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1. Introduction

The performance advantage of UL CoMP has been justified in the CoMP Study Item [1].  To support UL CoMP features in different homogeneous and heterogeneous scenarios, any required specification enhancements need to be identified.
In this contribution, we provide an overview of the potential standardisation impact of UL CoMP.  More detailed discussions on each topic are given in the companion papers [2]~[9].
2. UL Reference Signals

UL DMRS
According to current DMRS methodology in LTE-A Rel-10, different cells usually adopt different ZC-root sequences.  Thus the DMRS of a desired UE may interfere with the ones of other UEs served by other reception points within a common UL CoMP cooperating set.  Although some new designs for DMRS enhancement such as Cyclic Shift (CS) or OCC coordination with sharing a single ZC-sequence among different cells could improve the inter-cell DMRS orthogonality, an implementation-based solution, iterative interference cancellation, can achieve better MSE performance as illustrated in [2].  Therefore, we propose that,
· Proposal 1: The enhancement of DMRS inter-cell orthogonality for UL CoMP is not needed in Rel.11.
UL SRS

Similar to UL DMRS, the SRS sequences in different cells are generated based on different ZC-root sequences.  The interference mitigation for inter-cell measurements of SRS needs to be investigated for UL CoMP.  In [3], we discussed four alternatives to address this issue, including FDM/TDM coordination among cells, which are already allowed in Rel-10, SRS interference cancellation and new SRS designs such as multi-cell SRS orthogonal sequences or a SRS reuse pattern.  We think that the current Rel-10 SRS configurations are flexible enough for inter-cell SRS measurements, and proposed that,
· Proposal 2: No SRS enhancements are needed to support UL CoMP in Rel-11, except X2 signalling to inform cooperating eNBs of the SRS configurations in neighbour cells.

3. UL Power Control
The conventional open-loop power control (OLPC) mechanism based on the pathloss from a single access point to the desired UE is not optimal to fully achieve the UL CoMP gains.  Therefore, for UL CoMP in different deployments, it is necessary to consider how to enable multi-point pathloss measurement and handle the three key OLPC parameters, namely the semi-static base level 
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, the pathloss compensation factor 
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 and the pathloss. 
PUSCH Power Control
The PUSCH power control needs to accommodate multiple reception points in the cooperating set to optimize the combining gain.  The enhancement of power control for UL CoMP is to compensate pathloss to an appropriate reception point(s) within the cooperating set and minimize the interference outside the cooperating set, as discussed in [4].
PUCCH Power Control

Even though PUSCH could be received jointly by multiple points for UL CoMP, PUCCH may be received by either a single point or multiple points, and therefore PUCCH power control should be able to operate effectively with either single-point or multi-point reception.  Thus the reception point from which the pathloss is measured for PUCCH power control may be different from those for PUSCH power control and PUCCH power setting may be not proportional to PUSCH power setting, as detailed in [5].

SRS Power Control

As analyzed in [6], SRS power control should follow the same principle as PUSCH power control for UL CoMP.  

Therefore, we propose that, 

· Proposal 3: UL power control needs to be enhanced in Rel-11 in terms of pathloss measurement and calculation, the semi-static base level 
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 and the pathloss compensation factor
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  for PUSCH, PUCCH and SRS, respectively.

4. UL Control Signalling
The current cell-ID based randomization on PUCCH resources makes it impossible to assign orthogonal resources for UEs in different cells.  It is worth considering full use of PUSCH to convey UCI in order to save overhead on the limited PUCCH resources.  To improve resource utilization efficiency in the UL CoMP operation and avoid high inter-cell/point interference on UL control signalling, we discussed the potential UCI transmission enhancements in Rel-11 in [7] and propose that,
· Proposal 4: The PUCCH capacity and orthogonality needs to be enhanced for UL CoMP and the need of UCI enhancements on PUSCH should be carefully studied in Rel-11.

5. UL Timing Advance
For UL CoMP with geographically separated reception points, the signal received at a given point would preferably be received within the CP at that point.  Otherwise, the reception complexity may be significantly increased or the performance reduced.  In [8], we discuss the reference point for UL timing and timing advance calculation issues to support UL CoMP Joint Reception (JR).  We propose that,
· Proposal 5: RRC configuration of the reference point for UE uplink timing should be considered. 
6. RACH Enhancement
PRACH preamble collision would happen only when more than one UE from the same cell selects the same RACH preamble and transmits it at the same time.  As analyzed in the companion paper [9], the CoMP operation would not have any impact on the PRACH procedure, even for CoMP Scenario 4 supporting the increased number of UEs within a single cell.  Therefore, we propose that,
· Proposal 6: No further enhancement of PRACH is needed for CoMP operation, even for Scenario 4.
7. Conclusions

In this contribution, we analyze the potential standardisation impact of UL CoMP and suggest the following enhancements to be considered in Rel-11:

Proposal 1: The enhancement of DMRS inter-cell orthogonality for UL CoMP is not needed in Rel.11.

Proposal 2: No SRS enhancements are needed to support UL CoMP in Rel-11, except X2 signalling to inform cooperating eNBs of the SRS configurations in neighbour cells.

Proposal 3: UL power control needs to be enhanced in Rel-11 in terms of pathloss measurement and calculation, the semi-static base level 
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 and the pathloss compensation factor
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  for PUSCH, PUCCH and SRS, respectively.

Proposal 4: The PUCCH capacity and orthogonality needs to be enhanced for UL CoMP and the need of UCI enhancements on PUSCH should be carefully studied in Rel-11.

Proposal 5: RRC configuration of the reference point for UE uplink timing should be considered. 
Proposal 6: No further enhancement of PRACH is needed for CoMP operation, even for Scenario 4.
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