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1 Introduction 
In RAN1 #68, the areas of potential enhancement for PUCCH were discussed [1-10], which can be summarized as below.

· UE-specific resource offset to define a new dynamic PUCCH region

· UE-specific base sequence and cyclic shift hopping

In this contribution, we further discuss the necessity of the PUCCH enhancement and potential solutions.
2 Discussion
Regarding PUCCH randomization for higher layer configured PUCCH resources, RP-specific and RP-common PUCCH randomization is necessary to achieve area splitting gain in CoMP Scenario 4 and inter-point orthogonality in CoMP Scenario 3, respectively.

For dynamic PUCCH A/N resources, RP-specific PUCCH randomization is needed for ePDCCH based A/N resources to achieve area splitting gain in CoMP Scenario 4. However, RP-common PUCCH randomization for inter-point orthogonality between CDM multiplexed UEs in CoMP Scenario 3 is not feasible without imposing PDCCH/ePDCCH scheduling constraint due to the dynamic nature of resource allocation tied to PDCCH/ePDCCH assignment. Instead resource partitioning can be used to achieve orthogonality if necessary.

Regarding the partitioning of dynamic PUCCH A/N resources, the followings are observed. 
In CoMP Scenario 3, a Rel-11 UE and a legacy UE can be associated with the macro point for PDCCH reception but the Rel-11 UE can be associated with a low power node for PUCCH transmission. The PUCCH transmission from the legacy UE can give rise to a large interference to the PUCCH transmitted by the Rel-11 UE [4][6][8]. 
Also to achieve inter-point orthogonality in CoMP Scenario 3, non-overlapping point-specific PUCCH regions need to be defined. Further if ePDCCH is introduced, both CoMP Scenario 3 and 4 require the PUCCH resources determined by ePDDCH not to overlap with the legacy PUCCH region.

From the above observations, the necessity for PUCCH randomization and resource partitioning, and possible solutions can be summarized as below, depending on PUCCH formats and resource allocation type.

For PUCCH formats with higher-layer configured resources, i.e., PUCCH formats 1, 1a/1b, 2a/2b and 3

· Inter-point interference randomization

· To enable area splitting gain in CoMP Scenario 4, RP-specific PUCCH randomization is necessary. 
· Inter-point orthogonality

· To enable inter-point orthogonality in CoMP Scenario 3, RP-common PUCCH randomization is necessary.

· (Solution) UE-specific base sequence index and cyclic shift hopping
For PUCCH formats with resources dynamically indicated by PDCCH/ePDCCH, i.e., PUCCH formats 1a/1b
· For UEs with different association points between PDCCH and PUCCH
· To avoid the strong interference (or the near-far problem) in CoMP Scenario 3, a separate PUCCH region may be needed for UEs receiving PDCCH from the macro site and transmitting PUCCH to a low power node
· RP-specific PUCCH randomization is necessary for spatial resource reuse
· ePDCCH based dynamic A/N
· In both CoMP Scenario 3 and 4, the PUCCH resources determined by ePDCCH need to be allocated in RBs separated from the legacy PUCCH region 
· RP-specific PUCCH randomization is necessary for spatial resource reuse
· (Solution) UE-specific base sequence index and cyclic shift hopping
· (Solution) UE-specific dynamic PUCCH resource offset 
Regarding signaling details, the UE-specific base sequence index and cyclic shift hopping can be achieved by UE-specific virtual cell IDs replacing the physical cell ID (PCI). The UE-specific dynamic PUCCH resource offset can be provided by modifying the cell-specific PUCCH parameter 
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 to be UE-specific.
3 Conclusion

In conclusion, we propose the followings for PUCCH enhancement. 
For PUCCH formats with higher-layer configured resources, i.e., PUCCH formats 1, 1a/1b, 2a/2b and 3

· UE-specific RRC configuration of the virtual cell ID to replace the PCI 
For PUCCH formats with dynamic resources indicated by PDCCH/ePDCCH, i.e., PUCCH formats 1a/1b

· UE-specific RRC configuration of the virtual cell ID to replace the PCI
· UE-specific RRC configuration of the dynamic A/N resource offset 
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