time, short-term SNR means averaging over one block of transmitted 
data. For later reuse inside SL simulations measuring histograms of BLER vs. short-term SNR bins are 
recommended. (Remark: This is in line with the SL actual value interface approach of D7.1 in the tools 
section of P.Slanina.) 
 
 

B.3 Basic Link-Level SISO Transmission (Flat Fading) 

B.3.1 Channel model 

In flat-fading propagation conditions (i.e. bandwidth much smaller than the coherence bandwidth) the 
effect of the fading can be described with a complex channel H(t). The samples transmitted at time t are 
denoted by x(t), and the samples received at time t (e.g., at the output of a receiver matched filter 
frontend) are given by y(t) (where without loss of generality we neglected a fixed overall delay). Noise 

plus interference samples are denoted as z(t)=n(t)+i(t). For an isolated link we therefore write the channel 
model as 
 

y(t)=H(t)x+z(t) 

B.3.2 SNR for flat fading SISO  

The “instantaneous” SNR (i.e. no interference included) is defined as 

2
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where we assume zero-mean additive noise with noise power denoted by σn
2. “Instantaneous” here means 

that we are interested in the SNR over a time span of several symbol periods, but which is still small 
compared to the channel coherence time and that the noise power σn

2 remains constant. Adding the (time 

varying) interference power σi
2, we get the “instantaneous” SINR given by 

SISO22

2
2

22SISO || SNRH
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in
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=
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=  . 

 
For normalizing the channel matrix (as often done in the literature), the more important quantity is of 
course the “average” SNR given by 

 || 2
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P
SNRSNR

n
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==  , 

where the time “averaging” (denoted by ... ) is performed such that small-scale fading is eliminated, but 
not large-scale effects like path loss and shadowing (e.g., averaging over 10 to 40 wavelengths). 

B.4 Basic Link-Level MIMO Transmission (Flat Fading) 

B.1.1 Channel model  

A MIMO system using MR receive and MT transmit antennas operating under flat-fading propagation con-
ditions can be most easily described with an appropriately defined complex MR×MT channel matrix H(t). 
The samples transmitted at time t from the MT TX antennas are combined in the MT×1 column vector x(t) 
and the samples received at time t (e.g., at the output of a receiver matched filter frontend) are given by 
the MR×1 column vector y(t) (where without loss of generality we neglected a fixed overall delay). Noise 

plus interference samples are summarized in the MR×1 vector z(t)=n(t)+i(t) (see also discussion below). 
For an isolated link we therefore write 
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where we introduced transmit (TX), receive (RX), and noise-plus-interference covariance matrices. The 
time dependence is usually omitted for simplicity. 

It is strongly recommended that we initially always use the general MIMO equation  

y=Hx+z  

w/o any normalization factor like (SNR/MT)1/2 or similar.  

B.1.2 SNR for flat fading MIMO 

For fairness and comparability, the SNR applied for MIMO transmission should be compatible with the 
SNR definition for SISO (i.e., the SNR in case that we applied SISO transmission under the very same 
conditions). However, we should be careful that in general E{|Hij|2}≠E{|Hmn|2} for m≠i and/or j≠n, 
because different array elements, element polarization, and/or element orientation can be used at TX 
and/or RX. For the most general case we should also allow for different noise powers σn,i

2 in the RX 
chains i=1,2,...,MR. Applying the general definition of SNR and taking into account the general MIMO 
equation we get the instantaneous MIMO SNR 
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Often we can assume, that the noise power (note that this excludes interference) is equal in all receive 
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branches and is hence subsequently denoted as σn
2 (e.g., if all RX branches use the same receiver). For 

this special case the SNR definition reduces to 
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Note that compared to SISO the term |H|2 has been simply replaced by its average over all TX/RX pairs. 

For the interference we should not make any assumptions beforehand and thus should always start with a 
general interference matrix Rii and a general noise-plus-interference covariance matrix Rzz (i.e., spatially 
colored and/or different interference powers in RX chains due to different antenna element gains) (s. also 
below). 

The“average” SNR is now given by 
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Subsequently, we can drop the substricts SISO or MIMO in the definition of the SNR, since the MIMO 
definition is general and thus includes SISO, SIMO, or MISO as special case. Finally, we should add a 
general remark. The SNR as defined above is solely for a fair comparison of SISO, SIMO, MISO, and 
MIMO schemes (e.g., plot performance results as a function of this SNR or the associated Eb/N0). It does 
not tell us directly the SNR (or even the SINR) achieved at the output of a particular SIMO/MISO/MIMO 
scheme (e.g., the effective SNR of closed-loop TX diversity or RX maximum ratio combining in spatially 
white noise also accounts for the multiplicative antenna array gain of MT and MR, respectively). 

