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Discussion/Decision 
1.
Introduction

CoMP enhancements for PUCCH were discussed in RAN1#69 and the working assumption that in addition to the existing mechanism, 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 was confirmed [1]. 
Further details on PUCCH sequence and resource allocation were considered in email discussion [69-14]. During the email discussion, it was noted that some of the open details require further considerations. Those issues were 

· Whether PUCCH parameter X is independent from UE-specific PUSCH DMRS configuration?

· Whether the parameter X is common for all the PUCCH formats?

· Whether there is need to support UE-specific configuration of the starting PUCCH resource for the ePDCCH-based and PDCCH-based PUCCH formats 1a/1b allocations?
In this contribution, we present our views on those remaining details. 
2. Discussion
2.1. Parameter X dependency on UE-specific DMRS configuration
One of the main motivations to use UE-specific PUSCH DM RS configuration is to improve channel estimation accurary, improving PUSCH throughput, via inter-cell orthogonal DM RS. The use of this feature depends much on location of a specific UE, e.g. whether UE is located on cell-edge or not, and what is the cell ID of the bordering cell in scenarios 1-3. 
In the contrast, the motivation for the use of parameter X on PUCCH is reduction of PUCCH overhead. As shown in [2], this can be achieved by efficient use of orthogonal and non-orthogonal PUCCH resources in Scenarios 3 and 4. One solution for scenario 3 is extending orthogonal PUCCH resource pool over multiple cells. In other words, part of cells that have significant mutual interference are configured to use the same parameter X in PUCCH base sequence and cyclic shift hopping generation as illustrated in Figure 1. Due to use of orthogonal PUCCH resources over part of cells within CoMP cluster, the generated inter-cell interference is reduced. This allows for higher supportable PUCCH load within CoMP cluster. In this kind of scenario, the  use of parameter X is more related to the relative location of reception points than to the location of a specific UEs. For example, looking on schematic Figure 1, an UE associated to any of Picos 2-4 but on border with macro cell, could benefit from PUSCH DM RS configuration of the macro cell but would still need to use PUCCH configuration of the pico cell.
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Figure 1. PUCCH overhead reduction by using orthogonal PUCCH resources on multiple cells.
So basically the use cases for PUCCH parameter X and UE-specific PUSCH DM RS configuration are simply different. But even if the inter-cell orthogonality were desired between same cells for PUSCH and PUCCH, the solutions for providing the orthogonality can be different. For example, inter-cell orthogonal PUSCH DM RS can be achieved in a dynamic manner via OCC by configuring the UE to use normal PCI for sequence generation while using cyclic shift hopping pattern of neighboring cell. This kind of configuration would not provide inter-cell orthogonality for PUCCH. 
In a nutshell, coupling of PUCCH parameter X and UE-specific PUSCH DM RS configuration together would be artificial due to different use cases and configuration solutions. Even more importantly, it would hinder efficient use of these features. On other hand, benefit from forcing the same configuration on PUCCH and PUSCH is mainly a very marginal saving on higher layer signaling. Hence we propose

Proposal 1: Support UE-specific configuration of PUCCH parameter X independently from other UE-specific reference signal configurations. 
2.2.  Application of parameter X for all PUCCH formats
Legacy UE coexistence is a major issue to consider when discussing whether use of parameter X commonly for all PUCCH formats is sufficient or not. Such consideration can be easily split into two cases: 

· PUCCH resources with explicit resource allocation, i.e., allocations for SR, periodic CSI reporting, as well as for HARQ-ACK when the set of possible PUCCH resources is configured via higher layer signalling (e.g. downlink semi-persistent scheduling, downlink scheduling via secondary cell PDCCH, Format 3)

· PUCCH resources with implicit resource allocation, i.e., PUCCH Format 1a/1b when allocation is dynamically determined from PDCCH allocation.   
Such categorization can be extended, if needed, in a straightforward manner to cover also ePDCCH, as the PUCCH resource corresponding to ePDCCH-scheduled PDSCH is at least partly implicitly determined.
As known, efficient PUCCH reception requires that signals received via a certain reception point on a given PRB are orthogonal. In other words, same base sequence and cyclic shift configuration needs to be used on the same PRB when received via the same reception point. This needs special attention when UE-specific configuration of PUCCH  base sequence and cyclic shift hopping pattern is used in presence of legacy UEs. 
The use of CoMP enhancements is straightforward for explicit PUCCH allocations. For example, in Scenario 4 where PUCCH multiplexing capacity limits the PUCCH load, virtual PUCCH cells with their own parameter X configuration can be created around RRHs. Supported PUCCH load over the whole CoMP cluster can be increased with such PUCCH “cell-splitting”. Rel-11 UEs using UE-specific configuration of parameter X can be grouped into certain PRBs. Such grouping is easiest for SR and periodic CSI reporting, as the grouping can be done also over subframes. In the case of explicit resource allocation for HARQ-ACK, grouping can be done only over PRBs. This problem can be alleviated e.g. if ARI is used to indicate also the selection between PCI and parameter X. 
Unfortunately, such grouping of parameter X -based and PCI-based resources to different PRBs is very complicated with implicit resource allocation. Such complicated PDCCH-scheduling is simply undesirable. But, significant non-orthogonal interference is caused for both legacy and Rel-11 terminals if parameter X -based and PCI-based resources are not separated to different PRBs. 

