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Discussion and decision
1
Introduction

PUCCH enhancements have been discussed in previous meetings. The following working assumption was confirmed at the last meeting:
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
Several remaining details to complete the work were addressed in a recent reflector discussion [2]. These are:
a) Issues related to the virtual cell ID (VCID) for PUCCH:

- relationship with virtual cell ID for PUSCH (Question 1)
- value range (Question 2)
- whether the same value is used for all formats (Question 3)
b) Provision of other PUCCH parameters UE-specifically (Question 4)
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c) Fallback cases to PCI (Question 5)
These issues are discussed in the following. 

2
Details related to virtual cell ID for PUCCH
Since R8 it is possible to use different DM-RS base sequences between PUCCH and PUSCH. The main use case is to allow use of same base sequence for all cells supported by an eNB for PUSCH while keeping different base sequences for PUCCH. This functionality is supported by the use of parameter 
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to offset the sequence-shift pattern from the value obtained from the physical cell identity (PCI).
To support UL CoMP in R11 it was agreed to not introduce a UE-specific value of 
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as the UE-specific provision of a VCID for PUSCH allows the network to configure any desired sequence-shift pattern. However, the consequence is that to continue supporting the R8 capability of using different DM-RS base sequences between PUCCH and PUSCH, it is necessary that the VCID used to generate the base sequences for these two cases are allowed to be different. In addition, in the case of PUCCH the same set of base sequences and cyclic shift hopping patterns as in R8 can be generated by allowing the VCID to take a value from the same range as the PCI. Thus we support the following proposals from the email rapporteur [2]:
Proposal 1: VCID for PUCCH is independent from parameters of UE-specific DM-RS configurations
Proposal 2: The range of VCID for PUCCH is [0..503]
It has been suggested to allow the use of different values of VCID for different PUCCH formats for various motivations. A first motivation that has been raised is the case of UL/DL decoupled operation in scenario 3, for which it is seen that directly targeting the reception point close to the DL scheduler (i.e., macro site) could be beneficial for sending delay-sensitive feedback such as HARQ A/N. However, our view is that a deployment where latency between transmission points is significant enough to prevent timely transfer of HARQ information from the remote point (RRH) to the scheduler would likely not be able to properly support PUSCH operation through the RRH either to support the UL/DL decoupling operation. Hence, we are not sure if this is a valid scenario.
A second motivation is the need to maintain orthogonality with other UE’s using PCI to generate PUCCH. While we believe that there are certain situations where fallback to PCI is desirable (as will be explained in a later section), falling back to PCI for all PUCCH transmissions using format 1a/1b in presence of legacy UE’s does not appear as an attractive solution as it would imply that no area splitting gain would be available in scenario 4 for PUCCH in presence of a legacy UE. For PUCCH format 1a/1b, the problem of the existence of legacy UE is better addressed by the use of separate regions for PCI-based versus VCID-based PUCCH transmissions. Another possibility is to avoid scheduling legacy UE’s and R11 UE’s in the same subframe.
Proposal 3: The same VCID is configured for all PUCCH formats. This does not preclude the use of PCI for specific PUCCH transmissions for fallback purposes.
3
UE-specific provision of PUCCH parameters
The possible replacement of the cell-specific parameter 
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) for PDCCH-triggered PUCCH transmissions (e.g., HARQ A/N) has also been discussed in the reflector discussion. We assume that this issue is applicable to scenario 3 only, since in the case of scenario 4 PDCCH transmission would typically only occur in the common search space for R11 UE’s configured with E-PDCCH. On the other hand, it should be noted that the use of a UE-specific parameter 
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 may be adopted to support E-PDCCH.
In scenario 3, implementing a frequency separation between the PUCCH transmissions of UE’s connected to different cells (i.e. points) is already possible by having each cell configure a different value of the parameter 
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. Therefore, the need for a UE-specific configuration of 
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is not critical. However, we think it would still be beneficial to support this to reduce PUCCH overhead. For instance, one possible scenario is one where the pico cells all use the same cell-specific
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value (since reuse should normally be possible between small cells) while the macro cell use a different cell-specific
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value to avoid interference to a pico cell when a legacy macro UE relatively close to a pico cell transmits PUCCH format 1a/1b. Using a UE-specific configuration of 
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the network could configure R11 macro UE’s that are sufficiently far from pico cells with the same value as the cell-specific 
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used by pico cells. This reduces PUCCH overhead (and increases capacity for PUSCH) in subframes where only such R11 macro UE’s transmit PUCCH.

Another parameter for which UE-specific provision would be beneficial is 
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. In scenario 4, this would enable an increase of multiplexing capacity of PUCCH transmissions directed to a pico node when the delay spread is sufficiently small. If 
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is constrained to be the same for all UE’s in the cell (including the macro node and pico nodes) then its value will have to be driven by the worst-case delay-spread between a UE and a point, which is likely to be larger.
Proposal 4: The parameter 
[image: image16.wmf])

1

(

PUCCH

N

can be configured on a UE-specific basis.
Proposal 5: The parameter 
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can be configured on a UE-specific basis.

4
Fallback operation to PCI
As identified by the email rapporteur, fallback operation to PCI has been proposed for different motivations. In our view the most important case to address is to maintain orthogonality with legacy UEs for dynamic HARQ A/N. More specifically, two situations have been identified:

a) When a UE configured with E-PDCCH receives PDCCH (DCI format 1A) in the common search space.

In R11, E-PDCCH is not available in the common search space and the UE continues monitoring PDCCH in this search space. This creates a potential interference issue with other UE’s monitoring PDCCH, such as legacy UE’s, since these UE’s transmit PUCCH using PCI in potentially the same resource blocks. One solution could be to configure a 
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 parameter (different from the parameter used for E-PDCCH, to create a frequency separation, but this would increase PUCCH overhead. Otherwise, the network has to avoid scheduling a legacy UE and a R11 UE in the CSS in the same subframe. It is far better to allow the UE to fallback to PCI-based generation of PUCCH when scheduled on the common search space.

Proposal 6: UE falls back to PCI-based PUCCH generation when transmitting HARQ A/N feedback in response to an assignment received from PDCCH in the common search space.

b) When transmitting PUCCH format 3 on a resource index indicated by a specific value of the ARI
This fallback mechanism has the benefit of avoiding the need for reserving separate RB’s for format 3 resources used by legacy UE’s and format 3 resources used by R11 UE’s. Both UE’s can transmit PUCCH format 3 in the same RB and subframe if the R11 UE uses PCI-based generation during that subframe. This can be realized without any additional by reserving one of the 4 existing ARI codepoints to indicate fallback.

Proposal 7: UE falls back to PCI-based PUCCH generation when transmitting PUCCH format 3 for a specific value of the ARI.

5
Conclusions
This contribution discussed the remaining issues for PUCCH enhancements for UL CoMP. The following proposals were made:
Proposal 1: VCID for PUCCH is independent from parameters of UE-specific DM-RS configurations
Proposal 2: The range of VCID for PUCCH is [0..503]
Proposal 3: The same VCID is configured for all PUCCH formats. This does not preclude the use of PCI for specific PUCCH transmissions for fallback purposes.
Proposal 4: The parameter 
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can be configured on a UE-specific basis.

Proposal 5: The parameter 
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can be configured on a UE-specific basis.

Proposal 6: UE falls back to PCI-based PUCCH generation when transmitting HARQ A/N feedback in response to an assignment received from PDCCH in the common search space.

Proposal 7: UE falls back to PCI-based PUCCH generation when transmitting PUCCH format 3 for a specific value of the ARI.
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