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

· avoid high inter-cell/point interference
· improve resource utilization efficiency in the UL CoMP operation
In this contribution, we clarify the requirements for PUCCH in uplink CoMP and discuss possible enhancements for PUCCH.
2 Requirements for uplink control signalling in UL CoMP
Possible requirements for uplink control signalling for Rel.11 UL CoMP are listed below.
· Requirement 1: To avoid interference between CoMP UE and non-CoMP UE in a HetNet operation (in CoMP scenario 3)

Figure 1 illustrates the operation of CoMP scenario 3. The most significant problem arising in CoMP scenarios 3 would be PUCCH interference between CoMP UE and non-CoMP UE when CoMP UE is located around the cell border. CoMP UE generates PUCCH signals using cell-specific parameters of their own serving cell; CoMP UEs are likely to use macro cell-specific parameters to generate PUCCH, and control transmit powers to compensate for PL between UEs and macro because DL reception power from macro is likely to be stronger. Therefore, strong interference is produced on PUCCH signals transmitted by pico UEs.
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Fig.1.  CoMP scenario 3.

· Requirement 2: To achieve highly efficient PUCCH resource management (in CoMP scenario 4)
Figure 2 illustrates the operation of CoMP scenario 4. In contrast to CoMP scenario 3, there is no PUCCH interference problem in CoMP scenario 4 because orthogonal resources of PUCCH can be used for UEs in the macro serving area. However, available number of PUCCH resources may not be enough to manage all the UEs in the macro serving area. If the number of required PUCCH resources is larger than the capacity, the same PUCCH resource can be reused. However, this obviously produces an unacceptable interference. 
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Fig.2.  CoMP scenario 4.

For transmitting control information, PUCCH formats 1/1a/1b/2/2a/2b/3 are used [2]. Among them, resource indices of PUCCH formats 2/2a/2b/3 can be indicated UE-specifically. Therefore, interference between CoMP UE and non-CoMP UE is avoidable (i.e. requirement 1 is satisfied). However, since base sequence/CS hopping within PRB (applied to PUCCH formats 2/2a/2b) depends on the cell ID, interference randomization is not possible in scenario 4 (i.e. requirement 2 isn’t satisfied). On the other hand, in PUCCH formats 1a/1b, the resource index of dynamic A/N is determined by a semi-static resource index offset 
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 which is a common parameter for UEs in a cell and a dynamic resource index offset nCCE which corresponds to the lowest CCE index used for the PDCCH. Furthermore, base sequence/CS hopping within the PRB is carried out using the cell ID of the serving cell. Therefore, the current PUCCH formats 1a/1b cannot satisfy both requirements and hence some enhancements/modifications would be necessary.
3 Possible enhancement on PUCCH 
We propose to solve the issue pointed out in the previous section by:

· Modifying 
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 as UE-specific parameter signaled on dedicate RRC information
· Replacing random seed of base sequence/CS hopping by Virtual cell ID

Figure 3 illustrates an example of possible usage of the above modifications. Non-CoMP UEs belonging to different cells use different random seeds for base sequence/CS hopping. Thanks to the interference randomization effect of the hopping, the same dynamic A/N resource region can be reused in separate areas to achieve a large cell splitting gain (i.e. requirement 2 is satisfied). On the other hand, CoMP UEs use different dynamic A/N region from that used by non-CoMP UEs in order to avoid strong interference (i.e. requirement 1 is satisfied). The CoMP UEs use the same random seed in order to orthogonalize dynamic A/N signals of CoMP UEs.
By introducing the above two modifications, the operation described in Fig.3 is realized in both CoMP scenarios 3 and 4. Furthermore, the modification on 
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 has only small impact on the specification. Therefore, we recommend to modify 
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 as UE-specific parameter and to introduce virtual cell ID as random seed for base sequence/CS hopping.
As noted in section 2, UE-specific resource index is used for PUCCH formats 2/2a/2b. However, the base sequence/CS hopping is carried out using cell ID for PUCCH formats 2/2a/2b as well. Therefore, to achieve reusability of resource (i.e. cell splitting gain) in PUCCH formats 2/2a/2b similar to PUCCH formats 1a/1b, the virtual cell ID is also useful.
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Fig.3.  Possible usage of PUCCH formats 1a/1b for CoMP scenarios 3 and 4.

4 Conclusion
We presented potential issues of PUCCH in HetNet CoMP. In order to realize smaller interference between CoMP UE and non-CoMP UE and higher efficient management of PUCCH resource, we propose at least for PUCCH format 1a/1b:
· Modifying 
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 as UE-specific parameter signaled on dedicate RRC information

· Replacing random seed of base sequence/CS hopping by Virtual cell ID

The virtual cell ID is also useful for PUCCH formats 2/2a/2b.
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