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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.

1
Scope

The purpose of this document is to capture the agreements and evaluation criteria of the different techniques being considered for HSDPA with regards to the overall support of UTRAN for HSDPA.

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.

[1]
3GPP TR 25.950 v4.0.0 UTRA High Speed Downlink Packet Access

[2]
3GPP TR 25.855 v0.0.5 UTRA High Speed Downlink Packet Access

3
Background and Introduction

In RAN#11 plenary meeting a work item was approved for High Speed Downlink Packet Access. The work item includes techniques such as adaptive modulation and coding, hybrid ARQ and fast scheduling with the goal to increase throughput, reduce delay and achieve high peak rates.

1. 4


4 Basic physical layer structure of HS-DSCH

4.1 HS-DSCH physical-layer structure in code domain

HS-DSCH transmission for FDD uses channelization codes at a fixed spreading factor SF=16..  Multi-code transmission is allowed, which translates to UE being assigned multiple channelisation codes in the same TTI, depending on its UE capability.  The same scrambling code sequence is applied to all the channelisation codes that form a single HS-DSCH CCTrCH.  Furthermore, multiple UEs may be assigned channelisation codes in the same TTI i.e. multiplexing of multiple UE’s in code-domain is allowed.
HS-DSCH transmission for TDD uses a fixed spreading factor SF=16 and multi-code transmission on one or more timeslots. Furthermore, a combination of code multiplexing and time multiplexing UEs within an HS-DSCH TTI is possible.

4.2 HS-DSCH physical-layer structure in time domain 

For FDD , the length of the HS-DSCH TTI is 3(Tslot, where Tslot is equal to 2560 chip ((0.67 ms). The TTI for HS-DSCH is a static transport-format parameter.  

1.28 Mcps TDD uses a fixed single 5ms TTI.  The TTI for 3.84 Mcps TDD is for FFS.

5 Channel Coding and Modulation for HS-DSCH

5.1 CCTrCH and transport channels

There is only one CCTrCH of HS-DSCH type per UE.  If there are several HS-DSCH transport channels in an HS-DSCH CCTrCH, the transport format combinations are configured in such a way that for any transport format combination, there is a maximum of one transport channel having a transport format with one or more transport blocks. There is no need to balance the quality between several transport channels.  As such, there is no need for static rate matching parameters.  As for the DSCH of Release-99, flexible positions are assumed.
5.2 Transport block concatenation and code block segmentation

The same transport block concatenation and code block segmentation as in Release-99 is used for HS-DSCH. However, Transport block concatenation is performed before CRC attachment since there is only one CRC per TTI. The maximum code block size for turbo coding is 5114.

5.3 CRC Attachment

A CRC of size 24 bits is calculated and added per HS-DSCH TTI.  The CRC polynomial is defined in 3G TS 25.212.

5.4 Channel Coding 

HS-DSCH channel coding uses the existing rate 1/3 Turbo code and the existing Turbo code internal interleaver, as outlined in 3G TS 25.212. Other code rates are generated from the basic rate 1/3 Turbo code by applying rate matching by means of puncturing or repetition.

5.4.1 Channel Coding for Control Channels 

Defined in Section 9.1 and 9.2.  

5.4.2 Physical Layer Channel Coding Chain 

Figure 1 depicts the channel coding and physical layer mapping chain for HS-DSCH.  
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Figure 1. Transport Channel Coding Structure for HS-DSCH

5.5 Rate Matching

Rate matching is used to match the data rate at the output of the channel coder to the total rate of the HS-DSCH physical channels. No extra signalling is needed to indicate the amount of rate matching since the semi-static transport block size, the transport-block-set size, the modulation scheme and the number of physical channels define the amount of rate matching.   It may be noted that the details of the Rate Matching/IR block in Figure 1 is for FFS.

5.6 DTX indication bits

DTX insertion is not employed. Since only one transport channel per TTI is supported, the rate-matching algorithm is used to fill the available physical resource, instead of using DTX insertion.

5.7 Interleaving


Since the HS-DSCH TTI is static, only one interleaving (corresponding to Release-99 2nd interleaving) is needed. The interleaver has to be adapted to 3 slots.

For TDD, interleaving adaptation has to be done to the HS-DSCH TTI length.

5.8 Physical channel mapping

The bits can be mapped to multiple physical channels in the same way as in release'99.

5.9 Modulation 

Two types of modulations namely QPSK and 16-QAM may be applied for HS-DSCH.

6 Link Adaptation

For HS-DSCH, the transport format, including the modulation scheme and code rate, can be selected based on the downlink channel quality. The selection of transport format is done by the MAC-HS located in Node B and can be based on e.g. channel-quality feedback reported by the UE, see Section 9, or from the transmit power of an associated DPCH. Other methods may also be possible.

