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1. Introduction

In RAN1 #68bis meeting, following conclusions on uplink control signaling for the uplink CoMP are reached：
Take the following as working assumption, and further consider the applicability of this in various scenarios.
· In addition to the existing mechanism, a UE can support the generation of a PUCCH base sequence and a cyclic shift hopping by replacing the physical cell ID NIDcell with a UE-specifically configured parameter X. 

· FFS if different PUCCH formats share a common X, or have different X values

· FFS on relationship with UE-specific configuration of other RS (e.g., PUSCH DMRS, …)

· Companies are encouraged to investigate in mechanisms to provide separate regions for A/Ns associated with different base sequences. 
Quasi-orthogonal interference and resource collision of PUCCHs in Rel-11 have been discussed in [1]. This contribution we will further discuss the remaining issues for PUCCH enhancement.  

2. PUCCH enhancement 
Issue 1：Potential PUCCH enhancement related to UL CoMP 
The working assumption has been reached in RAN1 #68b to introduce a UE-specific X to replace the PCI NIDcell in CoMP, but  whether  different PUCCH formats share a common X, or have different X values and relationship with UE-specific configuration of other RS needs further discussion.
For the first question，we think introduce only one UE-specific X besides PCI is sufficient. The configuration of X is mainly due to the RP but not the PUCCH formats. If RP is determined, the X can be determined whatever the PUCCH formats. We think the PCI can be still used if needed, in this way, different base sequence and CS hopping can be generated by X or PCI for the UE. There is no obvious reason to configure multi-X for different formats, and on the other hand, the signaling overhead is high if different PUCCH formats have different X values. The determination of X or PCI can be dynamically indicated to UE implicitly or explicitly.
Proposal 1: One common UE-specific X besides PCI for all PUCCH formats. 
Another issue is about the relationship with UE-specific configuration of other RS. The agreement of introducing UE-specific VCID (virtual cell id) has been reached for PUSCH DMR, so one question is whether PUSCH DMRS and PUCCH can use same X configuration or different configuration. Although PUSCH DMRS and PUCCH may have different reception points, for example, PUSCH is received with JR, PUCCH is received by only one RP, but considering the fact that if the RP be configured to receive PUCCH, it may also be suitable to receive PUSCH. Even when same VCID is used for PUSCH DMRS and PUCCH, it is still possible to achieve transmission of PUSCH DMRS and PUCCH based on different base sequence thanks to exist of parameter Δss. When we consider other factors, such as simplicity and signalling overhead, it is clearly that PUSCH DMRS and PUCCH sharing the same cell id is preferred. 
Proposal 2：PUSCH DMRS and PUCCH can share the same UE-specific  X configuration. 
In scenario 3, the UE-specific X for generating base sequence and CS hopping can achieve inter-cell PUCCH orthogonality. However, Quasi-orthogonal interference still exists between the enhanced PUCCH and legacy PUCCH if they are in the same RB and has different base sequence or CS hopping, especially for dynamic ACK/NACK because of the resource index is derived from the first CCE index of PDCCH dynamically.   

As mentioned above, interference of dynamic ACK/NACK can be hardly resolved by only introduce UE-specific X. Separate regions for A/Ns associated with different base sequences could solve the interference problems mentioned above. For instance, one region is for intra-cell orthogonal PUCCH, and another is for inter-cell orthogonal PUCCH.   Both UE-specific 
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could be considered.
The concern of this approach is the usage utilization efficiency, which has been discussed in various contributions. Also, considering the potential complication with the on-going ePDCCH design, it is preferable to consider all possible factors with the tradeoff evaluation. 
Proposal 3: Separate regions via 
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  is FFS. 
Issue 2：PUCCH design association with ePDCCH design
It has been agreed to introduce ePDCCH in Rel-11, as a result, the corresponding PUCCH need to be considered. The first question is how to indicate the resource index of PUCCH corresponding to ePDCCH need to be specification. 

There are three possible methods to indicate the PUCCH resource index: semi-static RRC signaling like PUCCH format 1, RRC & ARI as PUCCH format 3, mapping from first eCCE index similar to PUCCH (PDCCH). The design need consider the following aspects: 
· Increase resource usage efficiency :the size of used resources and allocated resources should be similar and made compatible with other PUCCH enhancement; 
· Avoid resource collision: Evaluation of resource utilization and collision may be considered together.   
Some contributions propose that the region of PUCCH(ePDCCH) should be configured separately from that for PUCCH(PDCCH) for collision avoidance. Considering the flexibility and resources utilization, this may not be efficient choice.
Detail design need further study following the progress of ePDCCH specification. 
3. Conclusion 
Remaining issues for PUCCH enhancement are discussed in this contribution. We have the following conclusion:
Proposal 1: One common UE-specific X besides PCI for all PUCCH formats. 
Proposal 2: PUSCH DMRS and PUCCH can share the same UE-specific  X configuration. 
Proposal 3: Separate regions via  
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