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1. Introduction

In RAN1#68bis, uplink control signaling enhancement in CoMP scenario is discussed, and the following conclusion is agreed:
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. 
There are still some remaining issues related to this topic, in this contribution, we discuss the remaining undecided problems related to PUCCH in CoMP scenario.
2. Discussion

2.1 PUCCH resource allocation in CoMP scenarios

In r10, for PUCCH format 2/2a/2b/3, the time-frequency resources are configured by high layer in a UE-specific way; while for PUCCH format 1/1a/1b, the time-frequency resources for a specific UE are constituted of two parts: the cell-specific high layer configured parameter and the UE-specific part related to the CCE index of the PDCCH scheduling the UE. The traditional method for PUCCH time frequency resource is consistent with the feature of traditional network where the downlink transmission point is just the uplink reception point; however, in CoMP scenario, the get the best downlink performance as well as the uplink, the downlink transmission can be fulfilled by several points simultaneously, so as the uplink reception, and the downlink and the uplink can be configured separately for flexible scheduling. Consequently, the time frequency method for PUCCH format 1/1a/1b in CoMP scenario need carefully design to avoid interference and improve resource efficiency.
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Fig 1. Area division in CoMP scenario

In CoMP scenarios, there can be several kinds of UEs:

UE-group-a: Legacy UEs in the coverage area of the macro node, for example UE_12 in Fig 1.;

UE-group-b: Legacy UEs located in the coverage area of the RRHs, for example UE_51,UE_71 in Fig 1.;

UE-group-c: R11 UEs located at the center coverage area of the macro node, for example, UE_11 in Fig 1;

UE-group-d: R11 UEs located at the center coverage area of the RRH, for example, UE_52, UE_72 in Fig 1;

UE-group-e: R11 UEs located at the coverage extension area of the RRH with downlink associated with the macro node and the uplink associated with the RRH, for example, UE_21, UE_31 in Fig 1;

UE-group-f: R11 UEs located at the edges of the two RRHs with uplink JR operation, for example, UE_61, UE_62 in Fig 1;

UE-group-g: R11 UEs located at the edges of the RRHs and the macro node with three uplink reception points, for example, UE_41 in Fig 1.

There are several resources can be allocated for UEs’ PUCCH format 1/1a/1b: time frequency resources for orthogonal, base sequences for interference randomization, CS and OCC for multiplexing different PUCCHs orthogonally. The suitable configuration is that for nearby UEs to allocate different time frequency or CS or OCC for interference cancellation; while for faraway UEs to allocate different base sequences for interference randomization and resource reuse.
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Fig 2. Resource allocation in different Areas

The resource allocation method can be implemented in this way:

Firstly, according to the UEs’ locations, divide the UEs into different groups which is showed in Fig 1 as Area_1, Area_2,…, Area_7;

Secondly, construct the relationship among the groups. The principle is direct relationship means that high interference and no direct relationship means that little or no interference, as shown in Fig 2;

Finally, allocate different time frequency resources for the direct related groups and allocate the same time frequency resources meanwhile different base sequences for the non-directed groups; While for the different UEs in the same group, CS or OCC is used for multiplexing different UEs’ PUCCH format 1/1a/1b, with an example shown in Fig 2.

From the UE’s perspective, the UE can have three different kinds of uplink reception points: the traditional downlink transmission point, the single point different from the downlink transmission point, the points related to uplink JR operation. To deal with these different situation, the time-frequency resources, and the CS and OCC need to be set flexibly in a UE-specific manner.

For PUCCH format 1/1a/1b/2/2a/2b, the resources are decided by the following parameters: 
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and the cell-id. The agreement in last meeting is that the cell id can be configured in a UE-specific manner. In our opinion, in addition to the UE-specifically cell id, the other three parameters should also be configured in a UE-specific way according to the UE’s position and uplink reception point(s).
Proposal 1: Support UE-specific configuration of 
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2.2 Relationship with DMRS/SRS base sequence configuration
In R10, PUCCH format 1/1a/1b/2/2a/2b, PUCCHDMRS, PUSCH DMRS and SRS share the same ZC sequence, and the sequence of PUCCH format 3 is different from that. CDM is adopted for multiplexing of PUCCH format 1/1a/1b/2/2a/2b. OCC is adopted for multiplexing of PUCCH format 1/1a/1b/3.
In R11, especially the CoMP scenario, the transmission of PUSCH, PUCCH and SRS may have its own features. SRS need to consider both the uplink and downlink measurement points; PUCCH need to consider transmission robustness, and single layer transmission may be more popular; while there will be more consideration of SU/MU multiplexing of PUSCH as well as the uplink JR operation. Consequently, the u,v value in the ZC sequence of these different uplink channels need to be treated separately. So here comes our proposal:
Proposal 2: The ZC sequence of PUCCH is the same as that of the PUCCH DMRS, which is different from that of SRS and PUSCH DMRS.

