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1. Introduction
The aim of this contribution is to highlight some enhancements that may be required to the current HARQ operations between eNB and UE in order to support UL CoMP (Coordinated Multiple Point reception) in LTE-Advanced. 

According to TR 36.814, “Coordinated multi-point reception implies reception of the transmitted signal at multiple, geographically separated points. Uplink multi-point reception is expected to have very limited impact on the RAN1 specifications.” 

However due to backhauling latency issues an impact to RAN2 specifications may occur if the serving eNB processing time of the combined reception is longer than 4ms (which is the allowed propagation and processing time for LTE R8 before sending the HARQ feedback to the UE).
2. Discussion
Taking into consideration a simple scheme for UL CoMP as in figure 1: the data from the UE will be sent to a serving eNB and non-serving eNB. The data from the non-serving eNB will be forwarded to the serving eNB for the combining and an HARQ feedback will be generated at the serving eNB and sent to the UE.
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Figure 1- basic UL CoMP scheme
If the total processing time at the Serving eNB is < 4ms, then there is no need to change the current HARQ operation and same RTT can be used for LTE-A. This assumption may not be valid for geographically separated sites. According to TR 36.814 three cases for backhauling latency have to be considered:
· Case 1: Minimal latency (in the order of μs) for eNB to RRH links

· Case 2: Low latency (<1 ms) associated with co-located cells or cells connected with fibre links and only limited number of routers in between
· Case 3: Typical inter-cell latency associated with X2 interfaces.
For case 3 it is quite challenging to guarantee that the propagation delay and the combining time will satisfy the requirement of being lower than 4ms.

If the total processing time at the Serving eNB is > 4ms, then a RAN2 solution is required. Three main alternatives can be investigated in more detail:
· Option 1: to introduce a new HARQ RTT for LTE-A: to extend the RTT and define a new value higher than 8ms in order to take into account the new latency requirements.
· Option 2: the serving eNB will send the feedback corresponding to the local processing only before CoMP joint processing. After receiving the data from non-serving eNB it will generate a new feedback and act accordingly.

· Option 3: the serving eNB will send ACK to the UE irrespective of the local decoding results is correct or not. According to the existing rule in LTE, the UE will keep the data in the HARQ. Serving eNB will perform the joint processing after receiving the signal forwarded from adjacent eNB via backhaul, and act according to the new generated feedback.

Our preference is to go for option 3 which does not introduce a new RTT and would allow resource reuse for other UEs after sending ACK, although option 2 could get better HARQ combining gain due to more retransmission chances. Furthermore if the feedback generated at the serving eNB is sent back to the non-serving eNB before the data forwarding, option 3 also allows some backhaul bandwidth saving as shown in [1]. 
3. Conclusions

Some possible impacts of UL CoMP for LTE-A to HARQ operations defined for LTE R8 have been highlighted. Three options to enhance the current HARQ operations are presented and it is shown that, regardless of the final choice, all three options require some RAN2 work for LTE-A.
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