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1  Introduction
After RAN1#69, an email discussion “[69-14] Remaining details of PUCCH sequence and resource” had been kicked off and most companies supported the following two proposals: 
· VCID for PUCCH is independent from parameters of UE-specific PUSCH DMRS configurations.
· The range of VCID for PUCCH is [0 .. 503].
However, there are still several issues were left for further study. In this contribution, we present our views on the remaining issues. 
2  Discussion
2.1 Common virtual cell ID for different PUCCH Formats
The PUCCH resources for multiple UEs are multiplexed into a PRB by applying different shift of base sequence and orthogonal cover code. For PUCCH format 1/1a/1b and 2/2a/2b, the base sequence can be obtained from the Table 5.5.1.2-1 in [1] and the sequence group number 
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 is determined by a group hopping pattern 
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where both group hopping pattern 
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 and a sequence-shift pattern 
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 are related to the cell ID 
[image: image7.wmf]cell

ID

N

. Also, cell-specific cyclic shift 
[image: image8.wmf](,)

cell

css

nnl

 used for all PUCCH formats are obtained by the cell ID 
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To avoid interference for different DL/UL association in CoMP scenario 3 and enabling area splitting gain in CoMP scenario 4, it is agreed to replace the cell ID 
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 by a UE-specific virtual cell ID. Since there is no obvious benefit to configure different virtual cell ID for different PUCCH formats, we prefer common virtual cell ID for all PUCCH formats. 
Proposal 1: Support common virtual cell ID for all PUCCH formats.
2.2 UE-specific resource offset parameter 
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Although virtual cell ID for the generation of PUCCH base sequence and cyclic shift hopping is supported, it is still possible to introduce PUCCH interference due to dynamic ACK/NACK resource collision. Considering different DL/UL association for a CoMP UE, the PDCCH is from the Macro eNB and PUCCH is processed by RRH. However, for a RRH UE, the PDCCH is from the RRH and PUCCH is processed by RRH. According to the current mechanism, the resource for transmitting ACK/NACK on PUCCH is derived from the lowest CCE index in the PDCCH [2]. Hence, it is possible that CoMP UE and RRH UE share the same CCE index and mapped to the same PUCCH resource index, which definitely causes interference on PUCCH. To avoid the potential interference, a simple method is using a UE-specific resource offset parameter 
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 to indicate the starting location of PUCCH resource for CoMP UEs with different DL/UL association to feedback ACK/NACK [3]. 
Proposal 2: Support UE-specific resource offset parameter 
[image: image13.wmf](1)

PUCCH_UE

N

. 
However, the concern of the above mentioned approach is the resource utilization efficiency [4]. Since the PUCCH resource index 
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 is determined by the lowest CCE index 
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 and resource offset parameter 
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It is noted that the PRB used for the feedback of ACK/NACK is based on the PUCCH resource index. If there are only a few CoMP UEs and one is with a large value of 
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, multiple PRBs may be used to convey these few ACK/NACK transmissions. Although it is possible to schedule CoMP UEs with different DL/UL association using small values of CCE indexes, this may reduce the scheduling flexibility and increase the blocking probability of PDCCH. Accordingly, instead of using the legacy mechanism where PUCCH resource index is determined by the CCE index, some ACK/NACK resource allocation method should be proposed to efficiently utilize the new introduced PUCCH region. 
We consider two possible solutions, which are semi-static signaling and dynamic signaling. For semi-static signaling, the PUCCH resource for CoMP UE can be configured by RRC signaling. However, since it is impossible to configure PUCCH resource frequently through RRC singling, there will be resource waste when only part of UEs is scheduled. Considering dynamic signaling, the PUCCH resource can be dynamically assigned for scheduled CoMP UEs by DCI. However, the impact for the specification using dynamic signaling needs further study.
Proposal 3: Introduce a dynamic signaling method to efficiently utilize the PUCCH region created by the UE-specific resource offset parameter.
2.3 The necessities of fallback to PCI based sequence/hopping pattern generation.
For reconfiguration triggered by higher layer signaling, there is a risk of an ambiguity duration during which the eNB may be misaligned with the UE regarding whether the new configuration or the old configuration is in applied at the UE side. Fallback operation is able to provide reliable communications in this ambiguous duration by using a specific configuration which is independent of the configuration changed by higher layer. It is proposed that the cell ID 
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 can be used during the ambiguity period of virtual cell ID reconfiguration. However, we do not see the need of fallback mechanism. eNB can detect PUCCH even in the ambiguity period because UE transmits PUCCH using one of two configurations corresponding to before and after RRC reconfiguration.
Proposal 4: Fallback mechanism is not needed.
3  Conclusions 

In this contribution, we discuss the issues related to uplink control singling for CoMP, and our proposals are as following:
Proposal 1: Support common VCID for all PUCCH formats.
Proposal 2: Support UE-specific resource offset parameter 
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Proposal 3: Introduce a dynamic signaling method to efficiently utilize the PUCCH region created by the UE-specific resource offset parameter.

Proposal 4: Fallback mechanism is not needed.
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