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1 Introduction

In RAN#53, the CoMP WI was approved [1]. As part of the CoMP WI, RAN1 is to identify enhancements that are beneficial for UL CoMP operation in homogenous and heterogeneous configurations  and, when necessary, to specify their support. 
This contribution overviews potential specification impacts for UL CoMP operation.

2 Areas for Enhancements for UL CoMP 
TR 36.819 [2] indicates quite promising gains for UL CoMP JR in CoMP scenarios 1, 2, 3 and 4. The CoMP JR schemes used for the evaluations assumed various enhanced functionalities such as for  power control, orthogonal DM RS, frequency domain scheduling through SRS, reliable control feedback, etc. 
Benefits of advanced UL power control were shown in [3] where more than 10% additional gain against CoMP with legacy power control was observed for the cell average throughput with a power control mechanism taking neighbor cells’ PL into account in scenario 1. 

On the other hand, benefits of advanced UL RS sequence assignment (e.g., inter-cell orthogonal UL RS) were observed in [4] and [5] where more than 5% additional cell average throughput gain more than 10% additional cell edge throughput gains were observed with orthogonal UL RS for CoMP scenario 3.
In all evaluations, the selection of the appropriate scheduling parameters for PUSCH transmissions was relied upon the availability of channel estimates provided by SRS transmitted by the UEs. For UL CoMP, provision of orthogonal SRS multiplexing in order to allow for accurate channel estimates obviously requires additional SRS multiplexing capacity.

Finally, although more related to supporting DL CoMP operation, providing for UL CoMP reception of PUCCH transmissions will also be beneficial for cell-edge UEs especially for multi-cell CSI feedback or for feedback of large HARQ-ACK payloads as in TDD systems.
Hence, some of the most important areas for enhancements for UL CoMP include enhanced UL power control, orthogonal UL DMRS, increased SRS multiplexing capacity, and support of UCI transmissions in PUCCHs. 

3 Potential Specification Impact
Figure 1 illustrates some of the previously discussed enhancements for UL CoMP. UE1, UE3 and UE4 are associated with cell 1 (
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). For cell-edge UEs like UE1 and UE2, orthogonal-RS based UL CoMP, orthogonal SRS multiplexing, UL PC relying on CRS-based PL and TA adjustment would be beneficial in order to obtain the potential throughput gains. On the other hand, for UEs close to RRHs, e.g., UE3 and UE4, local transmissions with a reduced power to corresponding RRHs would be beneficial to reduce inter-RP interference. To facilitate the local transmissions and mitigate the high-cross-correlation problem between partially overlapped UL RS generated with the same base sequence [6, 7], pseudo-orthogonal-RS and RP-specific UL PC and TA could be assigned to UE3 and UE4. 
For flexible multiplexing of PUCCHs of UL CoMP UEs, zone-partitioning could be considered. PUCCH transmissions for UL CoMP reception may use RP-common resources while PUCCH transmissions for single-RRH/cell reception may use RRH/cell specific resources. For example, for CoMP scenario 4, common PUCCH resources are assigned to UEs transmitting PUCCH to multiple RPs according to RP-common UL PC, and RP-specific PUCCH resources are assigned to UEs transmitting locally to respective RRHs according to RP-specific UL PC. The RP-specific PUCCH resources can be frequency reused among RRHs/cells to increase PUCCH capacity in the cell. 
Dynamic switching between RP-specific and RP-common operations would enhance flexibility of eNodeB’s scheduling. Necessary configurations and signaling should be further studied. 
Finally, even though different CoMP scenarios may require different criteria and considerations for UL CoMP standardization, a common solution that could benefit all CoMP scenarios should be prioritized to reduce the complexity of the specifications. 
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Figure 1 UL CoMP Enhancements

4 Conclusion
This contribution reviewed potential specification impacts of UL CoMP. In case of CoMP scenarios 3 and 4, both RP-common and RP-specific operations can be considered for coping with various UE deployment scenarios. Some initial suggestions for further consideration are summarized below:

· Proposal1: Study RP-specific operations for UL PC, UL RS, SRS, UL TA, and PUCCH. 

· Proposal2: Study dynamic switching between RP-specific and RP-common operations.

· Proposal3: Strive for a common set of solutions that are beneficial to all CoMP scenarios.
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