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Executive Summary

At RAN WG1 #29 there was agreement that recent proposals attempting to improve the performance of power control should be handled and studied in a more controlled and structured manner within the framework of a TR entitled: “Power Control Enhancements” (TR 25.898).
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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This technical report presents the results of the 3GPP system Study Item to analyse improvements to power control performance for both FDD and TDD modes of operation.  This study includes an analysis of the feasibility and potential benefits of the improvement schemes considered.  This study includes a recommendation to RAN Plenary on a potential standardisation work plan and time frame.

Power control is a tool that may be employed to increase system capacity, especially for circuit switched services.  The purpose of this report is to study possible improvements to the power control schemes employed within release 5 for both FDD and TDD modes.

1

Scope

The present document contains results of an analysis of various power control enhancement schemes for both FDD and TDD modes.

The schemes presented are analysed under a common framework and methodology in order to facilitate fair comparison and to provide meaningful and objective results.

The document presents results of an analysis of the power control improvement schemes using channel models appropriate to the wide ranging and diverse deployment scenarios typical of today’s cellular deployments.

Link level and system level results are presented.

Aspects of UE and UTRAN complexity are considered as are the high level impacts of these schemes on the release 5 specifications.

The feasibility of various power control improvement schemes are considered. This document covers aspects such as coexistence, forward and backward compatibility and application to 3GPP system and services.

This work contained within this document has been carried out within RAN 1.  Impacts on signalling, specifications and RAN working groups other than RAN WG1 are considered within this document although only to a level of detail in order to fairly assess the high-level impact of introducing the schemes.  Details of signalling and issues more pertinent to other working groups are not assessed.

The study of power control improvmenets is based on the assumption that the generic higher layer protocol architecture is unchanged from 3GPP Release 5.  The improvements considered are evolutionary rather than revolutionary with respect to the release 5 UTRA system.

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

3
Definitions, symbols and abbreviations

3.1
Definitions

3.2
Symbols

3.3
Abbreviations

4
Objectives

Improvements to power control performance from a link-level perspective may translate directly to system capacity gains.  This is true especially for fixed-rate power controlled bearers (ie: CS services).  Any improvements to power control performance are therefore desirable.  Characteristics of the radio link such as mean received signal to noise ratio for a given block error performance, mean transmitted power level, distribution of received signal to noise ratio and distribution of the transmitted power level may be used to analyse and compare the performance of various power control schemes.  Results from the link level may be used to establish a system level model in which true capacity gains can be evaluated.

Power control schemes are to be evaluated over a range of propagation channel time-delay profiles and speeds in order to understand the applicability and impact of these improvements in various deployment scenarios.

In order to facilitate this work a simulation framework and evaluation methodology is adopted and applied to each improvement such that fair comparisons may be drawn and conclusions reached on technical bases.

Where the improvement is generic in nature, the general applicability and theoretical basis of the scheme is first analysed.  Subsequent to this, a preferred embodiment of the scheme is derived and defined and simulation results of this embodiment are obtained.

Any implementation aspects and tradeoffs of the improvement scheme are considered.

The high level impact of the preferred embodiment with respect to any future standardisation of the scheme is considered relative to the release 5 specifications.

It is the intention of this study to retain the generic high level protocol architecture of UTRA release 5 and improvmenet schemes are understood to build on this architecture rather than modify it in wholesale fashion.

Overall conclusions are reached based on a consideration of the performance all schemes studied and on their impact in terms of implementation complexity and standardisation effort.

5
Evaluation Methodology

5.1

General Description

[Editor’s note : This section defines methods by which power control improvements are to be studied and how gains are to be quantified.  It establishes the basic methodology behind the simulation work].

5.2

Link Level Simulation Assumptions (FDD)

[Editor’s note : This section defines how the link is to be simulated and defines parameters and assumptions to be used in those simulations for the FDD mode].

