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HARQ-ACK multiplexing on PUSCH without PUCCH
In RAN1 105e, an issue on HARQ-ACK multiplexing on PUSCH without PUCCH was identified [1]. The issue can be illustrated as follows. 
As a background, a nominal scenario of HARQ-ACK multiplexing on PUSCH is illustrated in Fig 1. In a nominal scenario, when PUCCH HARQ-ACK is generated, UE will determine the PUCCH overlaps with which PUSCHs based on the boundary of the PUCCH. Then in the set of overlapping PUSCHs, UE run the rules defined in spec to pick a PUSCH in the set and multiplexing HARQ-ACK on it. The # multiplexed HARQ-ACK bits follow the tDAI associated with that PUSCH. The UE ignore the tDAIs of other PUSCHs. 


[bookmark: _Ref79001846][bookmark: _Hlk79001745]Fig 1: A nominal scenario of HARQ-ACK multiplexing on PUSCH 
However, as illustrated in Fig 2, in a problematic scenario where PUCCH-HARQ-ACK is not generated due to missing all DL DCIs scheduling the PDSCHs, the above procedure does not work. As shown in the below Fig 2, UE does not know where the PUCCH-HARQ-ACK starts and ends, it cannot decide which PUSCHs overlap with the PUCCH. Therefore, the UE cannot determine HARQ-ACK should be mux on which PUSCH. In other words, UE does not know follow which tDAI and ignore the rest tDAIs. 



[bookmark: _Ref79001828]Fig 2: A problematic scenario of HARQ-ACK multiplexing on PUSCH without PUCCH 
In RAN1 # 106e, the issue was discussed under Rel-15 scope. The conclusion is to leave it up to UE implementation to handle this case, to avoid introducing NBC changes to deployed UEs in the field. 
For Rel-16, RAN1 has discussed a few solutions in RAN1 #106e. However, due to controversial views, no conclusion was drawn in RAN1 #106e. We don’t expect the situation will change in RAN1 #107e. Therefore, we suggest to wrap up this issue by taking the same conclusion as drawn for Rel-15.  
Proposal 1: For the issue of HARQ-ACK multiplexing on a group of PUSCHs without HARQ-ACK PUCCH, the conclusion made for Rel-15 is applied to Rel-16. 
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In summary, we make the following proposals for the issue of HARQ-ACK multiplexing on a group of PUSCHs without HARQ-ACK PUCCH. 
Proposal 1: For the issue of HARQ-ACK multiplexing on a group of PUSCHs without HARQ-ACK PUCCH, the conclusion made for Rel-15 is applied to Rel-16.
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