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1. Introduction
Intensive discussion took place in RAN1#69 and the succeeding email discussion [1], [2] on uplink control signaling for CoMP.  In RAN1#69, it is agreed to introduce UE-specific virtual cell ID for generation of PUCCH base sequence and cyclic shift hopping pattern. In the email discussion, following questions are raised and discussed:
· Q1: Whether the virtual cell ID for PUCCH is independent from parameters of UE-specific PUSCH DMRS configuration?
· Q2: What is the exact value range of the virtual cell ID for PUCCH?  (The dependency on PUSCH DMRS should be considered)

· Q3: Whether the virtual cell ID is common for all the PUCCH formats?
· Q4: Whether the UE-specific parameter NPUCCH_UE(1), which substitutes cell–specific parameter NPUCCH(1), is needed or not
· Q5: The necessities of fallback to PCI based sequence/hopping pattern generation
This contribution provides our view based on the above identified questions, and further discusses PUCCH enhancement issues for Rel-11 UL-CoMP.
2. Virtual cell ID for PUCCH
Regarding the first question Q1, the identified motivations to use independent virtual cell ID between PUSCH and PUCCH are:

· Different connection for PUSCH and PUCCH,
· Application for CoMP scenario 1, i.e. virtual cell ID for PUSCH DMRS is aimed at the sequence alignment between sectors, but virtual cell ID is unnecessary for PUCCH, and
· The ranges of virtual cell ID for PUSCH DMRS, i.e. [0-509], is determined considering the use of non-zero 
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 is not used for PUCCH.

In addition to the second bullet, application for CoMP scenario 4 can also be addressed for the motivation. It is more stringent for CoMP scenario 4 that the VCID for PUSCH DMRS can be aimed at the sequence alignment between TPs, but VCID for PUCCH is set TP-specifically.
Based on all the bullets above, the VCID for PUCCH should be independent from that for PUSCH. There is no reason to mandate some restricted operations for both PUSCH and PUCCH RRC parameters. Since their characteristics and properties for PUSCH and PUCCH are different, the specification should not restrict the related parameter configurations without clear benefits.
Proposal 1: VCID for PUCCH is independent from parameters of UE-specific PUSCH DMRS configurations.

The second question Q2 is about the parameter range of VCID for PUCCH. Compared with the PUSCH VCID range (0 to 509) agreed in RAN1#69 meeting, the PUCCH VCID range is sufficient to be the same as PCI range (0 to 503), since there is no 
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 issue for PUCCH.
Proposal 2: The range of VCID for PUCCH is [0 .. 503].
Since there are different PUCCH formats with different purposes, the third question Q3 is whether the VCID for PUCCH is common for all the PUCCH formats or not.  At least considering CoMP scenario 4, for example, PUCCH format 2/2a/2b with periodic CSI feedback can be targeted to nearby RRH, whereas PUCCH format 1a/1b with dynamic A/N triggered by legacy PDCCH can be generated by PCI. This kind of example may provide such motivation regarding different VCID per different PUCCH format. 
In addition, it may be better to be independently configurable between the VCIDs for legacy-PDCCH-triggered PUCCH and ePDCCH-triggered PUCCH, especially for CoMP scenario 4 in which ePDCCH can be TP-specific whereas PDCCH is TP-common.  In other words, if UE1 (close to TP1) is configured to use VCID1 for PUCCH format 1a/1b triggered by ePDCCH, and UE2 (close to TP2) is configured to use VCID2 for PUCCH format 1a/1b triggered by ePDCCH, then we can get the cell-splitting gain for the PUCCH transmissions both triggered by each corresponding ePDCCH in CoMP scenario 4.  However, when such UE1 or UE2 is scheduled by legacy PDCCH (transmitted from both TP1 and TP2 in the case of CoMP scenario 4), the corresponding PUCCH resource may be in the same PRB with that for legacy UE(s) who generates PCID-based PUCCH sequence, causing significant performance loss due to impossible CS orthogonality between legacy UE(s) and Rel-11 UE.  To prevent this and support flexible parameter configurations, it should be considered to be independently configurable between the VCIDs for legacy-PDCCH-triggered PUCCH and ePDCCH-triggered PUCCH. This is also elaborated in our companion contribution [3] for ePDCCH agenda.
Proposal 3:  At least the VCID for dynamic PUCCH format 1a/1b can be configured independently of other PUCCH formats. In addition, VCID for ePDCCH-triggered PUCCH can also be configured independently of that for legacy-PDCCH-triggered PUCCH, to properly support CoMP scenario 4.

The fourth question Q4 is on whether the UE-specific parameter NPUCCH_UE(1), which substitutes cell–specific parameter NPUCCH(1), is needed or not. To avoid PUCCH resource collision and achieve better resource management for UL-CoMP, at least some CoMP resource partitioning mechanism should be introduced. Under the consideration of limited time frame for Rel-11, introducing a UE-dedicated offset parameter NPUCCH_UE(1) can be a simpler way of dealing with this issue. Considering also ePDCCH discussions, it seems natural that CoMP PUCCH resource region should be UE-specific as ePDCCH itself will be UE-specific. Specifically, in CoMP scenario 4, it should be supported that the PUCCH region for macro RRH and that for pico RRH can be separated, as an example. Since this is already supported in CoMP scenario 3 where the PUCCH region for macro RRH and that for pico RRH can be separated by cell-specific PUCCH region configuration, the same operation is desired to be supported in CoMP scenario 4 as well.  More elaborated discussion is given in our companion contribution [3].

Proposal 4:  At least for ePDCCH-triggered PUCCH format 1a/1b, the UE-specific offset parameter NPUCCH_UE(1) with separate VCID should be introduced for properly supporting CoMP scenario 4.  It is FFS that the parameter NPUCCH_UE(1) is also applied for legacy-PDCCH-triggered PUCCH or not.
The last question Q5 is about the necessities of fallback to PCI based sequence/hopping pattern generation. As mentioned in Proposal 3, if PCID or VCID can be independently used for different PUCCH format, it is not a big issue to configure PCID for common search space (CSS) and VCID for UE-specific search space (USS).  It is natural to apply PCID for CSS since all legacy UEs do the same, and at least for CSS it is desired to do the same operation as legacy UEs.
Proposal 5:  At least for common search space (CSS), it is natural and desired to do the same operation as legacy UEs, thus PCID is always used for CSS while VCID can be configured for USS.
3. Conclusion
We discussed in this contribution the PUCCH enhancement issues for CoMP. The following proposal was given based on the discussion:
Proposal 1: VCID for PUCCH is independent from parameters of UE-specific PUSCH DMRS configurations.

Proposal 2: The range of VCID for PUCCH is [0 .. 503].
Proposal 3:  At least the VCID for dynamic PUCCH format 1a/1b can be configured independently of other PUCCH formats. In addition, VCID for ePDCCH-triggered PUCCH can also be configured independently of that for legacy-PDCCH-triggered PUCCH, to properly support CoMP scenario 4.

Proposal 4:  At least for ePDCCH-triggered PUCCH format 1a/1b, the UE-specific offset parameter NPUCCH_UE(1) with separate VCID should be introduced for properly supporting CoMP scenario 4.  It is FFS that the parameter NPUCCH_UE(1) is also applied for legacy-PDCCH-triggered PUCCH or not.
Proposal 5:  At least for common search space (CSS), it is natural and desired to do the same operation as legacy UEs, thus PCID is always used for CSS while VCID can be configured for USS.
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