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1. Introduction

Multiple proposals are submitted for the present RAN WG1 regarding the modification of the channel coding and multiplexing chain for the HS-DSCH channel [1]-[6]. More specifically these contributions address the modification of rate matching in order to support incremental redundancy and identify solutions to account for the different error probability of the bit in the symbols for higher order modulations. It is our understanding that RAN 1 should come to an agreement on the principles for the modification of the channel coding chain at this very meeting. In the present contribution in a similar fashion as other contributions, we clarify which requirements should be considered. Then we evaluate how the different solutions meet these requirements and propose a way forward.

2. Requirements 

2.1. Transport formats 

There should not be any restriction on the transport block size and transport block set size imposed by the channel coding and multiplexing chain structure. The only restriction which may be valid is that the puncturing required to adjust the output of the Turbo encode rate 1/3 to the available Ndata should not be too high (not more than 2/3 puncturing). 

2.2. Handling of the UE memory

A soft bit memory is assumed to be a UE capability. The UE must be able to support IR (meaning different sets of Redundancy version and/resource allocation for the same transport block set size) provided that the buffering requirement does not go above the UE soft memory. It is up to the UTRAN to monitor the memory usage status and schedule transmission/retransmission and selection of the proper transport format (including the redundancy version and number of channelisation codes) otherwise the UE may throw away transport block sets. 

The question is therefore whether the rate matching algorithm and structure of the channel should by design ensure that the UE memory is never exceeded. If that was the case,  the work of the Node B would be significantly simplified. Some companies seem to consider this as a requirement or rationale for their proposal  so probably it is worth discussing what such a requirement may mean :

· As specified in [7], there may be multiple HS-DSCH transport channels in a HSDPA CCTrCh. Even though, there is a maximum of one transport channel with more than one transport or more per TFC, that  is to say that only time multiplexing is allowed between transport channels being part of the same CCTrCH. 

· It is our understanding that the UE memory is dynamically shared between the different transport channels. As indicated 25.308, there is an HARQ entity per UE , which consists of all HARQ processes, controlling all the available soft buffer capability. , with multiplex processed per transport channel. Therefore there is no pre-defined split of UE memory between the different transport channels.  

· As there is no restriction in terms of sequence of transmission of such or such transport channel, it is not so easy to define a rate matching (or equivalently a design of the redundancy versions for each transport channels) that makes sure that the memory is never exceeded. The only possibility would be to take a worst case corresponding to the simultaneous transmission of all transport channels, puncture and then repeat, but that may not be the best in terms of performance.

We do not think we can find a good solution allowing to avoid memory issues for the most general case (multiple transport channels) so multiple questions arise regarding how far the design of redundancy version should account for the memory limit:

· Should there be some attempt to avoid memory issues on the basis of one transport channel, which means that if there is one transport channel the life of the NodeB is easy. If it happens that there are multiple transport channels used then the Node B has to do some checking of the memory status.

· Should we simply give up on having a rate matching that in itself addresses the buffering limit?

2.3. Relationship between different redundancy versions

2.3.1. Transport formats to consider

The same transport block set is considered for the initial transmission and retransmission. As agreed at the last RAN WG1 meeting, incremental redundancy should be allowed (provided that the UE capability is sufficiently large). IR allows in particular to have different redundancy versions for the same allocated resource but allows as well to allocate a different resource, that is to say a different number of channelisation codes or a change the modulation (change the number of bit per symbol). 

Therefore when designing the redundancy versions, what should matter is the relationship between redundancy versions for the transport formats corresponding to the same TrBlk size and TrBlk set size and the same or different number of channel bits, a different number of channel bits being obtain when varying the number of channelisation codes and/or the modulation.

Now the question is whether any change of modulation or number of channelisation code is allowed. Our view is that the number of channelisation codes allocated and modulation must ensure that the puncturing limit is not reach. Apart from that, providing that the TF satisfies the granularity in terms of channelisation codes, any TF change should be allowed  to optimise link adaptation and channelisation code allocation.

