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1. Introduction
In RAN1 #69 meeting, following conclusions on uplink control signaling for the uplink CoMP are reached：
· Confirm the working assumption that 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. 
· Email discussion until June 15 on other details of PUCCH sequence and resource. 
This contribution we will further discuss the remaining issues for PUCCH enhancement.  

2. PUCCH enhancement 
PUCCH and PUSCH have different reception points, multiplexing users, multiplexing capability, etc. Furthermore, it is already agreed in RAN1#69 that there is no Δss for PUSCH DMRS in Rel-11. If same VCID is used for PUCCH/PUSCH,  separate  PUCCH/PUSCH reception point selection cannot be efficiently supported. So It is necessary to support independent virtual cell ID(VCID) configuration in this situation, with independent setting for PUCCH and PUSCH we can achieve the following useful purposes at the same time: 
1.        Flexibility for PUCCH resource assignment     

2.        Flexibility for PUSCH DM-RS sequence assignment to achieve orthogonally 

Proposal 1：Configure independent virtual cell ID for PUSCH DMRS and PUCCH
Evidently, if independent VCID for PUSCH and PUCCH is agreed, we think the current PCI range of [0~503] is the preferred choice for PUCCH VCID. 

Proposal 2：The range of VCID for PUCCH is [0, 503]

As discussed in email, three motivations of different VCID for different PUCCH formats are mentioned, they are delay sensitive for HARQ, scheduler limit to avoid PUCCH resource collision and interference with legacy UEs. Even considering the ideal backhaul, delay sensitivity seems not a problem in Rel-11. UE should feedback the ACK/NACK in the 4th subframe after receiving the PDSCH. However, the retransmission timing is not fixed, i.e. eNB can retransmission according to schedule, and therefore delay for DL HARQ is not as sensitive as for UL HARQ.  
For PUCCH format 1/2/2a/2b and semi-static format 1a/1b, the resources index is configured by higher layer. The resource of PUCCH format 3 is determined by higher layer and ARI, so resource collision and the interference with legacy UE could be handled by eNB easily except for dynamic format 1a/1b. This also means there is no need to introduce fallback operation to PCI for PUCCH format 3 as is mentioned in [3]. Since the dynamic format 1a/1b’s resource is related to nCCE, the problem is more complex. Some companies think VCID can be used for semi-static PUCCH, but PCI based PUCCH for dynamic A/N with Rel-11 UEs should be used when Rel-10 UEs exists in network. We think use of PCI for dynamic 1a/1b is not a good choice. 
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Fig. 1 scenario3, PUCCH RP is different from the DL TP
Case 1: PUCCH RP(reception point) is different from the DL TP(transmission point), such as UE2 in figure 1. If macro PCI is used by UE2 dynamic 1a/1b, strong interference of dynamic 1a/1b between legacy UE1 and UE2 could arise, as macro PCI is different from RRH1 PCI in scenario 3; 
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Fig. 2 scenario3, PUCCH RP is the same as the DL TP
Case 2: PUCCH RP is the same as DL TP, such as UE2 in figure 2. If macro PCI is used by UE2, interference between UE1 and UE2 also will arise as case 1; 

Considering the above cases, interference problem still exist even when PCI based PUCCH for dynamic A/N is used by Rel-11 UEs. In other words, the potential benefit of different virtual cell ID setting is not convincing, and the use case is plausible. Therefore we prefer common virtual cell ID for all the PUCCH formats.

Proposal 3: A common UE-specific VCID for all PUCCH formats. 

As shown above, interference problem remains unresolved no matter with common VCID or different VCID setting. 

As no enhancement to UL PC in Rel-11, UEs with different UL/DL association has  much higher power than pico UEs, such as UE2 in fig.3.For UE1 and UE2, even with same base sequence and CS hopping, UE1 still will be interfered by UE2. Note JR UE should be orthogonal with UEs in multi-cells, such as UE4 in fig 3, in this case UE-specific 
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 associated with UE-specific VCID could help, and UE4 can be orthogonal both with UE1 and UE3.  
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Fig.3 Hetnet

So in principle, there is some benefit of introducing UE-specific 
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   for solving the interference issue between Rel-11 UE and legacy UE. However, the effect of this interfere mitigation is not fully studied, and maybe limited by the existence of the legacy UEs. Also, considering efficiency of resource utilization and the correlation with the on-going ePDCCH study (for example, PUCCH (PDCCH) and PUCCH (ePDCCH) can share the same region to reduce the resource overhead), it seems reasonable to postpone this issue, at least after the conclusion of the related ePDCCH topics.
Proposal 4: The issue of introducing should be 
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considered in Rel-12. 
The last issue related to solving the potential ambiguity period during (re)configuration. Note the eNB always is aware of timing for the reconfiguration, and can checking all possible PUCCH resource. As frequency of (re)configuration is not frequent, this should not be a heavy burden for eNB if it happens.
Proposal 5:There is no need for introducing fallback scheme.
3. Conclusions
Remaining issues for PUCCH enhancement are discussed in this contribution. We have the following proposals:

Proposal 1: Configure independent virtual cell ID for PUSCH DMRS and PUCCH.

Proposal 2: The range of VCID for PUCCH is [0, 503].
Proposal 3:  A common UE-specific X for all PUCCH formats. 

Proposal4: The issue of introducing should be 
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considered in Rel-12.. 
Proposal 5: There is no need for introducing fallback scheme. 
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