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1 Introduction

Candidate TxD schemes for PUCCH Format 1b with channel selection were extensively discussed in previous RAN1 meetings without consensus. Although a working assumption supports the introduction of such TxD scheme, doubts were subsequently raised on whether TxD support for PUCCH Format 1b with channel selection was at all needed. An outcome of the discussions from RAN1#68bis was to possibly converge on SORTD and provide additional details for a complete solution (i.e. the mapping of respective PUCCH resources). 
This contribution provides a brief overview of whether there is sufficient need or supporting TxD for PUCCH Format 1b with channel selection in Rel-11. If such support is introduced it is suggested that, similar to PUCCH Format 1b and PUCCH Format 3, it is by SORTD. 

2 TxD Need for PUCCH Format 1b with Channel Selection
Unlike PUCCH Format 3, TxD for PUCCH Format 1b with channel selection should primarily aim to improve coverage as there is no limitation in achieving HARQ-ACK target BLERs for UEs that are not power limited. Therefore, UEs that will mostly benefit from TxD are the ones experiencing large path-loss/shadowing. 
It is noted that both PUCCH Format 1b and PUCCH Format 1b with channel selection conveying 4 bits in FDD meet the HARQ-ACK performance requirements (1% ACK-to-NACK BLER, 0.1% NACK-to-ACK BLER, 1% DTX-to-ACK) at approximately the same SINR. A smaller or similar SINR, depending on the DTX-to-ACK probability definition, is required in case 2 or 3 bits are conveyed by PUCCH Format 1b with channel selection. A slightly larger SINR is required for PUCCH Format 1b with channel selection conveying 4 bits in TDD, but the difference (about 0.3-0.5 dB) is too small to cause any change in the conclusions. Therefore, conclusions applicable to PUCCH Format 1b can be readily extended to PUCCH Format 1b with channel selection. 
Extensive investigations for the channel limiting UL coverage were contacted in Rel-8. It was found that PUCCH Format 1a (and, of course, PUCCH Format 1b), and not the PRACH, was the UL coverage limiting channel (e.g. [1-3]). For this reason, HARQ-ACK repetition was supported even for PUCCH Format 1a which requires 3 dB less than PUCCH Format 1b. 
The Rel-8 results contradict recently provided results for the LTE coverage enhancements SI [4] where it is found that PRACH and/or Msg3 require about 5.5 dB more in MCL (under strict performance requirements for 1% miss and 1% false alarm) than PUCCH Format 1a (or about 2.5 dB more than PUCCH Format 1b). Even with looser performance requirements for PRACH and/or msg3, PUCCH Format 1b is not the coverage limiting channel (PUSCH VoIP is).

The reason for the discrepancy between the results in Rel-8 and the results in [4] can be attributed to the optimistic assumption for the latter in case of PUCCH Format 1a. The additional interference experienced by HARQ-ACK signal transmissions using PUCCH Format 1a due to multiplexing several UEs in a PRB is not modeled (interference margin is the same for PRACH and PUCCH Format 1a) and DTX detection (and associated impairments such as SINR measurement error which can be significant for coverage limited UEs) is also not modeled. Therefore, the Rel-8 analysis for determining the channel limiting UL coverage incorporates more accurate conditions than the one in [4].

In order to be consistent with legacy designs for HARQ-ACK signal transmissions in a PUCCH (repetitions and support of TxD for PUCCH Format 1b), as the performance of PUCCH Format 1b with channel selection is similar to that with PUCCH Format 1b for which both repetitions and TxD are supported, and as TxD for PUCCH Format 1b with channel selection can trivially follow from the one for PUCCH Format 1b (SORTD) with minimal performance impact, it seems preferable that TxD (SORTD) is supported for PUCCH Format 1b with channel selection.
3 Channel Mapping
Support of SORTD should be such that it requires minimal specification for supporting HARQ-ACK signal transmission from a second antenna and should maintain a 2x overhead relative to SAP transmission. 

The mapping of HARQ-ACK bits to PUCCH resources is as in Rel-10. The resources for the first antenna are determined as in Rel-10. If the resource for the first antenna is dynamically determined from 
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, the resource for the second antenna is dynamically determined from 
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. If the resource for the first antenna is RRC configured, the resource for the second antenna is also RRC configured. If the resource for the first antenna is indicated by a PUCCH resource indicator, the resource for the second antenna is also indicated by the same PUCCH resource indicator. Spatial domain bundling applies in case of 3 or 4 HARQ-ACK bits for FDD or TDD with M=1 (already applies for M=2, 3, 4).  

4 Conclusions

This contribution considered the support of TxD for PUCCH Format 1b with channel selection. With realistic evaluations for the PUCCH Format 1b performance, it is this channel and not the PRACH that limits UL coverage. In order to be consistent with the legacy functionalities of HARQ-ACK repetition and SORTD for PUCCH Format 1b while minimizing a specification impact, SORTD for PUCCH Format 1b with channel selection can be supported following the Rel-10 rules for resource mapping.
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