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1. Introduction

During the RAN1#69 meeting, the following working assumption regarding the use of a virtual cell ID (VCID) to generate PUCCH sequences was confirmed:

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.
Further details on the use of VCID for PUCCH sequence generation, including its relation to PUSCH DM-RS, application of VCID for different PUCCH formats, and details on resource allocation for dynamic HARQ-ACK feedback on PUCCH format 1a/1b based on PDCCH were discussed during the RAN1#69 meeting and as part of an e-mail discussion following the RAN1#69 meeting [1].
In this contribution, we present our views on the remaining details regarding the configuration of PUCCH sequences and resource allocation for PUCCH format 1a/1b based on PDCCH.
2. On PUCCH Sequence Generation
Relation between the VCID used to generate PUCCH and UE-specific PUSCH DM-RS:

As mentioned during RAN1#69 meeting and the e-mail discussion, VCID configured for generation of PUCCH sequences should be decoupled from VCID for UE-specific PUSCH DM-RS. It was agreed in RAN1#69 that there would be no UE-specific signaling of ΔSS for the generation of UE-specific PUSCH DM-RS using VCID, and accordingly the VCID range for PUSCH DM-RS was agreed as [0, 509]. 
Additionally, the independent configuration of VCID for PUCCH and PUSCH DM-RS provides flexibility in scheduling of both PUSCH and PUCCH as the orthogonality and interference averaging requirements can, in general, be different for PUSCH and PUCCH scheduling. Further, although dynamic signaling for PUSCH DM-RS was not agreed during RAN1#69, this feature may be considered as a future enhancement to better realize the gains from UE-specific configuration of PUSCH DM-RS as was already demonstrated via system level evaluations from multiple sources. However, semi-static configuration of VCID for UE-specific PUCCH sequences can suffice. Consequently, the two VCIDs should not be coupled. 

In the light of the above, we do not see sufficient justification to couple the VCID assignments for PUCCH and PUSCH DM-RS and revert the prior agreement on UE-specific signaling of ΔSS. 
Consequently, the range of VCID for PUCCH base sequence generation should be [0, 503].

Common or independent VCID for different PUCCH formats:
The motivations listed as part of the e-mail discussion for independent VCID for different PUCCH formats are:

· Motivation 1: 

· the delay sensitivity is different depending on the PUCCH contents.
· Motivation 2: 
· scheduler would be complicated to avoid PUCCH resource collision.

· Motivation 3:
· interference avoidance in case of the coexistence of legacy UEs.
For motivation 1, it should be noted that the desirability of meeting the PUSCH HARQ timing exists for PUSCH data as well. More specifically, for non-ideal backhaul, the uplink HARQ retransmission delay could be doubled from 8ms to 16ms and additional PDCCH grants may also be required for the UL HARQ retransmission (as means of supporting PHICH-less operation). 
Further, considering scenarios with CSI+HARQ-ACK transmission on PUCCH format 2a/2b or PUCCH format 3 when the CSI and HARQ-ACK feedback may be targeting different transmission points (TPs), the issue of delay sensitivity would exist anyway. Given that the focus of Rel-11 CoMP has been on scenarios with perfect backhaul, it would be reasonable to defer the discussion of the implications of non-ideal backhaul to a future release.
For motivation 2, it is not clear to us regarding the actual complexity reduction in scheduling that may be achieved via independent VCID configurations for different PUCCH formats, given that there exist ways to handle the PUCCH resource collision issue. 

Motivation 3 suggests the use of PCI based PUCCH sequence generation for more flexible PUCCH resource allocation in the presence of legacy UEs for PUCCH format 1a/1b and potentially improved resource utilization for PUCCH format 3 when a Rel-11 UE may be assigned the same PRBs for PUCCH format 3 transmission as legacy UE(s). Although these may be valid use cases, the practical gains that may be realized from such flexibility are not very clear.  

