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1. Introduction
Intensive discussion took place in RAN1#68bis on uplink control signaling for CoMP. The discussion points were summarized as follows [1]:

· Partitioning of PUCCH into multiple zones to support single point or multi-point reception
· Sequence provisioning/hopping for the zones
· Location and size of the zones
There were two WFs as in [2] and [3] presented in RAN1#68bis, where the common content of proposals for introducing a UE-specific parameter replacing PCI for generating PUCCH base sequence was agreed as the following working assumption:
· 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 contribution, we further discuss PUCCH enhancement issues for Rel-11 UL-CoMP, based on the working assumption.

2. Discussion
In this section, efficient PUCCH resource management method under heterogeneous network is discussed. Especially, PUCCH resource region coordination for CoMP UE with different DL/UL serving cell will be addressed based on CoMP scenario #3 and #4.
In Figure 1, eNB CoMP UEs’ PUCCH resource is determined by CoMP serving eNB PDCCH by using dynamic CCE-to-AN linkage rule. However, CoMP UEs’ PUCCH transmissions can be targeted to different Pico eNBs in order to save uplink PUCCH Tx power and also reduce uplink interference to neighboring cells or points. Considering the point, PeNB should be designed to accommodate eNB CoMP UE’s PUCCH as well as PeNB UE’s PUCCH. 
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Figure 1: eNB and PeNB PUCCH transmission in CoMP Scenario #3 or #4
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Figure 2: eNB and PeNB PUCCH resource coordination for CoMP Scenario #3 or #4 

(“PUCCH (PDCCH)” refers to PDCCH CCE-to-PUCCH ACK/NACK linkage)
Considering dynamic CCE-to-AN linkage rule as in Rel-10 UE, CoMP UE’s PUCCH resource should be determined by eNB PDCCH CCE index while PeNB’s PUCCH resource should be determined by PeNB PDCCH CCE index. Because there’s no PDCCH CCE index coordination between eNB and PeNB, both eNB PDCCH CCE index and PeNB CCE index might be mapped to the same PUCCH resource index, which definitely causes PUCCH resource collision.
One solution is to distinguish CoMP UE’s PUCCH region with PeNB UE PUCCH resource region as shown in Figure 2. Since CoMP UEs are scheduled by one eNB, their PUCCH resource will not be overlapped. CoMP UEs targeting to different PeNBs can share the same PUCCH resource region which should be apart from each PeNB PUCCH region. This new PUCCH region for CoMP can be supported by UE-dedicated RRC signaling of a virtual cell-ID denoted by X (as the working assumption) as well as a new PUCCH resource offset parameter denoted by NPUCCH_UE(1), where NPUCCH_UE(1) indicates the starting location of PUCCH resource to the UE only for dynamically scheduled PUCCH format 1a/1b.
Proposal 1: Rel-11 PUCCH supports UE-specific configuration of NPUCCH_UE(1) indicating the starting location of PUCCH resource only for dynamically scheduled PUCCH format 1a/1b.
If the uplink resource overhead by introducing such new PUCCH region is regarded as a problem addressed in [4], it can be considered to have some PUCCH resource compression methods, such as some modification on dynamic CCE-to-AN linkage rule only applied for such CoMP PUCCH region.

Observation 1: If the uplink resource overhead by introducing CoMP PUCCH region is regarded as a problem, it can be considered to have some PUCCH resource compression methods only applied for such CoMP PUCCH region.
For legacy UE, eNB should reserve new separate PUCCH resource region which is not overlapped with both CoMP UE’s PUCCH region and PeNB UE PUCCH region. This is because legacy UE’s PUCCH transmission could interfere with CoMP UE’s PUCCH transmission at PeNB reception point.

Note that “(PUSCH)” in Figure 2 refers to the region possibly to be used for PUSCH transmission by eNB even though it’s assigned for PeNB UE’s PUCCH resource. Taking it into account, the PUSCH transmission (e.g. low power) should be carefully controlled by eNB for the sake of minimizing impact of PUSCH transmission on PeNB UE’s PUCCH transmission. 
Unlike PUCCH format 1, since PUCCH format 2/3 resources are semi-statically configured by RRC signal, the PUCCH resource region can be shared by both CoMP UE and PeNB UE if scheduling information is exchanged between eNB and PeNB.

Regarding the first FFS point, this parameter X is desired to be shared for different PUCCH formats as a common X, since we do not see any benefits to have different X values for different PUCCH formats.

Proposal 2: A UE-specifically configured parameter X for generating PUCCH base sequence and cyclic shift hopping by replacing the physical cell-ID is shared for different PUCCH formats as a common X.
Regarding the second FFS point, this parameter X is desired to be independently configured from other UE-specific RRC parameter for different RS such as PUSCH DMRS, SRS, CSI-RS, etc., since the target reception point (RP) for PUCCH is not necessarily tied to the target RP for PUSCH. For example, even though a target RP for PUSCH is (semi-statically or dynamically) configured to be different from the serving cell, a target RP for PUCCH can be still set to the serving cell or can be set to another RP. Therefore, it is desired to have full flexibility in configuring such UE-specific RRC parameters for different uplink channel/signal such as PUCCH/PUSCH DMRS and so on, since we do not see any reasons to restrict the parameter setting for different RSs.

Proposal 3: A UE-specifically configured parameter X for generating PUCCH base sequence and cyclic shift hopping by replacing the physical cell-ID is independently configured from that for generating PUSCH base sequence.

3. Scrambling and hopping for PUCCH enhancements
For the case when a neighbor cell has a slot/subframe shifting relative to the serving cell as presented in [5], the PUCCH DMRS sequence generation for the neighbor cell may not have the same slot number as the serving cell. In this case, the information about the slot number should be also informed by UE-dedicated RRC signaling. Discussion on this issue can be found in our companion contribution [6]
4. Conclusion
We discussed in this contribution the PUCCH enhancement issues for CoMP. The following proposals were given based on the discussion:
Proposal 1: Rel-11 PUCCH supports UE-specific configuration of NPUCCH_UE(1) indicating the starting location of PUCCH resource only for dynamically scheduled PUCCH format 1a/1b.
Proposal 2: A UE-specifically configured parameter X for generating PUCCH base sequence and cyclic shift hopping by replacing the physical cell-ID is shared for different PUCCH formats as a common X.
Proposal 3: A UE-specifically configured parameter X for generating PUCCH base sequence and cyclic shift hopping by replacing the physical cell-ID is independently configured from that for generating PUSCH base sequence.

______________________________________________________________________
References
[1] Chairman's Notes RAN1#68bis.
[2] R1-121860, Way Forward on PUCCH enhancement for CoMP, LG Electronics, Fujitsu, Huawei, HiSilicon, InterDigital, Nokia, NSN, Panasonic, Qualcomm.
[3] R1-121866, Way Forward on PUCCH sequence for UL CoMP, Samsung, Ericsson, ST-Ericsson, Intel, Sharp, ETRI, ZTE, Texas Instruments, New Postcom, KDDI.
[4] R1-121639, UCI Resource Requirements in UL CoMP, Samsung.
[5] R1-120035, CSI-RS sequence, Huawei, HiSilicon.

[6] R1-122290, Considerations on Rel-11 CoMP standardization, LG Electronics.


































































































































PAGE  
4

