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1 Introduction
At RAN1#68bis, the following working assumption related to UL CoMP control signalling was agreed:
· 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. 

· FFS if different PUCCH formats share a common X, or have different X values
· FFS on relationship with UE-specific configuration of other RS (e.g., PUSCH DMRS, …)
· Companies are encouraged to investigate in mechanisms to provide separate regions for A/Ns associated with different base sequences.
In this document, the open issues in the working assumption are further discussed and the related proposals are presented. 
2  Common X for different PUCCH formats
According to the previous discussions, the motivation of introducing the UE-specific configuration parameter X for generating PUCCH base sequence and cyclic shift hopping is to avoid the potential interference in CoMP scenario 3 and achieve interference randomization in CoMP scenario 4. 
For CoMP scenario 3, the typical case is that for some CoMP UEs the downlink is from Macro cell and uplink is targeted to a Pico cell located in the coverage of the Macro cell. In this case, to avoid the potential PUCCH interference between such CoMP UEs and the UEs served in Pico cell, the parameter X configured for the CoMP UEs can be set to be Pico cell ID and therefore these two kinds of UEs can be multiplexed in one resource block due to the same base sequence and/or cyclic shift hopping. 

In CoMP scenario 4, the UEs served by different RRH within one cell can be configured with different X to randomize the PUCCH interference when there is the spatial reuse to achieve cell splitting gain.

From the aforementioned two important scenarios, there is no additional benefit in transmitting different PUCCH formats of one UE to different cells or reception points. Furthermore, all the PUCCH formats in Rel-10 use the same mechanism to generate the base sequence and cyclic shift hopping, and it is preferred to reuse the mechanism and just replace the physical cell ID by the configured parameter X for simplicity. 
Proposal 1: The configured parameter X is common for all the PUCCH formats.
3 Relation with PUSCH DMRS configuration
In Rel-10, both PUSCH and PUCCH use the physical cell ID to generate the base sequence of PUSCH DMRS and PUCCH. Now, based on the ongoing PUSCH DMRS discussion in UL CoMP session, it has been agreed that there will be UE-specific configuration for PUSCH DMRS base sequence and cyclic shift hopping to flexibly perform UL CoMP. Furthermore, there is the working assumption in RAN1#68bis that the UE-specific parameters for PUSCH DMRS are {VCID, cinitCSH}, where VCID is used to derive base sequence and cinitCSH substitutes cinit in the cyclic shift hopping initialization (nPN(nS)). As both the parameter X for PUCCH and VCID for PUSCH will replace the physical cell ID and have the same function, there is the question on the relationship between X and VCID. 
Firstly, the resources for different PUCCH formats are configured semi-statically in general because there is no dynamic scheduling for PUCCH transmission. Even for format 1a/1b in case of PDSCH dynamic scheduling, the resource determination is related to the high layer semi-statically configured cell-specific parameter
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. Thus, the configured PUCCH resource for one UE will be camped in a certain cell or reception point unless there is PUCCH resource reconfiguration. However, there is dynamic scheduling for PUSCH and the PUSCH could be dynamically targeted to different cells or reception points in different subframes to achieve scheduling gain in UL CoMP. Therefore, it may occur that PUSCH and PUCCH for a certain UE is received by different cell or reception point.  
Secondly, there is the ongoing discussion on whether to allow semi-statically configuring N (N is larger than 1) sets of PUSCH DMRS parameters including multiple VCID and dynamically selecting one of them. The N sets of PUSCH DMRS parameters configuration will enable PUSCH to be dynamically targeted to different cells or reception points in different subframes. In addition, a different VCID may be used in different subframes to support the pairing with different UEs, e.g. physical cell ID is used for pairing with Rel-10 UEs in one subframe, and the VCID is used for paring with Rel-11 UEs in another subframe. For PUCCH, there is only one X to be configured. In this case, the parameter X for PUCCH cannot be used for generating PDSCH DMRS base sequence and cyclic shift hopping, and there is the need to separately configure X and VCID. If there is no agreement to support dynamic signaling of VCID for PUSCH DMRS, then the parameter X for PUCCH could also be used as VCID for PUSCH DMRS. 

Proposal 2: PUCCH and PUSCH DMRS share the same parameter X unless there are N sets of PUSCH DMRS parameters for dynamic selection.
4 New region for A/N
Although UE-specific parameter X for the generation of PUCCH base sequence and cyclic shift hopping is supported, there is still potential PUCCH interference due to A/N resource collision in the typical case of CoMP scenario 3. This issue was identified and discussed in a number of contributions [1]~[6], and it is illustrated in Figure 1.
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Figure 1. Introduction of a new dynamic A/N region in the targeted reception cell.

When the uplink is targeted to a cell other than the cell transmitting the PDCCH, the A/N resource implicitly determined from the PDCCH for DL assignment may overlap with the PUCCH A/N resource reserved on the uplink of the targeted cell. In this case, the resource collision will result in the interference between the CoMP UE and Pico UE.
Hence, a new PUCCH A/N resource region needs to be created in the uplink targeted cell to avoid the interference. The new A/N resource region is used to carry the A/Ns for DL transmissions without the implicit PUCCH on the uplink of the targeted reception cell. The new A/N region could be adjacent to the original dynamic A/N resource region or overlap with it. A UE arranged in the new dynamic A/N region needs the knowledge/parameter(s) of the new region. The indication of the new A/N region can be done by changing the current parameter 
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to be UE-specific, and the range of this parameter can be the same as in Rel-10. For the configured UE-specific A/N region, there should be also a corresponding parameter X configured to generate the base sequence and cyclic hopping used in this region. Regarding how to determine the A/N resource in the new region, further study is needed.
Proposal 3: Introduce UE-dedicated RRC-configured parameter
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to indicate the starting location of resources for PUCCH formats 1a/1b to the UE.

5 Conclusion

In this contribution, open issues related to uplink control signalling are discussed and the following proposals are made:
Proposal 1: The configured parameter X is common for all the PUCCH formats
Proposal 2: PUCCH and PUSCH DMRS share the same parameter X unless there are N sets of PUSCH DMRS parameters.
Proposal 3: Introduce UE-dedicated RRC-configured parameter
[image: image5.wmf])

1

(

PUCCH

N

 to indicate the starting location of resources for PUCCH formats 1a/1b to the UE.
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