So the question for the definition of the requirements are as follows :

· Should we design the channel coding and multiplexing chain to get particular relations as indicated above between all redundancy versions corresponding to all cases of resource allocation for any given transport size, transport block set size ?

· Should we only design channel coding and multiplexing to get orthogonality between redundancy versions correspond to the same allocation resource for any given transport block size and transport block set size and assume that the redundancy versions will be significantly different by default when varying the resource ?

2.3.2. Self-decodable version vs. non self decodable versions

In release 99, the systematic bits are not punctured. Parity bits 1 and Parity bits 2 may be equally punctured. When designing the redundancy versions it is to be decided whether all of them are self decodable or one of them. The following is to be kept in mind when evaluating pro and cons of self- decodable vs. non self decodable versions:

· The first transmission may be received in error or simply missed as a result of error in decoding the HI or information on the HS-DSCH control channel. Whereas the loss of the transmission may be detected by the Node B as there will be no ACK/NACK transmission, there is no possibility for the Node B to make a difference between a first transmission received in error with  large error or small error, unless a quality indicator on a per transport block set is reported together with the AC/NACK. 

· Whereas for a small error the combining of a first redundancy version self decodable with a different redundancy version non soft decodable may allow correct reception of the transport block set, it is not fully clear whether the combining of a first redundancy version with large errors with a redundancy version non self decodable will allow decoding of the transport block set.

Due to the above listed points, our preference is to have self-decodable version, unless the gain reached by the use of non self decodable version compensates for the loss due to multiple retransmission possibly unusable due to first transmission received in too much error. 

2.4. Number of redundancy versions

The number of redundancy versions for a given channel bit number (channelisation codes number x number of bit/symbol) should be obtained as the best trade-off between performance and added complexity or signalling requirements. Therefore the number of redundancy version should be kept minimum. There is some proposal in [6] to restrict the number of redundancy versions based on the code rate, while the number of version is anyway as small as 3. Others suggest to have a fixed number of redundancy version whatever the code rate, and such number is equal to 3.  

2.5. Commonality with Release 99

The current status in the RAN TR is to base mostly the multiplexing chain on R99. Only support of incremental redundancy and mapping of bits onto symbol are to be added. However we should avoid drastic changes of the coding and multiplexing chains.

3. Characterisation of the different solutions proposed so far

3.1. R1-01-1045, Rate matching for incremental redundancy in HSDPA, Ericsson

Characteristics of the Ericsson’s proposal can be summarised as follows 

1) There is a two stage rate matching. It is our understanding that the first stage attempts to address the UE capability in terms of memory requirement, as the different redundancy versions obtained through the second rate matching step when combined never require more than the buffer size. However we have the impression that the objective in terms of UE memory management may not be met for the following reasons

a) As indicated above it does not account for the multiple transport channels case. 

b) It does not account either for the fact that multiple transport block set (corresponding to different transport block set sizes) co-exist in the buffer). Indeed we can change the transport block set size for the first transmission. 

2) As there are two stages in the rate matching, it is not fully clear whether for one RV only the optimum distances are obtained. Indeed for one RV the puncturing pattern happens to be different from R99 for the same amount of rate matching.

3) Three redundancy versions may be defined at the maximum. The first RV is self-decodable whereas the two others aren’t as they correspond respectively to the transmission of all parity  bits only , systematic bits being punctured, with the same number of parity 1 and parity 2 bits, and different initialisation value for the puncturing or repetition. We have difficulties to understand what would be the criterion for the Node B to retransmit RV 1 (self-decodable) rather than the RV2 or RV3. 

4) There is no particular relation between RV corresponding to different resource (channelisation codes and modulation)

5) The Ericsson’s proposal does not address the bit mapping issue. Even if we were to consider some bit mapping such that systematic bits are mapped onto the more robust bits, how would this work for RV2 and RV3 as there is no systematic bits ? Or it is assumed that bit mapping applies only for the first RV.

