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Discussion/Decision 
1.
Introduction

CoMP enhancements for PUCCH were discussed in RAN1#68bis and it was agreed as a 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 [1]. 
Companies were encouraged to further consider the applicability of this in various scenarios as well as to investigate in mechanisms to provide separate regions for A/Ns associated with different base sequences. The points identified for further study were: 
· if different PUCCH formats share a common X, or have different X values

· relationship with UE-specific configuration of other RS (e.g., PUSCH DMRS, …).
In this contribution, we consider these issues further. First we discuss the use of PUCCH enhancement in various scenarios and then consider the required changes in PUCCH configuration and present our preferences on them. 
2. Use of UL CoMP enhancement in various scenarios  
Basic motivation for CoMP enhancement is reduction of PUCCH overhead. For example, issues in PUCCH coverage for larger CSI payloads can be handled by reducing PUCCH load per PRB and, hence, interference level. Thus, also those issues translate to the question of PUCCH overhead as more sparse PUCCH allocations are required. In the following, we discuss how the working assumption can be used to reduce PUCCH overhead in Scenarios 3 and 4. After that, the case of dynamic PUCCH format 1a/1b resource allocation is discussed separately. 
2.1. Scenario 3

As shown in our previous contribution [2], inter-cell interference becomes the limiting factor in Scenario 3 when the number of UEs per PRB (or PUCCH load) is increased. For example, only three PUCCH Format 2 resources can be used per PRB in each cell for 10 bit payload [2]. In Rel10, use of orthogonal PUCCH resources is strictly limited within a single cell. By efficient use of orthogonal PUCCH resources also between UEs associated to different DL cells with SINR-based PC, inter-cell interference levels can be reduced and supportable PUCCH load per PRB can be increased, as discussed in following points:
· UE-specific PUCCH “cell” selection independent from DL cell selection. Due to larger transmit power on macro DL, portion of UEs selects macro cell when the pathloss to pico cell RRH is smaller. This can be corrected to considerable extent with cell range extension. Nevertheless, there remain macro cell UEs for which the PUCCH is received stronger on pico cell RRH than on macro eNB. However, that PUCCH cannot be received efficiently via pico cell as it uses macro cell PUCCH configuration and, hence, suffers from strong interference from pico cell UEs transmitting PUCCH on the same PRB. PUCCH for these macro cell UEs needs to be transmitted in unnecessarily high power (to be received e.g. via macro eNB), which in turn increases interference in pico cell RRH, increasing required transmission power for pico cell UEs.
These macro cell UEs can be configured to follow pico cell PUCCH configuration when PCI in the generation of PUCCH base sequence and a cyclic shift hopping can be replaced with a UE-specifically configured parameter. As they are orthogonal with other pico cell Ues, they can be received via pico cell with lowered transmission power, reducing thus also the generated interference. Configuration itself is straightforward for semi-static allocations.
· Extending orthogonal PUCCH resource pool over multiple cells. 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 in part of cells within CoMP cluster, transmission powers can be reduced, reducing also generated inter-cell interference. 
The reduced transmission powers, i.e., generated interference, allows for higher supportable PUCCH load. The use of inter-cell orthogonal resources in part of the cells increases the PUCCH resource consumption in these cells, but this is partially compensated for with more dense allocation of PUCCH resources. The net impact is higher PUCCH load that can be supported – roughly 30% increase for PUCCH Format 1a and PUCCH Format 2 (10 bit payload) were shown in [2].
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Figure 1. PUCCH overhead reduction by using orthogonal PUCCH resources on multiple cells.
2.2. Scenario 4
The problem setting is reversed in Scenario 4. By default, all UEs within the CoMP cluster use the same PCI in PUCCH base sequence and cyclic shift hopping generation and, hence, all PUCCH resources are orthogonal within the CoMP cluster. This results in lower inter-cell interference than e.g. in 3GPP Case 1 (due to smaller path losses to the closest reception point). All PUCCH resources can be allocated. However, the supportable PUCCH load over the CoMP cluster becomes limited by PUCCH multiplexing capacity and actually remains below the PUCCH load in Scenario 3 [2].  
PUCCH load can be increased by using multiple PCI values PUCCH base sequence and cyclic shift hopping generation within the CoMP cluster. Essentially, part of “cells” are re-introduced for PUCCH around some of reception points. Introduction of PUCCH resources that are not orthogonal over the CoMP cluster increases interference, but also overall PUCCH multiplexing capacity within CoMP cluster. The balancing between interference and PUCCH multiplexing capacity is essentially the same for Scenario 3 and 4, leading to the same solution. In the case of Scenario 4, UE-specific configuration of X allows for considerable increase in supportable PUCCH load – e.g. over 80% increase for  PUCCH Format 2 (10 bit payload) [2]. 
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Figure 2. PUCCH overhead reduction by using non-orthogonal PUCCH around different Rx-points.
2.3. Semi-static PUCCH allocations in presence of legacy terminals
An important aspect to consider is the use of PUCCH CoMP enhancements in presence of legacy terminals in the cell. However, the use of CoMP enhancements is straightforward for semi-static PUCCH allocations. UE-specific configuration of parameter X is used only in certain PRBs and Rel11 UEs can be grouped into these PRBs. This is illustrated in Figure 3. 
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Figure 3. Use of CoMP enhancements for semi-static allocations in presence of legacy UEs 
2.4. On dynamic PUCCH Format 1a/1b resource allocations 
Several issues need to be considered when CoMP enhancements are applied on dynamically allocated PUCCH Format 1a/1b resources to reduce PUCCH overhead. Due to one-to-one mapping between PDCCH CCEs and PUCCH resources, majority of PUCCH resources reserved for dynamic PUCCH Format1a/1b are left unused. Low PUCCH resource utilization is an in-build characteristic for PDCCH-based dynamic PUCCH Format 1a/1b resource allocation. Hence, there is only little room to reduce PDCCH-based PUCCH Format 1a/1b overhead with UE-specific configuration of parameter X. 

