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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 consider the application of OFDM techniques to 3GPP-based systems.  This study includes an analysis of the feasibility and potential benefits of introducing OFDM in UTRAN and a recommendation to RAN Plenary on a potential standardisation work plan and time frame.  

As the mobile radio systems evolve and become more integrated with daily activities, there is an increasing requirement for additional services requiring very high bit rates and higher system capacity.  These include both services to individuals as well as multimedia broadcast and multi-cast services.  OFDM (Orthogonal Frequency Division Multiplexing) is a technology that has been shown to be well suited to the mobile radio environment for high rate and multimedia services.  Examples of commercial OFDM systems include the Digital Audio Broadcast (DAB), Digital Video Broadcast Terrestrial (DVB-T) and the HiperLAN and IEEE WLAN (802.11a) wireless local area network systems.

Editor’s notes : Provides a high-level outline of report, and summary of the rational, conclusions and recommendations. Important considerations are why the new technology might be needed, compatibility with previous releases of UTRAN, aspects of new service requirements, constraints of spectrum. It is a study of physical layer aspects only and does not include changes in UTRAN architectures beyond those needed to support an additional physical layer.  

1
Scope

The scope of this Study Item is to consider the performance of OFDM in the mobile environment and to consider scenarios in which OFDM may be introduced in UTRAN 3GPP based systems.  This activity involves the Radio Access work area of the 3GPP studies and has some effect on the Mobile Equipment and Access Network of the 3GPP systems.   

The aims of this study are:

· to consider the advantages that may be gained by introducing a new modulation technique in 3GPP RAN systems, 

· to estimate possible benefits and complexity and 

· to recommend to 3GPP RAN if further standardisation development work should be undertaken by 3GPP. 

As a starting point, OFDM will be considered in the downlink only. It should be possible to operate in a 5MHz spectrum allocation i.e. coupled with W-CDMA in the uplink for a 2*5MHz deployment scenario.

The following list provides examples of areas that are to be considered in the study:

· Support peak bit rates bit rates in the order of 10 Mbit/s and above;

· Support for MIMO and other advanced antenna array techniques;
· Support for personal, multimedia and broadcast services;
· Deployment scenarios including frequency re-use aspects within diverse spectrum allocations;
The study should consider performance aspects, aspects linked to the evolution of UMTS (high level architecture, diverse spectrum arrangements and allocations), impacts on signalling in UTRAN , aspects of capacity/cost/complexity/coverage and aspects of co-existence with the existing UMTS modes. 

The purpose of the study is to describe a representative OFDM concept that can be used in the feasibility study phase but the concept does not restrict the design when moving to the specification phase. It is a study of physical layer aspects only and does not include changes in UTRAN architecture.  Changes are to be restricted to the physical layer and not extend beyond those needed to support an additional modulation. Principles as provided in TS 25.302 (Services provided by the physical layer) are to be respected where possible.

This study item was approved by the TSG RAN#16 (Marco Island Fl USA 4th – 7th June 2002).
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 OFDM Technology

Editor’s note : Provides a high-level outline of the fundamental aspects of the OFDM technology.   Most of this material will be somewhat tutorial in nature but it is intended to introduce the reader to the important aspects of the OFDM techniques in the UTRAN environment and to enable readers to understand the relevant parameters and performance limitations.  

4.1
OFDM for mobile systems

Editor’s note : Discusses aspects of the OFDM technology that are significant advantages (and disadvantages) for the mobile radio environment.  

4.2 OFDM fundamentals

Editor’s note : Outlines the fundamental OFDM factors including number of sub-carriers, symbol-time, cyclic extension and their relation to the mobile radio channel multi-path dispersive conditions. Note that the purpose of this section is NOT to provide a definition of optimum OFDM parameters, neither to suggest values, but simply to explain which parameters are important for the mobile environment and how they effect performance.  

