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1.
Introduction
Transmit diversity for PUCCH format 1b with channel selection has been discussed in several 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], RAN1#68 [3], and RAN1#68bis [4], there was further discussion on the topic. However, no agreement on the transmit diversity scheme was reached. During the discussions in RAN1#68bis, SORTD was raised as a possible common solution.
In this contribution, we focus on SORTD as a possible common solution and discuss the achievable benefits of SORTD for the PUCCH format 1b with channel selection by using the performance results presented in our previous contributions.  Based on discussion, we present our view on the need for SORTD PUCCH format 1b with channel selection. 
2. Discussion on SORTD performance
The benefit of PUCCH format 1b transmit diversity over single antenna port transmission is a lower SNR requirement for a given performance target. In the sense of lowered SNR requirement, SORTD can provide attractive, over 1 dB gain as shown e.g. in [5].  
The main drawback of SORTD is that it increases PUCCH resource consumption. As it doubles the number of required resources, it means that a single allocation of PUCCH format 1b with channel selection consumes 8 PUCCH resources. Only two PUCCH format 1b allocations that use channel selection are supported when 
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of 2 is used in PUCCH configuration.

In our previous contribution [6], we studied whether the lowered SNR requirement results in improved practical multiplexing capacity or it is the PUCCH format multiplexing capacity that starts first to limit PUCCH load. In the evaluations, we assumed 3GPP Case 1 and 
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 of 2. We found out that use SORTD for PUCCH format 1 b with channel selection can improve the practical multiplexing capacity in only one configuration: for a given PRB, one UE is configured with PUCCH format 1 b with channel selection using SORTD and all other multiplexed UEs have normal PUCCH format 1a/1b configuration. In that case, one additional PUCCH format 1a/1b configuration can be supported, increasing practical multiplexing capacity from 10 UEs to 11 UEs per PRB.  In all other possible configuration setups, SORTD cannot improve practical multiplexing capacity due to its large resource consumption.
In other words, the system level gain from applying SORTD to PUCCH format 1 b with channel selection is limited to one particular configuration setup due to large PUCCH resource consumption. On other hand, introduction of SORTD requires still considerable remaining standardization as well as implementation effort. Hence, we do not see sufficient motivation to introduce SORTD as a transmit diversity scheme for PUCCH format 1b with channel selection. 
It should be noted that there are transmit diversity schemes that can maintain acceptable PUCCH overhead while providing reasonable system level gains as discussed in [6]. 

3.  Conclusions
In this contribution, we considered SORTD as a possible common solution for transmission diversity scheme of PUCCH format 1b with channel selection. In particular, we discussed the system level gains that SORTD can provide and pointed out that due to the large resource consumption of SORTD, the system level gains are limited. Hence we observe that 
Observation: SORTD does not attain sufficient system level gains for specifying SORTD as the transmit diversity scheme for PUCCH Format 1b with channel selection
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