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1 Introduction

In RAN#53, the CoMP WI was approved [1]. As part of the CoMP WI, RAN1 is to identify enhancements that are beneficial for UL CoMP operation in homogenous and heterogeneous configurations networks and, when necessary, to specify their support. 
This contribution discusses potential enhancements for PUCCH transmissions in UL CoMP. 
2 Applicability of Legacy Mechanism for UL CoMP
In Rel-8, 9, 10, PUCCH format 1/1a/1b/2/2a/2b SC-FDMA symbols are generated with cell-specific CAZAC sequences.  For UL CoMP, PUCCHs transmitted in the same resources in different cells (or TPs/RPs) should be sufficiently differentiable (preferably orthogonal) to allow for sufficiently accurate UCI detection. 
Inter-cell UL CoMP (CoMP scenarios 3)
Contrary to PUSCH DM RS where a sequence group number (u) is determined as a function of physical cell ID, a sequence group hopping pattern and an additional cell-specific parameter 
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, the sequence group number (u) for PUCCH (format 1/1a/1b/2/2a/2b) is determined only by a physical cell ID and a sequence group hopping. Hence, inter-cell UL CoMP for PUCCH can be implemented only with different CAZAC sequences in the CoMP cells, and PUCCHs transmitted in the two cells cannot be made orthogonal according to the legacy mechanism. For this reason, separate frequency resources (RBs) are required for PUCCH transmissions in UL CoMP mode and for PUCCH transmission in legacy mode. As it has been extensively discussed in Rel-10, for a given set of RPs, the respective PUCCH transmissions should use a common sequence (e.g. RP-group ID). Moreover, as the additional RBs required for PUCCH transmission in UL CoMP mode represent additional overhead, at least for dynamically allocated resources for HARQ-ACK transmissions, this overhead should be carefully considered as it may otherwise significantly reduce UL throughput. For example, for a 20 MHz BW, 
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, and 20 legacy PUCCH RBs (80 PUSCH RBs), 8 additional RBs would be needed for dynamic HARQ-ACK transmissions thereby reducing UL throughput by at least 10%! 
Intra-cell UL CoMP (CoMP scenario 4)
For intra-cell UL CoMP, as the same CAZAC sequence group is used across the cell or across RPs by definition, perfect PUCCH orthogonality can be achieved by the legacy mechanism. However, in this case PUCCH capacity can be an issue as the PUCCH resources are shared by all the UEs in the macro area without having cell-splitting gain. 
3 Areas for enhancement for PUCCH in UL CoMP
Similarly to the PUSCH DM RS, the issues related to UL CoMP PUCCH reception described in Section 2 can be resolved when both RP-specific and RP-common transmissions are supported for Rel-11 UEs. To facilitate both types of PUCCH transmissions, zone partitioning can be considered for PUCCH transmissions as illustrated in Figure 1, where CoMP scenario 4 is assumed. RP-common PUCCH PRBs can be shared among UEs generating cell-specific PUCCHs in the whole macro area and are allocated to legacy UEs and Rel-11 UEs not close to any of the RRHs and among UEs in UL CoMP mode for PUCCH receptions by the same set of RPs. On the other hand, RP-specific PUCCH PRBs are frequency-reused among Rel-11 UEs generating RP-specific PUCCHs (with pseudo-orthognal sequences) and are allocated to Rel-11 UEs close to at least one of the LPNs/RRHs. 

Considering mobility of Rel-11 UEs, it would be also beneficial to provide a mechanism for Rel-11 UE to switch between RP-specific and RP-common transmissions, either semi-statically or dynamically. 
It is noted that similar mechanisms as the ones shown in Figure 1 are also applicable for scenario 3 as well [2].

Proposal 1: Study RP-specific and RP-common transmission of PUCCHs.

Proposal 2: Study zone partitioning for the RP-specific and the RP-common transmissions of PUCCHs.
Proposal 3: Study reduction methods for the resources required for UL CoMP PUCCH receptions.

Proposal 4: Study switching between the RP-specific and the RP-common transmissions of PUCCHs.
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Figure 1 UL PUCCH Enhancements

4 Conclusions

This contribution reviewed potential areas for improvement of PUCCH transmissions in UL CoMP. The proposals are summarized below:
Proposal 1: Study RP-specific and RP-common transmission of PUCCHs.

Proposal 2: Study zone partitioning for the RP-specific and the RP-common transmissions of PUCCHs.
Proposal 3: Study reduction methods for the resources required UL CoMP PUCCH receptions.
Proposal 4: Study switching between the RP-specific and the RP-common transmissions of PUCCHs.
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