5.2.1
Propagation Channel Models

[Editor’s note : This section defines the temporal characteristics of the radio environments in which the link is to be evaluated.  This should span a variety of channel profiles and speeds commensurate with the diverse environments experienced in mobile radio].

5.2.2
Output Metrics

[Editor’s note : This section defines the metrics and results of interest that are required from the link level simulation activity.  These results shall be used as the basis for the system level simulation activity.  Exact definitions of the ouput metrics of interest are included].

5.3

System Level Simulation Assumptions (FDD)

[Editor’s note : This section defines how system gains are to be evaluated using link level results where required/appropriate.  A description of the system(s) under analysis and the deployment scenarios considered is made here.  Parameters of relevance to the FDD system level are defined].

5.3.1
Pathloss Models

[Editor’s note : This section defines the pathloss models to be used in each considered system scenario].

5.3.2
Capacity Quantification

[Editor’s note : This section describes how capacity results are obtained from the system level simulation models].

5.4

Link Level Simulation Assumptions (TDD)

[Editor’s note : This section defines how the link is to be simulated and defines parameters and assumptions to be used in those simulations for the TDD mode(s)].

5.4.1
Propagation Channel Models

[Editor’s note : This section defines the temporal characteristics of the radio environments in which the link is to be evaluated.  This should span a variety of channel profiles and speeds commensurate with the diverse environments experienced in mobile radio].

5.4.2
Output Metrics

[Editor’s note : This section defines the metrics and results of interest that are required from the link level simulation activity.  These results shall be used as the basis for the system level simulation activity.  Exact definitions of the ouput metrics of interest are included].

5.5

System Level Simulation Assumptions (TDD)

[Editor’s note : This section defines how system gains are to be evaluated using link level results where required/appropriate.  A description of the system(s) under analysis and the deployment scenarios considered is made here.  Parameters of relevance to the TDD system level are defined].

5.5.1
Pathloss Models

[Editor’s note : This section defines the pathloss models to be used in each considered system scenario].

5.5.2
Capacity Quantification

[Editor’s note : This section describes how capacity results are obtained from the system level simulation models].

6
Methods of Performance Improvement (FDD)

[Editor’s note : contains descriptions of the various methods considered within the scope of the TR that are specific to FDD, or are jointly relevant to both FDD and TDD modes].

6.1
<Method 1>

6.1.1
General Description

[Editor’s note : describes the fundamental approach behind the improvement and describes where and why the gains are expected to arise.  Justifies why this improvmenet method should be studied and provides some background on the general theories being applied.  Supporting technical material is also presented in this section (eg: plots of channel speed versus coherence time may justify relevance of a particular improvement for certain speeds/environments etc…)].

6.1.2
Preferred Embodiment

[Editor’s note : describes a particular implementation of the scheme proposed in the “General Description” section with due consideration paid to the nature and architecture of the release 5 UTRA system.  A detailed description of the layer 1 aspectes is provided.  Detail of the embodiment in terms of higher layers is provided only to a level sufficient to give reader an appreciation of the impact on the higher layers. The detailed implementation specifics of the higher layer aspects is not presented].

6.1.3
Link Level Simulation Results

[Editor’s note : presents the results of the link level simulations of the particular implementation of the scheme as described in the “General Description” section].

6.1.4
System Level Simulation Results

[Editor’s note : presents the results of the system level simulations of the particular implementation of the scheme as described in the “General Description” section].

6.1.5
Tradeoffs and Considerations

6.1.5.1
Complexity Issues

[Editor’s note : discusses any impact in terms of UE, Node-B or RNC complexities associated with  the particular implementation of the scheme].

6.1.5.2
Backwards/Forwards Compatibility

[Editor’s note : discusses issues surrounding the deployment of a network of release “n” comprising support for the scheme, in which UE’s of release <n are present.  Also considers the impact of a network of release <n in which UE’s of release n are deployed].