 

B.1.3 Capacity expressions 

Using the definitions described above the spectral efficiency for this system can be written as 
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for the instantaneous normalized MIMO channel capacity, with the ergodic capacity differing only by the 
additional expectation operation E{...}. 

This may be for example written as (remark: the SNR definition only includes receiver noise) 
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or similarly as 
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when we want to explicitly include the average SNR, use a normalized channel matrix, normalized noise 

plus interference, and a normalized signal vector (of unit total or average per-antenna TX power). Under 
the various assumptions often applied in the literature (e.g., i.i.d. fading MIMO channel H, spatially white 
noise plus interference, or open-loop schemes with equal-power allocation on the MT TX antennas) we of 
course arrive at the well-known simpler capacity equations. For example, open-loop MIMO results in 
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But we must keep in mind that the associated results may be difficult to generalize. 

Hence, we should always start with y=Hx+z (i.e., w/o implicit or explicit normalization) and the general 
MIMO capacity equation above (which does not require any specific normalization of channel matrix and 
noise covariance matrix). 

B.1.4 Formulation Including Linear Precoding (Flat Fading) 

Sometimes it is beneficial not to transmit MT complex symbols within one symbol interval, but a reduced 
number Q≤min(MT,MR). If we still want to use all transmit antennas (e.g., to achieve full array gain), the 
respective symbols s1...sQ are transmitted after an appropriate linear transformation (i.e., linear precoding, 
generalized beamforming) onto the MT TX antennas. 

{ { { { {

QqsEsssQq

sP

qQq

Q

q

qqq
QQQQMQQM TT

...1,1}|{|and],...,,[and...1,1||||with 2
21

111

=∀===∀=

+=+=+=+= ∑
=×××××

T
sv

zvHzsPVHzsFHzxHy

 

The MT×Q matrix V is the generalized beamforming matrix and the Q×Q matrix P=diag(P1
1/2,...,PQ

1/2) de-
fines the powers allocated to the respective beams. 

B.1.5 Formulation for Space Time Block Transmission (Flat Fading) 

In case that we apply a general space-time mapping of incoming bits to Q substreams (which can be equal 
to MT if no beamforming is applied) and T subsequent symbol periods, we define the Q×T matrix S. Note 
that sometimes the ordering of “space” (here 1st index) and “time” (here 2nd index) is defined differently. 
However, here we define the matrix symbols S, Z, and Y such that the MIMO channel matrix H can be 
used as defined above (without transpose operation). Assuming that the MIMO channel is constant over T 
symbol periods, the received signals (across RX antennas and symbol periods) are written as 

{ { { { { {
TMTQQQQMMMTM RTTRR ××××××

+= ZSPVHY  . 

B.1.6 Formulation for Multiple Users (Flat Fading) 

For Nu users (within the cell/sector of interest) the formulation is easily extended using an additional 
index k=1,2,..., Nu . The received signal vector for the kth user in a Nu -user MIMO downlink scenario is 
written as 
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and the received signal vector in a  Nu -user MIMO uplink scenario similarly is given by 

zxHy +=∑
=

uN

k

kk

1

zsPVHzsFH +=+= ∑∑
==

uu N

k

kkkk

N

k

kkk

11

 . 

Note that zk=nk+ik and z=n+i include noise n(k) plus inter-cell interference i(k). 
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Appendix C: Development of Satisfied User Criteria 

C.1 Introduction 

This appendix outlines the user session based evaluation criterion within (dynamic) system level 
simulations summarised in section 3.4. System level simulations of snap-shot type are not session based 
and thus most of the criteria which will be discussed in this document will not apply for them. However 
some of the metrics may be still of interest for static system level simulations. As system level 
simulations here mainly dynamic system level simulations are aimed. The requirements as well as the 
measurement metrics and some simple evaluation models to be implemented in system level tools are 
discussed. 
 

C.1.1 Requirements 

Measuring the system performance can be seen from different sites. From end-users point of view, the 
criterion has to be in the way, that the “real” user experience will be reflected. The user experience may 
be the time to transfer a file of a certain size, the time to download a whole web-page, the minimum 
response time for gaming applications, streaming services and also intuitive feelings, e.g. about the voice 
quality. Note that this end-users experience is regardless of the underlying transport protocol, e.g. the user 
doesn’t take care if it is FTP or HTTP or any other protocol. 
On the other hand, the measures should not only reflect the intuitive end-users experience, but also 
measure the system performance from operators’ point of view. For the operator the licensed frequency 
band is coupled to costs, thus the operators point of view is to best exploit the frequency spectrum by 
giving each user it’s appropriate quality of service. These requirements complement the end-users 
experience in the way that users doesn’t get blocked, a lower bound of quality of service limit may be 
kept. Stringent QoS requirements (e.g minimum delay at the air interface) go at the expense of system 
performance. This view mainly focuses on the air-interface site. 
It is clear that the evaluation criterion has to meet those entire criterions and also be handy for the 
evaluation. For finding such a criterion, the quality of the service, and thus the service class and 
dependent on that the traffic behavior for that certain service class is the basis for defining such an 
evaluation criterion. 