7 Hybrid ARQ 

7.1 Choice of Hybrid ARQ combining schemes 

a) For a retransmission, the transport-block set is the same as for the initial transmission. This means that, for a retransmission, the number of information bits NINFO to be transmitted is the same as for the initial transmission.  Furthermore, for a retransmission, the modulation scheme and the channelisation-code set, including the size of the channelisation-code set, and the transmission power, may be different compared to the initial transmission. This means that, for a retransmission, the number of available channel bits Nch may differ compared to the initial transmission. Even if the number of available channel bits Nch is the same, the set of channel bits may be different for the retransmission compared to the initial transmission (Incremental Redundancy).
b) Regardless of the number of information bits NINFO, channel coding is done using a Turbo code with rate Rbasic = 1/3.  Each retransmission may use a different redundancy version, where each redundancy version is a different subset of the coded bits. Each subset may contain a different number of bits. Chase combining corresponds to defining or using only a single redundancy version.

7.2 Physical layer aspects of Hybrid ARQ

The following signalling is needed to support Hybrid ARQ. The details of signalling are described in Section 9.

Downlink Signaling
The HARQ information includes the Hybrid ARQ process identifier in the corresponding HS-DSCH TTI. The HARQ information also includes information about the redundancy version of the transmission in the corresponding HS-DSCH TTI.

Uplink Signaling

For communicating the HARQ acknowledgements, an 1-bit ACK/NACK indication is used in the uplink. 

8 Associated Signalling 

8.1 Downlink

8.1.1 Overall Structure

Figure 2 illustrates the basic physical-channel structure for the HS-DSCH-related associated downlink signalling as seen from the UE point-of-view. It consists of a downlink DPCH and a number of Shared Control Channels. The number of Shared Control Channels can range from a minimum of one Shared Control Channel (M=1) to a maximum of four Shared Control Channels (M=4).
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Figure 2.  Basic physical-channel structure for HS-DSCH-related associated downlink signalling

The TDD overall downlink signalling structure is a two step approach based on associated dedicated channels and shared control channels [3]. As in Release-99, the associated dedicated channel can also be a fractionated channel for efficient resource usage with a corresponding repetition period in terms of TTIs. The associated dedicated channel carries an high-speed indicator (HI). This HI indicates, that the UE has to read the shared control channels of the same TTI. If the repetition period is larger than 1, the UE has to read in addition the shared control channels of the following TTIs for the whole repetition period to provide full scheduling flexibility. For continuous dedicated channels, the repetition period is consequently set to 1 TTI. The HI has to be sent in parallel or prior to the shared control channels.

8.1.2 Detailed Structure

Shared Control Channel

For each HS-DSCH TTI, each Shared Control Channel carries HS-DSCH-related downlink signalling for one UE. The following information is carried on the Shared Control Channel:

· Transport-format and Resource related Information (TFRI)
The TFRI includes information about the dynamic part of the HS-DSCH transport format, including transport-block-set size and modulation/coding scheme. The TFRI also includes information about the set of physical channels (channelisation codes) onto which HS-DSCH is mapped in the corresponding HS-DSCH TTI

· Hybrid-ARQ-related Information (HARQ information)
The HARQ information includes the Hybrid ARQ process identifier in the corresponding HS-DSCH TTI. The HARQ information also includes information about the redundancy version (see Section 7) of the transmission in the corresponding HS-DSCH TTI.

In addition, the Shared Control Channel carries information that identifies the UE for which the Shared Control Channel carries HS-DSCH-related signalling.

The different parts of the Shared Control Channel information consists of the following number of information bits {minimum/maximum}:

· TFRI: {10/16} bits

· HARQ information: {5/8} bits ({4/6} bits for block number and {1/2} bits for Redundancy version)

· UE identification: {8/16} bits

Note that the number of bits given above is the number of information bits. The number of channel bits transmitted over the Shared Control Channel depends on the channel-coding scheme applied to the different sets of information.  In addition, the Shared Control Channel carries information that identifies the UE for which the Shared Control Channel carries HS-DSCH-related signalling.

A {12/16} bit CRC is calculated over the TFRI + HARQ information + UE identification.

The tentative structure of the Shared Control Channel for FDD is illustrated in Figure 3.  For TDD the structure is TBD.
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Figure 3 Structure of Shared Control Channel

Downlink DPCH

If a downlink DPCH is present, it carries an HS-DSCH Indicator (HI), in addition to non-HS-DSCH-related physical-layer signalling and DCH transport channels. The HI consists of two information bits that indicate the Shared Control Channel that carries the HS-DSCH-related signalling for the corresponding UE. The HI is transmitted in every third slot. If no Shared Control Channel carries HS-DSCH-related signalling to the UE, the HI is not transmitted (DTX). As an example, if the HI is transmitted as one QPSK symbol, the possible signalling points are as in Figure 4.
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Figure 4. Example of coding of HI. 
Pi indicates Shared Control Channel #i (i ({1, 2, 3, 4}). P0 indicates that no Shared Control Channel 
carries HS-DSCH-related signalling information to the UE. 