3.2. R1-01-1026, Two Stage rate matching for 3GPP HSDPA, Texas Instrument + R1-01-0127

Characteristics of the Texas instrument proposal are as follows :

1) As for the Ericsson’s proposal there is a two stage rate matching, which works in exactly the same way. So the same potential problems are equally valid for the Texas instrument proposal  

2) As for the Ericsson proposal there are three Redundancy versions, two of which are not self-decodable however these two versions are defined in a different way compared to the Ericsson’s proposal

a) The first RV transmits the systematic bits and the parity 1 and parity 2 are equally punctured (so that RV is the same as Ericsson)/. However the 2 other redundancy version consists in transmitting parity 1 and parity 2 respectively and some systematic or different parity if room allows.

b) It is not very clear what is the performance advantage between the Ericsson and Texas’s intrument RV2/3. Would it not look natural to the same number of parity 1 and parity 2 and some systematic if room allows for both RV 2 and RV3 ?

6) As for the Ericsson’s proposal, there is no particular relation between RV corresponding to different resource (channelisation codes and modulation)

3) The bit mapping into symbols leading to different bit error probability is proposed to be accounted for by the variable interleaving pattern, which relies on the SFN.

3.3. R1-01-1028, Implementation of incremental redundancy, by means of rate matching, Siemens

Whereas the Ericsson and TI’s proposal are very close to each with the same two –step rate matching proposal the proposal fom Siemens, departs as less as possible from Rel-99; Its characteristics are as follows :

1) One step rate matching. There is no account for the UE capability. It means that the node B has to check that buffering limit is not exceeded.

2) All redundancy versions are self-decodable. The number of redundancy version is currently not fixed and depends on the amount of orthogonality depending on the allocated resource. The different redundancy version are obtained by different initialisation values in the rate matching. The first redundancy version correspond to R99. 

3) As for any other proposal, there is no particular relation between RV corresponding to different resource (channelisation codes and modulation)

4) Siemens accounts for the different bit probability in symbols for higher order modulation by relying on SMP (symbol mapping based on priority).

3.4. R1-01-1023, Hybrid ARQ scheme for HSDPA, Nokia

The approach an is different for the Nokia proposal .

1) The number of redundancy versions depends on the code rate but at maximum we would have two redundancy versions per amount of resource for a given transport block set size.

2) Both RV are self decodable

3) For code rates< 2/3, RV1 is obtained as for rel-99 and RV2 is obtained by changing the initialisation parameters

4) for code rate > 2/3, the rate matching is obtained in tow step. First some fixed puncturing is done to get a rate 2/3 and then rate matching is used as for rel-99 o get higher rate than 2/3. So the second RV is not self-decodable.

3.5. R1-01-1014, A new Hybrid- ARQ scheme using incremental redundancy, Motorola

We will not go into details for that proposal. The modification of the channel coding and multiplexing chain is significant compared to release 99 and compared to the RAN1 TR.

4. Proposed way forward and conclusion

The Ericsson and TI proposals are very similar. The two stage rate matching can only be justified for us if that allowed for an easier managing of the UE buffering; However due to multiple transport channels and the dynamic change of the transport block set size for different ARQ process (new transmission) our understanding is that the first stage rate matching does not help and the Node B would still have to do some memory management. So unless it can be further explained what is the advantage of a two step rate matching our preference would be to keep a one step rate matching approach.

The relative benefits of self decodage redundancy version vs. non self decodable version should be further discussed. For the time being we see potential problem with non self-decodage versions. Indeed as explained above it is not clear what happens if the first version is completely missed. If we were to retain self-decodable version, then we should care for the different bit mapping probability and SMP may be a good solution. Also the proposal Siemens is very simple to obtain different redundancy version. However as for any solution it does not address the issue of relationship between RV corresponding to different allocated resource. 
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