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1 Introduction

In RAN plenary #53 meeting, there is an agreement about PUCCH for the uplink CoMP [1] ：
· Enhancements to PUCCH to

· improve resource utilization efficiency in the UL CoMP operation 

· avoid high inter-cell/point interference

This contribution discusses potential enhancements for PUCCH transmissions in CoMP. 
2 Discussion  
In Rel-10 LTE/LTE-A system, PUCCH signal are generated by cell-specific sequence (i.e. cell id based). All UEs in a cell with the same cell id share one PUCCH resource pool.
In CoMP scenarios 3, RRHs and the macro cell have different cell IDs, the PUCCHs transmitte in the two cells cannot be made orthogonal according to the legacy mechanism. As depicted in Fig.1, the macro UE2’s signal received at RRH1 may have comparable or higher signal strength than the RRH UE1’s PUCCH signal received at RRH1. The signals are non-orthogonal, consequently UE1’s PUCCH signal received at RRH1 may be buried under interference from macro UE2 if they are transmitted at the same time and same RB.

[image: image1.emf]UE3

UE4

UE2

UE1

eNB

RRH3

RRH2

RRH1

PUCCH

Interference


Fig 1. PUCCH on CoMP Scenario 3

Gains from CoMP joint reception can be limited in the case of Rel’10 UEs if the RPs have different cell id. As depicted in Fig.1, UE4 using RRH1’ cell ID based sequence to transmit its PUCCH, the signal of UE4 received at RRH3 can have considerably lower quality due to the inter-cell interference from UE3. 
Furthermore, the DMRS for PUCCH use the same UE specific resource index as PUCCH, as there is a large interference on the PUCCH, the same is true for the DMRS. 
Proper use of both inter-cell orthogonal and non-orthogonal PUCCH resources can solve the problem in scenarios 3. UEs with high PUCCH inter-cell interference, such as UE2 and UE4 in figure 1 could be allocated inter-cell orthogonal recourses. UEs heard by single RP with sufficient spatial isolation towards each other, such as for UE1 and UE3, could be allocated inter-cell non-orthogonal recourses. 

Enable inter-cell PUCCH orthogonality may from the aspect of frequency resources and/or code resource aspect. Flexibility may be needed for PUCCH resource allocation, for example, if there is no UE that need to be allocated inter-cell orthogonal recourses, PUCCH structure should switch to Rel-10’ to avoid resource waste. 
Considering the tradeoff between orthogonal resources, interference level and the support for legacy UEs, we think multiple PUCCH resource pools are an efficient solution. 

One simple approach is to use PUCCH resource offset parameter to facilitate frequency domain separation between inter-cell orthogonal and non-orthogonal resources. Virtual cell id may be used in newly reserved PUCCH resources pool. 
In CoMP scenarios 4, RRHs and the macro cell have the same cell IDs, perfect PUCCH orthogonality can be achieved by the legacy mechanism where all the UEs share the same PUCCH structure. More UEs simultaneously transmitting on the UL need to be supported. Reusing UL resources for PUCCH among different points will introduce intra-interference for different UEs belonging to different points. More PRBs for PUCCH could be allocated according to the legacy mechanism to support more UEs if needed. Whether the capacity is enough is FFS. 
3 Summary 
Potential enhancements needed for optimized PUCCH is discussed in this contribution. In summary:
· Consider multiple PUCCH resource pools to alleviate PUCCH inter-cell interference.
· Whether PUCCH enhancement is needed in scenario4 is FFS.
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