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1. Introduction

The working assumption of PUCCH enhancement for UL CoMP was agreed in RAN1#68bis as follows,
· 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 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 
The introduction of UE-specifically configured parameter X could increase the flexibility of orthogonal or non-orthogonal configuration of PUCCH resources among different reception points (RPs), so as to balance the signal quality and multiplexing capacity of PUCCH, especially in CoMP Scenario 3 and 4.  
Since PUCCH formats 1/1a/1b, 2/2a/2b and 3 have different characteristics, in Scenario 3 and 4 we further discuss whether different formats share a common X, or have different X.
2. Discussions
In general, the concept of “handing-off” the UL transmission to a different cell than the serving cell is a means to minimize link pathloss especially in heterogeneous network deployment CoMP scenario 3.

. 
2.1. PUCCH Format 1/1a/1b
The DL control signalling of a UE is transmitted from the PDCCH belonging to its serving TP, so that the dynamic resource of PUCCH format 1a/1b is indicated by the lowest CCE index of the PDCCH of the serving cell which contains the UE’s associated TP.  Since the HARQ-ACK feedback has to be received within 4 ms, the transmission of PUCCH format 1/1a/1b is very sensitive to the delay.  Therefore, it is difficult to perform multi-point reception of PUCCH format 1/1a/1b to achieve combining gain.  The main purpose of flexible configuration for PUCCH format 1/1a/1b base sequence and cyclic shift hopping is to reduce the inter-RP interference in case the scrambling, cyclic shift hopping and PUCCH resource index remapping cannot provide enough randomization .
For example, in Scenario 3, the resources of PUCCH format 1/1a/1b for the macro-UE and pico-UE are dynamically indicated by the lowest CCE index of its own PDCCH individually.  If the macro-UE is allocated the same PUCCH format RB as one of the pico-UEs, the transmission of PUCCH format 1/1a/1b from the macro-UE near the RRH may cause serious inter-cell interference to the UEs associated with the RRH, since they have different base sequences and cyclic shift hopping.  In this case, the system could assign the same X to the macro-UE and the suffering pico-UE to guarantee the orthogonal resources.
In addition, the number of orthogonal resources of PUCCH format 1/1a/1b within each RB could be up to 36, 18 or 12 for normal CP, depending on its cell’s delay spreads. 
2.2. PUCCH Format 2/2a/2b
Different from HARQ-ACK, the periodic CSI reporting has not such a strict requirement of delay.  It is beneficial to perform multi-point reception of PUCCH format 2 to achieve CoMP combining gain.  Even if the inter-RP interference randomization on PUCCH format 2 is good enough, it is necessary to assign the same X among the UEs which have the same RPs of PUCCH format 2.  PUCCH format 2 has a higher requirement of orthogonality than PUCCH format 1a/1b.
However, note that PUCCH format 2a/2b contains HARQ-ACK.  The single-point reception of PUCCH format 2a/2b is preferred considering its sensitive to the feedback delay. 
On the other hand, PUCCH format 2/2a/2b has only 12 orthogonal resources for each RB, which is smaller than those of PUCCH format 1/1a/1b.
2.3. PUCCH Format 3
If PUCCH format 3 is used to convey multiple HARQ-ACK as in Rel.10, it is also sensitive to feedback delay, similar to PUCCH format 1/1a/1b.  Thus the single-point reception of PUCCH format 3 conveying multiple HARQ-ACK is preferred.  The main purpose of setting X is to reduce the inter-RP interference so that it has lower requirement on resource orthogonality than PUCCH format 2.
It is known that PUCCH format 3 has only 5 orthogonal resources for each RB.

Considering that these different PUCCH formats have different requirements on orthogonality and have different numbers of orthogonal resources for each RB, it is reasonable to assign different X values (such as X1, X2, …) for different formats.
· FFS on the number of X parameters for different PUCCH formats

· FFS on the exact range of X

· FFS on whether to associate different ΔshiftPUCCH to different X.

3. Conclusions
In this contribution, we discuss whether to assign a common X or different X values for different PUCCH.  We suggest:
· Proposal :Support assigning different X values for different PUCCH formats.
· Up to 3 different X parameters for PUCCH formats {1/1a/1b}, {2/2a/2b} and {3}.
· FFS on the exact range of X

· FFS on whether to associate different ΔshiftPUCCH to different X.

References

[1] R1-121568, “Uplink control signaling for CoMP”, Qualcomm Inc., RAN1#68bis
3

Page 1 of 4

