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1. Introduction

ACK/NACK repetition was supported in Rel-8/9 for power-limited UE. But, there has been no discussion in Rel-10 CA environment, yet. In this document, we provide our views on the ACK/NACK repetition in Rel-10.
2. ACK/NACK Repetition for Format 1a/1b
ACK/NACK repetition with repetition factor 2, 4, or 6 was agreed to support same coverage with PRACH in Rel-8. From [1]

 REF _Ref282427012 \n \h 
[2], 1% of miss-detection for PRACH format 2 is reached at the SNR of about -11.67dB, but 1% of ACK missed detection for PUCCH format 1a is achieved at the SNR of about -7.3dB without repetition. Therefore, in order to have a balance of the coverage between PRACH and PUCCH for power-limited UE, ACK/NACK repetition with repetition factor 2, 4, or 6 which has the required SNR of -9.1, -11.0, or -12.4 dB [2] is agreed and confirmed by RAN4 [1].
When ACK/NACK repetition is configured by higher layer, for a PDSCH transmission with a corresponding PDCCH detected, or for a PDCCH indicating downlink SPS release, the UE shall first transmit the corresponding ACK/NACK response once using PUCCH resource derived from the corresponding PDCCH CCE index, and repeat the transmission of the corresponding ACK/NACK response 
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 is configured by higher layers. For a PDSCH transmission without a corresponding PDCCH detected, the UE shall transmit the corresponding ACK/NACK response 
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 configured by higher layers. In summary, for ACK/NACK repetition in Rel-8/9, the first ACK/NACK transmission uses the normal principle without ACK/NACK repetition and then the repeated ACK/NACK transmissions by 
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In Rel-10, SORTD can be applied by network configuration, where it has not been discussed yet in terms of ACK/NACK repetition. Although the transmit diversity of PUCCH can enhance the coverage, the required SNR of PUCCH format 1a with SORTD is somewhat far from that of PRACH format 2 [1]

 REF _Ref282427012 \n \h 
[2]. For example, from [5]

 REF _Ref282464547 \n \h 
[6]
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[7]

 REF _Ref282464550 \n \h 
[8], the SNR gain of SORTD over 1Tx transmission is about 1dB to 1.8dB. Hence, the ACK/NACK repetition in PUCCH format 1a/1b also seems to be necessary even when SORTD is configured. 
On the other hands, since SORTD requires two orthogonal resources, double amount of resources for A/N repetition with SORTD is necessary for other repeated transmission other than the first transmission. In the first A/N transmission, the second resource can be obtained by “nCCE+1” in dynamic A/N transmission or by “explicit RRC signaling” in DL SPS transmission, where it seems there may be no issue on resource consumption. Therefore, we may have the following two options;

· Option 1

· When A/N repetition is configured, the configuration of SORTD is ignored or single antenna port scheme is always used for all A/N repetitions.
· Option 2

· For a UE configured by SORTD and by A/N repetition, the SORTD is used for the first A/N transmission only and single antenna port scheme is used for remained A/N repetition not to waste additional orthogonal resource.
When SORTD is configured for a UE, the second resource is anyway reserved for that in the first A/N transmission. It seems that there is no reason not to use already reserved PUCCH resource. Hence, we slightly prefer Option 2.
Proposal 1: For A/N repetition for PUCCH Format 1a/1b 
· Only one PUCCH resource per UE is reserved and signaled by higher layer for A/N repetition same to Rel-8/9.

· For a UE configured by SORTD and by A/N repetition, the SORTD is used for the first A/N transmission only and single antenna port scheme is used for remained A/N repetitions not to waste additional orthogonal resource.
3. ACK/NACK Repetition for Format 3 and Format 1b with Channel Selection in Carrier Aggregation
ACK/NACK repetition was designed for power-limited UE in Rel-8. One possible question would be whether A/N repetition is needed in carrier aggregation scenario. 
As for TDD, due to reciprocity of DL and UL carriers, it is likely to configure one UL carrier and consequently to configure one DL carrier as well. Therefore, the support of A/N repetition for TDD may not be necessary since Rel-8 principle for A/N repetition can be used with one Cell configured for power limited UE.
However, As for FDD, the reciprocity of DL and UL carriers may not be maintained due to different frequencies. For example, considering inter-band carrier aggregation, even though the UL carrier is power limited for a UE, the DL carrier may not be power limited. In this case, it is likely that, for instance, 2 DL carriers and 1 UL carrier can be configured. Therefore, it makes sense to consider A/N repetition in CA PUCCH formats like PUCCH format 3 and channel selection.
As an example, for channel selection with single antenna port scheme for 2-bit transmission, the required SNR to meet requirements is -6.50 and -7.34 dB for ETU 3km/h and EPA 3km/h, respectively [3]. With SORTD, it is -7.68 and -8.10 dB for ETU 3km/h and EPA 3km/h, respectively [4]. For PUCCH Format 3 for 2-bit transmission, the required SNR with single antenna port scheme and SORTD is -5.75 dB and -6.85 dB for ETU 3km/h, respectively [4]. Further study and evaluations until next meeting may be necessary to decide exact A/N repetition factors.
Proposal 2: A/N repetition is not needed for Rel-10 TDD in carrier aggregation.
Proposal 3: A/N repetition is supported for PUCCH Format 3 and PUCCH Format 1b with channel selection for Rel-10 FDD in carrier aggregation.

Proposal 4: The details of A/N repetition factors and parameters should be decided until next meeting by further evaluations.

4. Conclusion

This contribution proposed the ACK/NACK repetition methods in Rel-10. Our proposals were summarized as follows.
Proposal 1: For A/N repetition for PUCCH Format 1a/1b 

· Only one PUCCH resource per UE is reserved and signaled by higher layer for A/N repetition same to Rel-8/9.

· For a UE configured by SORTD and by A/N repetition, the SORTD is used for the first A/N transmission only and single antenna port scheme is used for remained A/N repetitions not to waste additional orthogonal resource.
Proposal 2: A/N repetition is not needed for Rel-10 TDD in carrier aggregation.

Proposal 3: A/N repetition is supported for PUCCH Format 3 and PUCCH Format 1b with channel selection for Rel-10 FDD in carrier aggregation.

Proposal 4: The details of A/N repetition factors and parameters should be decided until next meeting by further evaluations.
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