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1. Introduction

In the last meeting substantial progress regarding the HARQ definition for E-DCH was made. An important agreement was to have a synchronous protocol with synchronous retransmissions and to have HARQ with IR and Chase combining. 

Further while operating IR it was agreed that the redundancy versions are taken in a given order and that the first transmission always emphasizes the systematic bits (s=1). For retransmissions in non SHO both emphasizing and not emphasizing the systematic bits should be possible (s=0 or s=1).

Another agreement for SHO was, that the utilization of transmissions always emphasizing the systematic bits (s=1) is generally considered to be beneficial.

Starting from these facts and the agreement that the RV may be linked to the CFN for some E-TFCs and explicitly signaled for other E-TFCs this contribution proposes a solution for the signaling of the HARQ related information.

2. HARQ Related Signaling Information

The HARQ related signaling information is transmitted with every E-DCH packet transmission together with the E‑TFC information. Its function is to inform the Node B about the used redundancy version (Xrv value) needed for the de-rate matching as well as to trigger the flushing of the Node B soft buffer.

The redundancy versions and the ordering in which the redundancy versions are applied should be controlled by the network e.g. through higher layer signaling or it can be specified for every TFC using a fixed mapping rule. Then the rule is known to both the UE and the network and can be implemented “hard-wired”. In our view for each TFC three redundancy versions (one for the initial transmission, one for the first and one for the second retransmission) should be specified or signaled from higher layers.

In the following due to the different requirements regarding the reliability of the new data indication and the different link efficiency gains for the RV selection in SHO and no SHO we separate the discussion for both cases.

Signaling in case of no SHO

In case of no SHO we propose a 2 bit RSN as described in [1] to signal the applied redundancy version from the UE to the Node B. Additionally the RSN provides the functionality of the new data indication (in case the RSN=0 the soft buffer is flushed). The RSN is incremented with every retransmission and set to 0 with every initial transmission. In case the number of retransmissions exceeds 2 the RSN is set to 3 for all further retransmissions. This has the advantage that the number of bits for the RSN can be lower than log2(Nmax) without losing IR gain since the number of different RVs is typically lower than the maximum number of transmissions Nmax.
Signaling in case of SHO

As described in [6] in case of SHO specific TFCs are chosen by the UE. Generally the SHO TFCs provide lower rates. For lower rates it was already shown during the study item phase that the IR link efficiency gain compared to Chase combining is around 0.3 dB. However the performance difference between different IR schemes and also between IR schemes with different RV orderings is negligible small [4]. Consequently to achieve the best performance also in SHO we propose to use specific SHO TFCs together with IR. To specify an explicit rule for the RV selection is not reasonable. We propose to do the RV selection implicitly based on the CFN similar as described already in several other contributions [2,3]. 

In SHO then the 2 bit RSN as described for the no SHO case is no longer needed and can be operated as a 2 bit NDI. In contrast to the RSN, which is incremented per retransmission, the NDI is incremented at the UE with every initial transmission. Compared to the RSN the NDI provides a similar or probably even higher reliability especially in case of high initial BLERs. The reason is that in this case the NDI increments slower than the RSN and therefore there is less risk that it becomes non-unambiguous.

A further advantage of having a 2 bit NDI in SHO is that each Node B involved in SHO can derive valuable information from the NDI to improve interference management and scheduling decisions. To be more specific: From the NDI numbers a Node B in SHO gets the information how many packets are acknowledged by other Node Bs and how many higher layer packets are transmitted by a UE even if neither signaling nor packet data could be detected at the Node B. 
For example Node B1 and Node B2 are in SHO and Node B1 receives the NDI sequence {0,1,1,2,3,0,DTX,1,2} and Node B2 receives the sequence {0,1,1,DTX,DTX,0,DTX,1,2}. Node B2 calculates from the received sequence that during the 3 DTX occasions 2 packets have been transmitted by the UE even if there was nothing received at Node B2. Further Node B2 can calculate that 7 packets have been transmitted by the UE during the investigated time interval. The information calculated from the NDI sequence then can be valuable to assist e.g. scheduling decisions. For an RSN based solution in SHO this information would not be available.
3. Summary

In this document we present a proposal for the signaling of the UL HARQ information. The main advantage is that we need only two bits to provide the new data indication and the RV selection functionality reliably. 

Depending on the chosen TFC the two bits are incremented per retransmission (=RSN) or per initial transmission (=NDI) to support the NDI or RV selection functionality as good as possible. 

Background for the solution is the given fact, that in case of SHO the RSN functionality is not needed. The RV selection is done implicitly using the CFN e.g. as described in [2,3]. In non SHO the RV is linked to the RSN.
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