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Introduction
In RAN1 #104-e meeting [1], there are some discussions on the remaining uplink and sidelink prioritization rule [2]. One of the topics is how sidelink HARQ-ACK report is piggybacked on PUSCH. The relevant agreements are as follows. 

Agreements:
· UE does not expect the case when a PUSCH with no UCI overlaps with two non-overlapping PUCCHs each of which contains SL HARQ-ACK and Uu UCI.
· No spec change is needed. 
Agreement: 
· In terms of prioritization between PUCCH with SL HARQ-ACK and PUCCH with UCI, the principle specified in 9.2.5.0 are used only.
It is still open how sidelink HARQ-ACK report is piggybacked on PUSCH. In this contribution, we provide our views on the multiplexing of sidelink HARQ-ACK report with PUSCH. 

Discussion
It was concluded that the sidelink HARQ-ACK report is not multiplexed with Uu UCI on PUCCH or PUSCH in Release 16. Following this conclusion, the prioritization rule between a PUCCH with sidelink HARQ-ACK and a PUCCH with Uu UCI was specified. It was further agreed that UE does not expect the case when a PUSCH with no UCI overlaps with two non-overlapping PUCCHs each of which contains SL HARQ-ACK and Uu UCI.

One remaining open issue is how sidelink HARQ-ACK is piggybacked on PUSCH without Uu UCI. It was agreed [3] that sidelink HARQ-ACK is reported in PUSCH when reporting in PUCCH overlaps with a PUSCH transmission, where the Rel-15 procedures and signaling for multiplexing downlink HARQ-ACKs in PUSCH are reutilized. 

In Rel-15 multiplexing downlink HARQ-ACKs in PUSCH, it is supported [4] that downlink HARQ-ACK is multiplexed with PUSCH if they have the same priority index. The priority index of downlink HARQ-ACK is provided in the “priority indicator” field of DCI format 1_1 or DCI format 1_2 or is provided in the “harq-CodebookID” field of SPS configuration.

However, the priority index for sidelink HARQ-ACK is not explicitly provided, e.g., in DCI format 3_0 or in sidelink configured grant configuration. This is because the actual sidelink data priority is generally unknown to gNB. 

In the existing specifications [4], it is mentioned that “if a priority index is not provided to a UE for a PUSCH or a PUCCH transmission, the priority index is 0”. This implies that PUCCH with sidelink HARQ-ACK, without explicit indication in DCI format 3_0 or sidelink configured grant, has the default priority index 0.

According to the existing prioritization and multiplexing rule between PUCCH and PUSCH [4], only PUCCH or PUSCH of the same priority index can be multiplexed, while the PUCCH or PUSCH of smaller priority index is dropped when overlapping in time with the PUCCH or PUSCH of larger priority index. Following this rule and considering the priority index 0 for PUCCH with sidelink HARQ-ACK, the PUCCH with sidelink HARQ-ACK is multiplexed only with PUSCH of priority index 0, and the PUCCH with sidelink HARQ-ACK is dropped when overlapping with PUSCH of priority index 1.  

One exception is the overlapping between PUCCH with sidelink HARQ-ACK and PUCCH with Uu UCI, where the priority level of sidelink HARQ-ACK is used for prioritization and dropping. 

It was discussed [2] whether or not to expand this exception to the case of overlapping between PUCCH with sidelink HARQ-ACK and PUSCH without Uu UCI. Specifically, it uses the priority level of sidelink HARQ-ACK to prioritize between PUCCH with sidelink HARQ-ACK and PUSCH without Uu UCI. 

The advantage of this approach is it follows a similar prioritization rule as between PUCCH with sidelink HARQ-ACK and PUCCH with Uu UCI. This allows the case of piggybacking sidelink HARQ-ACK on PUSCH with priority index 1, which is preferrable for high priority sidelink transmissions. 

The disadvantage of this approach is the increased complexity at gNB. Specifically, gNB needs to blindly detect whether or not sidelink HARQ-ACK is multiplexed with PUSCH of priority index 1. Also, this approach has large specification impact, since an additional prioritization rule needs to be added. 

At the late stage of Rel-16 V2X, we prefer to minimize the specification impact. In other words, PUCCH with sidelink HARQ-ACK is multiplexed with PUSCH of priority index 0 when overlapping, or PUCCH with sidelink HARQ-ACK is dropped when overlapping with PUSCH of priority index 1. Here, to prevent dropping sidelink HARQ-ACK for high priority sidelink transmissions, the time overlapping between PUCCH with sidelink HARQ-ACK and PUSCH of priority index 1 could be avoided by gNB implementation. 

Hence, we have the following proposal. 

Proposal 1: If PUCCH with sidelink HARQ-ACK overlaps in time with PUSCH of priority index 1, then the PUCCH with sidelink HARQ-ACK is not multiplexed with the PUSCH. 

For specification completeness, we could have the following clarification for the case of multiplexing PUCCH with sidelink HARQ-ACK with PUSCH. 

	----------------------------Text proposal starts for TS 38.213, Section 9 --------------------------------

9 UE procedure for reporting control information
<Unchanged Text Omitted>
When a UE determines overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUCCH of larger and/or smaller priority index, the UE resolves the overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUCCH of each priority index as described in Clause 9.2.5 and 9.2.6.

When a UE determines overlapping for PUCCH transmissions with SL HARQ-ACK reports and PUSCH transmissions of larger and/or smaller priority index, including repetition if any, the UE multiplexes SL HARQ-ACK reports with a PUSCH transmission of smaller priority index or cancels the transmission of SL HARQ-ACK reports when overlapping with a PUSCH transmission of larger priority index.

When a UE determines overlapping for PUCCH and/or PUSCH transmissions of different priority indexes other than PUCCH transmissions with SL HARQ-ACK reports, including repetitions if any, the UE first resolves the overlapping for PUCCH and/or PUSCH transmissions of smaller priority index as described in Clauses 9.2.5 and 9.2.6. Then, 
-	if a transmission of a first PUCCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of a transmission of a second PUSCH or a second PUCCH of smaller priority index, the UE cancels the repetition of a transmission of the second PUSCH or the second PUCCH before the first symbol that would overlap with the first PUCCH transmission
-	if a transmission of a first PUSCH of larger priority index scheduled by a DCI format in a PDCCH reception would overlap in time with a repetition of the transmission of a second PUCCH of smaller priority index, the UE cancels the repetition of the transmission of the second PUCCH before the first symbol that would overlap with the first PUSCH transmission
<Unchanged Text Omitted>



Conclusion
In this contribution, we discussed the remaining open issue on multiplexing of sidelink HARQ-ACK report with PUSCH. Our proposal is as follows: 

Proposal 1: If PUCCH with sidelink HARQ-ACK overlaps in time with PUSCH of priority index 1, then the PUCCH with sidelink HARQ-ACK is not multiplexed with the PUSCH. 
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