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1. Introduction

In RAN1#68bis, the following was concluded for PUCCH configuration in Rel-11 [1]:
 SHAPE  \* MERGEFORMAT 



In this contribution, we share our views on the remaining issues related to PUCCH resource allocation.
2. Discussion
2.1. UE-specifically configured parameter
· Base sequence index (BSI) and cyclic shift hopping pattern (CSH)

The BSI and CSH pattern should be configured in a UE-specific manner in order to provide interference randomization among Receiving Points (RPs), in particular for supporting CoMP scenario 4. Uplink MU-MIMO requires orthogonal PUSCH DMRS sequences among the paired UEs. As a result, some companies have proposed the dynamic configuration of BSI and CSH for PUSCH transmission. However, support of MU-MIMO is not required for PUCCH transmission. Therefore, we do not see any need for supporting dynamic configuration of RS sequence for PUCCH transmission. We also think the reception point of PUCCH is common among all PUCCH formats. Therefore, we also do not see any need for supporting different BSIs and CSH patterns for different PUCCH formats.
Proposal 1:

· The common BSI and CSH pattern for all PUCCH formats should be configured for a Rel-11 UE.

· PUCCH region
For the PUCCH region, PUCCH resource management can be flexibly performed in a UE-specific manner. UE-specific NPUCCH(1) was proposed in [2] – [4] for supporting dynamic A/N region. It is one of the promising ways to provide the different PUCCH region for A/N transmission with respect to each RP. Though NPUCCH(1) is a parameter to be added with minimum CCE index corresponding to DL grant, CCE indexing for ePDCCH has not been decided yet. In addition, it might be necessary to consider dynamic switching between UE-specific NPUCCH(1) and legacy NPUCCH(1) since some collision may occur between PUCCH resources dynamically triggered by PDCCH and ePDCCH [5]. Therefore, the detailed way to configure/switch the PUCCH resource should be discussed after ePDCCH structure is decided.

Proposal 2:

· The detailed way to configure/switch the PUCCH region should be discussed after ePDCCH structure is decided.

· Depending on decided ePDCCH structure, RAN1 has to consider dynamic switching between UE-specific NPUCCH(1) and legacy NPUCCH(1) to avoid the collisions between PUCCH resources dynamically triggered by PDCCH and ePDCCH.

2.2. Relationship with UE-specific configuration of PUSCH DMRS
In this section, we consider the relationship with UE-specific configuration of PUSCH DMRS.
In the PUSCH DMRS discussion, the dynamic configuration of DMRS sequence has been proposed. In this scheme, a few parameter sets are configured in the RRC, and one of these sets is indicated to Rel-11 UE by UL grant DCI. Figure 1 shows one example of RRC configured virtual cell IDs.

[image: image2.emf]UE#2

LPN

Macro eNB

UE#1

RRC configured

Virtual cell IDs

X

0

Y

0

Y

1

X

1

UE #1 UE #2

Dynamic selection

for PUSCH DMRS

PUCCH sequence


Figure 1 One example of virtual cell IDs for PUSCH DMRS and PUCCH
In this figure, each UE is configured with two sets of parameters. One set can be dynamically selected, by UL grant DCI, for the configuration of PUSCH DMRS, and one set can be independently and semi-statically configured for PUCCH sequence generation. Specifically, UE#1 can dynamically select the virtual cell ID X0 or X1 for PUSCH DMRS generation, and semi-statically configure X0 (or X1) for the PUCCH sequence generation.
Proposal 3:

· One virtual cell ID for generating PUCCH sequence should be configured by RRC signaling  among the virtual cell IDs configured by RRC for PUSCH DMRS.
· The same set of virtual cell IDs can be used for generating both PUSCH DMRS and PUCCH sequences for all formats.
Regarding the fallback operation, Rel-11 UE has to use the BSI and CSH pattern which are associated to physical cell ID (PCI) during the ambiguity period of virtual cell ID reconfiguration. In addition to this case, Rel-11 UE can associate with a macro eNB in the high mobility case. For these purposes, the Rel-11 UE should also support the physical cell ID based PUCCH BSI and CSH pattern configuration as a fallback operation.
Proposal 4:

· The Rel-11 UE should also support the physical cell ID based PUCCH BSI and CSH pattern configuration as a fallback operation.
3. Conclusion
Based on the considerations in the section 2, we propose:

Proposal 1:

· Rel-11 UE should semi-statically configure the BSI and CSH pattern.

Proposal 2:

· The detailed way to configure/switch the PUCCH region should be discussed after ePDCCH structure is decided.

· Depending on decided ePDCCH structure, RAN1 has to consider dynamic switching between UE-specific NPUCCH(1) and legacy NPUCCH(1) to avoid the collisions between PUCCH resources dynamically triggered by PDCCH and ePDCCH.

Proposal 3:

· Rel-11 UE should be configured by RRC to use one of the virtual cell IDs configured by RRC for generating PUCCH RS sequence.
· The same set of virtual cell IDs can be used for generating both PUSCH DMRS and PUCCH DMRS sequences.
Proposal 4:

· The Rel-11 UE should also support the physical cell ID based PUCCH BSI and CSH pattern configuration as a fallback operation.
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Conclusion:


Take the following as working assumption, and further consider the applicability of this in various scenarios.


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. 
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