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1. Introduction
According to the WI on UL CoMP for Rel-11 [1], enhancements to PUCCH should be considered as specified in the following bullet:

· Potential areas for specification in support of UL CoMP operation include: 

· Enhancements to PUCCH to

· improve resource utilization efficiency in the UL CoMP operation 

· avoid high inter-cell/point interference
Furthermore, discussion to identify the requirement of PUCCH enhancement for UL CoMP started and some companies showed their views on several issues [2-8]. In this contribution, we mainly focus on potential PUCCH enhancement related to CoMP scenario 3&4 to optimize uplink control channel towards improved CoMP operation in different CoMP scenarios.
2. Considerations on PUCCH for UL CoMP 
In LTE Rel-10, PUCCH resources are assigned to each UE in one cell by high layer and/or dynamic indication via PDCCH. Also different orthogonal sequences and/or cyclic shifts are used within one cell to guarantee multiple PUCCHs’ simultaneous transmission for co-scheduled UEs. Besides, interference randomization techniques such as cell-specific cyclic shift hopping over SC-FDMA symbol, cell-specific scrambling code and UE specific bit-level scrambling are used to mitigate inter-cell interference on PUCCH in LTE Rel-10. 
In Rel-11, CoMP is expected to offer higher data transmission rate and better quality especially for cell-edge users.  PUCCH enhancement has been listed as one specification issue in UL CoMP in [1]. On one hand, more CSI feedback overhead are needed to support DL CoMP, which may result in requirements of more PUCCH resource and/or higher resource utilization efficiency; on the other hand, if JR (joint reception) CoMP is used for a particular UE’s PUCCH transmission, gains from CoMP joint reception could be obtained. However it is apparently affected from inter-cell/point interference and/or intra-cell/point interference. 

We consider heterogeneous network of CoMP as an example to investigate current Rel-10 PUCCH application in CoMP. As depicted in Fig.1 for CoMP scenario 3&4, multiple points may cooperatively serve one UE, but the transmission points (TPs) and reception points (RPs) may not be the same. We first discuss PUCCH in CoMP scenario 3, and then more potential aspects of PUCCH in CoMP scenario 4 are analyzed.
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Fig.1 CoMP Scneario3/4

