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1. Introduction
In RAN1#68bis meeting, the conclusion of the discussion for uplink control signalling is as follows
Take the following as working assumption, and further consider the applicability of this in various scenarios.

•
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. 

–
FFS if different PUCCH formats share a common X, or have different X values

–
FFS on relationship with UE-specific configuration of other RS (e.g., PUSCH DMRS, …)

•
Companies are encouraged to investigate in mechanisms to provide separate regions for A/Ns associated with different base sequences. 

In this contribution, it will be discussed on issues of base sequence and cyclic shift for PUCCH, relation with PUSCH DMRS and PUCCH region separation.
2. Discussion
2.1 Base sequence and cyclic shift hopping for PUCCH
In Rel-10, the base sequence and cyclic shift hopping for PUCCH are derived by physical cell ID. However in case of UL CoMP, UE-specific configuration of these two parameters has been introduced to enhance PUCCH resource efficiency. In CoMP scenario 3, a UE’s downlink transmission point could be different from uplink points because Macro cell transmission power is much higher than low power RRH. In this case UE’s PUCCH sequence could follow not downlink point cell ID but uplink point cell ID or in case of joint reception for PUCCH, the PUCCH sequence could be different from physical cell ID. In CoMP scenario 4, cell splitting gain could be achieved by allowing each RRH to expect different PUCCH sequence for interference randomization.
For UE-specific configuration of base sequence and cyclic shift, there could be two approaches. One is independent configuration and the other is these two values are derived by one parameter X. For the case of independent configuration, even though base sequence is different, by aligning cyclic shift hopping and assigning different OCC, one resource block pair for PUCCH could be allowed to accommodate PUCCHs which have different base sequence. As a result it provides a mixed zone which guaranteeing orthogonality in border of two dynamic A/N PUCCH regions which have different cell ID and could enhance PUCCH resource efficiency in a certain case. But it requires additional parameter for cyclic shift hopping and in some case from eNB’s scheduling these benefit also could be achieved. On the other hand, if one UE-specific configurable parameter X is used to derive base sequence and cyclic shift hopping at the same time, it follows the Rel-10 mechanism of PUCCH generation, the only difference is physical cell ID is replaced by virtual cell ID and it would be quite simple with one parameter X. Technically independent configuration has a little gain with a certain condition but it is difficult to find a critical benefit to change the working assumption.
2.2 Relation with UE-specific configuration of other RS
Until now there is no discussion for PUCCH base sequence and cyclic shift hopping whether physical cell ID or UE-specific parameter X is indicated by semi-statically or dynamically. For the purpose of linking the parameter X for PUCCH with VCID for PUSCH DMRS, the only possible case is that both parameter X for PUCCH and VCID for PUSCH DMRS are changed in semi-static manner. On the other hand, if one is indicated by dynamic and the other is indicated by semi-static, it is not reasonable parameter X directly reuse the VCID for PUSCH DMRS. In addition, in case both parameter X and VCID change in dynamic way, these two values could not have any relation between them because PUCCH is dynamic A/N or CSI for downlink transmission but PUSCH DMRS is conveyed in uplink transmission. 
In RAN1#68bis meeting, for indication of PUSCH DMRS, one of the supported way is that UL DCI format can indicate which set shall be used for generating base sequence information and cyclic shift hopping for the scheduled PUSCH DMRS out of 2 or 4 sets of PUSCH DMRS parameters. When considering the dynamic change of CoMP situation, it could be reasonable. Also for PUCCH transmission, dynamic indication could allow UE to match the change of CoMP condition.
Proposal 1: 

The base sequence and cyclic shift hopping for PUCCH should be indicated in dynamic way and it should be configured independently from PUSCH DMRS.
2.3 PUCCH region separation
In Rel-11 it has been discussed on the issues of hetnet CoMP and as for PUCCH transmission it requires enhancements to cope with uplink CoMP and to guarantee reliable and efficient transmission in that situation. One important issue is 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. For dynamic PUCCH the resources are determined by the CCE index of PDCCH and it requires an improved method to avoid interference. As shown in Figure 1, the PUCCH from Macro UE(UE2) could interfere 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). In addition, 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.
To provide solution of these issues, it has been proposed that PUCCH resource offset for dynamic A/N is configured by UE-specific manner. eNB would schedule a proper offset value and base sequence information to each UE in order to avoid interference and to acquire cell splitting gain in CoMP scenario 3 and 4 respectively. At this point, considering dynamic change of the CoMP situation, it could be expected to get a benefit by dynamic signaling of PUCCH resource offset for format 1a/1b. 
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Figure 1. PUCCH transmission in CoMP scenario 3

For dynamic indication of PUCCH resource offset and sequence, the information of PUCCH parameters could be combined with PDSCH RE mapping since for downlink control signaling in CoMP, many companies have proposed for dynamic indication of PDSCH RE mapping([5]~[7]). Additional way is to put a restriction of higher rank of UL CoMP and reuse the DCI states for higher rank for the purpose of indication of PUCCH resource and/or sequence.
Proposal 2: 

PUCCH resource offset for dynamic A/N and sequence should be indicated in dynamic manner
3. Conclusion
In this contribution, we discussed PUCCH enhancement with following proposals
Proposal 1: 

The base sequence and cyclic shift hopping for PUCCH should be indicated in dynamic way and it should be configured independently from PUSCH DMRS.
Proposal 2: 

PUCCH resource offset for dynamic A/N and sequence should be indicated in dynamic manner
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