3GPP TSG-RAN WG1#69                                                                         R1-122082
Prague, Czech Republic, 21–25 May, 2012

Agenda Item:
7.5.6.3
Source: 
Fujitsu

Title: 
Consideration on PUCCH transmission enhancement  
Document for:
Discussion and Decision
1. Introduction
At RAN1 68b, several issues of PUCCH enhancement for UL CoMP were discussed, including,
· Partitioning of PUCCH into multiple zones to support single point or multi-point reception

· Sequence provisioning/hopping for the zones

· Location and size of the zones

A working assumption was made [1],

· 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. 
In this contribution, we share our views on details of UE-specific parameter X and multiple regions for PUCCH mainly in CoMP scenario 3&4.
2. Considerations on PUCCH for UL CoMP 
2.1. UE-specific parameter for sequence generation
In LTE Rel-10, PUCCH resources are assigned to each UE in a cell by high layers and/or dynamic indication via PDCCH. Resources such as PRB index, orthogonal sequences and/or cyclic shifts can be used to guarantee PUCCHs’ orthogonal transmission from different UEs in one cell. Besides, interference randomization techniques like cell-specific cyclic shift hopping over SC-FDMA symbol, cell-specific scrambling code and UE specific bit-level scrambling are used to reduce inter-cell interference on PUCCH in LTE Rel-10. For Rel-11 however, problems exist in both CoMP scenario 3 and scenario 4 for effective PUCCH transmission. In CoMP scenario 3, PUCCHs generated from different physical cell ID (PCI) which would be received on the same PRBs by multiple RPs (Reception Points) cause high interference due to non-zero cross-correlation of different CAZAC sequences. On the other hand, in CoMP scenario 4, the shared-ID concept leads to the same base sequence for all RPs which makes it impossible to exploit the split gain of PUCCH. The limitation of PUCCH tied to PCI has already been acknowledged by many companies. It is beneficial to introduce UE-specific parameter X to generate PUCCH base sequence and cyclic shift hopping. The value of X could be coupled with other UE-specific configured RS. It is proposed by some companies that the value of X could be derived from PUSCH DM-RS. However, there are cases where RPs of PUCCH are not necessary the same as RPs of PUSCH. We consider it proper to independently configure the PUCCH sequence and PUSCH DM-RS. On the other hand, the value of X could be derived from CSI-RS configuration. Since for one CoMP UE, multiple CSI-RS resources are configured in UE-specific manner and each CSI-RS resource is configured with a UE-specific
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, from the perspective of signaling overhead, it is beneficial to reuse the scrambling seed 
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 of non-zero power CSI-RS resources to generate PUCCH base sequence and cyclic shift hopping. Among multiple scrambling seeds for multiple CSI-RS resources of a UE, dynamic signaling can be used to indicate which seed is used for PUCCH base sequence and cyclic shift hopping according to dynamic UL and DL scheduling. 
Proposal 1: Multiple sets of UE-specific parameter X to generate PUCCH sequence are supported. The value of X could be derived from the scrambling seed 
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 of CSI-RS resource.
2.2. UE-specific parameter for PUCCH region
Though the UE-specific parameter X could provide orthogonality among Rel-11 UEs, the intra-cell or inter-cell interference among Rel-11 UEs and legacy UEs could not be completely avoided unless these UEs transmit their PUCCH on separate PRBs [3][4]. Taking scenario 3 for example, as depicted in Fig.1, UE1 receives PDCCH from macro eNB while it transmits PUCCH to both macro eNB and RRH1; UE2 receives PDCCH from macro eNB while it transmits PUCCH to both macro eNB and RRH2. At the same time, UE3 receives PDCCH from RRH1 and transmits PUCCH to RRH1. UE1 and UE2 are Rel-11 UEs, while UE3 is a legacy UE. The orthogonality could be achieved at macro eNB if UE1 and UE2 are configured with the same parameter X, e.g. PCI of macro eNB to generate PUCCH sequence. But for legacy UE3, eNB could only configure one cell-specific parameter X, i.e. the PCI of RRH1 to generate PUCCH sequence. If UE3 transmits PUCCH on the same PRB with UE1 and UE2, the performance of PUCCH of UE3 at RRH1 obviously degrades due to high interference. One way to avoid the interference is to reserve separate regions for legacy UEs and Rel-11 UEs whose TPs and RPs are different. The separate region could be semi-statically configured or dynamically configured. To support dynamic selection of RPs, eNB should configure multiple sets of parameters to indicate the PUCCH region which is associated with corresponding UE-specific parameter X. For example, for PUCCH format carrying ACK/NACK of dynamic scheduled PDSCH, multiple sets of parameters 
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 could be high-layer configured for UE, where 
[image: image5.wmf](

)

(1)

PUCCH

Nm

 is UE-specific parameter to derive the PUCCH region and 
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 is UE-specific parameter to generate PUCCH sequence, while for PUCCH format carrying CSI, multiple sets of parameters 
[image: image7.wmf](

)

(

)

(

)

(2)

PUCCH

nmXm

，

 could be high-layer configured for UE. eNB could dynamically indicate the set of parameters by bits in DCI. If different PUCCH formats share a common X, the parameters to indicate the PUCCH region for different formats could be bundled together, i.e. 
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. But if different PUCCH formats could have different X values, it is beneficial to configure the parameters to indicate the PUCCH region for different formats independently. 

[image: image9.emf]`

Macro eNB

RRH1

UE1

PUCCH

UE3

PDCCH

RRH2

UE2


Figure1.  CoMP Scneario3

Proposal 2: The parameter to indicate the UE-specific PUCCH region should be configured together with the X. The parameter configured for different PUCCH formats could be configured independently.
3. Conclusions
In this contribution, we analyzed potential aspects related to PUCCH enhancements in UL CoMP. We arrived at the following two proposals:
Proposal 1: Multiple sets of UE-specific parameter X to generate PUCCH sequence are supported. The value of X could be inferred from the scrambling seed 
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 of CSI-RS resource.
Proposal 2: The parameter to indicate the UE-specific PUCCH region should be configured together with the X. The parameter configured for different PUCCH formats could be configured independently.
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