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1.
Introduction
Transmit diversity for PUCCH format 1b with channel selection has been discussed in recent RAN1 meetings. In RAN1#66bis [1], it was agreed as a working assumption to specify a transmit diversity scheme for PUCCH format 1b channel selection. In RAN1#67 [2], there was further discussion on the topic. Discussion focused on PVS (Precoding Vector Switching), Space-Orthogonal Resource Transmit Diversity (SORTD) and Enhanced Space-Orthogonal Resource Transmit Diversity (E-SORTD) schemes. However, final agreement on the transmit diversity scheme was not reached in the end. 

This contribution summarizes our views and preferences on transmit diversity for PUCCH format 1b with channel selection focusing on PVS, SORTD and E-SORTD schemes.
2. Discussion
Transmit diversity schemes for PUCCH format 1b with channel selection have been studied in various contributions [2]-[6]. The obvious observation is that Tx Diversity provides clearly gain over single antenna port transmission, and that there are TxD schemes available that do not increase the PUCCH overhead significantly. Bearing in mind that PUCCH format 1b with channel selection is the only PUCCH format not benefiting from multiple TX antennas in Release-10, we are of the opinion that a TxD scheme should be specified for it in Release-11, i.e. working assumption from RAN1#66bis should not be reverted.
Proposal: Keep the working assumption from RAN1#66bis to specify a TxD scheme for PUCCH format 1b with channel selection.
Regarding the selection of the TxD scheme for PUCCH format 1b with channel selection, the main candidates on the table are E-SORTD and PVS. The basic idea of PVS is simple. The same data and RS signal are transmitted on the same resource from both antenna ports. Only the precoding vector is changed between the first and second slot. The signals from antenna ports are randomly combined in radio channel.  
Also in SORTD, the basic idea is simple: to allocate separate orthogonal resources for the antenna ports, and to transmit the same information data but different RS signals from both. SORTD achieves full diversity at price of increased UL resources needed. 
In E-SORTD2 [3], the problem of increased UL resource usage is avoided by using the RS and data portions of a PUCCH resource separately to increase the number of possible codewords. Transmit diversity is achieved with mapping of the codewords on the antenna ports. 

Results e.g. in [4] show that the available spatial diversity gain for 4 bits can be obtained by using the same number of resources as with single antenna transmission without need to perform e.g. spatial bundling to reduce the effective number of A/N bits. This is because the performance of E-SORTD operating on 4 resources is similar to that of SORTD requiring 8 resources. In this light, the use of excessive resources or spatial bundling of A/N bits needed by SORTD does not seem well-justified.  E-SORTD also achieves better performance than PVS [4]. 

The limitation with respect to E-SORTD2 is that the paired PUCCH resources in practice need to be allocated on the same physical resource block (PRB). Otherwise the performance degrades due to channel estimation inaccuracy especially in the case when there is antenna gain imbalance.  This can be handled with appropriate PDCCH scheduling restrictions in eNB implementation or with a standard modification on PUCCH resource mapping ensuring that PUCCH resource pair remains on the same PRB.  We see that implementation of PDCCH scheduling restrictions is rather complicated as it requires CCE assignment behaviour specific for UEs configured with transmit diversity. Hence we prefer a simple modification on the PUCCH resource mapping. 
Among discussed transmit diversity schemes our slight preference is E-SORTD2 because of its reasonable PUCCH resource consumption and significantly better performance  compared to other schemes.
3.  Conclusions
In this contribution, we considered main transmit diversity candidate schemes for PUCCH format 1b with channel selections. As it has been shown in various contributions that there are TxD schemes available that provide clear gain over single antenna port transmission while maintainin low PUCCH overhead, and also given the fact that PUCCH fromat 1b with channel selection is the only PUCCH format not benefitting from TxD, we propose to:

Proposal: Keep the working assumption from RAN1#66bis to specify a TxD scheme for PUCCH format 1b with channel selection.
Regarding the selection of the TxD scheme, our slight preference is E-SORTD2 due to its solid performance and reasonable consumption of PUCCH resources. 
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