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1 Introduction
The CoMP Work Item was approved in RAN plenary #53 meeting [1]. For the uplink CoMP, it was agreed to enhance PUCCH as follows:
·  improve resource utilization efficiency in the UL CoMP operation 
·  avoid high inter-cell/point interference

In this contribution, potential enhancements to PUCCH in CoMP scenario 4 are discussed, and exploiting PUCCH format 3 is proposed to be considered for improving channel state information (CSI) feedback. 

2 PUCCH enhancement in CoMP scenario 4
To meet the potential increase of number of UEs served by one cell in CoMP scenario 4 where all the points (macro as well as picos) within the coverage area of a macro point share the same cell-id, potential enhancements to PDCCH, i.e. E-PDCCH (enhanced PDCCH), were discussed in [2]. 

For the uplink shared channel (UL-SCH) and uplink control channel (UL-CCH) in CoMP scenario 4, UEs may be received by different points depending on the internal scheduling at eNB. In Figure 1, the associated PUCCH of UE1 is received by RRH 1 (pico point 1), whereas, the PUCCH of UE2 is received by RRH 2 (pico point 2). 

Observation 1: In CoMP scenario 4, UL resource for UL-CCH can be spatially reused among different RRHs to support more UEs simultaneously transmitting on the UL.

For UL-SCH, the transmission quality can be guaranteed by AMC and HARQ. Furthermore, in CoMP scenario 4, the intra-cell UL interference on PUSCH can be mitigated by jointly UL scheduling at eNB. However, for UL-CCH, it is difficult to benefit from such techniques as dynamic scheduling, AMC and HARQ. In LTE Rel-8/9/10, PUCCH resources are uniquely assigned to each UE within a cell by high layer signalling and/or the resource-specific mapping scheme, so that the intra-cell interference on PUCCH is trivial. Besides, interference randomization techniques as listed in Table 1 are used to mitigate the inter-cell interference on PUCCH in LTE Rel-8/9/10. 

In CoMP scenario 4, if UL-CCHs are spatially reused among different points within the same cell, it might incur severe intra-cell interference among UL-CCHs of these points. For example, in Figure 1, PUCCH of UE1 might be interfered by that of UE2, if the same resources in the form of resource block and spreading sequence for PUCCHs are shared by UE1 and UE2. And in RAN1#66bis meeting, using multiple PUCCH resources, including PUCCH base sequence, was proposed to solve the above issue [3-4]. Considering the circular shift cross-correlation between different PUCCH base sequence may be very large (about 0.8).  How to avoid the collision between two high cross-correlation sequences may need to be considered. 
Observation 2: In CoMP scenario 4, if UL-CCHs are spatially reused among different points, intra-cell interference among UL-CCHs of different points should be mitigated to guarantee the required UL-CCH transmission performance.
Table 1: Inter-cell interference mitigation methods for PUCCH Formats in LTE Rel-8/9/10
	PUCCH Format
	Resource index
	Inter-cell interference mitigation methods

	Format 1/1a/1b
	Dynamically indicated by 
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	· Cell-specific cyclic shift hopping over SC-FDMA symbol.


	Format 2/2a/2b
	High layer configured.
	· Cell-specific cyclic shift hopping over SC-FDMA symbol.
· UE specific bit-level scrambling code.

	Format 3
	High layer configured and dynamically indicated by ACK/NACK resource indicator (ARI)
	· Cell-specific cyclic shift per SC-FDMA symbol.
· Cell-specific scrambling code.
· UE specific bit-level scrambling code.


In CoMP scenario 4, the propagation path of DL CRS might be quite different from that of UL SCH/CCH. For example, DL CRSs may be transmitted from all points within the coverage, while UL SCH/CCH may be only received by one or several points. That is, there exists a gap between the measured DL path loss and the path loss practically experienced in UL transmission. In LTE rel-8/9/10, the parameter of DL path loss, i.e. PLc, is used in UL PC for PUCCH as below [6],
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Then, the bias of pathloss measurement based on downlink CRS needs to be compensated for PUCCH transmission. In the companion contribution [7], UL PC for PUSCH and PUCCH in CoMP scenario 4 are further discussed in detail.
Observation 3: In CoMP scenario 4, the propagation path of DL CRS might be quite different from that of UL SCH/CCH. There exists a gap between the measured DL PL and the PL experienced in UL transmission. This gap should be compensated for UL-CCH transmission.




 
Figure 1 CoMP Scenario 4

3 Exploiting PUCCH format 3 

For DL CoMP, more CSI feedback bits may be needed because multiple transmission points CSI feedback may be introduced. In LTE Rel-8/9/10, periodic CSI bits are reported using PUCCH format 2, in which up to 11 CSI bits and up to 12 PUCCHs (format 2) can be conveyed on the same PRB. In LTE Rel-10, PUCCH format 3 is capable of conveying up to 20 ACK/NACK bits in case of multiple carrier aggregation, while only up to 5 PUCCHs (format 3) can be multiplexed within the same PRB. In light of this, PUCCH format 3 might be considered to feedback more periodic CSI bits than PUCCH format 2. 

For example, for PUCCH mode 2-1, if the CSI of multiple transmission points are reported on different instance, it will take multiple report instances to convey CSIs of these CoMP transmission points. Therefore, in order to reduce CSI report delay, other PUCCH format for periodic CSI is needed. One alternative is to feedback CSIs of multiple transmission points on the same report instance by PUCCH format 3.

4 Conclusion

In this contribution, we provide the following observations for uplink control channel enhancement in CoMP scenario 4:

Observation 1: UL resource for UL-CCH can be spatially reused among different RRHs to support more UEs simultaneously transmitting on the UL.

Observation 2: If UL-CCHs are spatially reused among different points, intra-cell interference among UL-CCHs of different points should be mitigated to guarantee the required UL-CCH transmission performance.
Observation 3: Propagation path of DL CRS might be quite different from that of UL SCH/CCH. There exists a gap between the measured DL PL and the PL experienced in UL transmission. This gap should be compensated for UL-CCH transmission.
In addition, for periodic CSI enhancement, we propose that 

· PUCCH format 3 can be considered to be further exploited for improving periodic CSI feedback.
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