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1. Introduction 

In TSG-RAN WG2 meeting #23 the hybrid ARQ protocol was decided to be based on asynchronous downlink with N HARQ processes and synchronous uplink. The HARQ process id was decided to be sent outband on shared control channel together with a new block indicator. In TSG RAN WG1 meeting #21, the soft combining scheme was decided to be an incremental redundancy (IR) scheme with a limitation that the UE soft buffer size should not be larger than required with Chase combining. This implies that with highest data rates the Chase combining has to be used.

The HARQ scheme should fulfil the following requirements:

· use of a single redundancy version only should be possible (i.e., Chase combining)

· UE soft buffer size shall not be larger than required with Chase combining at maximum data rate defined by the UE capability, i.e., IR can be used only for lower data rates

· the number of different redundancy versions for IR should be minimized in order to minimize the signaling overhead

· change of modulation scheme between retransmissions should be allowed only in some special cases (e.g., change of modulation from 16QAM to QPSK should be possible when the channel becomes significantly worse)

· each transmission should be independent from earlier transmissions in the sense that no outband information (TFRI or HARQ parameters) from previous transmissions is needed to decode the current transmission

In this document a HARQ scheme utilizing IR and fulfilling the above requirements is described.

2. Basic requirements and assumptions

We have the following assumptions:

· A TFRI, which is transmitted on the shared control channel, including the following information

· Transport block set size (or data block size) including MAC-hs header

· Modulation scheme

· Number of channelisation codes (with SF=16)

· Power level for 16QAM

· Fixed CRC length of 24 bits, one CRC per TTI

· No DTX allowed

· Rel99 rate 1/3 turbo encoder

The modulation scheme and the number of channelisation codes give the number of encoded bits, since DTX is not allowed. The transport block set size together with fixed CRC length give the number of input bits to the turbo encoder. With this information, the code rate and rate matching parameters are implicit, i.e., they need not be transmitted.

In addition, for HARQ the following parameters are assumed to be sent outband on the shared control channel:

· FHARQ process id [3 bits]

· FHARQ data block id [1-2 bits]

· IR redundancy version [2-3 bits]

2.1 Some design guidelines for Chase combining and IR

Following design guidelines depending on the code rate can be given when to use Chase combining and IR:

For code rates 1/3: Chase only with one redundancy version

· For code rates 1/3 < R < 2/3: two redundancy versions and both should include systematic bits (type III HARQ, i.e., each version self decodable)
For rate R  2/3: two nonoverlapping redundancy versions possible (pure IR)
The reasoning for the above ranges is that rate 1/3 mother code is used, therefore for rates below 1/3 only one version is possible. For rates 1/3 < R  1/2, there are so few parity bits not sent after the first transmission that all the systematic bits can also be transmitted. The advantage of this is that each transmission is self decodable (type III HARQ). For rates 1/2 < R < 2/3, we also propose to use type III HARQ due to self decodability. For rates above 2/3, it is possible to have two redundancy versions which do not overlap.
2.2 Limitations for the use of IR due to soft decision buffer size

For Chase combining, the soft decision buffering can be done before rate matching. Therefore, the required buffer size is determined by the UE capability according to the following formula:

buffer size (soft bits) per UE = MXN*480,

where

M = max number of bits per modulation symbol (4 for 16QAM),

X = max number of channelisation codes supported by the UE (e.g., 5, 10 or 15), and

N = max number of HARQ processes supported by the UE (e.g., 1, 2, 3, 6).

For IR, the soft decision buffering should be done after rate (de)matching, i.e., when all the bits of the original rate 1/3 mother code are present. This limits the number of information bits per TTI for IR to

Max number of info bits per TTI (including CRC and MAC-hs header) for IR = MXN*480/3 – 4

2.3 Peak data rate limitations for N < 6

In order to limit the UE peak processing load (in addition to buffering load), the following limitations for the peak data rate should be set:

For N=1, the peak data rate should be MX*480 bits/12 ms.

For N=2, the peak data rate should be MX*480 bits/6ms.

For N=3, the peak data rate should be MX*480 bits/4ms.

For N=4,5 and 6, the peak data rate can be MX*480 bits/2 ms

In practice this means that for N=1 only every 6th TTI can be used for highest data rates. For N=2, only every third TTI can be used and for N=3 every second TTI can be used for the highest data rate.
3. HARQ scheme

3.1 IR scheme

The incremental redundancy schemes have been shown to give most gain at high code rates, at lower rates Chase combining or partial IR (such as type III HARQ) schemes give good performance. Therefore, the proposed method depends on the code rate, i.e., depending on the code rate the version number has a different meaning. The code rate is implicitly available from the TFRI parameters.

For code rates R < 2/3, version 0 is encoded and punctured with Rel4 turbo encoder and rate matching algorithm (and parameters). Version 1 (type III HARQ, i.e., IR with all transmissions self decodable and including systematic bits) is implemented using the Rel4 turbo encoder and rate matching algorithm. However, the rate matching parameters are changed such that: a=1 when b=2 (i.e., for parity 1) and a=2 when b=3 (i.e., for parity 2). (For Rel4 rate matching, a=2 when b=2 (i.e., for parity 1) and a=1 when b=3 (i.e., for parity 2).) This gives mainly different parity bits than the first version.

For code rates R  2/3, a HARQ specific puncturing block is proposed to be added after bit separation block in Fig. 7 of TS25.212. The puncturing matrices are:
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 for the version 0 and version 1, respectively. The first row in the matrices is for systematic bits, the second for first parity bits and the third for second parity bits. This HARQ specific puncturing outputs one of the two possible rate 2/3 encoded blocks, the first version contains the systematic bits and some parity bits (25%) whereas the second version only contains parity bits (75%). Rel4 rate matching is then used to puncture further if higher code rates are needed.

The advantage of this HARQ specific puncturing is that the two redundancy versions are totally non-overlapping, i.e., those parity bits sent in the first transmission are not sent in the second transmission. The redundancy version together with the code rate (number of info bits divided by the number of channel bits) define the puncturing scheme (all these parametrs are available from shared control channel), for low rates only rate matching is used (with two different parameter settings), for high rates a HARQ specific puncturing is applied first and rate matching after that.

3.2 A simple partial Chase scheme

If the channel gets bad after first transmission and 16QAM has been used, then it may be useful to change to QPSK, which implies that the channel resource is halved. To enable this, a simple partial Chase combining scheme is proposed. After rate matching the encoded/punctured data block (version 0) is divided into two parts: the first part contains the even numbered bits and the second part contains the odd numbered bits. This requires an additional bit into redundancy version signalling field. Then the versions would be:

version


00
Version 0 in Section 3.1

01
Version 1 in Section 3.1

10
Even bits of version 0

11
Odd bits of version 0

3.3 Different bit to modulation symbol mapping for retransmission

The different bit to modulation symbol mapping for retransmissions can be implemented using the simple method described in [2]. Two different shifts of 0 and 2 bits are proposed to be used. For shift of 2 bits, last two bits are moved from the end of the block to the beginning of the block before mapping the bits to 16QAM symbols.

An additional bit is needed in the IR redundancy version to indicate this different bit mapping. Alternatively this could be tied to HSDPA frame numbering.
4. Conclusions and recommendation

An new IR scheme is introduced. The scheme is proposed to be selected and included in the TR [1].
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