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Discussion and decision
1
Introduction

PUCCH enhancements for UL CoMP were discussed in RAN1#68bis. A working assumption was adopted on the generation of the base sequence and cyclic shift hopping. The working assumption states:

· In addition to the existing mechanism, a 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. 

· FFS if different PUCCH formats share a common X, or have different X values

· FFS on relationship with UE-specific configuration of other RS (e.g., PUSCH DMRS, …)

· Companies are encouraged to investigate in mechanisms to provide separate regions for A/Ns associated with different base sequences

This contribution reviews the motivation for the working assumption and analyzes possible options for the configuration of the parameter used for the generation of PUCCH. It also proposes as a further enhancement to provision an additional parameter in a UE-specific manner.
2
Motivations for PUCCH enhancements
It may be useful to recapitulate the reasons for the proposed PUCCH enhancements. In general, when considering the problem of PUCCH dimensioning and allocation, the design should strive to achieve the following goals:
a) Ability to use non-orthogonal resources for UE’s not strongly coupled with each other, thus enabling reuse of the same resource (in time and frequency)
b) Ability to use orthogonal resources for UE’s strongly coupled (potentially interfering) with each other

In a homogeneous deployments, these two requirements can be achieved by utilizing orthogonal resources for UE’s served by the same cell and non-orthogonal resources for UE’s served by different cells. On the other hand, in heterogeneous deployments such as CoMP Scenarios 3 and 4, two problems occur:
Enabling area splitting gain in Scenario 4

The first problem is specific to Scenario 4. In R10, all UE’s generate PUCCH from a single set of orthogonal resources based on the PCI of the serving cell. Since the serving cell is the same for all UE’s in Scenario 4, there is no possibility of resource reuse between UE’s operating with points well separated from each other unless these UE’s are allowed to generate PUCCH based on a point-specific parameter. This problem is effectively addressed (for R11 UE’s) by the working assumption adopted at the last meeting. In practice, the network will now be able to assign each UE a parameter specific to its closest reception point for the purpose of generating PUCCH, thus minimizing interference to UE’s operating with other reception points.
Avoiding interference in Scenario 3

The second problem occurs for Scenario 3 and (potentially Scenario 4 as well) and stems from the transmission power difference between the high-power node and the low-power nodes. A R10 UE in Scenario 3 may be served by the macro cell while having a much smaller path loss to a pico cell, potentially creating strong interference if it uses a PUCCH resource non-orthogonal to those of UE’s served by the pico cell. The network can avoid this issue in different ways:

Frequency partitioning: Ensure that PUCCH transmissions of macro UE and pico UE’s take place in different PRB’s. This can be achieved already in R10 and Scenario 3 by configuring different PUCCH cell-specific parameters for the macro cell and the pico cells (e.g.
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) and configuring UE-specific parameters for Format 2 or Format 3 resource indices such that they do not correspond to the same PRB. The drawback of frequency partitioning is that it increases PUCCH overhead (removes resources for PUSCH).
Time partitioning: Ensure that PUCCH transmissions of macro UE’s and pico UE’s occur in different subframes. This can be achieved already in R10 by (a) scheduling downlink assignments in different subframes so that HARQ A/N are transmitted in different subframes (Format 1a/1b and 3) and (b) configuring periods and offsets of semi-static PUCCH resources (Format 1, Format 2) so that they don’t overlap in time. This solution is possible since in CoMP Scenario 3 or 4 a high level of coordination (i.e. single scheduler) is possible. The main drawback of time partitioning is that it introduces scheduling restrictions.
Cell range extension (CRE): Reduce the interference issue by moving the UL boundary closer to the DL boundary. It was shown in [3] that a value of 9 dB is sufficient for PUCCH format 1/1a/1b. However, this is only available to UE’s capable of operating with 9 dB of CRE. Also, it is not clear if even 9 dB is sufficient for PUCCH format 3 with large payload, for which the required SIR is higher.
In Scenario 4, the interference issue described in the above can in principle be avoided by ensuring through power control that PUCCH is received at the minimum required level at the closest reception point. Nevertheless, it is likely that frequency and/or time partitioning techniques have to be implemented to prevent interference between R11 UE’s and legacy UE’s which will continue to use a cell-specific orthogonal set of PUCCH. Frequency partitioning in Scenario 4 could be implemented by providing parameters such as 
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in a UE-specific manner if E-PDCCH uses a CCE-based PUCCH allocation scheme for A/N, but at this point it is not clear that it will be the case.
3
Configuration of PUCCH base sequence
This section examines different options for the provision of the UE-specific parameter for the generation of PUCCH base sequence and cyclic shift hopping.