6.1.5.3
Limitations

[Editor’s note : discusses any problems or tradeoffs discovered for the particular implementation of the scheme and proposes solutions where possible.  Any limitations of the scheme are clearly identified].

6.1.6
High Level Standardisation Impact

[Editor’s note : identifies the extent to which the release 5 specification would be affected if the improvement method were to be adopted for standardisation.  Does not discuss or propose specific changes to the core specifications (ie: there are no “CR-style” sub-sections)].

6.1.7
Conclusions

[Editor’s note : conclusions drawn from sections 6.x.3, 6.x.4, 6.x.5 and 6.x.6].

6.2
<Method 2>

[Editor’s note: the next improvement method to be considered.  Sub-sections 6.2.1 through 6.2.7 follow etc…].

7
Methods of Performance Improvement (TDD)

[Editor’s note : contains descriptions of the various methods considered within the scope of the TR that are specific to TDD.  Both LCR and HCR versions of TDD are considered under this section although it is stated for each method whether the improvement scheme applies to HCR only, LCR only, or both modes].

7.1
<Method 1>

7.1.1
General Description

[Editor’s note : describes the fundamental approach behind the improvement and describes where and why the gains are expected to arise.  Justifies why this improvmenet method should be studied and provides some background on the general theories being applied.  Supporting technical material is also presented in this section (eg: plots of channel speed versus coherence time may justify relevance of a particular improvement for certain speeds/environments etc…)].

7.1.2
Preferred Embodiment

[Editor’s note : describes a particular implementation of the scheme proposed in the “General Description” section with due consideration paid to the nature and architecture of the release 5 UTRA system.  A detailed description of the layer 1 aspectes is provided.  Detail of the embodiment in terms of higher layers is provided only to a level sufficient to give reader an appreciation of the impact on the higher layers. The detailed implementation specifics of the higher layer aspects is not presented].

7.1.3
Link Level Simulation Results

[Editor’s note : presents the results of the link level simulations of the particular implementation of the scheme as described in the “General Description” section].

7.1.4
System Level Simulation Results

[Editor’s note : presents the results of the system level simulations of the particular implementation of the scheme as described in the “General Description” section].

7.1.5
Tradeoffs and Considerations

7.1.5.1
Complexity Issues

[Editor’s note : discusses any impact in terms of UE, Node-B or RNC complexities associated with  the particular implementation of the scheme].

7.1.5.2
Backwards/Forwards Compatibility

[Editor’s note : discusses issues surrounding the deployment of a network of release “n” comprising support for the scheme, in which UE’s of release <n are present.  Also considers the impact of a network of release <n in which UE’s of release n are deployed].

7.1.5.3
Limitations

[Editor’s note : discusses any problems or tradeoffs discovered for the particular implementation of the scheme and proposes solutions where possible.  Any limitations of the scheme are clearly identified].

7.1.6
High Level Standardisation Impact

[Editor’s note : identifies the extent to which the release 5 specification would be affected if the improvement method were to be adopted for standardisation.  Does not discuss or propose specific changes to the core specifications (ie: there are no “CR-style” sub-sections)].

7.1.7
Conclusions

[Editor’s note : conclusions drawn from sections 7.x.3, 7.x.4, 7.x.5 and 7.x.6].

7.2
<Method 2>

[Editor’s note: the next improvement method to be considered.  Sub-sections 7.2.1 through 7.2.7 follow etc…].

8
Overall Conclusions and Recommendations

8.1
FDD

[Editor’s note: makes conclusions and recommendations based upon the information provided within the relevant conclusions sections for each studied improvement method (ie: those specific to FDD)].

8.2
HCR TDD

[Editor’s note: makes conclusions and recommendations based upon the information provided within the relevant comclusions sections for each studied improvement method (ie: those specific to HCR TDD)].

8.3
LCR TDD

[Editor’s note: makes conclusions and recommendations based upon the information provided within the relevant comclusions sections for each studied improvement method (ie: those specific to LCR TDD)].

























































































































