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1. Introduction

NodeB controlled hybrid ARQ for the Enhanced Uplink would allow for rapid retransmission of erroneously received data packets between the UE and the NodeB. 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 is still under consideration as a number of issues remain to be resolved, including the possibility that link imbalances may lead to unsynchronised soft buffers amongst different NodeBs. 

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

2. Soft Handover Operation

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

It is assumed that all NodeBs in the active set are able to transfer PDUs to the RNC so that it is only required that one NodeB correctly receives each PDU. Thus the set of NodeBs in the active set can be regarded as multiple inputs to the receiving side of the system. 

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 one ACK->NACK misinterpretation has no consequence in cases where one of the other NodeBs 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 SHO situation, the probability of packets being lost in this way is increased in line with the number of NodeBs in the active set. For example, with 3 NodeBs in the active set, each transmitting a NACK in response to a packet, the packet will be lost if any one of the 3 NACKs is misinterpreted as ACK. A NodeB with an unreliable downlink can therefore have a serious impact on the uplink packet loss rate. 

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. 

2.1 Wait for Multiple ACKs

In soft handover ACKs or NACKs would be received from multiple NodeBs in response to each packet. As the number of NodeBs in the active set increases, the probability that one NACK will be misinterpreted as ACK increases even if all the NodeBs 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 NodeBs will receive the packet correctly. 

Basically, the UE could simply be required to retransmit packets unless 2 ACKs were received. 

More generally, a number, n, of ACKs which the UE is required to receive before stopping retransmission (in soft handover) could be set equal to the number of NodeBs in the active set, or signalled to allow flexibility. These ACKs can come from different NodeBs or a single NodeB.   

Thus, the first n ACKs the UE receives are treated as if they were NACKs, and a retransmission occurs. When the number of ACKs received for a packet equals n, then the UE will not transmit any further retransmissions of that packet. 

Note that if the number n is 1 then the behaviour of the HARQ is unaffected.

If n is signalled to the UE, the operator of the UMTS network could decide the best number of required ACKs to be signalled to the UE to optimise the performance. 

2.2 NACK->ACK Misinterpretation Error Recovery Procedure

In the case of NACK->ACK-misinterpretation the UE is not aware of the packet loss. 

One possible error recovery procedure is that the NodeB can send a signal (instead of ACK or NACK) to request the UE to retransmit an earlier packet which was not successfully decoded, and for which a NACK had already been sent. This procedure is triggered when the NodeB has sent a NACK for packet X (having failed to decode it) and the new data indicator for the next packet Y is toggled hence indicating new data. 

In the case of SHO the recovery signal could either be sent by multiple NodeBs or by one NodeB if instructed to do so by the RNC.

3. Proposal

In view of the more likely problems which may arise from NACK->ACK misinterpretations in the EUL in SHO, it is proposed to further consider procedures such as those outlined above when considering the operation of the HARQ protocol in SHO.
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