2.1. PUCCH in CoMP Scenario3

Due to flexible DL/UL scheduling and independent traffic load/interference for DL/UL, CoMP UE’s downlink TPs may be different from uplink RPs. As depicted in Fig.1, UE1 receives downlink control from the macro cell (eNB1), while its UL transmissions (PUCCH/PUSCH) are processed by RRH1. 
For that kind of UE which is under the operation of decoupled downlink TP(s) and uplink RP(s), there exist two issues. One is about PUCCH sequence generation. In Rel-10, the PUCCH sequence is scrambled using the same cell ID with that of PDCCH. However for these UEs，if the PUCCH sequence is still generated by the cell ID of PDCCH, it will incur interference to the UEs within the coverage of the RP. For the case of multiple RPs in uplink, by which cell ID the PUCCH sequence is generated need to be discussed taking inter-cell interference into account. Therefore, we have the observation that the cell ID for the PUCCH sequence generation needs to be considered in UL CoMP for that kind of UE.
Observation 1-1: the cell ID for PUCCH sequence generation needs to be considered in UL CoMP. It may be de-bounded with the cell ID of PDCCH.
The second issue is about the dynamic ACK/NACK resource region for PUCCH format 1a/1b. As depicted in Fig.1, UE3 treats eNB as the serving cell and derives ACK/NACK resource for PUCCH format 1a/1b based on eNB parameter 
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 in the current specification [9] as the starting location of the dynamic ACK/NAK region, while its PUCCH is processed by RRH2. At the same time, UEs served by RRH2 derives ACK/NACK resource for PUCCH based on the RRH2 parameter 
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, which is separately configured from the one associated with eNB1 (
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). Based on above analysis, the operation of decoupled downlink TPs and uplink RPs will result in no implicit PUCCH resource reserved on the uplink of the target RP. It may cause the UE and other UEs in RRH2 to occupy the same resource to transmit PUCCH, which causes an interference issue. Detailed dynamic ACK/NACK resource region allocation for PUCCH format 1a/1b is FFS.
Observation 1-2: the dynamic ACK/NACK resource region for PUCCH format 1a/1b needs to be considered in UL CoMP. Detailed design is FFS.
On the other hand, due to implicit dynamic ACK/NACK resource indication from the serving point’s PDCCH, the ACK/NACK may be received by multiple points meanwhile ACK/NACK from other UEs in one of the points are transmitted at the same RB. As depicted in Fig.1, UE3’s PUCCH is received by both macro eNB and RRH2, while the PUCCH of UE2 is received by RRH2 at the same resource. In this case, UE3’s PUCCH signal received at RRH2 may be buried under interference from UE2, which results in worse quality for neighboring cell in detecting CoMP UE’s PUCCH than forserving cell. Thus CoMP gains for PUCCH is seriously limited.
Based on the above analysis, it is observed that enhanced inter-cell interference mitigation techniques need to be considered for PUCCH format 1a/1b in UL CoMP. The problem can be solved from different dimensions of orthogonal resources such as FDM and CDM. For example, multiple PUCCH resource pools are considered to alleviate PUCCH inter-cell interference, which basically is a division method of FDM [6-7]. Besides, since PUCCH format 1a/1b has a similar signal structure with uplink DMRS, using both OCC and CS to enable intra-cell co-scheduled UE’s PUCCH orthogonality, we can reuse a similar interference coordination/cancellation method of uplink DMRSfrom the aspect of UE-specific base sequence and UE-specific CS hopping to enable inter-cell PUCCH orthogonality. For example, if UE2 and UE3 adopt different base sequences generated via different cell IDs, meanwhile using aligned CS hopping pattern, OCC-based inter-cell PUCCH orthogonality can be achieved.  
Observation 1-3: enhanced inter-cell interference mitigation should be considered for PUCCH format 1a/1b in UL CoMP scenario 3.
Proposal:  CDM and FDM should be considered to solve inter-cell PUCCH interference problem.
2.2 PUCCH in CoMP Scenario4

In principle, orthogonal resources need to be provided for co-scheduled UEs in CoMP scenario4 with the same cell ID. With the introduction of RRHs, the number of served UEs increases and the orthogonal resources may not be enough for PUCCH; on the other hand, it is a waste of resource for UEs within different RRHs’ coverage using different resources that have sufficient spatial isolation. Therefore UL resources for PUCCH can be reused among different RRHs with sufficient spatial isolation to support higher resource utilization efficiency. However in that case, it will bring intra-point interference. Hence, for those UEs, some intra-cell non-orthogonal techniques with proper interference randomization properties may be introduced, while at the same time intra-cell orthogonal techniques can be kept for other co-scheduled UEs. For example, [7-8] proposed RP-specific PUCCH for spatial isolated RRHs, in which UEs near to different RRHs can use different PUCCH sequence generated via different RRH-similar ID on the same RB to reach quastic-orthogonality. 

Observation 2: UL resources for PUCCH can be reused among different points in CoMP scenario 4 for higher resource utilization efficiency, taking intra-interference randomization into account.
3. Conclusions
In this contribution, we analyzed potential aspects related to PUCCH enhancements in UL CoMP, including CoMP scenario 3 and scenario 4. We get the following four observations and one proposal:
Observation 1-1: the cell ID for PUCCH sequence generation needs to be considered in UL CoMP. It may be de-bounded with the cell ID of PDCCH.

Observation 1-2: the dynamic ACK/NACK resource region for PUCCH format 1a/1b needs to be considered in UL CoMP. Detailed design is FFS.

Observation 1-3: enhanced inter-cell interference mitigation should be considered for PUCCH in UL CoMP.
Observation 2: UL resources for PUCCH can be spatially reused among different points in CoMP scenario 4 for higher resource utilization efficiency, taking intra-interference randomization into account.

Proposal: CDM and FDM should be considered to mitigate inter-cell interference for PUCCH format 1a/1b in UL CoMP.
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