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1. Introduction
The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e to provide MBS in a cell. In the past RAN1 meetings, the following agreement on the reliability for RRC_CONNECTED UEs is made.
· Support NACK-only based HARQ-ACK feedback for group common PDSCH
· Support NACK-only based HARQ-ACK feedback for SPS group common PDSCH
· Support PUCCH format 0 and PUCCH format 1 for NACK-only based HARQ-ACK feedback for multicast.
Based on the above agreement, the discussion on using the other PUCCH formats for NACK-only based HARQ-ACK feedback is made and the related proposals are suggested in the contribution.

2. [bookmark: _Ref40865202]Other PUCCH formats for NACK-only based HARQ-ACK feedback
There are 5 PUCCH formats: PUCCH formats 0 through 4. PUCCH format 0/1 can carry 1 or 2 bit while PUCCH format 2/3/4 can carry more than 2 bits. PUCCH format 2/3/4 has better decoding performance than PUCCH format 0 and PUCCH format 1. In other words, PUCCH format 2/3/4 has better uplink coverage than PUCCH format 0 and PUCCH format 1.
Because the NACK information for NACK-only based HARQ-ACK feedback consists of only 1 bit, therefore PUCCH format 0 and PUCCH format 1 can be used to carry NACK information. But in order to provide better uplink coverage for PUCCH carrying the NACK information，PUCCH format 2/3/4 can be used to carry the NACK information according to the following two steps:
· Step 1:Map the NACK information of 1 bit long onto a bit sequence of N>2 bits long, where the sequence can be an N-bits long random sequence.
· Step 2: UE sends the bit sequence of N bits long with PUCCH format 2/3/4.
For each MBS session with NACK-only based HARQ-ACK feedback, N can be configured as a part of the configuration information of the MBS session. According to the configuration information of the MBS session, UE can map the NACK information of 1 bit long onto a bit sequence of N bits long. Then UE can send the sequence with PUCCH format 2/3/4 to extend uplink coverage of NACK-only based HARQ-ACK feedback.

Based on the above discussion, the following proposals are suggested.
Proposal 1: Support PUCCH format 2/3/4 for NACK-only based HARQ-ACK feedback.
Proposal 2: If PUCCH format 2/3/4 is used to feed back the NACK information for an MBS session, N is configured as a part of the configuration information of the MBS session. UE maps the NACK information of 1 bit long onto a sequence of N>2 bits long. Then send the NACK information with PUCCH format 2/3/4.

3. Conclusion
Based on the discussion in the above section, the following proposals are suggested.
Proposal 1: Support PUCCH format 2/3/4 for NACK-only based HARQ-ACK feedback.
Proposal 2: If PUCCH format 2/3/4 is used to feed back the NACK information for an MBS session, N is configured as a part of the configuration information of the MBS session. UE maps the NACK information of 1 bit long onto a sequence of N>2 bits long. Then send the NACK information with PUCCH format 2/3/4.
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