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1 Introduction

During RAN1#68bis in Jeju some progress was achieved when defining enhancements in UL signaling to support UL CoMP, leading to the following working assumption [1]:
· 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. 
This contribution focuses solely on the FFS points in the above working assumption.
2 Final Details on PUCCH configuration for UL CoMP
According to the working assumption on UL control signaling [1] area splitting gains as well as inter-cell orthogonality may be achieved for PUCCH, depending on network assignment of the UE-specific base sequence parameter X. In addition, it is also preferred to support flexible deployments where different PUCCH formats target different reception points. In particular, for certain deployments with distributed scheduling it may be useful to target different reception points with different PUCCH formats. In particular, it is beneficial to allow decoupling of the reception point for SR on PUCCH format 1 from the reception point of other PUCCH formats. In order to achieve this goal, it is useful to allow larger power control correction (by RRC signaling) for PUCCH format 1 as compared to other PUCCH formats. A power reduction up to 16dB is needed for PUCCH format 1 in order to achieve full area splitting gain, as shown in Figure 1. On the other hand, no particular reason was identified for differentiating the base sequence for different PUCCH formats. An example application is shown in Figure 1.
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Figure 1: Example application for PUCCH transmission with different reception points for SR and other PUCCH messages. Macro UEs (UE-M1 and UE-M2) employ base sequence BS-M. Pico UE (UE-P) employs base sequence BS-P. The UE in CoMP zone (UE-D, using base sequence BS-P) communicates simultaneously to macro and pico node for all formats except PUCCH 1, which is only received at pico node. Pucch format 1 is transmitted up to 16dB below other PUCCH formats. Note that area splitting gain is achieved on PUCCH resource A.
Proposal:

· Configure a common UE-specifically configured parameter X for all PUCCH formats
· Allow larger power control correction (by RRC signaling) for PUCCH format 1 as compared to other PUCCH formats (up to -16dB) 

In legacy UEs, the BSI for DMRS may be selected based on a combination of the cell-ID and the parameter ss determining the sequence shift as compared to the PUCCH BSI. In Rel-11, the BSI for DMRS is determined by a UE specific virtual Cell-ID, possibly in combination with the cell-specific ss (this aspect is FFS). Considering CoMP applications, the target reception points for PUSCH and PUCCH do not necessarily coincide. Considering the modest specification impact, it makes sense to avoid linking X to the virtual cell-ID for UL DMRS.
Proposal:

· X is independent of the virtual cell-ID for UL DMRS
A further aspect to be clarified is how to separate the dynamic A/N region for PUCCH format 1a/1b for respectively macro and pico Ues in a CoMP context. A reasonable solution seems to rely on a UE specific semistatic shift for the NPUCCH_UE(1) indicating the starting location of PUCCH resource only for dynamically scheduled PUCCH format 1a/1b, which substitutes the legacy cell-specific parameter NPUCCH(1).
Proposal:

· 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 

Another improvement to be considered is decoupling of sequence-group hopping (SGH) de-configuration for PUCCH (and SRS) and DMRS, in order to avoid unnecessary interference randomization degradation for PUCCH (and SRS). Similar considerations are included in [2].
Proposal
· Enable decoupled configuration of SGH for PUSCH DMRS and SRS/PUCCH DMRS.
3 Conclusions

This contribution analyzed PUCCH operations in Rel-11 UL CoMP networks. Some aspects for improvement are identified as follows:

Proposal:
· Configure a common UE-specifically configured parameter X for all PUCCH formats
· Allow larger power control correction (by RRC signaling) for PUCCH format 1 as compared to other PUCCH formats (up to -16dB) 

· X is independent of the virtual cell-ID for UL DMRS
· 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 

· Enable decoupled configuration of SGH for PUSCH DMRS and SRS/PUCCH DMRS
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