Timing relations for HS-DSCH-related downlink signalling

Figure 5 illustrates the timing structure for the HS-DSCH control signalling. The fixed time offset between the Shared Control Channel information and the start of the corresponding HS-DSCH TTI equals (HS-DSCH-control (>0).  The time offset between the DL DPCH slot carrying the HI and the start of the Shared Control Channel information can vary in the interval [0, Tslot] depending on the timing of the downlink DPCH. Figure 4 illustrates the two extreme cases of the timing of DPCH vs Shared Control Channel.


[image: image6.wmf]HI

Downlink DPCH

(“maximum early”)

Downlink DPCH

(“maximum late”)

HI

Shared Control

Channel

T

slot

 (0.67 ms)

HS-DSCH

3

´

T

slot

 (2 ms)

HS-DSCH TTI (2 ms)

t

HS-DSCH-control

HI

HI


Figure 5. Timing structure for HS-DSCH control signalling

8.1.3 Other aspects (we need to find a suitable name)
{This section should describe how the downlink signalling operates in soft-handoff mode etc.}

8.2 Uplink 

The uplink signalling consists of the transmission of two separate information :

· A n-bit channel quality indicator. The reporting interval of the channel quality indicator to the Node B is T msec, where T is a UTRAN parameter. 

· A 1-bit H-ARQ acknowledgement. Such an acknowledgement is transmitted on a per HS-DSCH TTI basis.

8.2.1 Overall Structure

The uplink signaling uses an additional DPCCH with SF=256 that is code multiplexed with the existing dedicated uplink physical channels.  
In contrast to FDD, the TDD UE does not use its dedicated channel in uplink for transmitting ACK/NACK information, due to the associated fractionated dedicated channel option. To enable a SYNC UL scheme for HARQ, the UE will use a shared uplink resource for transmitting ACK/NACK information. The relation between the shared control channel in DL and shared UL resource can be pre-defined and is not signalled dynamically on the shared control channel.

8.2.2 Detailed Structure

The channel quality indicator is coded and transmitted over two slots.  The acknowledgement bit is repetition coded to 10 bits and transmitted in one slot.  The format for the additional DPCCH is shown in Figure 6.  It may be noted that the channel quality indicator field is DTX’ed when there is no channel-quality information being sent on the uplink.  Also, the transmission of the H-ARQ acknowledgement field is DTX’ed when there is no ACK/NACK information being sent on the uplink. 
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Figure 6.  Format for additional DPCCH for HS-DSCH related uplink signalling

For TDD, the structure is TBD.

8.2.3 Other aspects (we need to find a suitable name)
{This section should describe how the uplink signalling operates in soft-handoff mode etc.}
9 UE Capability

{This section should describe on the parameters(e.g. modulation, codes etc.) based on which the UE capability are classified}
10 Overview of the changes required in the specification 

{This section should describe overview of the changes required in the physical layer spec 25.211 to 25.214 etc. to support HS-DSCH}
11 Informative Annex A

Requirements for the evaluation of techniques for High Speed Downlink Packet Access

The following considerations should be taken into account in the evaluation of the different techniques proposed for HSDPA.

1. The focus shall be on the streaming, interactive and background services. It should be noted that it may not be possible to simultaneously optimise the characteristics of HSDPA for all of the above traffic classes. 

2. System performance improvement shall be obtained with the concomitant reduction in delay of service.

3. Priority shall be given to urban environments and then to indoor deployments. The techniques shall not be limited to these environments however.

4. The techniques accepted shall be optimised at speeds typical of urban environments but techniques should apply at other speeds also. Full mobility shall be supported, i.e., mobility should be supported for high-speed cases also, but optimisation should be for low-speed to medium-speed scenarios.

5. Features or group of features considered should demonstrate significant incremental gain.

6. Features accepted shall provide the benefit at reasonable cost to the operators. The value added per feature should be considered in the evaluation.

7. The techniques should be compatible with advanced antenna and receiver techniques.

8. The techniques should take into account the impact on R99 networks both from a protocol and hardware perspective.

9. The choice of techniques (such as HARQ) shall take into account UE processing time and memory requirements. 

10. The UE complexity shall be minimised for a given level of system performance.

An evolutionary philosophy shall be adopted as opposed to a revolutionary one in adopting new techniques and architectures.
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