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1. Introduction
During the email discussion after RAN1#69 meeting, many companies shared their views on the remaining issues of PUCCH enhancement and the summarized proposals are listed as follows [1]:
· VCID for PUCCH is independent from parameters of UE-specific PUSCH DMRS configurations.
· The range of VCID for PUCCH is [0 ... 503].
· 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:
· Alt.1  Common VCID for all PUCCH formats

· Alt.2  Separate VCID for PUCCH formats

· If Alt 2 is agreed, further discuss how many VCIDs are necessary and how to apply them, e.g.

·  VCID1: dynamic PUCCH format 1a/1b and 3

·  VCID2: semi-static PUCCH formats 1a/1b and 2/2a/2b
· Discuss separately whether or not 
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 is useful for legacy PDCCH and ePDCCH

· The first target should be legacy PDCCH because of the progress of ePDCCH discussion.

· The discussion in Question 3(i.e. legacy UE issue), and UL resource overhead should be taken into consideration
· Discuss the necessity of UE-specific 
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 in order to reduce the overhead of UL resources, after cis agreed
· Discuss the consequences when fallback operation to PCID is not introduced. Check whether or not the consequences are critical
In this contribution, we discuss the VCID for different formats and UE-specific starting resource for A/N based on this summary.
2. Discussion

2.1. Sequence IDs for different formats 
UE-specific sequence ID was agreed for PUCCH in RAN1#69 meeting. Common sequence ID for different PUCCH formats was also proposed by companies. One important motivation is that RP-specific ID is expected for PUCCH, and different formats from one UE would target the same reception point [2]. However, RP-specific ID is not always efficient in each CoMP scenario. In scenario 4 with legacy UEs, as shown in Figure 1, legacy UEs will always use PCI regardless of the point at which PUCCH is received. For Rel-11 UE1 and UE2, different VCIDs which are different from PCI can be configured for PUCCH format 2 due to different reception points. They can share the same PUCCH resource but different base sequences to obtain lager spatial multiplexing capacity. But the same VCIDs as those of format 2 and quasi-orthogonal transmission are not appropriate for dynamic format 1a/1b associated with PDCCH: if no enhancement on A/N resource is introduced (e.g. 
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), using VCID instead of PCI in legacy A/N region will lead to great interference between Rel-11 UEs and legacy UEs(e.g. Rel-10 UE3 and Rel-11 UE2 in Figure 1). Even when UE-specific 
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 is agreed, it is redundant to introduce new A/N resource on top of the resource preserved in legacy dynamic A/N region linked to n_CCE. There are no benefits but additional resource and/or interference to schedule interference randomization of dynamic A/N among different TPs within a cell in this case. PCI but not VCID is more appropriate for A/N transmission, which means that different IDs should be allowed at least for dynamic format1a/1b and format 2 considering scenario 4. An example of proposed resource allocation for different formats is shown in Figure 2.
[image: image5.png]Macro

Rel-10 UE1 /
X=CIDg

X=Cell_ID,




Figure.1 Example of PUCCH multiplexing with legacy UEs in Scenario 4
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Figure.2 Example of proposed resource allocation for different PUCCH formats in Scenario 4

