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1 Introduction
In RAN1#67 meeting, the conclusion for transmit diversity scheme for PUCCH format 1b with channel selection was given: 
Continue discussion, aim for a unified TxD scheme that is common for FDD/TDD.
In this contribution, we show our views on transmit diversity for PUCCH format 1b with channel selection.
2 Transmit diversity for PUCCH format 1b with channel selection 
The benefit of transmit diversity for PUCCH are to improve coverage for UE(s) that experience large path-loss, or to reduce the total transmitted power for UE(s) while keeping the same coverage requirements as Rel-8 which is beneficial for inter-cell interference reduction and UE power consumption saving. The transmit diversity scheme and corresponding resource allocation scheme of other PUCCH formats were specified in Rel-10. For PUCCH format1b with channel selection, the same benefit can also be achieved if the transmit diversity was introduced. 

Proposal1: The transmit diversity is introduced for PUCCH format 1b with channel selection.
In FDD, three alternatives were proposed as the transmit diversity scheme for PUCCH format 1b with channel selection: 

· Alt 1: SORTD for 2bits. E-SORTD2 for 3bits and 4bits;

· Alt 2: PVS;

· Alt 3: SORTD for 2bits. Spatial bundling on the 3-4 A/N bits and apply SORTD on the resulting 2 bits.

In TDD, there are also three transmit diversity schemes were proposed: 

· Alt 1: if M=1, same as FDD, otherwise, PVS;

· Alt 2: if M=1, same as FDD, otherwise, SORTD;
· Alt 3: if M=1, same as FDD, otherwise, E-SORTD;

For E-SORTD, the link level performance is worse than that of SORTD and the PUCCH resource overhead is the same as SAP, but much more specification effort is needed. The specification impact is that the mapping table for the second antenna port and the combination of PUCCH resources for data and DM RS for both antenna ports need to be designed. Furthermore, the PUCCH resources for data and DM RS of one codeword need to be allocated in the same PRB. This may be difficult in TDD because the PUCCH resources come from different subframes in TDD.
For PVS, the advantage is less or even no specification effort and the same PUCCH resource overhead as SAP. But the performance of PVS is the worst among the three candidate transmit diversity schemes.  

For SORTD, the advantage is the good tradeoff between specification impact and performance. The PUCCH resource overhead is twice of SAP in some scenarios. 
If the PUCCH resources obtained by implicit mapping with 
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are not counted as additional overhead, the overhead issue of SORTD may not be so serious. Especially in TDD, more implicit mapped PUCCH resources are available. Therefore, we think the performance is more important in selecting the transmit diversity scheme for PUCCH format 1b with channel selection. 
So in summary, we propose:
In FDD, SORTD for 2 bits; spatial bundling on the 3-4 A/N bits and apply SORTD on the resulting 2 bits. The PUCCH overhead of the proposed scheme is very close to SAP/PVS and the same as E-SORTD. The performance loss caused by spatial bundling is negligible. SORTD used after spatial bundling can further improve the performance which is critical for transmit diversity scheme. For 4 bit ACK/NACK, the proposed scheme provides 1.2~1.6 dB gain over E-SORTD, 1.9 ~2.1 dB gain over SAP and 1.4~1.9 dB gain over PVS [1]. 
In TDD, if M=1, same as FDD; otherwise, SORTD is used. In the case of two configured serving cells with M>1, at least 6 PUCCH resource are available even in the case of non-cross carrier scheduling, where 4 PUCCH resources from Pcell (assuming resource by
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can be used and no SPS subframe on Pcell) and 2 PUCCH resources from Scell [1]. In the case of cross carrier scheduling, there are already 8 PUCCH resources available assuming the PUCCH resource by 
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can be used. In the case of non-cross carrier scheduling, 2 additional PUCCH resources can be determined from the TPC field in the DCI format of the corresponding PDCCH.
To some extent, our proposed transmit diversity scheme is a unified transmit diversity scheme that is common for FDD/TDD because our proposed transmit diversity in FDD and TDD are SORTD based.
 Proposal2:
For FDD, SORTD is the transmit diversity for PUCCH format1b with channel selection in FDD. For 3 or 4 bits ACK/NACK, spatial bundling is applied before SORTD.
 For TDD, in the case of M=1, the same transmit diversity as FDD is used. In the case of M>1, SORTD is used. 
3 Conclusion
In this contribution we provide our views on transmit diversity for PUCCH format 1b with channel selection. In summary, we propose the following:
Proposal1: The transmit diversity for PUCCH format 1b with channel selection should be introduced.

Proposal2:
For FDD, SORTD is the transmit diversity for PUCCH format1b with channel selection in FDD. For 3 or 4 bits ACK/NACK, spatial bundling is applied before SORTD.
 For TDD, in the case of M=1, the same transmit diversity as FDD is used. In the case of M>1, SORTD is used. 
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