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1
Introduction

For advanced E-UTRA, two different schemes for downlink coordinated multi-point transmission are currently being studied in RAN1 [1]. They are (i) coordinated scheduling/and or beamforming and (ii) joint processing/transmission. In the second technique, joint processing/transmission, data is simultaneously transmitted from multiple transmission points (cells from the same eNodeB or different eNodeBs) to a UE. This technique is expected to improve the cell-edge throughput and/or system throughput at the expense of tight cooperation between the cells.
Joint transmission could also involve each point transmitting identical data stream and they get coherently combined at the UE (e.g., [2]). This method requires full data sharing between all transmission points.

In this contribution we propose a method to enable the HARQ mechanism for the joint transmission technique. The HARQ entity that will be responsible for handling the HARQ retransmissions for a UE will only reside in the anchor cell, possibly the only cell from which the UE receives the PDCCH information [3]. 
2
HARQ operation
We propose that the HARQ entity is terminated at the anchor cell, which will maintain multiple parallel stop-and-wait HARQ processes for the UE. Each HARQ process is identified by a HARQ process identifier. Based on the ACK/NACK information obtained from the UE for the previous transmissions and/or the availability of new data for the UE, the HARQ entity at the anchor cell identifies the HARQ process that should carry the data for the UE. It then decides on the other parameters, such as, redundancy version (RV), required for the next transmission to the UE.

If it is a new data transmission for the UE (Fig. 1), the corresponding HARQ process then constructs the new transport block that needs to be sent to the PHY layer. This transport block is then distributed to the physical layers of all the cooperating cells in the active CoMP set [3] along with the other necessary HARQ information (e.g., redundancy version). The downlink scheduler conveys the transmission resource, the Modulation and Coding scheme (MCS) scheduled for the transport block and other relevant parameters to all the cells of the active CoMP set. The modulation and coding of the transport blocks are performed at the individual cells of the CoMP set. 
If it is a re-transmission (Fig. 2), then the corresponding HARQ process at the anchor cell decides the redundancy version required for the re-transmission. This information is indicated to the physical layers of all the cooperating cells in the active CoMP set by the HARQ entity residing at the anchor cell. The transmission resources (if dynamic allocation) and the MCS (if the retransmission is adaptive) scheduled for the transport block will be conveyed to all the cells by the downlink scheduler. Similar to new transmissions, the construction of physical layer packets (including application of the redundancy version) happens at the individual cells of the CoMP set. This strategy will reduce the backhaul bandwidth requirement by not requiring that the transport block be shared among all the cells in the CoMP set for HARQ re-transmissions.
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Fig.1 New HARQ transmission
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Fig. 2 HARQ re-transmission
The downlink scheduling is complicated by the requirement that the same set of resource blocks are needed for a given UE from all the cells in the active CoMP set of that UE. This is similar to the requirement in MBSFN, with dynamic overlapping MBSFN areas. RAN1 is still discussing details and ways of reducing complexity by, for example, restricting the CoMP set to a set of pre-configured cells. Regardless of the actual mechanism chosen by RAN1, joint transmission will involve either some degree of centralization of the scheduler function, and/or message exchanges among the schedulers of different cells to arrive at a non-conflicting resource allocation for the UEs. 
3 Conclusions

In this contribution, we have focused on the downlink HARQ operation required for the joint transmission CoMP technique. We propose the following text be captured in the appropriate TR: 

1) Place the HARQ entity at the anchor cell and let it handle the HARQ operation to the UE by sharing the necessary data and other relevant HARQ information with all the cells in the active CoMP set. 
2) Modulation and coding for fresh and retransmission packets are performed at each cell in the active CoMP set to reduce backhaul requirement 
3) The location of the downlink scheduler and the exact co-ordination between the schedulers of different cells depends on RAN1 agreements, but some degree of co-ordination is expected to enable joint transmission. 
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