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1 Introduction
In RAN1#69, support of UE-specific virtual cell ID for PUCCH was agreed [1]. The virtual cell ID, X, replaces the physical cell ID, 
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, of equations for PUCCH base sequence and cyclic shift hopping pattern generation. During and after RAN1#69, extensive discussion was made. Even a lot of companies input their views in the email discussion [69-14], RAN1 has not reached the agreement yet.

This contribution shows our views on the remaining issues on PUCCH enhancement for uplink CoMP particularly relating to the summary of email discussion.

2 Views on the summary of email discussion [69-14]
In the email discussion, remaining issues were divided into 5 questions as follows:

Question 1. Whether the virtual cell ID for PUCCH is independent from parameters of UE-specific PUSCH DMRS configuration?
Question 2. What is the exact value range of the virtual cell ID for PUCCH?
Question 3. Whether the virtual cell ID is common for all the PUCCH formats?
Question 4. Whether the UE-specific parameter 
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 is needed or not
Question 5. The necessities of fallback to PCI based sequence/hopping pattern generation
The rapporteur suggested following proposals based on the companies’ input:

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. Firstly, discuss the solution for legacy UE issue (especially for CoMP scenario 4), then choose one from the following alternatives taking the solution into account: Common VCID for all the PUCCH formats or not
Proposal 4. Discuss separately whether or not 
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 is useful for legacy PDCCH and ePDCCH
Proposal 5. Study until RAN1#70 whether there are any "CRITICAL" consequences when fallback (to PCI) is not supported and if no critical issues are found, fallback is not supported in Rel-11
We support proposal 1. There seems no motivation to restrict the virtual cell ID of PUSCH and PUCCH to be identical. Furthermore, the ranges of PUSCH VCID and PUCCH VCID are different. Therefore, VCID for PUCCH should be independent from parameters of UE-specific PUSCH DMRS configurations. Regarding the range of VCID for PUCCH, we proposed [0, 1023] originally for achieving additional flexibility of cell planning. However, we understand the minimum required range of VCID for PUCCH is [0, 503]. Therefore, for the sake of standardization progress, we agree proposal 2. Regarding proposal 5, so far, no company pointed out the crucial problem if fallback is not supported. Therefore, we consider fallback is not necessary in Rel.11. According to the above, following proposal is made;
Proposal:

· Agree to the rapporteur’s proposals on questions 1, 2, and 5
· VCID for PUCCH is independent from parameters of UE-specific PUSCH DMRS configurations
· The range of VCID for PUCCH is [0, 503]
· Since no critical issues are found, fallback to PCID is not supported in Rel-11
Questions 3 and 4 remain as FFS. In the following section, we describe our views on these two questions.
3 Remaining FFS on PUCCH enhancements for uplink CoMP
3.1 On the need of UE-specific parameter NPUCCH_UE(1) for PUCCH format 1a/1b
Firstly, we discuss the need of UE-specific resource offset NPUCCH_UE(1) for PUCCH format 1a/1b. In this subsection, only legacy PDCCH UEs are targeted. Our view on how to allocate PUCCH format 1a/1b resources for ePDCCH UEs is described in our companion paper [2].

One of the typical motivation to introduce UE-specific resource offset NPUCCH_UE(1) for PUCCH format 1a/1b is the interference avoidance between macro UE and pico UE in CoMP scenario 4. In CoMP scenario 4, RRHs in the CoMP set are operated by the same cell ID as the macro cell. A/N signals of PUCCH format 1a/1b of macro UE and pico UE are often multiplexed in a CDM manner. However, since the PUCCH transmit power difference between macro UE and pico UE could be very large, the PUCCH received power of macro UE could be much larger than that of pico UE at RRH; unacceptable inter-code interference (i.e., near-far problem) would be produced [3].

Possible solution is to separate A/N resources of macro UE and pico UE into different PRBs as an FDM manner. For PUCCH formats 1/2/2a/2b/3, such resource allocation has already been possible since the resource is UE-specifically and semi-statically configured. However, the resource allocation of PUCCH format 1a/1b is implicitly determined by the first CCE index where the PDCCH is scheduled. Therefore, both PDCCH and PUCCH scheduling needs to be considered, but this is quite complicated.
Observation:

· UEs operated by legacy PDCCH suffer from strong PUCCH inter-code interference in CoMP scenario 4
The introduction of UE-specific resource offset NPUCCH_UE(1) can offer FDM operation of PUCCH format 1a/1b within a cell. At least two dynamic A/N resource areas can be generated. Since macro UE and pico UE belong to different dynamic A/N resource areas, inter-code interference issue can be solved (Figure 1).
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Fig.1. Introduction of UE-specific resource offset for PUCCH format 1a/1b. 

