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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 
There were some interpretations of current specification discussed in RAN1 105e. The interpretations are listed as following. 
· Interpretation #1: the UE does not multiplex HARQ-ACK information in any PUSCH since there is no overlapping PUCCH and PUSCH.
· Interpretation #2: the UE multiplexes HARQ-ACK information in a PUSCH if UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook) in DCI Format 0_1 otherwise it does not multiplex i.e. the UL UL-TDAI indicates which PUSCH to be multiplexed on. 
· Does the UE expect to receive multiple DCI Format 0_1 with UL-TDAI not equal 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook)? 
· Interpretation #3: the UE uses PUSCH prioritization rules to select a PUSCH and multiplexes HARQ-ACK information in the PUSCH according to the indicated value of DAI field in DCI format 0_1.
· NOTE: There are no PUSCH prioritization rules specified in Rel 15 without an overlapping PUCCH
However, for the problematic scenario, we think none of the above interpretation can work. Interpretation 1 does not make sense because it tells a UE to ignore UL tDAI if DL DCI missed, which is against the purpose to have UL tDAI. Interpretation 2 forces a UE to do multiplexing multiple times in a slot, one for each PUSCH with tDAI indicate a nonzero codebook, which is NBC (Rel-15 does not support to duplicate multiplexing more than 1 HARQ-ACK codebook in a slot). Interpretation 3 is also NBC for Rel-15, because there are no such prioritization rules specified in Rel 15. 
In summary, we don’t see there are Rel-15 BC solution/interpretation that can resolve this issue. Furthermore, there are already many Rel-15 UEs and gNBs deployed in the field which may use different implementations to handle this case. Any change of Rel-15 specification will create NBC issues for those UEs and gNBs. Therefore, we propose to leave the issue as it is in Rel-15 spec. And RAN1 should try to find a solution and fix the issue for Rel-16.
Proposal 1: Without updating Rel-15 specification, leave it up to UE implementation to handle the case of HARQ-ACK multiplexing on a group of PUSCHs without HARQ-ACK PUCCH. RAN1 aim to find a solution for this case in Rel-16 specification. 
For the solution to solve this issue in Rel-16, we have two options as following. 
· Option 1: In the case of a group of multiple overlapping PUSCHs with no overlapping PUCCH, define a default/reference PUCCH resource, and use that default/reference PUCCH to kick off UCI multiplexing procedure. 
· Option 2: In the case of a group of multiple overlapping PUSCHs with no overlapping PUCCH, follow the tDAI in the lastly received UL grant for the group to multiplex HARQ-ACK bits on the PUSCH scheduled by the lastly received UL grant, and ignore the tDAIs in other UL grants scheduling other PUSCHs in the group. 

Both of the above options comply with the purpose of UL tDAI. Both can solve the issue with relatively small impact to specification and UE implementation. 
Proposal 2: In Rel-16 specification, solve the issue of HARQ-ACK multiplexing on a group of PUSCHs without HARQ-ACK PUCCH by taking one of the following options. 
· Option 1: define a default/reference PUCCH resource, and use that default/reference PUCCH to start the UCI multiplexing procedure. 
· Option 2: Follow the tDAI in the lastly received UL grant for the group to multiplex HARQ-ACK on the PUSCH scheduled by the lastly received UL grant, and ignore the tDAIs in other UL grants scheduling other PUSCHs in the group.
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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: Without updating Rel-15 specification, leave it up to UE implementation to handle the case of HARQ-ACK multiplexing on a group of PUSCHs without HARQ-ACK PUCCH. RAN1 aim to find a solution for this case in Rel-16 specification. 
Proposal 2: In Rel-16 specification, solve the issue of HARQ-ACK multiplexing on a group of PUSCHs without HARQ-ACK PUCCH by taking one of the following options. 
· Option 1: define a default/reference PUCCH resource, and use that default/reference PUCCH to start the UCI multiplexing procedure. 
· Option 2: Follow the tDAI in the lastly received UL grant for the group to multiplex HARQ-ACK on the PUSCH scheduled by the lastly received UL grant, and ignore the tDAIs in other UL grants scheduling other PUSCHs in the group.
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