Common ID may also be problematic in scenario 3. In this scenario, PUCCH format 2 can benefit from inter-cell orthogonal PUCCH transmission. For example, for two cell-edge UEs from different cells, the same VCID different from PCI can be configured so they can be orthogonal on different PUCCH resource. But for dynamic A/N, PCI should be always configured to avoid the interference to legacy UEs if no additional resource enhancement is introduced. On the other hand, if UE-specific A/N starting resource is introduced, inter-cell orthogonality may be still unreliable for dynamic A/N due to possible resource collision between Rel-11 UEs from two cells. This may lead to higher interference than interference randomization based on PCI, except that some other enhancement such as ARI is introduced similar to ePDCCH.
It can be concluded from the above analysis that, at least different IDs are needed for dynamic format 1a/1b associated with PDCCH and semi-statistic format 2/2a/2b. For PUCCH format 3 whose resource is indicated via combination of higher layer signaling and dynamic ARI, the sequence ID should also be independent configured to ensure that it can be independently scheduled to be either orthogonal or quasi-orthogonal with other UEs when it is configured with different candidate resources. Considering common ID is a special case of independent ID configuration, there is no reason to preclude multiple IDs for PUCCH transmission. For A/N associated with ePDCCH, whether independent ID is also needed should take the resource allocation method into account, which is still under discussion.
Proposal 1: Independent IDs configuration for different PUCCH formats is beneficial in lower interference, less resource overhead and more flexible scheduling. The configuration can be:
· VCID1: PUCCH format 1a/1b
· VCID2; PUCCH format 2/2a/2b
· VCID3: PUCCH format 3
2.2. UE-specific A/N starting resource for A/N associated with PDCCH
The resource allocation for A/N associated with ePDCCH is under discussion in the RAN1 meeting and email discussion. In this section, we only stress on the necessity of UE-specific A/N starting resource for A/N associated with PDCCH. We analyze this issue from three aspects:
· The interference issue in scenario 3 - the initial motivation to introduce enhancement to A/N resource is the interference issue between A/N of CoMP UEs and RRH UEs in scenario 3. With UE-specific A/N region, the A/N transmission of CoMP UEs can be allocated to a new region without interference with RRH UEs. However, as analyzed in [3], the interference issue is not completely solved especially for legacy UEs with asymmetric UL/DL transmission. RRH muting can be a more complete solution for both legacy UEs and Rel-11 UEs.
· Inter-cell orthogonality - inter-cell orthogonality is expected by companies via application of UE-specific A/N region and UE-specific sequence ID. UEs from different cells can be scheduled in the same UE-specific A/N region with the same sequence ID for orthogonal A/N transmission similar to single cell. Nevertheless, in single cell case, the PUCCH resources of multiplexed UEs can be naturally separated via different CCE indexes. In CoMP scenario, it will be more complex and restricted to ensure UEs from different cells to occupy different PUCCH resources via PDCCH resource scheduling in each subframe.
· Resource overhead. With UE-specific A/N starting resource, the A/N resource will still be derived associated with the corresponding CCE index. For the UEs using UE-specific A/N region, the CCE index may dynamically differ in different subframes, so the whole A/N region which occupies the same size of dynamic A/N region in Rel-10 should be reversed for these UEs. If different A/N starting resource from cell-specific starting resource is configured, considering the co-existence of legacy A/N region, the resource overhead will be significant. It is shown in [3] that the resource overhead may be even larger than that of RRH muting, which needs no specification effort.
According to the comparison, there are no significant benefits but potential interference, overhead and complexity from the method of UE-specific starting resource. The efficiency of UE-specific 
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is limited by the co-existence of legacy UEs. It should also be noticed that Rel-11 UEs are more likely to be scheduled via ePDCCH but not PDCCH. Hence, this enhancement may be unnecessary for A/N associated with legacy PDCCH. It can be revisited if UE-specific starting resource is agreed for A/N associated with ePDCCH. Contrary, if another enhancement but no 
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is introduced in ePDCCH discussion (e.g. ARI), introducing 
[image: image9.wmf])

1

(

PUCCH_UE

N

only for A/N associated with PDCCH may have the risk of different enhancements to A/N associated with PDCCH and ePDCCH. The additional complexity for specification and UE processing are undesirable to us.
Proposal 2: UE-specific A/N starting resource is not introduced for A/N associated with legacy PDCCH.
3. Conclusions

In this contribution, we discuss two remaining issues of PUCCH enhancement. On one hand, common ID for different PUCCH formats may lead to resource or interference issue in some scenarios, so independent ID is preferred as a more robust mechanism. On the other hand, the motivation to introduce UE-specific A/N starting resource is unclear and it is not justified for A/N associated with PDCCH.
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