2.3 Relationship between CS of PUCCH and PUCCH DMRS
For PUCCH format 1/1a/1b, there has some difference between the formula of CS of PUCCH and PUCCH DMRS, however, the parameters in both the formulas are the same, such as 
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 and cell id.
For PUCCH format 2/2a/2b, the formula of CS calculation of PUCCH and PUCCH DMRS are the same, and both have no OCC.

For PUCCH format 3, there is no OCC in the PUCCH DMRS, but CS, and the CS formula is related to parameters cell id and 
[image: image12.wmf](3,)

PUCCH

p

n

%

.

Consequently, all the parameters related with calculation of CS of PUCCH format 1/1a/1b/2/2a/3 are the same as that of PUCCH DMRS, for the reason that the PUCCH and PUCCH DMRS are for the same uplink reception point(s), there should be no difference between CS between PUCCH and PUCCH DMRS.
Proposal 3: Support the same CS parameters for PUCCH and PUCCH DMRS.
2.4 PUCCH scrambling
In R10, the scrambling of PUCCH format 1/1a/1b is cell-specific, and is related to 
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. If for the purpose of UE-specific PUCCH resource, these parameters has been set in a UE-specific manner, then there is no need for further optimization.
In R10, the scrambling of PUCCH format 2/2a/2b/3 is UE-specifically configured, and is related to the cell id and C-RNTI of the specific UE. The formula is shown as following:
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From the performance perspective, there should be UE-specific scrambling for PUCCH format 2/2a/2b/3. Although, with the UE-specific parameter
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, different UEs can have different scrambling method, the additional UE-specific cell id has been introduced for other characteristic of PUCCH, if also adopted by the PUCCH scrambling purpose, there is no additional cost and is helpful for the common understanding between eNB and UE and also between different characteristics of PUCCH. Another advantage of UE-specifically configured shared cell id for PUCCH scrambling is that it can retain commonality within a group of similar UE.
Proposal 4: UE-specifically configured cell id is also applicable for scrambling of PUCCH.

2.5 PUCCH CS hopping

The CS hopping of PUCCH is carried out by the following formula:
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Where the initialization of the preodu-random sequence is related to the cell id.
The current of the agreement is that the cell id for PUCCH CS hopping is the same as that for base sequence, and a FFS point is whether this UE-specific cell id is suitable for all the PUCCH format. In our opinion, all the PUCCH format should share the same CS hopping UE-specific cell id. The reason is that although different PUCCH formats may be related to different feedback information (CSI or A/N), the general trend is that PUCCH format 1/1a/1b for A/N feedback, and PUCCH format 2/2a/2b/3 for multiplexing feedback of A/N and CSI, and the demand for UE-specific cell id to generate base sequence and CS hopping is from the A/N feedback, so all the PUCCH formats are needed. In a word, from the perspective of signaling overhead saving and actual practical scenario, all the different PUCCH formats for a specific UE share the same UE-specific cell id is suitable.
Proposal 5: A single UE-specific cell id is shared for the CS hopping of all the PUCCH formats.

3. Conclusion

In this contribution, we analyzed the remaining issues related to PUCCH, and our proposals are as following:
Proposal 1: Support UE-specific configuration of 
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Proposal 2: The ZC sequence of PUCCH is the same as that of the PUCCH DMRS, which is different from that of SRS and PUSCH DMRS.

Proposal 3: Support the same CS parameters for PUCCH and PUCCH DMRS.

Proposal 4: UE-specifically configured cell id is also applicable for scrambling of PUCCH.

Proposal 5: A single UE-specific cell id is shared for the CS hopping of all the PUCCH formats.
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