Option 1: UE-specific parameter X is used to generate all PUCCH transmissions
This option only requires configuration (from RRC) of the value of the UE-specific parameter X.
Option 2: UE-specific parameter X or Cell identity (PCI) is used to generate PUCCH transmissions, depending on the PRB.
This option, proposed in [2], allows a UE to be assigned different sets of orthogonal PUCCH (“zones”) indirectly, based on the PRB. The benefit of this option is that it provides some pooling gain when frequency partitioning is utilized to avoid interference between macro UE’s and pico UE’s. For instance, in case separate PRB’s would be configured by the network for PUCCH Format 2 generated from either PCI or a point-specific parameter X, a UE could be assigned a resource from either PRB depending on the load situation. This option requires configuration (from RRC) of whether PUCCH transmission in a certain PRB uses PCI or a UE-specific value X.
Option 3: UE-specific parameter X or Cell identity (PCI) is used to generate PUCCH transmissions, depending on the ARI.

This option allows the network to instruct the UE to generate PUCCH using the PCI instead of the UE-specific parameter X based on the signaled A/N resource indicator (ARI) of the DL assignment if carrier aggregation is used. 
The main benefit of this option is that it allows coexistence of R11 UE’s with legacy UE’s in Scenario 4 without requiring time partitioning or allocation of an extra PRB for the Format 3 PUCCH resources just for legacy UE’s. As illustrated in the Figure below, a legacy UE and a R11 UE can transmit PUCCH Format 3 resources in the same subframe and RB by utilizing a specific ARI codepoint for the R11 UE. This option requires configuration (from RRC) of which ARI codepoint(s) use PCI instead of the UE-specific value X.
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It should be noted that Options 2 and 3 are not mutually incompatible and could both be supported, as they benefit in different situations. However, between the two Option 3 appears more attractive as it may potentially avoid the cost of a full PRB reserved for the PUCCH Format 3 of legacy UE’s.
Proposal 1: For PUCCH format 3, ARI indicates whether PUCCH is generated using PCI or UE-specific parameter.
4
Other enhancements
While the working assumption adopted at the last meeting enables basic area splitting functionality in Scenario 4, one should also consider whether benefits could be achieved by provisioning other cell-specific parameters in a dedicated manner. As discussed in our previous contribution [4], another potential parameter is the Delta Shift (
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) which determines the minimum cyclic shift separation between PUCCH Format 1/1a/1b resources and which is set according to the maximum delay spread. If the maximum delay spread between the UE and a low power node is low enough to make possible a smaller separation, allowing a UE-specific configuration of this parameter could reduce the number of PRB’s required for PUCCH Format 1/1a/1b to be dimensioned for low power nodes.
Proposal 2: Parameter
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can be provided in a UE-specific manner.
3
Conclusion
This contribution reviewed the motivations for the working assumption and analyzed possible options for the configuration of the parameter used for the generation of PUCCH. It also proposed as a further enhancement to provision an additional parameter in a UE-specific manner. More specifically, the following proposals were made:

Proposal 1: For PUCCH format 3, ARI indicates whether PUCCH is generated using PCI or UE-specific parameter.
Proposal 2: Parameter
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can be provided in a UE-specific manner.
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