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1. Introduction

In RAN#53, an WI on uplink CoMP was approved [1]. Among the included areas for study, the following content relates to the UCI:

· Enhancements to PUCCH to

· improve resource utilization efficiency in the UL CoMP operation 

· avoid high inter-cell/point interference
These aspects have been partially discussed in several contributions, e.g. [2-5]. This contribution discusses the motivation of UCI transmission enhancement both on PUCCH and on PUSCH. 
2. Motivations for UCI enhancement for UL CoMP
Three potential factors for UCI transmission enhancement are discussed below. 

First, as downlink CoMP is introduced, inter-point CSI may need to be fed back as well as CSI feedback for the serving cell. Hence, the volume of CSI feedback from a single UE is likely to increase considerably. Furthermore, one benefit of HTN and/or CoMP is that the same coverage area may accommodate more concurrent users than a single-cell homogeneous network, and this will augment the volume of UCI further. Consequently, the existing PUCCH capacity may not sufficient. Although multi-point reception could in theory increase the quality of the PUCCH, the MCS level is fixed and therefore the capacity limitation remains. Hence, PUCCH enhancement need to be assessed for supporting CoMP in R11.

Second, the performance of PUSCH can be improved by uplink CoMP through multi-point processing, but for PUCCH without multi-point coordination, the performance may not be improved in the same way. 

Third, for scenario 4, the UEs near the RRHs might reuse the PUCCH resources to exploit the area splitting gain. 
3. Techniques available within the current specifications
The current specifications allow the network to assign PUCCH resources via high layer signaling. This can be used to avoid intra/inter cell interference by configuring orthogonal resources for UEs in adjacent reception point coverage areas, while each UE’s PUCCH is only decoded by its serving cell. For scenario 4, this is an agreeable solution without any standardization effort. However, for scenario 3, the cell ID based randomization on PUCCH makes it impossible to assign orthogonal resources for UEs in different cells. 
The simultaneous PUCCH+PSCH introduced in Rel-10 may increase the load on the PUCCH. To save overhead on the PUCCH, it may be appropriate not to configure UEs with high uplink data load to use simultaneous PUCCH and PUSCH. Then the UCI for these UEs could be naturally moved to PUSCH. 
4. Potential UCI transmission enhancements in Rel 11
.
4.1. Joint reception: using MU-MIMO processing for PUCCH
The use of multiple UE reception with interference cancellation could be an implementation-based solution to the PUCCH interference problem in Scenario 3. However, it is difficult to guarantee orthogonality of the DM-RS, because the resource assignment for both DMRS and UCI are derived from the same UE specific resource index. When there is a large interference on the UCI symbols, the same is true for the DMRS. It is also not easy to select appropriate UEs to share the same PUCCH resource. 
Furthermore, MU-MIMO processing with spatial domain interference suppression may only remove part of the multi-user interference; the users with CDM on the same RB will still experience some co-channel interference. 
4.2. Multi-point coordination for PUCCH 
If a CoMP Cluster ID (CCID) is defined, then UEs within the same CoMP cluster could be assigned orthogonal resources by using the same CCID-specific randomization. UEs within different CoMP clusters could use the CCID to randomize the interference on PUCCH.

A CCID is applicable to both scenarios 3 and 4 to tradeoff between the quantity of orthogonal resources and the interference level. For UCI formats 1/1a/1b, where the PUCCH resource index is derived from the lowest CCE index of DL PDCCH, coordination between cells within the cluster would additionally be needed to assign UEs with different lowest CCE index within the same CoMP cluster.
Two alternatives could be envisaged to identify the UE CoMP cluster ID:
Alt1: Higher layer signalling could be used to explicitly inform the UE of the CoMP cluster ID. (The network would assign the CCID depending on the reception point(s) for the UE.)
Alt2: For Scenario 4, the CCID could be derived implicitly as a function of the CSI-RS configuration for the UE.  
4.3. Code rate for UCI on PUSCH 
When UCI is multiplexed on the PUSCH of a CoMP UE (i.e. where the PUSCH is received at multiple points), the UCI could be either decoded only at one cell or at multiple cells.  The first case is the most likely, since it allows the UCI to be processed quickly without increasing the latency due to transfer between cells. This is especially suitable for HARQ-ACK information. However, in terms of decoding performance, decoding the UCI at a single point will mean that the UCI will not benefit from the multi-point combining gain that the PUSCH benefits from. Therefore the beta setting 
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 for the UCI code rate calculation may need to be adjusted to compensate the performance loss caused by single cell decoding compared to the PUSCH.  As the beta offsets are already configurable by higher layers, this can be taken into account by the network.
5. Conclusions
According to the discussion above, we observe the following in relation to potential UCI transmission enhancements for supporting UL CoMP:

· The PUCCH capacity and orthogonality trade-off needs to be studied for R11

· A CoMP cluster ID could be defined for multi-point coordination for PUCCH 

· For UCI on PUSCH, existing signalling of different beta settings may be used to set an appropriate code rate for the UCI depending on whether the same joint reception scheme is used for PUSCH and UCI or not. 
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