More specifically, for dynamic HARQ-ACK resource allocation via PDCCH, separate resource pools based on UE-specific signaling of N(1)PUCCH_UE may be utilized to assign legacy and Rel-11 UEs to different PRBs. This can practically alleviate the issue of interference handling when considering coexistence with legacy UEs. Further discussion on this issue is presented in Section 3. 
For the case of PUCCH format 3, the ability to assign a Rel-11 UE (that may use VCID for sequence generation for other PUCCH formats) the same PRB as a legacy UE could potentially improve the resource utilization for PUCCH format 3, but the impact on the overall PUCCH capacity from such an optimization may be very limited.
Moreover, note that both these use cases do not warrant configuration of multiple VCIDs for different PUCCH formats. On the contrary, if the above use cases for PCI based sequence generation for PUCCH format 1a/1b and/or 3 for Rel-11 UEs are indeed established as essential, they may be supported via appropriate dynamic fallback mechanisms. 
Based on the above discussions, we propose the following:
Proposal 1: VCID for PUCCH base sequence generation is configured independently from the VCID for UE-specific PUSCH DM-RS. The range of VCID for PUCCH is [0, 503].

Proposal 2: A Rel-11 UE can be configured with a single VCID value that is common for all PUCCH formats via dedicated RRC signaling. 
3. PDCCH based Dynamic HARQ-ACK resource allocation for PUCCH format 1a/1b
Resource allocations for PUCCH formats except for format 1a/1b are based on UE-specific semi-static configuration and explicit dynamic resource indication (for PUCCH format 1a/1b with channel selection and PUCCH format 3). Consequently, the issue of resource collisions is of significance mainly for the case of PUCCH format 1a/1b that uses implicit resource allocation based on a cell-specific signaling of starting offset N(1)PUCCH parameter and the lowest CCE index of the PDCCH carrying the corresponding DCI. 
UE-specific configuration of the starting offset N(1)PUCCH_UE has been proposed by many companies to handle the issue of resource collisions for PUCCH format 1a/1b that is relevant to UL CoMP operation in CoMP Scenarios 3 and 4. UE-specific configuration of N(1)PUCCH_UE is a simple extension of the current specifications that can be used to 
i. avoid resource collisions between macro UEs with decoupled DL-UL association and RRH UEs, 
ii. realize area splitting gains and thereby improve PUCCH user capacity and resource utilization in CoMP Scenarios 4 and 3 respectively, and 
iii. avoid resource collisions between legacy and Rel-11 UEs. 
Although the general application of UE-specific N(1)PUCCH_UE has been discussed already in the past, certain concerns regarding its applicability for supporting coexistence with legacy UEs were raised during the e-mail discussion following the RAN1#69 meeting. This issue relates not only to dynamic resource allocation for PUCCH format 1a/1b but also to the issue of supporting a common or independent VCIDs for different PUCCH formats (cf. Section 2). Next, we describe an example to discuss the application of UE-specific N(1)PUCCH_UE with the assumption of a common VCID for all PUCCH formats for CoMP Scenario 4 in the presence of legacy UEs. 
To achieve higher PUCCH user capacity by realizing area splitting gains in CoMP Scenario 4, the Rel-11 UEs close to the macro cell and the RRHs are assigned UE-specific N(1)PUCCH_UE such that these UEs are allocated PUCCH format 1a/1b resources on the same PRB(s). An example of such UE-specific N(1)PUCCH_UE assignment was described in [2]. Further, these Rel-11 UEs are also assigned different VCIDs for PUCCH base sequence generation (corresponding to the respective closest reception point (RP)) to facilitate interference randomization. Note that this assignment of VCID would benefit all PUCCH formats and thus can be a common value. 
The UEs at the boundary of the macro cell and an RRH within the CoMP set are assigned the cell-specific N(1)PUCCH and configured to generate PCI based sequences that is also used by the legacy UEs.  Assume that there exists a legacy UE close to an RRH and/or a legacy macro cell UE that is close to an RRH coverage area within the CoMP set. These UEs would generate PUCCH sequences based on PCI and use the cell-specific N(1)PUCCH value as the PUCCH format 1a/1b starting offset. 
As long as the UE-specific N(1)PUCCH_UE values for the UEs close to the RRHs are chosen such that the corresponding PRBs do not overlap with the resource pool corresponding to the cell-specific N(1)PUCCH starting offset, there would be no strong requirements on coordination and CCE indexing restrictions for PDCCH scheduling in order to avoid PUCCH format 1a/1b resource collisions, while enabling the following:

