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Introduction

In the last RAN standardization meetings general decisions on the HARQ protocol and the combining schemes were made. It was agreed to adopt a synchronous N-channel stop and wait HARQ protocol, where the HARQ process number is implicitly derived from the subframe number. Furthermore the support of incremental redundancy including non-self decodable RVs was agreed for HSUPA. This contribution provides some discussion on possible error cases during HARQ operation in a soft handover scenario. 

HARQ protocol 

In order to indicate the redundancy version (RV) of each HARQ transmission and to assist the Node B soft buffer management, a two bit retransmission sequence number (RSN) is signalled from the UE to the Node B on the E-DPCCH. The RSN value is 0 for each initial transmission of an E-DCH transport block. Node B flushes the soft buffer associated to an HARQ process upon having received a RSN equals 0. The RSN value is 1 for the first retransmission, the RSN value is 2 for the second retransmission and for each further retransmission the RSN value is 3. An exemplary sequence of signalled RSN could look like RSN=0,1,2,3,3,3,3. In case of RSN=3 the Redundancy version (RV) of a HARQ transmission is derived from the signalled RSN, CFN and in case of 2 ms TTI from the sub-frame number. 

HARQ protocol operation

Figure 1 shows an exemplary HARQ protocol operation during soft handover. The scenario was already presented in the Annex of [1] as a RSN error case. In the shown example Node B2 misses the E-DCH transmission at CFN=7 and receives at CFN a RSN value equals 1 on the E-DPCCH. However due to the fact that a synchronous HARQ protocol was adopted for Enhanced Uplink, a correct protocol operation can be guaranteed in that case. Since retransmissions take place at a predefined timing, Node B2 is aware of that, if a retransmission of Packet B had taken place at CFN=7 the RSN for the second retransmission of Packet B at CFN=10 would have been RSN(CFN=10)=2. Therefore Node B would have been aware of the transmission of a new data packet (Packet C) at CFN=7 and would hence flush the corresponding soft buffer.
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Figure 1
As described above in order to provide a correct HARQ protocol operation, the active set Node Bs need to consider the CFN or sub-frame of each (re)transmission. A simple means in order to provide a correct and robust HARQ protocol operation during soft handover is to introduce for each HARQ process a retransmission counter in the active set Node Bs, which is here referred to as “expected RSN”. The counter monitors the elapsed time, i.e. HARQ cycles, since a data packet was stored in the corresponding soft buffer (NAK). Whenever the RSN value obtained from the E-DPCCH is different from the internal RSN value (expected RSN), Node B flushes the associated HARQ soft buffer and synchronizes both counters.

HARQ protocol errors

Figure 2 shows an exemplary HARQ protocol error scenario. As already mentioned before the RSN saturates to the maximum value, RSN_max=3 for a two bit RSN, once that is reached. Due to the repetition of RSN_max, there is an ambiguity of the RSN value in case one Node B is not detecting the HARQ related control signalling for RSN_max consecutive transmissions and receives in the next HARQ cycle a RSN equal to 3. 
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Figure 2
As shown in the figure above Node B2 misses 3 consecutive transmission on the first HARQ process and receives at CFN=13 a RSN value, which is equal to 3. Node B2 is not aware of whether this received packet is the third retransmission of Packet A or the second retransmission of a new packet. In order to provide a correct HARQ protocol operation Node B has to flush the corresponding soft buffer when it misses RSN_max consecutive transmissions on a HARQ process. Following this rule, Node B2 would flush the soft buffer associated with the first HARQ process at CFN 10 in order to avoid some protocol error. 

As shown in the examples above there are, apart from the case that RSN=0 is received, 2 additional cases, where the soft buffer should be flushed in order to provide a correct protocol operation. Node B needs to monitor the time, i.e. count the CFNs or sub frames, elapsed since storing a data packet in the soft buffer till the next received E-DCH (re)transmission in order to avoid the HARQ protocol errors.  

SDU duplication

SDU duplication occurs during soft handover operation due to the fact that Node Bs in the active set are acting independently from each other. Two situations can be envisaged where SDU duplication occurs

· Several active set Node Bs decode a data packet sent on E-DCH correctly and hence forward the received packet to SRNC.

· One of the active set Node Bs decodes a received data packet correctly and forwards the data packet to the SRNC. The Acknowledgement signalled from that Node B on the E-HICH is misinterpreted by the UE and hence UE retransmits the data packet. The retransmission is decoded correctly by another Node B and forwarded to the SRNC.

SRNC needs to detect and remove duplicates of an SDU. It is assumed that this mechanism will be part of the reordering function, which resides in the SRNC. 

Conclusions
This contribution discussed HARQ protocol operation during soft handover and highlighted possible HARQ error cases. It has been shown, that a correct HARQ protocol operation can be guaranteed when using a two bit RSN. It is proposed to agree on the following:

· The active set Node Bs need to monitor the time elapsed between successive received (re)transmissions in order to provide a correct protocol operation

· SDU duplication has to be detected and removed by an appropriate mechanism in the SRNC

It’s further proposed to agree on the corresponding CRs for TS25.309 [2] and T25.321 [3].
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