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1 Introduction
In RAN1#68, the issues related to uplink control channel are discussed, and the conclusions are drawn as follows:

Continue discussion until next meeting. Potentially also take into account the related aspects in E-PDCCH discussion, in addition to COMP impact. Also consider the relation to PUCCH PC.
In this contribution, we will address the PUCCH issues such as resource allocation at different points, the base sequence, scrambling and CS hopping configurations.
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-2: Legacy UEs located in the coverage area of the RRHs, for example UE_51,UE_71 in Fig 1.;

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

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

UE-group-d: 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-e: 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-f: 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.

2.2 Standardization related work

Above are issues more related with implementation. For the standardization work, there are two aspects need change with respect to the traditional specifications.

One aspect is the high layer configure parameter 
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, which need to be changed to be configured in a UE-specific way, for the reason that even with the same cell_id, the UEs may be associated with different uplink reception points. Meanwhile, the time frequency resource for PUCCH format 1/1a/1b is also related with the CCE number of the PDCCH, however, in r11, sometimes there may be only ePDCCH which play the role of traditional PDCCH, in this circumstance, there should be the eCCE index with the similar concept as CCE, which can be used to differentiate different UEs in a dynamic way.

So here comes our proposal:

Proposal 1: The high layer configured parameter 
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 should be configured in a UE-specific way.

Another aspect is the base sequence configuration which is similar as the DMRS for PUSCH. In our implementation method, the base sequence configuration of a specific UE is more related to the Area rather than the serving cell, consequently, sometimes when the serving cell and the area do not coinside, there need some UE-specific configuration. 
So we also propose the similar manner for the PUCCH, that is:

Proposal 2: The base sequence for the PUCCH is configured UE-specifically, while the relation to the base sequence of uplink references signals (DMRS, SRS) needs further discussion.

2.3 Resource reservation at each point
In r10 networks, each point servers the UEs located at its own coverage area, and the physical cell id can be used to differentiate from other points, however, in CoMP scenario, the rule changes. In r11 CoMP scenario, for the reason that there will be JR operation and UL DL decoupled operation, a point may need to receive PUCCH from more UEs, part of which are RRC connected with other points. In other words, a specific point in CoMP scenario need to reserve time frequency resources for UEs associated with different RRC connected points. 
If the time frequency resource is localized, then the time frequency resources related to different points need to be carefully design to avid inter-point interference, while this can be implemented by the high layer UE-specifically configured parameter for PUCCH 1/1a/1b/2/2a/2b/3. Another factor need consideration is that the resource efficiency, which can be expressed as the ratio from the resources actually allocated by the UEs to the resources reserved. The UE time frequency resource consumption is changed from time to time, while the reserved resource is more likely to change slowly, consequently, the reserved time frequency resource amount also need careful design to avoid resource lack as well as waste. About the reserved not allocated time frequency resources for PUCCH, whether and how allocated for PUSCH transmission needs further discussion.
If the time frequency resource is distributed, inter-point interference also needs to be taken into account with careful resource allocation. About the resource reservation, the situation seems more serious than that of the localized resource allocation, for the reason that the unused distributed time frequency resource is hard to be reused by PUSCH transmission.
Proposal 3: The resource allocation mode and the amount and the position of the reserved time frequency for PUCCH reception at each point need careful design.

2.4 PUCCH scrambling and CS hopping:

In r10, there is scrambling operation for PUCCH format 1/1a/1b; and there is CS hopping for PUCCH format 1/1a/1b/2/2a/2b. Both operations are for the purpose of interference randomization. 
The scrambling pattern for a specific UE is related to the high layer configured parameter 
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 and the PUCCH resource index 
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. Scrambling is not a kind of method for orthogonal, but for interference randomization. Consequently, in our opinion, two UEs multiplexed by different CS or OCC at the same time frequency resource need not to be scrambled by the same pattern. The key is that the reception point and the UE have the same understanding about the scrambling pattern. It is fact that in CoMP scenario, the uplink reception point for a specific UE is likely to be different from the serving cell configuring the parameter 
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, so it is better that these two parameter can be configured UE-specifically, and the configuration information can be shared between the uplink reception point and the serving cell.
Proposal 4: The high layer configured parameters 
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 should be configured in a UE-specific way and the configuration information should be shared among the coordination points.

In addition to always referred parameters, such as 
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, the CS hopping pattern is also influenced by the cell ID. Obviously, the two UEs with different CS hopping is hard to be multiplexed for orthogonal, so two UEs within the same area defined in section 2.1 (for example Area_6) need to be configured the same CS hopping pattern, which means that a virtual cell id for calculation of the CS hopping pattern need to be defined.
Proposal 5: A virtual cell id needs to be defined for the calculation of the CS hopping pattern.

3 Conclusion

In this contribution, we analyzed the issues related to the uplink control signaling in CoMP scenarios, our proposal are as follows:
Proposal 1: The high layer configured parameter 
[image: image15.wmf](1)

PUCCH

N

 should be configured in a UE-specific way.

Proposal 2: The base sequence for the PUCCH is configured UE-specifically, while the relation to the base sequence of uplink references signals (DMRS, SRS) needs further discussion.

Proposal 3: The resource allocation mode and the amount and the position of the reserved time frequency for PUCCH reception at each point need careful design.
Proposal 4: The high layer configured parameters 
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 should be configured in a UE-specific way and the configuration information should be shared among the coordination points.

Proposal 5: A virtual cell id needs to be defined for the calculation of the CS hopping pattern.
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