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1. Introduction

N.B. This is an re-submission of a previous contribution R2-093958.
A previous contribution [1] addressed the issue of UL CoMP, which is still under discussion by RAN1 as a promising technique to improve the coverage of high data rates, the cell edge performance and/or to increase system throughput. 
For UL CoMP operation RAN WG1 has concluded [2]:
“Uplink coordinated multi-point reception is expected to have very limited, impact on the RAN1 specifications. Scheduling decisions can be coordinated among cells to control interference and may have some RAN1 specification impact.”
This contribution further investigates the RAN WG2 changes required for HARQ ACK/NACK signalling for the case of UL CoMP.
2. Background
When CoMP is used in the UL, packets will be transmitted by the UE to an anchor eNB (aeNB) and to other eNBs defined in the CoMP transmission point set. Data will be forwarded from the eNBs in the CoMP transmission point set for combining in the anchor eNB. This data forwarding will use the X2 interface between eNBs. Because of the processing time in the eNBs and the X2 delays it is likely that the total delay will be longer than the HARQ round trip time (RTT). This delay could cause data stalling of HARQ processes. 
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Figure 1 UL CoMP
Figure 2 shows that for the LTE FDD UL there is a defined time of 3ms for the eNB to decode the UL transmission form the UE and transmit either ACK or NACK. It is very likely that for UL CoMP schemes that the delay (processing and X2 backhaul) in receiving information from other eNBs would be greater than this 3ms. 
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Figure 2 UL HARQ Transmission Timing
3. UL CoMP HARQ Processing
When UL CoMP is used it is assumed that data sent by the UE on the UL-SCH will be received by ENBs defined as part of the COMP transmission point set. Figure 3 shows that after Packet A is successfully decoded then an ACK is sent from the aENB and Packet B can be transmitted. In this example the extra information sent from the second ENB is not required. So in this example the aENB does not have to wait for the packets to be forwarded from the other eNBs in the CoMP set and the aeNB can send ACK or NACK at the correct time.
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Figure 3 UL CoMP HARQ Processing with ACK from aENB

If Packet A cannot be decoded by the aeNB, because information to successfully decode this is required from the second eNB, then there may be a delay before ACK or NACK can be send from the aeNB. Figure 3 shows the effect of taking into account the combined X2 and processing delays. Here the delays contribute to a delay in the aeNB sending ACK or NACK.  It is possible that the aeNB does not have to wait for the Packet A to be forwarded before sending ACK or NACK, or the aeNB could always send NACK, but this will always trigger a retransmission. 
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Figure 4 UL CoMP HARQ Processing with extra wait time

If the aeNB does wait for the Packet A to be sent from a second eNB and  the combined X2 and processing delays are greater than the eNB Processing time then the HARQ resource used for Packet A cannot be used for a re-transmission of Packet A. As the HARQ processing is synchronous in the UL then it will not be easy to re-transmit Packet A without design changes to the HARQ operation. 

Any changes to the HARQ operation should be minimised to avoid compatibility problems with existing LTE eNBs.
One possible solution is that the changes required to support UL CoMP may be similar to those used to support the HARQ operation when TTI bundling is used by increasing the HARQ RTT. 
4. Conclusions
We propose:

· UL CoMP may require changes to the HARQ operation to account for delays in waiting for ACK/NACKS to take into account UL data from other eNBs.
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