The use of multiple dynamic A/N resource areas improves transmission performance of PUCCH format 1a/1b, but degrades resource efficiency. Obviously, the total amount of PUCCH format 1a/1b resources is in proportional to the number of dynamic A/N resource areas. The resource efficiency can be improved by introducing UE-specific parameter shiftPUCCH_UE. 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 of shiftPUCCH_UE can be sufficient for Pico UEs. As illustrated in Fig.2, 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.2. Introduction of UE-specific parameter shiftPUCCH_UE in CoMP scenario 4. 

Proposals:

· Introduce UE-specific resource offset for PUCCH format 1a/1b of PDCCH UEs
· If resource efficiency could be an issue, UE-specific parameter shiftPUCCH_UE can be supported
3.2 On the need of UE-specific VCID for PUCCH format 1a/1b

Since the benefits of VCID for other PUCCH formats have already been clear, we focus here on the need of UE-specific VCID for PUCCH format 1a/1b. Figure 3 illustrates an example of CoMP scenario 4 where PDCCH UEs and ePDCCH UEs are simultaneously operated. The ePDCCH is expected to increase the number of downlink assigned UEs. Therefore, the increased amount of A/N resources is needed to manage A/N signals of PDCCH UEs and ePDCCH UEs.
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Fig.3. Coexistence of PDCCH UEs and ePDCCH UEs in CoMP scenario 4. 

Observation:

· Increased capacity of A/N resources is demanded to operate ePDCCH UEs
Following options can be considered as candidates to increase the A/N resource capacity:

Option 1. Additional A/N resources are provided by FDM/CDM manner; the range of A/N resource index or the density of A/N resources is increased; the same A/N resource index is not reused within a cell.

Option 2. Additional A/N resources are provided by SDM manner; the range of A/N resource index and the density of A/N resources can be kept unchanged; the same A/N resource index is spatially reused within a cell.
If sufficient cell-splitting is achieved, SDM manner is more resource-efficient. Since the macro/pico nodes are spatially separated each other, the same A/N resource index at different close-to-node area can be reused. The cell-splitting is ensured by using different virtual cell IDs at different close-to-node areas. Figure 4 illustrates the operation where VCIDs are used by UEs placed near pico nodes. 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.
However, if VCID is not introduced for PUCCH format 1a/1b of PDCCH UEs, their A/N signals cannot be multiplexed with those of ePDCCH UEs. This is a strong restriction on the PDCCH UEs and may degrade the downlink throughput. Therefore, VCID for PUCCH format 1a/1b of both PDCCH UE and ePDCCH UE is necessary.
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Fig.4. Coexistence of PDCCH UEs and ePDCCH UEs in CoMP scenario 4. 

Assuming all the PUCCH formats support UE-specific VCID, next issue is whether the VCID is common for all the PUCCH formats or not. Obviously, since different coding, modulation, spreading, and/or multiplexing are applied to different PUCCH formats, and since different information is conveyed by different PUCCH formats, separate VCIDs for different PUCCH formats offer some additional benefit for CoMP operation. However, taking into account the Rel.11 time-frame, we are OK to have common VCID  for all the PUCCH formats.
Proposals:

· Introduce UE-specific VCID for all the PUCCH formats including PUCCH format 1a/1b
· for both PDCCH UE and ePDCCH UE
· Introduce a single VCID applied to all the PUCCH formats
4 Conclusion
In this contribution, we described our view on the PUCCH enhancements for uplink CoMP. The summary of email discussion [69-14] was taken into account in the discussion. Our proposals on questions 3 and 4 are as follows:
· Proposals:

· Introduce UE-specific resource offset for PUCCH format 1a/1b of PDCCH UEs
· If resource efficiency could be an issue, UE-specific parameter shiftPUCCH_UE can be supported
· Introduce UE-specific VCID for all the PUCCH formats including PUCCH format 1a/1b
· Both PDCCH UE and ePDCCH UE should support VCID
· Introduce a single VCID applied to all the PUCCH formats
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