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1 Introduction
PUCCH enhancement for uplink CoMP has been studied to [1]:

· avoid high inter-cell/point interference, and
· improve resource utilization efficiency in the UL CoMP operation.
In RAN1#68bis, UE-specific parameter X that is used to generate a PUCCH base sequence and a cyclic shift hopping were discussed. Also intensively discussion was UE-specific dynamic A/N region for PUCCH formats 1a/1b. The working assumption agreed in RAN1#68bis was as follows [2]:

· 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, we clarify the motivation of PUCCH enhancements for uplink CoMP and discuss enhancements in Rel.11.
2 Generation of PUCCH signals in up to Rel.10
In Rel.10, PUCCH formats 1/1a/1b/2/2a/2b/3 are defined [2]. These PUCCH formats are generated as follows:

· PUCCH format 1

· Physical cell ID is used to generate base sequence and cyclic shift hopping

· PUCCH resource (initial cyclic shift number, code number, PRB number) is indicated by higher layers UE-specifically

· PUCCH formats 1a/1b

· Physical cell ID is used to generate base sequence and cyclic shift hopping

· PUCCH resource (initial cyclic shift number, code number, PRB number) is determined by the number of the first CCE (i.e. lowest CCE index used to construct the PDCCH) used for transmission of the corresponding DCI assignment and a cell-specific resource offset value 
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· PUCCH formats 2/2a/2b

· Physical cell ID is used to generate base sequence and cyclic shift hopping

· PUCCH resource (initial cyclic shift number, PRB number) is indicated by higher layers UE-specifically

· PUCCH format 3

· Physical cell ID is used to generate base sequence and phase rotation and cyclic shift of symbols
· Possible PUCCH resource candidates (code number, PRB number) are indicated by higher layers UE-specifically and one of them is selected by A/N resource indicator included in PDCCH.
3 PUCCH enhancements in Rel.11 UL CoMP

3.1 Basic motivation to introduce UE-specific parameters

As seen in Section 2, cell-specific parameters (physical cell ID for all the PUCCH formats and resource offset only for PUCCH formats 1a/1b) are used to generate PUCCH signals. By replacing these parameters by UE-specific parameters, inter-cell/point interference coordination and/or improved resource utilization efficiency for uplink CoMP operations are achievable.

Fig.1 shows an example of operation using UE-specific parameter X for interference coordination and/or resource sharing among UEs in different cells. Two different cells are presented where two UEs locate near border of the two cells. By replacing physical cell ID by the UE-specific parameter X, PUCCH signals of these UEs can orthogonally be multiplexed by cyclic shift and/or code on the same PRB. 
Fig.2 shows an example of operation using UE-specific resource offset for PUCCH formats 1a/1b, where the UE-specific resource offset is configured to form RRH specific dynamic A/N regions in CoMP scenario 4.In CoMP scenario 4, RRHs in the CoMP set are operated by the same cell ID as the macro cell. Since the received power difference of PUCCH among UEs could be very large due to power control inaccuracy including open-loop, inter-code interference arising from the received power difference at RRHs is critical [3]. Possible solution is to separate PUCCH signals of these UEs in different PRBs as an FDM manner. For PUCCH formats 1/2/2a/2b/3, this has already been possible by UE-specific resource indication. However, since A/N resource number of PUCCH formats 1a/1b is linked to PDCCH CCE index, it is not easy to coordinate the scheduling such that the A/N signals of these UEs are mapped on different PRBs. This can be solved by replacing cell-specific resource offset value by a UE-specific resource offset as illustrated in Fig.2. By generating two dynamic A/N regions, any UE pair can be multiplexed in different PRB.
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 Fig.1.  UE-specific parameter X for interference coordination and/or resource sharing among UEs in different cells. 
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 Fig.2.  UE-specifically assigned RRH specific dynamic A/N regions. 
Figure 3 shows another example of operation in CoMP scenario 4, where UE-specific parameter X and UE-specific resource offset are jointly used. The combination of UE-specific parameter X and UE-specific resource offset is beneficial to support increased number of UEs. Instead of expanding D-A/N region at the cost of PUSCH bandwidth, it enables to reuse the same PUCCH resources in the same macro cell by exploiting cell-splitting gain. In Fig.3, UEs close to RRHs reuse the same PUCCH resource. In order to ensure the interference suppression, different UE-specific parameters X(1) and X(2) are assigned to them. As seen in the figure, the combination of UE-specific parameter X and resource offset offers highly efficient PUCCH resource usage in the presence of increased number of UEs.
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Fig.3.  CoMP scenario 4 in the presence of increased number of UEs.

Proposal 1:

· Introduce UE-specific parameter X for PUCCH base sequence/cyclic shift hopping generation

· Introduce UE-specific resource offset for PUCCH formats 1a/1b

3.2 Further PUCCH enhancements

3.2.1 Introduction of UE-specific parameter shiftPUCCH_UE which is substituted in shiftPUCCH for PUCCH formats 1a/1b

When the above proposals are adopted, all the PUCCH signals can be UE-specifically generated/multiplexed regardless of the serving cell. In order to make the PUCCH usage efficiency being higher, introduction of UE-specific parameter shiftPUCCH_UE which is substuted in shiftPUCCH for PUCCH formats 1a/1b is useful. The cell-specific parameter shiftPUCCH denotes the number of equally spaced cyclic time shifts in a PRB for PUCCH formats 1a/1b. As pointed out in [4], since the maximum delay spread of RRH UEs is tend to be smaller, the smaller value can be configured as shiftPUCCH_UE to RRH UEs. As illustrated in Fig.4, this can reduce the total amount of A/N resources reserved for PUCCH formats 1a/1b, compared to having only cell-specific parameter shiftPUCCH.
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Fig.4.  Introduction of UE-specific parameter shiftPUCCH_UE in CoMP scenario 4.

Proposal 2:

· Introduce UE-specific parameter shiftPUCCH_UE for PUCCH formats 1a/1b to achieve higher efficiency of resource usage
3.2.2 Having different X values for different PUCCH formats

Since the A/N resource number of PUCCH formats 1a/1b is linked to the PDCCH CCE index, it is difficult for UEs in different cells (as cell-edge UEs in Fig.1 (a)) to share the same dynamic A/N resource region, even if parameter X of these UEs is aligned. On the other hand, it is relatively easy to share the same PRB for PUCCH formats 1/2/2a/2b/3 by configuring the same X value. To what extent the PUCCH resource coordination is enabled is depending on the NW operation. Therefore, different X values for different PUCCH formats should be supported. Additionally, UE-specific PUCCH configuration should be independent from UE-specific PUSCH DMRS configuration.
Proposal 3:

· Support different X values for different PUCCH formats

· UE-specific PUCCH configuration should be independent from UE-specific PUSCH DMRS configuration
4 Conclusion
In this contribution, PUCCH enhancement for UL CoMP was discussed. Our proposals are as follows.
Proposal 1:
· Introduce UE-specific parameter X for PUCCH base sequence/cyclic shift hopping generation

· Introduce UE-specific resource offset for PUCCH formats 1a/1b
Proposal 2:

· Introduce UE-specific parameter shiftPUCCH_UE for PUCCH formats 1a/1b to achieve higher efficiency of resource usage
Proposal 3:

· Support different X values for different PUCCH formats

· UE-specific PUCCH configuration should be independent from UE-specific PUSCH DMRS configuration
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