4.3
Reference system scenario

Editor’s note : This shows example(s) of application of OFDM within UTRAN  at the system level, where such example(s) is (are) the basis for the evaluation of OFDM benefits. The configuration is defined here in terms of deployment rather than physical layer, details of the physical layer being addressed in subsequent section. An example of such reference configuration may correspond to a Node-B operating with multiple carriers, some of which, use OFDM.

5 OFDM performance analysis

Editor’s note : Provides the high-level overview of the performance of OFDM when compared with W‑CDMA radio systems.

5.1
requirements

Editor’s note : Discusses the requirements and constraints for the introduction of a new modulation system. Should set some targets for bit rates and system capacity as well as define the Rel5 and REL6 configurations that are the basis for comparison.

5.2
Reference OFDM configuration for the evaluation

Editor’s note : this section list the physical layer parameters values (with reference to section 4.2) for the performance analysis.

5.3
Data rates

Editor’s note : Discusses and shows the performance of OFDM when compared with W‑CDMA for the user data rate.  This includes comparison with both Rel5 and Rel6 UTRAN systems.

5.4
System Capacity

Editor’s note : Discusses and shows the performance advantage of OFDM when compared with W‑CDMA for the system traffic capacity.  This includes comparison with both Rel5 and Rel6 UTRAN systems.

6 OFDM feasibility

Editor’s note : This chapter discusses a number of specific technical and operational issues related to the application of OFDM within the framework of 3GPP systems.    These are not in any particular order of presentation.  

6.1 Spectrum compatibility

Editor’s note : Discussion of compatibility of OFDM modulation when operating within the channels for UTRAN spectrum allocations.  This includes in-band and adjacent channel emissions and sensitivity to interference both from other UTRAN radios and nearby radio systems (nearby in terms of spectrum).

6.2 Multiplexing user traffic

Editor’s note : Discussion of the multiplexing of user traffic on the OFDM transmissions.  This includes time-division multiplexing and sub-carrier grouping.   This may also include the mapping of the UTRAN logical traffic and user data channels onto the OFDM signal.

6.3
Impacts on UL

Editor’s note : this section will study whether any change in the UL dedicated channels is needed in order to support OFDM in the DL.

6.4
Handover

Editor’s note : Discussion of the handover of services between the OFDM and the WCDMA radio access technology.  This will also include discussion of soft-handover between cells.

6.5
Synchronisation

Editor’s note : Discussion of any necessary synchronisation at the physical or protocol layers of OFDM transmissions between cells.

6.6
Frequency re-use

Editor’s note : Discussion of the re-use of the spectrum assignments for OFDM systems. This includes discussion of the “re-use of one” scenario.

6.7
Consideration for Advanced Antenna Systems

Editor’s note : Discussion of the use of the OFDM in relation to advanced antenna systems.  This includes, for example, discussion of  “multiple input multiple output” (MIMO) scenarios

6.8
Analysis of User Equipment Complexity

Editor’s note :  Discussion of the consequences for the User Equipment (UE) as a result of the introduction of the OFDM technique.  This includes discussion of the additional requirements for OFDM capable UE that must operate in an environment in which both OFDM and W-CDMA are in operation and also in environments in which only W-CDMA technology is available. The section should in particular address RF considerations and complexity issues.

6.9
Analysis of Node B impacts

Editor’s note : Discussion of the consequences for the OFDM capable Node B as a result of the introduction of the OFDM technique. The section should in particular address RF considerations and complexity issues.

6.10
Backward compatibility

6.11
Application to 3GPP system and services

Editor’s note : Discussion of the applicability of OFDM to the various existing and new 3GPP system capabilities including speech, real time, multi-media, packet, broadcast and multi-cast services.

7
Conclusion

Editor’s note : Concludes on the feasibility of OFDM for application to 3GPP radio access systems and, if appropriate, provides a possible work plan for further standardisation development.

Annex A:
Simulation Assumptions and Results

A.1
Link Simulation Assumptions

Editor’s note : all assumptions needed for link level simulations including UE receiver.

A.2
Link Simulation Results

A.3
System Simulation Assumptions

A.4
System Simulation Results

A.5
Traffic Models
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