i. area splitting gains can be realized for Rel-11 UEs close to the RPs by the use of VCID (common to all PUCCH formats), 
ii. Rel-11 and legacy UEs can be multiplexed on the same PRBs using the same PCI based PUCCH base sequences for PUCCH format 1a/1b, as well as other PUCCH formats. 
From the above description, it is clear that independent VCID configurations corresponding to different PUCCH formats (VCID for semi-static PUCCH formats and PCI for dynamic PUCCH formats) are not essential to support coexistence of legacy and Rel-11 UEs. Moreover, compared to the option of always using PCI based PUCCH sequences for PUCCH format 1a/1b, the use of common VCID and UE-specific N(1)PUCCH_UE signaling would additionally enable realization of area splitting gains in CoMP Scenario 4.
To ensure completely non-overlapping resource pools as described above using UE-specific N(1)PUCCH_UE may lead to some over-provisioning of PUCCH resources in some cases. An alternate method that can avoid such resource over-provisioning was proposed in [3]. This method relies on the dynamic signaling of an ACK-NACK resource indicator (ARI) field in the corresponding DCI to act as a dynamic offset to assign different PRBs to otherwise colliding PUCCH resources. However, the exact tradeoff between potential over-provisioning of PUCCH resources and the increase in the DL overhead (DCI size) and UE complexity for PDCCH decoding is not clear in the context of UL CoMP. 
The configuration of UE-specific N(1)PUCCH_UE is a much simpler extension from current specifications with the flexibility of minimizing UL resource wastage when completely non-overlapping PUCCH 1a/1b regions may not be necessary. For instance, some overlap of the PUCCH regions may be allowed (thereby reducing potential UL resource wastage) for cases when some restrictions on CCE indices and coordination in PDCCH scheduling between TPs within the CoMP set may be feasible for particular network implementations. In this regard, it should be noted that relying on some coordination between the RPs within the CoMP set in this regard may not be unrealistic in the context of CoMP operation.
Regarding collision avoidance between dynamic HARQ-ACK resources based on legacy PDCCH and ePDCCH, either the use of dynamic signaling of ARI as an offset [4 – 5] and/or the use of UE-specific N(1)PUCCH_UE can be used for ePDCCH based PUCCH format 1a/1b. Such an approach can be used to ensure that the PRB(s) assigned for PUCCH format 1a/1b based on ePDCCH are different from the PRB(s) assigned for PUCCH format 1a/1b based on legacy PDCCH. Consequently, the mechanism for dynamic resource allocation for PUCCH format 1a/1b based on legacy PDCCH can be decided independent of the mechanism agreed for ePDCCH based PUCCH format 1a/1b resource allocation.
Proposal 3: A Rel-11 UE can be semi-statically configured via dedicated RRC signaling to use a UE-specific N(1)PUCCH_UE instead of cell-specific N(1)PUCCH as the starting offset for dynamic HARQ-ACK resource allocation for PUCCH format 1a/1b based on PDCCH. 
As was discussed during the RAN1#69 meeting and the e-mail discussion that followed, further optimization of resource utilization could be achieved by UE-specific signaling of ΔshiftPUCCH [6]. More specifically, lower values of ΔshiftPUCCH could be used for the UEs close to an RRH with a common VCID as the delay spread can be expected to be comparatively lower within the RRH coverage area, thereby enabling a higher PUCCH capacity and better resource utilization. 
Finally, note that, in CoMP Scenario 3, UE-specific signaling of ΔshiftPUCCH corresponding to the target RRH would also be necessary for appropriate cyclic shift (CS) and orthogonal cover code (OCC) generation for PUCCH format 1a/1b for a macro UE targeting the closest RRH for PUCCH transmission on the same PRB as the RRH UEs.
Proposal 4: A Rel-11 UE may be semi-statically configured via dedicated RRC signaling to use a UE-specific ΔshiftPUCCH value instead of the cell-specific ΔshiftPUCCH.
According to Rel-10 specifications, the parameter ackNackSRS-SimultaneousTransmission is indicated as part of cell-specific SRS configuration. This parameter determines whether SRS is dropped or a shortened PUCCH format is used whenever PUCCH format 1a/1b and SRS transmissions happen to coincide in the same subframe. If the cell-specific SRS configuration is not aligned between the cells within the CoMP set, it would be necessary to signal the value of ackNackSRS-SimultaneousTransmission for the target cell (e.g., in CoMP Scenario 3) as a UE-specific parameter for Rel-11 UEs that may have decoupled DL-UL association. 
Consider a scenario wherein the macro cell sets ackNackSRS-SimultaneousTransmission  as FALSE while this parameter is set as TRUE by the RRH. Without this signaling, a Rel-11 UE associated with the macro cell on the DL and with this RRH on the UL may transmit normal PUCCH format 1a/1b targeting the RRH causing collision between normal PUCCH transmission and SRS transmitted by an RRH UE. Also, it may result in orthogonality destruction between normal PUCCH from the macro cell UE with decoupled DL-UL association and shortened PUCCH from an RRH UE in the same PRB. Further discussion on cell specific SRS configuration is discussed in [7].
Proposal 5: If cell-specific SRS configuration is not aligned between neighboring cells within the CoMP set, ackNackSRS-SimultaneousTransmission corresponding to the PUCCH target cell would need to be signaled as a UE-specific parameter via dedicated RRC.

