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1 Introduction
PUCCH enhancement for uplink CoMP has been studied to [1]:

· avoid high inter-cell/point interference, and
· improve resource utilization efficiency in the UL CoMP operation.
In this contribution, we clarify the motivation of PUCCH enhancements for uplink CoMP and discuss possible enhancements in Rel.11.
2 Requirements for uplink control signalling in UL CoMP
CoMP scenario 4 is a heterogeneous network with low power nodes within the macro cell coverage where the transmission/reception points (TPs/RPs) created by the RRHs have the same cell IDs as the macro cell (see Fig. 1). In this scenario, all the PUCCH resources transmitted by UEs in the macro cell coverage can be orthogonal since all the UEs generate PUCCH signals using the same cell ID. In Rel.10, PUCCH formats 1/1a/1b/2/2a/2b/3 are defined [2]. Among them, UE-specific resource indication has already been adopted for PUCCH formats 2/2a/2b/3. However, resources of PUCCH formats 1a/1b, i.e., dynamic A/N signals, are implicitly determined by the scheduling result of downlink control signalling.  In this case, available number of PUCCH resources for format 1a/1b in the macro cell coverage is limited to the same as that in Rel.10. However, this would not be sufficient for a larger number of UEs expected in Rel.11. As the number of UEs increases, the PUCCH resource regions must be expanded and hence, available bandwidth for PUSCH reduces. This results in throughput degradation of uplink.
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Fig.1.  CoMP scenario 4 in the presence of increased number of UEs.

Observation 1:

· Efficient utilization of PUCCH resources would be highly required in Rel.11 especially for CoMP scenario 4.
One of the best solutions is to reuse the same PUCCH resources in the same macro cell coverage by exploiting cell-splitting gain. In order to achieve it, i) UE-specific resource indication, which enables to select UEs who can reuse the same PUCCH resource depending on the condition, and ii) interference randomization mechanism, which enables to suppress interference among PUCCHs on the same resource, are necessary. Figure 2 illustrates the operation which can be realized by i) and ii). The UEs close to an RP can reuse the same PUCCH resource since they can achieve large cell-splitting gain. In order to ensure the interference suppression among the reused PUCCH resources, interference randomization is introduced among them. UEs who cannot achieve cell-splitting gain sufficiently share the same PUCCH resource region. It can be seen that comparing to the operation in Fig. 1, larger amount of resources are reserved for PUCCH in Fig. 2, while not reducing PUSCH bandwidth.
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Fig.2.  Required utilization of PUCCH in Rel. 11.

Observation 2:

· In order to efficient utilize PUCCH resource, i) UE-specific resource indication and ii) interference randomization mechanism are necessary.

3 Possible enhancement on PUCCH in Rel.11
3.1 UE-specific resource indication

The resource to be used for dynamic A/N i.e PUCCH format 1a/1b is derived from a cell-specific offset value 
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 and a starting position of PDCCH CCE allocated to the UE. Taking into account the specification impact, the most reasonable modification to realize the above required operation is to support the operation to change the cell-specific offset 
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 into UE-specific offset parameter. This enables indicating some UEs to reuse a PUCCH resource region, while others to share another PUCCH resource region.
Proposal 1:

· To have the operation to modify 
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 as UE-specific parameter signalled on dedicate RRC information.
3.2 Interference randomization mechanism 
In Rel.10, interference randomization is available among different cells through cell-specific hopping of base sequence and cyclic shift. However, in CoMP scenario 4, even though the UE-specific resource indication as Sect. 3.1 will be enabled, interference randomization among UEs using the same PUCCH resource cannot be achieved if it remains as in Rel.10. Possible enhancement is simply to introduce a virtual cell ID concept [2], in which the cell-specific parameter 
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for base sequence/CS hopping is replaced by an UE-specific parameter signaled by RRC.
Proposal 2:

· To introduce the virtual cell ID concept for interference randomization.

4 Use case of virtual cell ID in CoMP scenario 3
Another use case for such virtual cell ID indication for PUCCH is the interference avoidance among different CoMP coordination sets using orthgonal virtual cell ID. In spite of the differnt cell id like scenario 3 of CoMP, the same value can be assigned to UEs in the adjacent cells. This can reduce the interference among PUCCH by orthogonality using the same cell ID. Figure 3 illustrates an example where the same virtual cell ID is assigned to UEs close to the RRH in cell A and UEs close to macro in cell B; these UEs can be orthogonal for PUCCH transmission. Since hybrid ARQ is not applied to PUCCH, it is quite important to protect them by interference. Therefore, orthogonal cell ID usage among such UEs is useful.
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Fig.3.  Potential usage of virtual cell ID for PUCCH in CoMP scenario 3.

Observation 3:

· The vitual cell ID is also useful to have orthogonal PUCCH transmission among different cell IDs..
5 Conclusion
In this contribution, we discussed possible enhancements of PUCCH in Rel.11. Our observations were:

· Efficient utilization of PUCCH resources would be highly required in Rel.11 especially for CoMP scenario 4.

· To meet the requirement, i) UE-specific resource indication and ii) interference randomization mechanism are necessary.

Then we proposed:

· To have the operation to modify 
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 as UE-specific parameter signalled on dedicate RRC information.
· To introduce the virtual cell ID concept for interference randomization.

The vitual cell ID is also useful to have orthogonal PUCCH transmission among different cell IDs.
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