C.2 Session based Evaluation for the Traffic Models 

Each application causes a typical user behavior and a typical amount of data to be transferred over the 
network within a certain amount of time (web-browsing, telephone call, …). This typical behavior can be 
modeled by means of traffic models, which can be split into two major classes for evaluation purposes: 
 

• Intuitive user experience (Voice, Video Quality, etc.) 
• Noticeable experience (Delay, response time, etc.) 

 
Where as for the second class simple metrics can be applied, for the first class some proper definitions for 
the « intuitive » user experience are needed too. 
These second type traffic classes are of particular interest for real time like streaming or conversational 
services. Intelligent decoders are able to accept a certain bit-error rate until they fail and cause user 
noticeable transmission errors. 
Further the following sub-sections discuss the different traffic classes introduced by WP1 split into five 
classes fitting best to today’s and future application needs. These five types are: 
 

• Conversational (circuit as well packet switched) 
• Streaming (Audio and Video) 
• Web-services (browsing) 
• File transfer 
• Interactive gaming. 

C.2.1 Conversational 

WP1 comes up with two models for voice traffic behaviour. Let me say the traditional one (circuit 
switched) and an adapted for VoIP. Both models are on/off models. One partner is listening while the 
other partner is speaking (referred to as silent and active respectively). The active time as well as the 
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silent time is exponentially distributed. There is an additional time lag when switching from active to 
silent state or vice versa, where no communication takes place. 
The following two chapters discuss some more properties about the service, which are not common to 
both of them. Based on this the evaluation criteria are derived. 

Circuit switched Conversational 

This is the traditional model, which is proposed in UMTS30.03 [8] and is in most existing simulation 
tools already implemented. The connection between the two partners is not delayed. There is a dedicated 
communication channel switched through between the partners. It can be assumed that no delay jitter 
occurs in a wired network. It is further assumed that on the wireless connection no retransmissions take 
place, simply because it would be too late for the retransmission. Thus there is almost no end-to-end delay 
jitter. The delay is mainly determined by the delivery time of the wireless media (We do not consider 
processing delay coming from the voice en-/decoder and transmission delay caused by switches etc. They 
are of negligible magnitude for this consideration). In current 3G systems one speech block is typically 
transmitted every 10-20ms. This rate is sufficient, since the encoded data contains voice for 10-20ms. 
 
The underlying traffic model for system level simulations can thus be very simple: 
 

• We always have a full-duplex connection (DTX may be an option here). 
• A user is either silent (listening) or active (speaking). 
• The whole session length is exponentially distributed. 
• The silent and active periods are exponentially distributed and independent. 
• An optional time lag between active-silent toggle and silent-active toggle of constant length can 

be applied (speech pauses). 
 
The decoder can deal with transmission errors until a predefined threshold. Exceeding this bit error 
probability causes noticeable QoS degrade for the user (e.g. class A bits are errornous). Of course this is 
in reality not a black/white experience and depends on a couple or parameters. An exact speech quality 
measure experienced by the user is very complicated to take. But it is more convenient for us to come up 
with such a simple model and it is widely accepted. 
 
The evaluation criterion could thus look like: 
 

• A speech-coded block is said to fulfil the QoS criterion, if the bit error probability is below a 
certain threshold, i.e. the number of bit errors is (most probable) below a certain threshold. 

• If more or equal than a threshold (in percent) of the transmitted blocks within one session are 
transmitted and received correctly a user is said to be satisfied. 

 
For a later phase a definition for AMR could be needed too with this criterion could looking similar, 
except that we need a quality measure per used speech codec (see also VoIP model in section 0). This can 
be modelled in the same fashion by ways of a bit-error probability threshold per codec. 

