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Foreword

This Technical Specification 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.

1
Scope

This Technical Report describes several techniques, which facilitate high-speed downlink packet access. Furthermore, it describes how these concepts should be integrated into the overall architecture of UTRA. 

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.

[<seq>]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

[1]
3G TS 25.123: "Example 1, using sequence field".

[2]
3G TR 29.456 (V3.1.0): "Example 2, using fixed text".

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the [following] terms and definitions [given in ... and the following] apply.

Definition format

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2 Symbols

For the purposes of the present document, the following symbols apply:

Symbol format

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

Abbreviation format

<ACRONYM>
<Explanation>

4
Background and
Introduction

In RAN#7 plenary meeting a work item was approved for “Feasibility study for high speed downlink packet access”.  The work item is a feasibility study, where techniques like adaptive modulation and coding, hybrid ARQ and other advanced features are discussed and evaluated with the goal to achieve high peak rates of the order of 10 Mbits/s. One of the proposals discussed is the modification of the R99 DSCH to support very high peak rates.
5
Basic structure of HS-DSCH

{This section should discuss and describe the basic structural properties of HS-DSCH, with focus on possible differences to current DSCH.}

5.1
Architectural issues

5.2
Protocol structure

5.3
Basic physical structure

6
Overview of Technologies considered for HS-DSCH to support UTRA High Speed Downlink Packet Access

6.1 Adaptive modulation and Coding Schemes

The benefits of adapting the transmission parameters in a wireless system to the changing channel conditions are well known. In fact fast power control is an example of a technique implemented to enable reliable communications while simultaneously improving system capacity. The process of modifying the transmission parameters to compensate for the variations in channel conditions is known as link adaptation. Another technique, which falls under this category of link adaptation, is adaptive modulation and coding (AMC). 

The principle of AMC is to change the modulation and coding format in accordance with variations in the channel conditions. The channel conditions can be estimated e.g. based on feedback from the receiver. In case of downlink AMC, fast downlink power control should be disabled.  In a system with AMC, users close to the base station are typically assigned higher order modulation with higher code rates (e.g. 64 QAM with R=3/4 Turbo Codes), but the modulation-order and/or code rate will decrease as the distance from base station increases.  AMC supports higher data rates allowing higher spectral efficiencies to be achieved without the need for fast down link power control.  The reduction in interference variation by eliminating fast down link power control makes scheduling easier.

6.2 Hybrid ARQ Methods

H-ARQ is an implicit link adaptation technique. Whereas, in AMC explicit C/I measurements or similar measurements are used to set the modulation and coding format, in H-ARQ, link layer acknowledgements are used for re-transmission decisions. There are many schemes for implementing H-ARQ - Chase combining, Rate compatible Punctured Turbo codes and Incremental Redundancy. Incremental redundancy or H-ARQ-type-II is another implementation of the H-ARQ technique wherein instead of sending simple repeats of the entire coded packet, additional redundant information is incrementally transmitted if the decoding fails on the first attempt. 

H-ARQ-type-III also belongs to the class of incremental redundancy ARQ schemes. However, with H-ARQ-type-III, each retransmission is self-decodable, which, is not the case with H-ARQ-type II.  Chase combining (also called H-ARQ-type-III with one redundancy version) involves the retransmission by the transmitter of the same coded data packet. The decoder at the receiver combines these multiple copies of the transmitted packet weighted by the received SNR. Diversity (time) gain is thus obtained. In the H-ARQ-type-III with multiple redundancy version different puncture bits are used in each retransmission. 

AMC by itself does provide some flexibility to choose an appropriate MCS for the channel conditions based on measurements either based on UE measurement reports or network determined. However, an accurate measurement is required and there is an effect of delay. Also, an ARQ mechanism is still required. H-ARQ autonomously adapts to the instantaneous channel conditions and is insensitive to the measurement error and delay. Combining AMC with H-ARQ leads to the best of both worlds - AMC provides the coarse data rate selection, while H-ARQ provides for fine data rate adjustment based on channel conditions.

The choice of H-ARQ mechanism however is important. There are two main ARQ mechanisms - selective repeat (SR) and stop-and-wait (SAW). In SR, only erroneous blocks are re-transmitted. A sequence number is required to identify the block.  Typically, in order to fully utilize the available channel capacity the SR ARQ transmitter needs to send a number of blocks while awaiting a response (or lack of it in this case). Hence when combined with H-ARQ the mobile needs to store soft samples for each partially received block. Thus mobile memory requirements can be huge. More importantly, H-ARQ requires that the receiver must know the sequence number prior to combining separate re-transmissions. The sequence number must be encoded separately from the data and must be very reliable to overcome whatever errors the channel conditions have induced in the data. Hence a strong block code is needed to encode the sequence information - increasing the bandwidth required for signalling.

6.3 Fast Cell Selection

With Fast Cell Selection, the UE does not receive simultaneous data transmission from multiple cells and therefore performs no combining of traffic channels carrying packet data.  Instead, the UE selects the best cell every frame from which it requests the data to be transmitted.  The uplink DPCH is used to indicate the required cell from which the network should direct its data transmission to the UE on a frame by frame basis.  This technique is a very special case of Site Selection Diversity (SSDT) and applies only to the HS-DSCH.  In the case of SSDT, each cell is assigned a temporary ID and UE periodically informs a primary cell ID to the connecting cells. The non-primary cells not selected by the UE switch off their transmitters.  However, in the case of Fast Cell selection, the UE selects the best cell every frame from which it wants to receive data on the HS-DSCH. HS-DSCH data is then transmitted to the UE from this cell only.

6.4
Other Technologies

7
Adaptive Modulation and Coding Schemes (AMCS)

7.1
Technical Details

7.2
Frame Size

7.3
Evaluation of different AMCS

7.3.1 Link Assumptions and results

The objective of this section is to propose a set of definitions, assumptions, and a general framework for performing initial link level simulations for High Speed Downlink Packet Access (HSDPA). The objective of these link level simulations is to provide the needed input data to initial system level simulations and to evaluate the link performance of different Adaptive Modulation and Coding schemes and fast Hybrid ARQ methods.

7.3.2 Performance of Different Modulation and Coding Schemes

7.4 Conclusions and Recommendations
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9
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{Additional section may be added later to accommodate additional technologies.}
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The scope of this section is to propose a set of definitions and assumptions on which HSDPA simulations can be based. The initial objective of such system simulations should be to illustrate/verify the potential performance gains due to the currently proposed HSDPA features, such as adaptive modulation and coding scheme (AMCS), fast Hybrid ARQ, and fast cell selection (FCS).

12.1
Traffic Models

12.2
Propagation Model, Antenna Pattern, UE Speed Distribution

12.3
Channel Models

12.4
Measurement and Run Criteria

12.5
Packet Scheduler

12.6
Link Adaptation Schemes

13
System Simulation Results 

14
UE and RNS Impacts

14.1
UE Impacts

14.1.1
Memory Requirements for different architectures

14.1.2
Implementation details

14.1.3
Equalization

14.2
Node B Impacts

14.2.1
Modulation Accuracy

14.2.2
Peak-to-Average 

15
Recommendations

History

Document history

Date
Version
Comment

May 26, 2000
0.0.0
  Proposed outline

October 9, 2000
0.0.1
  Added introductory text on advanced techniques      included for study.

Rapporteur for 3G TR 25.950 is: Ravi Kuchibhotla

Email : Ravi.Kuchibhotla@motorola.com 

This document is written in Microsoft Word version 97.

