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1. Introduction

In the RAN1#60bis meeting, the following was agreed for PUCCH design[1]:

· Maximum 10 A/N bits shall be supported

· FFS: 12 bits if DTX is explicitly indicated

· Optimization shall be for M to N bits where M<N<10
In [1], we presented our views on PUCCH evaluation. We think not only the performance aspects but also multiplexing capacity and integration with rel-8 PUCCH should also be taken into account when we discuss ACK/NACK transmission schemes for PUCCH.
In this document, we discuss the necessity of supporting multiple ACK/NACK transmission schemes and propose to employ at least channel selection and large payload size format in release 10.
2. Discussion

2.1. Deployment scenarios in release 10
Although support of maximum 10 A/N bits is agreed, 10 A/N bits are required only when UEs are configured to “5 DL CCs with SDM”. Since to support “5 DL CCs with SDM” requires “high-cost RF” and “high-speed signal processing”, we think release 10 UEs do not always support “5 DL CCs with SDM”. Majority of UEs especially in early phase would support only 2 DL CCs. Moreover, 5 DL CCs may not always be available in the worldwide from frequency allocation perspective.
Hence, we think the optimization around 2 to 4-bit UL ACK/NACK feedback, which can accommodate 2 DL CCs with/without SDM, is really essential. 

Observation: Optimization for supporting around 2 to 4-bit UL ACK/NACK feedback” is essential.
2.2. Discussions on A/N design criteria
2.2.1 In case of 2 DL CCs

Although RAN1 agreed the assumption that a large number of UEs are not simultaneously scheduled on multiple DL CCs, a large number of UEs may be simultaneously configured to carrier aggregation of DL CCs. Hence, if eNB allocates PUCCH resource(s) to each UE which is configured to carrier aggregation, the required number of PUCCH resources for supporting 2 DL CCs would be quite large.

Considering above assumptions, we thinks “PUCCH overhead (multiplexing capacity)” should be prioritized as one of A/N design criteria for PUCCH. 
Note that to manage PUCCH resources based on the number of activated CCs can reduce the required PUCCH overhead; however, it has a problem related to timer management[2]. Therefore, we assume the resource management based on the number of configured CCs in this contribution.

Proposal 1: PUCCH overhead (multiplexing capacity) should be prioritized when designing the A/N transmission scheme(s) for 2 DL CCs.
2.2.2 In case of 5 DL CCs

On the other hand, the number of UEs which are configured for 5 DL CCs would not be large in the system as discussed in section 2.1. In addition, if 5 DL CCs are available in the system, multiple UL CCs would also be available, and eNB can allocate different UL PCCs to different UEs for PUCCH load balancing. Hence, we think the importance of PUCCH overhead for supporting A/N feedback in case of 5 DL CCs would decrease.

Observation: PUCCH overhead (multiplexing capacity) would not be a severe concern of the A/N transmission scheme(s) for 5 DL CCs.
2.3. Discussion on PUCCH overhead and performance of A/N transmission schemes
2.3.1 Channel selection

Chanel selection uses multiple PUCCH format 1b resources. For instance, 2 PUCCH format 1b resources are necessary for supporting 2 DL CCs. It should be noted that if CIF is utilized in case of 2 DL CCs, 2 PUCCH format 1b resources are already available to the UE, since 2 PDCCHs are sent on DL PCC in case of carrier aggregation assignment as shown in Fig.1. In this case, no additional overhead is required compared to rel-8 PUCCH overhead. However, the required number of PUCCH resources increases as the number of DL CCs increases.
Regarding the performance of channel selection, channel selection achieves a quite good performance compared to other schemes in case of 2 – 3 DL CCs [3-16]. On the other hand, the performance of channel selection becomes worse as number of DL CCs increases.

Observation: In case of 2 DL CCs, the channel selection requires only one additional PUCCH format 1b resource compared to rel-8. In addition, if CIF is configured, no additional PUCCH overhead is required compared rel-8 PUCCH overhead in case of 2 DL CCs.
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Figure 1 Available PUCCH resources in case of carrier aggregation assignment with CIF

2.3.2 Large payload size format (PUCCH format 2 or New format based on DFT-S-OFDM)
When utilizing large payload size format, UEs would be semi-statically configured with one PUCCH resource which has large payload size. Hence, the additional PUCCH overhead compared to rel-8 case is the same as the size of large payload size format (e.g., around 1/6 to 1/5 RB), which can be estimated as at least 3 times big as channel selection in case of 2 DL CCs.
Regarding the performance of large payload size format, it achieves best performance compared to other A/N transmission schemes if the number of DL CCs is large.
Observation: In case of 2 DL CCs, the large payload size format requires at least 3 times large PUCCH overhead compared to channel selection.

2.4. Necessity of supporting multiple A/N transmission schemes

Based on the discussions above, we think the support of multiple A/N transmission schemes is essential. To be more specific, in order not to significantly increase PUCCH overhead, channel selection should be supported mainly for 2 DL CCs which would be more important deployment scenarios in early release 10, and large payload size format should be supported mainly for large number of DL CCs and/or supporting full A/N feedbacks without spatial bundling. The necessity of other A/N transmission schemes requires further studies.

Proposal 2: At least channel selection and large payload size format should be supported as A/N transmission schemes in release 10.
3. Conclusion

In this contribution, we discuss the need for support of multiple ACK/NACK transmission schemes. Based on the discussions above, we propose followings.

· PUCCH overhead (multiplexing capacity) should be prioritized when designing the A/N transmission scheme(s) for 2 DL CCs.
· At least channel selection and large payload size format should be supported as A/N transmission schemes in release 10
· The support of other A/N transmission schemes is FFS.
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