4. Need for Fallback

Based on the discussion presented in Section 2, and the e-mail discussion following the RAN1#69 meeting, the need for an explicit fallback mechanism may only be considered if its necessity in terms of additional flexibility in supporting coexistence with legacy UEs for PUCCH formats 1a/1b and 3 is established with sufficient justification. 
Proposal 6: There is no need to specify a fallback mechanism for UE-specific VCID or N(1)PUCCH_UE. 
5. Conclusions

In this contribution, we analyzed the different options for PUCCH sequence generation based on VCID and dynamic HARQ-ACK resource allocation based on legacy PDCCH. Based on the discussions presented, we summarize our views through the following proposals:

Proposal 1: VCID for PUCCH base sequence generation is configured independently from the VCID for UE-specific PUSCH DM-RS. The range of VCID for PUCCH is [0, 503].

Proposal 2: A Rel-11 UE can be configured with a single VCID value that is common for all PUCCH formats via dedicated RRC signaling.
Proposal 3: A Rel-11 UE can be semi-statically configured via dedicated RRC signaling to use a UE-specific N(1)PUCCH_UE instead of cell-specific N(1)PUCCH as the starting offset for dynamic HARQ-ACK resource allocation for PUCCH format 1a/1b based on PDCCH.
Proposal 4: A Rel-11 UE may be semi-statically configured via dedicated RRC signaling to use a UE-specific ΔshiftPUCCH value instead of the cell-specific ΔshiftPUCCH.
Proposal 5: If cell-specific SRS configuration is not aligned between neighboring cells within the CoMP set, ackNackSRS-SimultaneousTransmission corresponding to the PUCCH target cell would need to be signaled as a UE-specific parameter via dedicated RRC.
Proposal 6: There is no need to specify a fallback mechanism for UE-specific VCID or N(1)PUCCH_UE.
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