One solution is to replace the starting PUCCH resource for the PDCCH-based allocations (
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) with a UE-specifically configured parameter. In other words, different non-overlapping PUCCH regions would be used for parameter X –based (Rel-11) and PCI-based (legacy) resource allocations. This clearly solves the problem on orthogonality. However, the amount of used PUCCH resources is actually increased and the original target of PUCCH overhead reduction cannot be not met. Clearly this solution is not adequate.
However, CoMP enhancements - like PUCCH “cell-splitting” with virtual RRH-specific cells in Scenario 4 – can be used for explicit resource allocations even if there were not feasible for implicit resource allocations due to legacy coexistence. To allow for smooth adoption of PUCCH CoMP enhancement already with coexistence with legacy terminals, it is important that use of parameter X instead of PCI can be configured separately for different PUCCH formats. Such configuration flexibility can be kept also very simple if desired. For example,
· Alt 1. When configuring parameter X, it is indicated whether it is used for all PUCCH resources, or only for explicit PUCCH resource allocations.

· Alt 2. When configuring parameter X, it is indicated whether it is used for all PUCCH resources, or only for PUCCH resource allocations for periodic CSI reporting, or only for PUCCH resource allocations for SR and periodic CSI reporting.

From these options, we prefer alternative 2 due to slightly smaller standard change than in alternative 1. Separate configurability for SR allows to choose between use of CoMP enhancements for SR resources and multiplexing of SR and explicitly allocated Format 1a/1b resources on the same PRB. The price paid for such simple configuration flexibility is very small both on RRC signalling and testing.

Proposal 2:
Higher layer signalling indicates whether PUCCH parameter X (when configured) is used for all PUCCH resources, or only for PUCCH resource allocations for periodic CSI reporting, or only for PUCCH resource allocations for SR and periodic CSI reporting.
2.3. UE-specific configuration of starting PUCCH resource for implicit PUCCH format 1a/1b allocations 
Due to one-to-one mapping between PDCCH CCEs and PUCCH resources, majority of PUCCH resources reserved for dynamic PUCCH Format 1a/1b are left unused. Low PUCCH resource utilization is an in-build characteristic for implicit Format 1a/1b resource allocation in Rel-10. In such case, there is only little room to reduce PUCCH overhead with CoMP enhancements.

In the absence of legacy terminals, we see that CoMP enhancements can be applied also on implicitly allocated PUCCH Format 1a/1b resources. In such scenario, significant portion (or majority) of implicitly allocated PUCCH Format 1a/1b resources are based on ePDCCH. As we propose that ePDCCH-based and PDCCH-based PUCCH regions can overlap as well as many-to-one mapping between the ePDCCH and PUCCH for achieving efficient PUCCH resource utilization, the load on implicitly allocated PUCCH resources can be considerably higher in Rel-11 than in Rel-10. This means that CoMP enhancements can provide PUCCH overhead reduction also on implicitly allocated PUCCH resources. 
We see that overhead reduction could be achieved in similar fashion as with explicit PUCCH allocations. In other words, portion of cells (in Scenario 3) are configured to share the same orthogonal resource pool, and dynamic PUCCH Format 1a/1b resources in different cells are set on the same PRBs. In Scenario 4, virtual PUCCH cells can be created around pico RRHs with their own PUCCH resource pools. Such PUCCH cell-splitting reduces PUCCH overhead as shown in [2]. Amount of resources reserved for explicit PUCCH allocation may be different in the cells (e.g. in case of macro and pico cell). Hence, it is beneficial to support UE-specific configuration of the starting PUCCH resource for ePDCCH-based and PDCCH-based PUCCH Gormat 1a/1b allocations. 
Proposal 3:  Support UE-specific configuration of  the starting PUCCH resource for the ePDCCH-based and PDCCH-based PUCCH Format 1a/1b allocations.
3.
Summary 
In this contribution we discussed the remaining details for optimized PUCCH CoMP operation. The further required changes are summarized in three proposals below. 
Proposal 1: 
Support UE-specific configuration of PUCCH parameter X independently from other UE-specific reference signal configurations. 
Proposal 2:
Higher layer signalling indicates whether PUCCH parameter X (when configured) is used for all PUCCH resources, or only for PUCCH resource allocations for periodic CSI reporting, or only for PUCCH resource allocations for SR and periodic CSI reporting.
Proposal 3: 
Support UE-specific configuration of the starting PUCCH resource for the ePDCCH-based and PDCCH-based PUCCH Format 1a/1b allocations.
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