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1. Introduction
In RAN1#69 meeting, we have discussed several issues for PUCCH enhancement on UL-CoMP but only one agreement has been achieved that a UE can support the generation of a PUCCH base sequence and a cyclic shift hopping by replacing the physical cell ID 
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 with a UE-specifically configured parameter X. After the meeting, each company provides its view on specific issues on PUCCH enhancements by Email discussion. This contribution is the detailed description of our company’s view on several issues for PUCCH enhancements.
2. Discussion
2.1 The relationship of virtual cell ID between PUCCH and PUSCH
The virtual cell ID for PUCCH should be independent from that for PUSCH with several reasons. Firstly the targeting reception point for PUCCH could be different from the point(s) for PUSCH. One simple example is the target point of PUCCH is the nearest point but the reception points for PUSCH could be multiple. Secondly the considerations for deciding virtual cell ID are different between PUCCH and PUSCH. When deciding the virtual cell ID for PUCCH, it would be based on the reception point of PUCCH. However the virtual cell ID for PUSCH, eNB should configure virtual cell ID which makes orthogonal DMRS for any pair of UEs within the CoMP. Thirdly a linking of virtual cell ID for PUCCH and PUSCH could make restriction of the scheduling of virtual cell ID for PUSCH. In RAN1#69 meeting, it has been agreed that the sequence shift pattern for PUSCH is defined by
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. In this case eNB directly assign virtual cell ID to a UE in UE-specific manner with considering orthogonal DMRS allocation without any consideration of
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. But if the virtual cell ID for PUCCH and PUSCH links together and keep the legacy relation between them, the redundant 
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should be considered and in result it could cause restriction of the virtual cell ID for PUCCH. Finally the RRC configuration is independent between PUCCH and PUSCH. As stated above, there is no clear reason to link virtual cell ID between PUCCH and PUSCH. 
Proposal 1: 

The virtual cell ID for PUCCH should be independently configured from that for PUSCH.

2.2 The virtual cell ID for each PUCCH format
In the last meeting, it has been discussed the case of non-ideal backhaul. And it was proposed that PUCCH transmission should be divided based on delay sensitivity. For example in case of A/N feedback, it is time sensitive and needs to be configured to meet the HARQ time line and scheduling decision. On the contrary in case of CSI feedback, it might be better to receive it at the desired transmission point. And the configuration of virtual cell ID for each format could be assigned differently to each format by considering the targeting point of each format. However Rel-11 CoMP assumes the ideal-backhaul between eNB and RRH and there is no consensus to consider the case of non-ideal backhaul until now. Therefore in this release, the non-ideal backhaul could not be a reason of different virtual cell ID configuration to each format. 
The other reason for different cell ID to each PUCCH format is the interference between legacy UEs and Rel-11 UEs in the network. It has been proposed that the case of virtual cell ID for semi-static PUCCH can lead to PUCCH overhead reduction, but the virtual cell ID for dynamic PUCCH makes it difficult to avoid interference between legacy UEs and Rel-11 UE and induce complicated PDCCH scheduling. However in terms of interference caused by the difference of cell IDs, the cases are same for both semi-static PUCCH and dynamic PUCCH. The main difference is that the resource for semi-static PUCCH is scheduled by eNB with semi-static manner but for dynamic PUCCH, the resource is determined by the CCE index of PDCCH. In case of dynamic PUCCH, it could cause interference between Rel-10 UEs and Rel-11 UEs because the available CCE location is out of eNB scheduling in each subframe.The UE-specific PUCCH offset could be a solution of this interference issue between legacy UEs and Rel-11 UEs by dividing the location of dynamic PUCCH with FDM manner.
Proposal 2: 

The common virtual cell ID should be applied for all PUCCH formats.

2.3 The UE specific PUCCH resource offset
In Rel-11 it has been discussed on the issues of hetnet CoMP. As for PUCCH transmission it requires enhancements to cope with uplink CoMP and to guarantee reliable and efficient transmission in that situation. One important issue is to avoid the PUCCH interference in hetnet CoMP. For PUCCH format 2/3 the resources are configured by eNB with semi-static manner and the interference could be handled by eNB. But for dynamic PUCCH the resources are determined by the CCE index of PDCCH and it requires an improved method to avoid interference. As shown in Figure 1, the PUCCH from Macro UE(UE2) could interfere with the PUCCH transmission from RRH UE(UE1), and when a legacy UE(UE3) transmit PUCCH toward Macro eNB, it could cause interference to PUCCH from Rel-11 UE(UE2) which is applied by virtual cell ID. In addition if a UE(UE5) receives PDCCH from eNB and transmit PUCCH to RRH(RRH2) it also makes an interference to PUCCH from RRH UE(UE4). Furthermore, the PUCCH enhancement should improve PUCCH resource efficiency. In CoMP scenario 4 as Macro cell and RRHs share the same cell ID, all the UEs within Macro cell area transmit PUCCH with the same base sequence. Thus considering the increase of the number of UEs in CoMP, it needs a method to solve the PUCCH capacity problem.
To provide solution of these issues, it is reasonable that PUCCH resource offset for dynamic A/N is configured by UE-specific manner. eNB would schedule a proper offset value and virtual cell ID to each UE in order to avoid interference and to acquire cell splitting gain in CoMP scenario 3 and 4 respectively. 
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Figure 1. PUCCH transmission in CoMP
Proposal 3: 

PUCCH resource offset for dynamic A/N should be configured in UE-specific manner
3. Conclusion
In this contribution, we discussed PUCCH enhancement with following proposals
Proposal 1: 

The virtual cell ID for PUCCH should be independently configured from that for PUSCH.

Proposal 2: 

The common virtual cell ID should be applied for all PUCCH formats.

Proposal 3: 

PUCCH resource offset for dynamic A/N should be configured in UE-specific manner
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