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1. Introduction

At the RAN2 #42 Meeting in Montreal it was noted that SHO should be supported with HARQ for E-DCH. Node B controlled hybrid ARQ for the Enhanced Uplink will allow for rapid retransmission of erroneously received data packets between the UE and the Node B. One proposal has been to use a mechanism similar to the scheme used for HS-DSCH in HSPDA. Support of E-DCH HARQ functionality during soft handover still leaves a number of issues to be resolved, including the possibility that link imbalances may lead to unsynchronised soft buffers amongst different Node Bs. 

This contribution addresses the problem of the reliability of the HARQ protocol in the case of enhanced uplink transmission where multiple Node Bs can signal ACK/NACKs to the UE.

2. Soft Handover Operation

It was decided at RAN2#42 that the re-ordering for EUL will be carried out in the SRNC. Therefore it is only required that one Node B correctly receives each PDU. 

However, one of the problems associated with the operation of hybrid ARQ in soft handover as described in TR25.896 is that the UE may not be able to receive the ACK/NACK signals reliably from all Node Bs in the active set. 

The consequences of downlink ACK/NACK errors for the EUL in SHO are similar to the uplink ACK/NACK errors studied for HS-DSCH, but with some important differences:

a) ACK->NACK misinterpretations

The consequence of an ACK->NACK misinterpretation is that an additional unnecessary retransmission may be caused.

However, in the EUL SHO situation, the probability of this happening is reduced compared to HSDPA, as a single ACK->NACK misinterpretation has no consequence in cases where one of the other Node Bs has also transmitted an ACK which is not misinterpreted. 

b) NACK->ACK misinterpretations

The consequence of a NACK->ACK misinterpretation is usually more serious, as the UE wrongly assumes that a packet has been correctly received. A packet is therefore lost, which cannot be recovered at the PHY/MAC layers. A higher-layer retransmission is normally required, which generates more signalling overhead and increases delay. 

In the EUL a Node B with an unreliable downlink can therefore have a serious impact on the uplink packet loss rate, as noted in [1]. It is important to avoid this problem, especially if a 2ms TTI is used, which reduces the time diversity and hence the reliability of the ACK/NACKs. 

One solution may be to improve reliability of ACK/NACK by repetition, but this has a bad effect on throughput. For example, if ACK/NACK feedback were repeated for each PDU then peak throughput would be halved. We discuss below another simple way in which the adverse impact of unreliable NACKs can be reduced. 

3. Wait for Multiple ACKs

In soft handover ACKs or NACKs would be received from multiple Node Bs in response to each packet. As the number of Node Bs in the active set increases, the probability that one NACK will be misinterpreted as ACK increases even if all the Node Bs have failed to decode the packet. Requiring the UE to wait for more than one ACK before stopping retransmissions increases the probability that at least one of the Node Bs will receive the packet correctly. 

Waiting for multiple ACKs is the most beneficial when some of the ACKs are received unreliably, for example with a poor SIR. Therefore the UE could improve the reliability of the HARQ protocol by estimating the SIR of the received ACKs. ACKs with a poor SIR could be discarded, or given a low weighting. 

The number of ACKs which the UE is required to receive before stopping retransmission (in soft handover) could depend on the UEs estimated SIR, for example requiring more ACKs if they are considered unreliable and fewer ACKs if they are considered reliable. The number of ACKs required before stopping retransmission could also depend on the number of Node Bs in the active set.   

It would be possible for the number of required ACKs to be determined by the network and signalled to the UE. In that case the operator of the UMTS network could decide the best number of required ACKs to optimise the performance. 

4. Proposal

In view of the problems described above which may arise from NACK->ACK misinterpretations in the EUL in SHO, it is proposed to further consider how the reliability of HARQ in SHO can be improved, for example as outlined above.

We recommend that it should be possible to configure the UE to wait for multiple ACKs before stopping HARQ retransmissions of a packet in SHO, especially if the received ACKs are estimated to be unreliable. 

5. Reference

[1]  R2-041285 Enhanced Uplink ACK/NACK Reliability Requirements, Philips
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