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1. Introduction

An objective of the UL CoMP WI is the study of PUCCH enhancements in homogeneous and heterogeneous configurations to

· improve resource utilization efficiency in the UL CoMP operation 
· avoid high inter-cell/point interference
In particular heterogeneous networks (het-nets) introduce significantly higher levels of interference within the coverage area of a macro cell since smaller cells (and cell edges) are formed by the deployment of low power nodes. Given that coordination of DL transmission between different eNBs in a het-net may also require coordination of uplink control signalling we study possible enhancements to uplink control to support DL CoMP in het-nets (CoMP Scenarios 3 and 4). 
The following was agreed in RAN1#68bis [1]:
Take the following as working assumption, and further consider the applicability of this in various scenarios.

· 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 present our view on each of the above points.

2. Discussion
The two different bullet points on the working assumption are discussed as follows. 
UE-specific parameter X
First, it is to be decided whether X is made common or format-specific across different PUCCH formats. Naturally the simplest and most natural configuration is to have a common paramater X. While different PUCCH formats correspond to inherently different signaling characteristics, the motivation behind having different values of X is unclear. Even if different cell ID parameters are desired for different PUCCH formats, a mapping from a single parameter X onto different cell ID parameters can be conceived. Yet more importantly, having multiple X parameters significantly complicates the scheduling implementation as multiple format-specific UE-specific “virtual cells” come about. 
Regarding the relationship with UE-specific configuration of other RS, we note that UE-specific configuration of a virtual cell ID and cyclic shift hopping initialization have been proposed for either inter-cell orthogonality or interference randomization of PUSCH DMRS. If these parameters are semi-statically configured we do not see a strong need for independent configuration of parameter X because user pairing should benefit both PUSCH and PUCCH. Therefore, we simply propose to maintain the Rel.10 linkage unless there is a strong reason to alter it. Doing so also minimizes the additional specification efforts.
Partitioning of dynamic A/N resource region

In Rel-8/9/10 the PUCCH A/N region is partitioned into semi-static and dynamic regions by the cell-specific PUCCH resource offset parameter NPUCCH(1).  Furthermore, the Format 2 region is defined by the parameter
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. In CoMP Scenario 3, UEs served by a macro eNB (for DL assignments and UL grants) but within the range expansion zone of a pico eNB/RRH may be configured to transmit on PUCCH to the pico eNB. Therefore, uncoordinated configuration of the PUCCH regions between the macro and pico cells may lead to high levels of inter-cell interference when their respective PUCCH regions overlap. It has been proposed in e.g. [2], [3] to coordinate the dynamic A/N regions (frequency domain partitioning) by specifying a new UE-specific PUCCH resource offset parameter, NPUCCH, UE(1) such that dynamic A/N transmissions to the pico by UEs served by the macro do not collide with the A/N transmissions by legacy pico UEs. An illustration of the PUCCH resource-to-RB mapping is shown in Figure 1. 
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Figure 1 Partitioning of dynamic A/N regions on pico cell by UE-specific offset parameter
Although this scheme has the potential to avoid interference, there are some issues:

1) Defining non-overlapping dynamic PUCCH regions comes at the expense of the PUSCH
a. The A/N region for CoMP UEs in the pico cell may need to be allocated separate PRB(s) with respect to the legacy A/N region especially if ΔshiftPUCCH is different between macro and pico cells.

b. It creates potentially restricted PUSCH regions as shown in Figure 1.

c. Reduces the scheduling flexibility on the PUSCH.

Furthermore, it is unclear what A/N linkage would be specified for ePDCCH scheduling. Therefore, it is recommended to further investigate partitioning of dynamic A/N regions for CoMP taking into account ePDCCH-based A/N resource mapping.
3. Conclusion

This contribution presented our view on the refinement of the working assumptions that were agreed in RAN1#68bis. Our view can be summarized as follows:
· A single (common) parameter X for all PUCCH formats

· Linkage defined in Rel.10 is to be maintained to minimize specification effort, unless strong reasons emerge

· Further investigate partitioning of dynamic A/N regions for CoMP taking into account ePDCCH-based A/N resource mapping.
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