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1. Current assumption on HARQ operation in SHO

E-DCH supports soft handover in addition to HARQ processing, hence cells in E-DCH active set should be able to transmit ACK/NACK signal in downlink. Current assumption is that UE retransmits the MAC-e PDU only if all cells sent NACK signal. If UE receives ACK from any of cell in E-DCH active set, then UE stops retransmission. In this case, cells failed to decode the MAC-e PDU will wait further retransmission from UE. If the waiting cell receives new MAC-e PDU (being new is indicated by incremented NDI or alternatively by RSN = 0), then it will clear soft buffer holding old MAC-e PDU.

2. Interaction between Scheduling and HARQ operation 

Figure 1 illustrates two scenarios of interest in single cell scheduling & multiple cell reception. In both scenarios, Cell 1 is sending absolute grant to UE which then transmits as specified timing. In first scenario (left side of figure 1), UE receives NACK from the scheduling cell but it also received ACK from other cell. Hence UE will not send retransmission any further. However, from scheduler point of view, it may prioritize the retransmission of failed packet hence new grant can be sent to downlink. Hence node B controlling Cell 1 will assume further retransmission which will not happen. Therefore the uplink resource is wasted. On the other hand, in the second scenario (right side of figure 1), the scheduling cell received the data packet correctly; hence it will not schedule the UE for retransmission.
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Figure 1: Corruption of HARQ States Synchronization between UE and Node B. 

First issue in the scenario shown in Figure 1 is how node B knows the reason for DTX in uplink. In fact, UE may not be able to transmit (DTX) in uplink after node B sent NACK signal, due to 

· Packet was delivered successfully by other node B; or 

· Prioritised DCH transmission; or

· Insufficient transmission power due to fast fading 

From node B scheduling operation point of view, it is hard to differentiate each DTX case of E-DPDCH. And detail handling procedure for each DTX case would be highly dependent on node B implementation and it should be out of scope of standardization. However, from performance point of view, we should avoid the possibility that node B assign uplink resource when UE will not transmit in uplink. 

Figure 2 illustrates three different example cases of DTX. 

· In the first case illustrated in Figure 2, UE stop retransmission due to ACK sent by Cell 2.

· UE sends a SYNC message to node B indicating current status of HARQ (NEW in this case). 

· Therefore Cell 1 can schedule other UE at next TTI hence wasting no resources. 

· In the second case illustrated in Figure 2, UE stop retransmission due to ACK sent by Cell 1.

· UE sends a SYNC message to node B indicating current status of HARQ (NEW in this case).

· In third case shown in Figure 2, UE could not send retransmission due to temporal power shortage, 

· UE sends a SYNC message to node B indicating current status of HARQ (RETX in this case). 

· Therefore node B can schedule the retransmission at next available TTI hence ensuring RoT management. 
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Figure 2: HARQ Synchronization 

We proposed to reuse E-TFCI field for sending HARQ SYNC message. It is due to the fact that E-TFCI field will be anyway empty when E-DPDCH is DTXed. Hence introducing such a signalling does not increase uplink signalling overhead. 

3. Conclusion
In this contribution, we propose UE behaviour in HARQ operation in SHO such that:

· UE sends HARQ SYNC message at scheduled timing if UE completed previous transmission and no new transmission is pending. 

· UE sends HARQ SYNC message at scheduled timing if UE cannot retransmit (e.g. due to power shortage) even though retransmission is pending.

· HARQ SYNC message is borrowed from a reserved E-TFCI field in E-DPCCH.

The benefits of SYNC message are

· Synchronization of HARQ status between Node B and UE 
· in order to avoid false resource (both interference resource and hardware resource) assignment.

· in order to simplify node B complexity handling retransmission.

· Little overhead in uplink by borrowing E-TFCI field otherwise empty. 

