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1. Introduction
In RAN#53, an working item on uplink CoMP was approved [1]. The contents for enhancing PUCCH in UL CoMP is as follows
· improve resource utilization efficiency in the UL CoMP operation 

· avoid high inter-cell/point interference
In this contribution, it will be discussed about the enhancement of PUCCH in CoMP scenario 3 and 4.
2. Discussion
2.1. Consideration for PUCCH assignment in UL CoMP
In Rel-11 it has been discussed on the issues of hetnet CoMP and as for PUCCH transmission it requires enhancements to respond to uplink CoMP and to guarantee reliable and efficient transmission in that situation. There are a few consideration points for PUCCH enhancement. 
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Figure 1. PUCCH transmission in CoMP scenario 3

Firstly it should provide a solution to avoid the PUCCH interference in hetnet CoMP. For PUCCH format 2/3 the resource 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 PUCCH and it requires an improved method to avoid interference. The interference issue could be more significant in hetnet CoMP specifically CoMP scenario 3. As shown in Figure 1, the PUCCH from Macro UE(UE2) could interfere with the PUCCH transmission from RRH UE(UE1) and when a UE(UE3) transmit PUCCH toward both Macro eNB and RRH(RRH2) it cause interference to PUCCH from RRH UE(UE4). In addition if a UE(UE6) receives PDCCH from eNB and transmit PUCCH to RRH(RRH3) it also makes an interference to PUCCH from RRH UE(UE5). 
Secondly 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 same base sequence. Thus considering the increase of the number of UEs in CoMP, it needs a method to solve the PUCCH capacity problem. 
Thirdly Rel-11 PUCCH should support not only the PUCCH transmission from UL/DL decoupling UE but also joint reception of PUCCH. These PUCCH transmission schemes could reduce the interference by reducing transmission power and increase the reception reliability by combining signal from multiple reception points.
2.2. CoMP scenario 3
Figure 1 shows the cases of interference in CoMP scenario 3 and they have been described in previous section. To avoid these kind of interferences the PUCCH resources should be divided in frequency domain and a group of UE could transmit PUCCH on a specific region. Considering all the cases of interference three PUCCH regions could be separate in frequency and each region would be assigned for UE group of Macro, UL/DL decoupling and RRH and in case of joint reception of PUCCH it shares the PUCCH region which has been assigned for Macro UEs. For supporting UE group dependent PUCCH resource the dynamic PUCCH region should be signaled UE specifically. Figure 2 shows PUCCH resource partitioning for Macro eNB and RRH.
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Firgure 2. PUCCH resource partitioning in UL CoMP

At this point it needs to think over the size of PUCCH for decoupling UEs. Decoupling UEs receive PDCCH from Macro eNB therefore the size of dynamic PUCCH region for decoupling UE implicitly depends on the number of CCE of Macro eNB. But if there exists only a small number of UEs with decoupling, it could not be efficient to assign the same size of PUCCH resource for decoupling with that of Macro UE’s. For improving the resource efficiency the size of PUCCH for decoupling could be flexible and PUCCH resource index should be reorganized in PUCCH region of decoupling derived from CCE index of PDCCH in Macro.
Proposal 1

· The parameter which indicates dynamic A/N region should be transmitted in UE-specific manner.

Proposal 2

· The PUCCH region should be divided in frequency domain and a specific group of UE, Macro/UL JR PUCCH, decoupling and RRH, would transmit PUCCH on its own region.

Proposal 3

· The size of PUCCH resource for decoupling could be flexible and the PUCCH resource index would be reorganize in the PUCCH region for decoupling derived from CCE index of PDCCH in Macro.

2.3. CoMP scenario 4
In CoMP scenario 4, PUCCH enhancement should provide a solution for PUCCH resource capacity. A simple approach is that each RRH expects different base sequence for PUCCH reception to achieve cell splitting gain. It could enhance the resource utilization efficiency by reusing the same frequency region for RRHs with different base sequence. In this case the interference case is quite similar with CoMP scenario 3 and the PUCCH resource partitioning could be the same as CoMP scenario 3 but signaling issue which indicates PUCCH resource and TP specific base sequence would remain.
Proposal 4

· In CoMP scenario 4, each RRH shares the same PUCCH region in frequency domain with different base sequence.
3. Conclusion
In this contribution we support as follows

· The parameter which indicate dynamic A/N region should be transmitted in UE-specific manner.

· The PUCCH region should be divided in frequency domain and a specific group of UE, Macro/UL JR PUCCH, decoupling and RRH, would transmit PUCCH on its own region.

· The size of PUCCH resource for decoupling could be flexible and the PUCCH resource index would be reorganize in the PUCCH region for decoupling derived from CCE index of PDCCH in Macro.

· In CoMP scenario 4, each RRH shares the same PUCCH region in frequency domain with different base sequence.
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