Voice over IP 

This model may be a bit more complex than the former circuit switched one. VoIP uses two different 
codecs of 5.3kbps and 6.3kbps data rate (G.237 and H.323 codec) – in future VoIP applications I guess 
we have even more. Since voice over IP is a packet-based service, there is no dedicated end-to-end 
connection. Packets may get delayed or discarded some were in the network and a delay jitter is 
significant to this service. 
And the jitter is the main difference for the evaluation model from section 0. To overcome this well 
known problem VoIP systems use buffers that enable a continuous stream of data blocks at the output of 
the buffer. Any other solution leads to unacceptable quality. The buffer should be as small as possible, but 
must be sufficiently large to compensate for the jitter. In the ideal case no jitter at the end user is seen, but 
in expense to the overall delay. 
This overall delay will be noticeable only when a user starts speaking. In this case he waits until the 
former user has finished speaking and until all speech packets were arrived (output at the buffer). Then he 
starts speaking. A consequence of this is, that we have a silent period between changes from active to 
silent state and vice versa. This however can be modelled by the already introduced optional parameter in 
section 0 for the proposed traffic model. Furthermore it is suggested not to model the delay jitter for 
simplicity reasons. 
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Normally, if the channel decoding fails so that there are residual errors, usually there are many errors (and 
with good speech compression also only ONE or a few erroneous bit causes lots of trouble), so it is more 
the packet error rate that is important. It is very helpful for the decoder to know if the packet is erroneous 
or not (since the speech decoder can apply error concealments techniques) and that is easy to accomplish, 
so the detected packet error rate is the important measure.  (The undetected packet error rate should be 
very very small and can be ignored in capacity simulations.).  
 

C.2.2 Streaming 

Streaming is simply a continuous data transmission. Thus we can compare streaming with conversational 
services. For the evaluation criterion I suggest to use a bit-error probability in the same way than in 0, but 
with other parameters. 
Dropout probability for the delay with max. 5sec. 

C.2.3 Internet 

WP1 proposed two different web-browsing models (taken from [24]). Both think of a transfer protocol, 
which is of HTTP-type, and thus have a similar modelling. In both cases a web-page consists of several 
components, a main page and embedded images, objects, java-applets etc. Once the page has been 
completely downloaded, a so-called reading time, i.e. where no data will be transmitted over the air 
interface starts. Afterwards a new page will be downloaded or the session ends. The model according 
UMTS 30.03 is based on HTTP v1.0, Choi’s models is an extension and adoption of the UMTS 30.03 
model based on HTTP v1.1. The models differ in the way that different probability distributions and 
parameters form the basis. 
From system level point of view both models are equivalent. The end user experience is on the one side 
the download time per web-page and the response time for new sites. The proposal is to measure the 
download times and the response times per session and define a threshold for a maximal download time 
that is still acceptable for the end user. The download time is determined by the throughput, which itself 
contains a time lag, thus it is more convenient to measure the throughput that directly corresponds to the 
time. Having the delay per packet as measure does not reflect the end users experience (e.g. the 
advertisement banner determines the end-user experience). The throughput measure for web-page k  can 
be calculated by the following equation 
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where nO  is the size of one object in case of Choi’s model or one packet in case of UMTS 30.03 model 

and kT  is the time difference from first data available for transmission to the last correctly received 
object at the end-user. In case where there is no data to be transmitted over the WINNER interface, but is 
waiting for a probably slower network server, this time will not be counted, since these effects are not 
caused by the air-interface and are not a good measure for our efficiency. A session should be said to be 
successful in the sense a user is satisfied with the service when a predefined service dependent threshold 
over all viewed pages is exceeded for the throughput, which on the other hand means that the average 
download time is below a certain threshold. 

C.2.4 File Transfer 

This model is likely to be a probability distribution for the packet sizes. Is there more than one file per 
session? What measures are the important ones for the user? The download time will be key, or in other 
words the throughput. It is suggested to take as measure a drop-out throughput per file, i.e. most of the 
users get a throughout which is above a certain threshold. 

C.2.5 Interactive Gaming 

The traffic model is yet to be defined.  It will be bursty traffic with small packets and the delay for 
delivery of the packets is the determining factor. 

C.3 Auxiliary Evaluation Criteria 

This section summarizes possible evaluation criteria realizations within system level tools. From end-to-
end point of view, a communication system consists of several transport networks. For example lets 
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consider a communication between a mobile user located somewhere in the USA and a mobile user 
located somewhere in Europe. Both users are connected wirelessly to their mobile network. The data 
exchange is done by means of a wired (wireless or satellite) connection between the mobile networks. 
Each communication network has its own properties in terms of delay and throughput. The end-to-end 
user experience is the overall property of the networks. In case of the delay the user experience is simply 
the convolution of the delay distributions. 
From evaluation point of view, mainly two measures characterise the link performance. They are 
throughput and delay. If a residual bit error rate is tolerable for the decoder, the delay (jitter) will be 
lower, retransmissions (as ARQ or HARQ) are not so often necessary and the system performance 
increases. 

C.3.1 Delay 

Measurements about the packet delay (ARQ). 

C.3.2 Throughput 

(drop out probability per area) 

C.3.3 Block or residual bit error rates 

 

C.4 Summary 

In Table 4-1 Summary of the satisfied users criterion. the satisfied users criteria per service are 
summarized. But additionally to this discussion also the dropping and blocking is considered too.  
 

 


