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1
Introduction

Transmission of uplink control signaling for UL CoMP was discussed in RAN1#68. Although no agreement was taken, several contributions discussed and proposed enhancements for PUCCH transmission. Most of these enhancements involve substitution of certain cell-specific parameters used in the generation of PUCCH (e.g. cell identity, PUCCH region) with UE-specific parameters to achieve area splitting gains (in scenario 4) and/or interference avoidance (in scenarios 1/2/3).
In this contribution we describe our views on some of the potential enhancements that we find most compelling in view of typical UL CoMP use cases.
2
Area splitting gain for PUCCH in scenario 4
A first use case to consider is enabling an area splitting gain in scenario 4 for PUCCH. An area splitting gain may be realized by replacing at least some of the following cell-specific parameters with parameters provided in a dedicated manner to the UE according to the RRH intended as reception point for this UE:
· The cell identity 
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· The parameters under PUCCH-ConfigCommon, i.e. 
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The potential benefit of replacement of each of these cell-specific by a dedicated parameter if examined in the following.

Cell identity (
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The cell identity feeds the cyclic shift hopping pattern and the base sequence of reference signals. UE’s under coverage of a particular RRH can be assigned a specific value replacing the cell identity (
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). This results in interference randomization and quasi-orthogonality between these UE’s and the UE’s in other areas of the cell. Reuse of same frequency resources is possible as long as such UE’s are sufficiently weakly coupled at their respective intended reception point. This is achievable if the UE’s are power controlled to their closest respective RRH.
Delta shift for PUCCH format 1 (
[image: image8.wmf]PUCCH

shift

D

)
This parameter determines the minimum cyclic shift separation between PUCCH format 1/1a/1b resources. The parameter is normally set according to the maximum delay spread expected for the link to the intended reception point. In scenario 4, it is conceivable that the maximum delay spread for a link to a low-coverage RRH be significantly less than for a link to the high-power node (macro point). Thus it could be possible to increase the multiplexing capacity of PUCCH format 1/1a/1b resources used by UE’s under coverage of a particular RRH by assigning a lower value of this parameter to these UE’s.
Allocation parameters for PUCCH format 2 (
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These parameters determines the amount of resources devoted to PUCCH format 2 and could in principle be dimensioned based on the expected number of UE’s that use the RRH as intended reception point to reduce overhead. However, one difficulty of not having a cell-specific configuration of these parameters is that it could result in scheduling restrictions due to potential collisions between PUCCH format 1/1a/1b and PUCCH format 2 transmissions from UE’s that have different configurations but are strongly coupled..
Starting index for PUCCH format 1 used for HARQ A/N (
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This parameter determines the lowest possible index for the resource allocation of PUCCH format 1 for HARQ A/N based on control channel element index of the PDCCH containing the DL assignment. It normally depends on e.g. how many format 1 resources need to be assigned semi-statically for PUCCH-SR. It has been proposed [2] to support UE-specific configuration of this parameter to facilitate resource segregation for interference avoidance. This issue is discussed in the next section.
Based on the above considerations, the most critical feature to achieve area splitting gain is to introduce a dedicated parameter 
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replacing the cell identity in formulas used for determining cyclic shift hopping and base sequence  for PUCCH. Additional gains are achievable by providing at least some parameters of the PUCCH-ConfigCommon structure in a dedicated manner. The most interesting of these appears to be the delta-shift parameter (
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Proposal 1: Dedicated parameter 
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replaces cell identity in formulas used for determining PUCCH cyclic shift hopping and DM-RS base sequence.

Proposal 2: At least parameter
[image: image15.wmf]PUCCH

shift

D

can be provided in a dedicated manner.
As discussed in a companion contribution [1], the parameter 
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could be defined to be the same as the parameter 
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that is proposed to be used for the generation of base sequence for PUSCH DM-RS, if agreed.
2
Interference avoidance
A second use case to consider is that of a UE located near the UL boundary between two cells in scenarios 1/2/3. Such UE is by necessity strongly coupled to UE’s on either cell and may generate high inter-cell interference on PUCCH if the transmission is in same resource block as the other UE. The situation may be worse for scenario 3 as some UE’s connected to the macro cell may be on the pico cell side of the UL boundary, potentially generating even more inter-cell interference. Assuming that the macro cell and pico cell DL assignments are controlled by a common scheduler the interference can be avoided, but the resulting scheduling restrictions incur a capacity penalty. A similar problem occurs in scenario 4 if area splitting is realized by assigning dedicated PUCCH parameters to UE’s based on closest RRH.
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Figure 1. PUCCH inter-cell interference in scenario 3.
To mitigate this issue, one approach could be to segregate PUCCH resources to ensure that PUCCH transmissions from the strongly coupled UE are in a different resource block than that of the other UE’s. This is already realizable with the current specification (in scenarios 1/2/3) by proper assignment of PUCCH parameters. For instance, resources for PUCCH format 2/3 and PUCCH-SR that are assigned in a dedicated manner can easily be selected to achieve resource block separation. In case of PUCCH format 1 for A/N, the parameter
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in each cell can be assigned such that the resulting PUCCH regions do not overlap.
One drawback of the approach of segregating resources, however, is that it is highly inefficient since the overhead of PUCCH is essentially multiplied by the number of regions that are created. The need for segregation could be reduced if the strongly coupled UE at cell edge was allowed to use a PUCCH resource from either orthogonal space of resources depending on which UE it needs to be co-scheduled with in a particular subframe. This can be realized with no additional L1 overhead in the case of PUCCH format 3, since the PUCCH format 3 resource is already indicated dynamically from the ARI field. All that is needed is that the network can configure a subset (e.g. 2) codepoints of the ARI field to be associated with one PUCCH configuration and the other codepoints to be associated with another PUCCH configuration. 
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Figure 2. Illustration of benefit of flexible PUCCH configuration for PUCCH format 3 resource allocation. 
This approach is illustrated in Figure 2. The UE at cell edge can be assigned a PUCCH resource from either PUCCH orthogonal space (PCI=A or PCI=B) and therefore transmit PUCCH format 3 resource in the same resource block used by another UE transmitting PUCCH in the same cell or in the neighbor cell. This reduces the need for additional resource blocks for PUCCH format 3 for cell edge UE’s.
To save RRC signaling, one of the configurations could by default be the cell-specific configuration. In case of PUCCH format 1, the realization of this is not so straightforward given that the resource is determined based on control channel element index. The issue for format 1 could be revisited after more progress has been achieved for E-PDCCH.

Proposal 3: For PUCCH format 3, the resources indicated by the ARI may be associated to different PUCCH configurations.
3
Conclusion
This contribution discussed the benefits of some possible enhancements to PUCCH for UL CoMP. The following is proposed:
Proposal 1: Dedicated parameter 
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replaces cell identity in formulas used for determining PUCCH cyclic shift hopping and DM-RS base sequence.

Proposal 2: At least parameter
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can be provided in a dedicated manner.
Proposal 3: For PUCCH format 3, the resources indicated by the ARI may be associated to different PUCCH configurations.
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