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1 Introduction
In previous RAN1 meetings, UL CoMP simulation results were provided by several companies. Joint reception was assumed in most of these contributions as the main CoMP scheme. JR shows promising gain in both homogeneous networks and heterogeneous networks.
In this paper, the potential standard impact associated with PUSCH CoMP reception is discussed. Enhancements of PUCCH reception using UL CoMP is addressed in a companion paper [1].
2 Standard support for JR
With JR, UL transmissions received at multiple cooperative points are combined to obtain higher reception quality. On some level, JR can already be supported based on current specifications. Legacy UEs may benefit from JR without awareness of the existence of cooperative reception points. 
Nevertheless, JR has the potential to further enhance overall system performance with optimization on the following aspects:
· UL DMRS inter-point orthogonality

· Sounding enhancements
· UL power control
· UL timing advance
The rest of this section explains the benefits of these optimizations and the standard supported needed.
UL DMRS inter-point orthogonality
Current specifications can support DMRS inter-cell orthogonality to some extent. For example, neighboring cells can be configured with the same sequence group, and then cooperative cyclic shift assignment for co-scheduled UEs can be used to obtain orthogonality. For CoMP scenario 4, the issue could be handled with less effort as the cooperative points share the same cell ID. However, as UL-MIMO was introduced in Rel-10, more cyclic shift resources are consumed by one UE, so there could be fewer orthogonal resources left to ensure inter-cell orthogonality. As the degradation of channel estimation quality has a substantial impact on JR performance, it is proposed to:
·  Further enhance inter-cell DMRS orthogonality
Sounding enhancements
Similar to DMRS, SRS inter-point orthogonality helps cooperative points to have improved sounding quality. Current sounding resources left little room to achieve inter-point orthogonality. The specification of additional sounding resources can be explored.

· Further enhance inter-cell SRS orthogonality and capacity
Power control of SRS is another potential issue for CoMP. Besides supporting UL channel estimation, SRS is also used for DL channel estimation, especially in TDD systems. It is common that one UE’s DL cooperative set is different from its UL cooperative set. In this case, SRS transmission power should be adjusted to suit different cooperative sets. A reasonable solution would be for a UE to support multiple SRS power control procedures in order to target specific CoMP operation for DL or UL.
· Further enhance SRS power control
UL Power Control
For JR, the transmission power should be adjusted according to its UL cooperative set. In current specifications, pathloss measurement is based on CRS of one UE’s serving cell. TPC based on current pathloss measurement may lead to unsuitable received power at the reception points. One particular issue for pathloss measurement in scenario 4 is that CRS may be transmitted from all points via SFN. CRS based measurements result in the combined measurement from all the transmission points which does not reflect the actual pathloss of the UE’s UL cooperative set.
To enhance JR performance, future specifications should adjust the pathloss compensation according to one UE’s actual reception points. For instance, the specifications may allow one UE to apply compensation according to both the measured pathloss and the parameters for pathloss correction, or adopt certain methods to allow one UE to measure the pathloss based on its actual reception points.
· Further enhance UL power control
UL timing advance
In current specifications, transmission timing is jointly determined by TA command and the timing measurement based on one UE’s TA reference point. The TA reference point is defined as the point based on whose DL timing the UE adjusts the TA. In Rel-10, a UE’s TA reference point is its primary serving cell.
For a UE operating with DL and UL CoMP, the UL and DL cooperative sets could be different. If a UE continues using its DL serving point as TA reference point, the arrival time at its reception point can be misaligned. It is proposed to:
· Further enhance UL timing advance
3 Standard impact on X2 interface

Intra-eNB CoMP showed substantial gain in both phase1 and phase2 evaluations. Inter-eNB CoMP also showed some gain. Nevertheless, the complexity is higher due to the necessity of inter-eNB communication. The influence on inter-site JR caused by latency and capacity limitation of backhaul remains unclear due to limited study. Hence it is recommended that intra-eNB CoMP should be treated with higher priority in Rel-11. Standardization of X2 interface may be treated after the completion of intra-eNB CoMP in a future release, if additional gains can be shown.
· Enhancement of X2 interface for UL CoMP should be treated with low priority.
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