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1. Introduction

The physical layer hybrid ARQ processing has been discussed at previous meetings and many details have been agreed upon. This paper aims at addressing some of the remaining open issues.

2. Discussion

In the discussion below, hybrid ARQ processing is assumed to be done as described in section 4.5.4 in TS25.212. The term “redundancy version” should be interpreted as a set of s and r values.  Setting s=1 results in a transmission that prioritizes the systematic bits (“self-decodable transmission”), while s=0 results in a transmission that prioritizes the parity bits (i.e., not all systematic bits may be included, resulting in a “non-self decodable transmission”). The variable r controls which bits that are punctured.

2.1. Selection of Redundancy Version

Support of IR, well known to provide gains at high initial code rates, is the current assumption in RAN1. Incremental redundancy implies that multiple redundancy versions are to be supported and at the joint RAN1/RAN2 meeting in Prague,  “redundancy versions are taken in order” was agreed. Thus, the redundancy versions can be ordered in a sequence as RV0={s0, r0}, RV1={s1, r1}, …

Proposal: The redundancy version to use is given by a rule in the specifications. 
2.2. Number of Redundancy Versions

Based on simulations [3], it has been seen that most of the gain with IR is obtained with two redundancy versions. In the interest of simplicity, it is therefore recommended to keep the number of redundancy versions small and allow for at most two different redundancy versions. Furthermore, at the joint RAN1/RAN2 session, the possibility for the network to control the number of redundancy versions was discussed. This can be achieved by using higher layer signaling to set an upper limit on the number redundancy versions, although in the interest of simplicity it would be preferable not to have too many configurable parameters. 

Proposal: Two different redundancy versions are defined. Higher layer signaling is used to control the maximum number of redundancy versions the UE may use.

2.3. Self-decodability

The initial transmission should clearly be self-decodable and this was also the agreement reached in Cannes. It was also agreed that self-decodable retransmissions are beneficial in soft handover, i.e., that retransmissions should contain all the systematic bits. Hence, the remaining open issue is whether the retransmissions in non-SOHO should be self-decodable or not.

For high initial code rates, above 0.5 or so, it is well known that additional parity bits are beneficial as it will result in a lower effective code rate and hence a large coding gain. Thus, in this case the first redundancy version should have s=1 and subsequent redundancy versions should alternate between s=0 and s=1 (the second redundancy version uses s=0 and so on). Not alternating between s=1 and s=0 in this case would waste a large part of the IR gain.

For low initial code rates, there is not much additional coding gain to extract. Hence, for these cases, there is no benefit of alternating between s=1 and s=0 for the different redundancy versions. Keeping s=1 for all redundancy versions for these situations will also help resolving problems with self-decodability in soft handover “for free” as the highest data rates are unlikely to be used in soft handover. (Example: with a single E-DPDCH at SF=4, all data rates (320 kbit/s are by nature self-decodable.)

Which transport formats that should have s alternating between 0 and 1 and which that should have s fixed to 1 can either be defined by a simple rule, tied to the initial code rate, or, equivalently, in the transport format table. The latter approach is especially simple if a fixed set of transport formats are defined [5] as for HSDPA and an illustrative example is given in Table 1.

	Transport Format
	Payload
	Initial code rate
	Redundancy Versions
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	0.33
	s=1, r=0
	s=1, r=1

	1
	
	0.33
	s=1, r=0
	s=1, r=1

	:
	
	:
	:
	:

	30
	
	0.5
	s=1, r=0
	s=0, r=0

	:
	
	:
	:
	:

	62
	
	0.7
	s=1, r=0
	s=0, r=0

	63
	
	0.8
	s=1, r=0
	s=0, r=0


Table 1: Illustration of linking the s values to use to the transport format. Transport formats with s=1 for all redundancy versions (“self-decodable retransmissions”) are marked with green and transport formats allowing for s=0 (“non-self decodable retransmissions”) are marked with red. The code rates and r values are to be seen as examples only.

Proposal: For “higher” transport formats, two different redundancy versions are defined, one with s=1 and one with s=0. For “lower” transport formats, the two redundancy versions both have s=1. The meaning of “higher” and “lower” is tied to the code rate or data rate.
2.4. Signaling of Redundancy Version

The redundancy version used must either be signaled by the UE or derived from some quantity known to both the UE and the Node B, e.g., the CFN. If the CFN (or sub-frame number) is used, all transmissions must be self-decodable as the transmitter cannot control which redundancy version that is used for the initial transmission. This does not allow for exploiting the full IR gain as discussed in Section 2.3. Therefore, it is recommended to include uplink signaling indicating the redundancy version used, e.g., by tying the redundancy version used to the retransmission sequence number [1] (or similar quantity). With this approach, RV = RSN mod number_of_RVs_configured.

One possibility discussed in [4] is to use explicit signaling for s and derive r from the CFN. Although possible, the benefits are likely to be limited. A small number of RVs is sufficient for extracting most of the IR gain. Linking r to the CFN also complicates the overall structure and does provide control of which r is used when.

Proposal: The redundancy version used is derived from UE signaling, e.g., the RSN through RV = RSN mod number_of_RVs_configured.
2.5. Soft Buffer Clearing

The soft buffer should be cleared when a new transmission is received. Either an explicit new data indicator is required or the information has to be derived from some other quantity signaled by the UE. A simple approach is to use the RSN to control soft buffer clearing as discussed in [1] (RSN=0 implies buffer clearing).

Proposal: The soft buffer clearing is controlled by the RSN (e.g., RSN=0 implies buffer clearing).

2.6. Rate Matching and Memory Limitations

For HSDPA, two-stage rate matching was adopted to accommodate for different amounts of UE buffer memory. However, for the enhanced uplink, no need for two-stage rate matching is seen. Accommodating different Node B memory capabilities can instead be handled by proper network configuration. If configurable transport formats are adopted (as in R99), the network can setup only transport formats it can support in terms of buffer memory and other constraints. If fixed transport formats are adopted (as for HSDPA), higher layer signaling can be introduced to impose an upper limit on the E-DCH transport block size (transport format) the UE may select. Note that scheduling also can help in controlling the memory usage. Hence, single stage rate matching is sufficient for the E-DCH processing (i.e., only the second stage in the HSDPA processing chain is used), which simplifies the overall structure.

Proposal: Single stage rate matching is adopted for the E-DCH. Higher layer signaling is used to control the maximum transport block size the UE may use.

3. Conclusions

Some aspects on the soft combining schemes to be adopted for the E-DCH have been discussed. It is proposed to agree on the following items:

· Two different redundancy versions are defined.

· Higher layer signaling is used to control the maximum number of redundancy versions the UE may use.

· For “higher” transport formats, two different redundancy versions are defined, one with s=1 and one with s=0. For “lower” transport formats, the two redundancy versions both have s=1. The meaning of “higher” and “lower” is tied to the code rate or data rate.

· The redundancy version used is derived from UE signaling, e.g., the RSN through RV = RSN mod number_of_RVs_configured
· The soft buffer clearing is controlled by the RSN.

· Single stage rate matching is adopted for the E-DCH.

· Higher layer signaling is used to control the maximum transport block size the UE may use.
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