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Discussion 
1
Introduction

Enhancements to  PUCCH have been captured into the CoMP WI Description[1]  : 
· Improve resource utilization efficiency in the UL CoMP operation
· Avoid high inter-cell/point interference
A past contribution [2] discussed potential interference aspects related to PUCCH CoMP operation. It was stated that enhanced and more flexible ways to share orthogonal/non-orthogonal PUCCH resources are needed to improve baseline CoMP operation. This paper continues discussion on the PUCCH arrangement in the case of CoMP. 

2. UL CoMP on PUCCH  
PUSCH CoMP gains can be seen to be comprised of: 
1. improved collection of desired signal energy, 
2. improved spatial interference suppression capabilities, and

3. improved interference cancellation capabilities. 
In the case of PUCCH, potential gains from spatial interference suppression are decreased due to extensively used CDMA that is non-orthogonal between cells, and potential gains from interference cancellation are decreased due to lack of CRC and inherent error propagation problems.  Further,  CoMP gains may  not  even available for PUCCH  due to delay-component caused by multi-cell reception.  Hence, the CoMP gains in case of typical R10 configuration can be expected to be rather modest. 

PUCCH Enhancements for CoMP

In case of inter-cell CoMP, PUCCH coverage might be an issue especially for increased CSI payload sizes. Usage of more sparse control channel allocation would alleviate inter-cell interference but, on other hand, would increase the PUCCH overhead considerably. Clearly that is not an optimal solution for PUCCH in CoMP system.

In case of intra-cell CoMP, all the UEs share the same PUCCH structure and hence PUCCH overhead will be an issue as orthogonal resources need to be provided for all of UEs in the cell. This is waste of resources for UEs that are heard by single Tx/Rx point and have sufficient spatial isolation towards other Tx/Rx-points. For these UEs, non-orthogonal resources with proper randomization properties would be the best solution. In a sense, PUCCH lacks the cell splitting gain of heterogeneous networks.

Efficient solution could be achieved with proper use of both inter-cell orthogonal and non-orthogonal PUCCH resources. 

· Non-orthogonal resources could be allocated for UEs heard by single Tx/Rx point with sufficient spatial isolation towards other Tx/Rx-points and for signals not benefiting from improved reception quality. This would provide for efficient reuse of PUCCH resources within CoMP cooperation set. Fractional load and randomization keep the cell edge performance at desired level. 

· Orthogonal resources, allowing for efficient CoMP reception, could be allocated for UEs heard via multiple Tx/Rx points and for signals benefiting from improved reception quality such as large CSI reports. As a special case of interest, allocation of orthogonal resources only for DM RS needs to be studied.

Allocation of orthogonal resources for such UEs benefits also reception of non-orthogonal PUCCH, as the dominant interferers are (re)moved to orthogonal resources. This may allow for use of more dense control channel allocation. Hence we anticipate that more flexible ways to share orthogonal/non-orthogonal PUCCH resources are needed for improved CoMP operation. However, in order to support legacy UEs the basic CoMP structure from Rel-8 needs to be maintained.

A potential extension scheme for the PUCCH is to consider support for multiple PUCCH resource pools. Essentially this can be implemented by decoupling the cell ID used for PDCCH and PUCCH to ease coordination of UL control transmission between different cells. Also some separate PUCCH configuration parameters are needed to facilitate frequency domain separation between inter-cell orthogonal and non-orthogonal resources..

3.
Summary 
In this contribution we have discussed potential enhancements needed for optimized PUCCH CoMP operation. We anticipate that enhanced and more flexible ways to share orthogonal/non-orthogonal PUCCH resources are needed to improve baseline CoMP operation. Our discussion is summarized in three proposals below.
Proposal 1:  Consider more flexible PUCCH resource allocation schemes to share orthogonal/non-orthogonal PUCCH resources for the CoMP users.
Proposal 2: Consider support for multiple PUCCH resource pools in the case of CoMP which  can be implemented by decoupling the cell ID used for PDCCH and PUCCH
Proposal 3:  Consider providing  inter-cell orthogonal reference signal  for the reference signal part of PUCCH 
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