To increase resource utilization on dynamic PUCCH Format 1a/1b resources, we propose to allow (partial) overlapping between the ePDCCH-based dynamic PUCCH Format 1a/1b resource region and the PDCCH-based PUCCH resource region [3]. We propose also a many-to-one mapping between the ePDCCH and PUCCH resources for achieving efficient PUCCH resource utilization. These proposals provide means to control (and increase) PUCCH load on dynamic PUCCH Format 1a/1b resources, which are needed to achieve PUCCH overhead reduction with CoMP enhancements. With these future developments in mind, we see it reasonable to extend UE-specific parameter X configuration also to dynamically allocated PUCCH Format 1a/1b resources. 
We see that overhead reduction could be achieved in similar fashion as with semi-static allocations. In other words, portion of cells (or Rx points in Scenario 4) 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. This also means that the dynamic PUCCH Format 1a/1b resource allocation on the very same resources depend on multiple ePDCCHs and PDCCHs. Essentially, this means many-to-one mapping. Potential resource collisions could be resolved e.g. similarly as in the case of PHICH, i.e. with dynamic modifier contained on ePDCCH and PDCCH and adjusting the dynamic PUCCH resource allocation when needed.
Of course, legacy terminals cannot be configured to change the parameter used in PUCCH base sequence and a cyclic shift hopping generation. This affects considerably the use of CoMP enhancements on dynamically allocated PUCCH Format 1a/1b resources: 

· In presence of legacy terminals, eNB needs to reserve the normal resources for PDCCH-based PUCCH allocations with PCI-based base sequence and cyclic shift generation. 
· eNB cannot allow those Rel11 UEs that are in the same cell but have UE-specific parameter X configuration to use the same PRBs e.g. for ePDCCH-based PUCCH allocations. Otherwise, significant non-orthogonal interference is caused for both legacy and Rel11 terminals.
· But if eNB sets legacy PDCCH-based PUCCH allocations and ePDCCH-based PUCCH allocations on different PRBs, the amount of used PUCCH resources is actually increased and the original target of PUCCH overhead reduction is not met. 
This means that in presence of legacy terminals, it may not be reasonable to use UE-specific parameter X configuration for dynamically allocated PUCCH Format 1a/1b resources. However, at the same time, use of UE-specific parameter X configuration for semi-statically allocated PUCCH resources can provide PUCCH overhead reduction and is attractive. Hence, it makes sense to allow UE-specific configuration of parameter X for semi-static PUCCH allocations but not for dynamic PUCCH Format 1a/1b allocations in presence of legacy terminals. 
3. Required enhancements for PUCCH configuration
The basic PUCCH CoMP enhancements discussed above are achieved with the UE-specific configuration of parameter X to be used in PUCCH base sequence and a cyclic shift hopping generation. Further, we see that: 
· Support for different X configuration for semi-static and dynamic PUCCH resource allocations allows to use CoMP enhancements for semi-static PUCCH allocations also when legacy terminals are present in the cell. Different X configurations can be supported also for different PUCCH formats.
· PUCCH overhead reduction can be achieved with semi-static parameter X configuration. On other hand, e.g. PUSCH DM RS benefits from dynamic configuration as discussed in [4]. Hence we do not see a fixed relationship between parameter X configuration and other UE-specific RS configuration as a feasible solution.
· In the absence of legacy terminals, dynamically allocated PUCCH Format 1a/1b resources can be configured in multiple cells to use overlapping resources in a single orthogonal PUCCH resource pool. Amount of resources reserved for semi-static PUCCH allocation may be different in these 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 the ePDCCH-based and PDCCH-based PUCCH formats 1a/1b allocations. It is also equally important to consider the details on dynamic allocation of PUCCH format 1a/1b resources via multiple PDCCHs and ePDCCHs on overlapping PUCCH resources, e.g., introduction of dynamic modifier for resource allocation.
These points are captured in following proposals:
Proposal 1:
Support configuration of different X parameter for semi-static and dynamic PUCCH resource configurations and possibly also for different PUCCH formats.  

Proposal 2:  Support UE-specific configuration of X parameter independently from other UE-specific reference signal configurations. 

Proposal 3:  Support UE-specific configuration of  the starting PUCCH resource for the ePDCCH-based and PDCCH-based PUCCH formats 1a/1b allocations.
Proposal 4: Consider further the details on dynamic allocation of PUCCH format 1a/1b resources via multiple PDCCHs and ePDCCHs on overlapping PUCCH resources.
4.
Summary 
In this contribution we discussed standard changes needed for optimized PUCCH CoMP operation based on the working assumption agreed on RAN1#68bis. We see that use of UE-specifically configured parameter X in the generation of PUCCH base sequence and cyclic shift hopping provides means to enhance PUCCH operation in various CoMP scenarios. Our discussion in further required changes is summarized in four proposals below.
Proposal 1:
Support configuration of different X parameter for semi-static and dynamic PUCCH resource configurations and possibly also for different PUCCH formats.  

Proposal 2:  Support UE-specific configuration of X parameter independently from other UE-specific reference signal configurations. 

Proposal 3:  Support UE-specific configuration of  the starting PUCCH resource for the ePDCCH-based and PDCCH-based PUCCH formats 1a/1b allocations.
Proposal 4: Consider further the details on dynamic allocation of PUCCH format 1a/1b resources via multiple PDCCHs and ePDCCHs on overlapping PUCCH resources.
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