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1. Introduction
In this paper, remaining aspects for reliability of NR multicast and broadcast services (MBS) for RRC_CONECTED UEs are discussed. 
2. Discussion 
In this section, design considerations for reliability mechanisms for NR MBS focused on RRC_CONNECTED UEs is provided.
2.1. Improving Reliability based on UL Feedback
2.1.1. Support of HARQ/ACK Schemes
Since NR MBS supports FDM of MBS and unicast PDSCH, as well as HARQ feedback, the case of out-of-order HARQ feedback needs to be considered i.e., if the last OFDM symbol of the MBS PDSCH occurs before the last OFDM symbol of the unicast PDSCH, is the UE allowed to transmit MBS HARQ feedback after unicast? In some cases, allowing out of order HARQ feedback may be beneficial where unicast and HARQ may have independently configured set of K1 values.
Proposal 1:  For the case when unicast and MBS PDSCH partially overlap in time on different PRBs, out-of-order HARQ feedback may be supported wherein the HARQ feedback corresponding to the PDSCH ending earlier in time may be transmitted after the HARQ feedback for the PDSCH ending later in time

2.1.2. HARQ Codebook Design and PUCCH Configuration

Type 1 HARQ Codebook Design:
ACK/NACK-based or NACK-only-based feedback can be dynamically disabled by DCI. However, this may have some non-trivial impact on codebook construction.  For Type 1 HARQ Codebook disabling the HARQ-ACK for a GC-PDSCH does not change the Type 1 HARQ-ACK codebook generation. For the GC-PDSCHs whose ACK/NACK feedback is disabled, padding NACK can be used such that the CB size is same as in the case if HARQ feedback was enabled. 
Proposal 2:  For Type 1 Codebook if HARQ is disabled by DCI for a GC-PDSCH, Type 1 codebook generation does not change, and padding NACK can be used such that CB size is same as in the case if HARQ-ACK feedback was enabled.

Type 2 HARQ Codebook Design:
	Agreement:
When UE supports and is configured with more than one G-RNTI, 
· for Type-2 codebook construction, DAI is separately counted per G-RNTI. 
· Type-2 codebook is constructed by concatenating Type-2 sub-codebook of each RNTI following the ascending order of the G-RNTI value. 



In light of the above agreement if different priorities are supported and configured, then the DAI should be counted per G-RNTI per priority index. Similarly, concatenation should also be for each priority index. 
Proposal 3:  When UE is configured with more than one G-RNTI as well as more than one priority index, for Type 2 codebooks, DAI is separately counter per G-RNTI per priority index and the codebook concatenation is also per priority index. Same principle is also followed for NACK only feedback. 
PUCCH Configuration:
	Agreement:
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for HARQ-ACK feedback/CSI for unicast for the same priority or PUSCH transmission for the same priority, support UE multiplexing the NACK-only based feedback with the HARQ-ACK feedback/CSI on PUCCH or on to PUSCH by transforming NACK-only into the ACK/NACK HARQ bit. 
· This applies to at least the case of the feedback addressing one TB. NACK-only based feedback for more than one TBs is to be handled separately. 
· Note: When the TB is correctly decoded, the ACK will be transmitted and multiplexed with others. 
· FFS the case of PUCCH for SR. 




For the above agreement, there is an unresolved FFS for the case when PUCCH-SR for unicast collides with PUCCH transmissions for NACK-only feedback for the same priority. In this case, the multiplexing of SR and NACK-only can be complicated since NACK-only is transmitted on a shared PUCCH resource and there may be multiple hypotheses for the gNB to check. In this case, PUCCH SR can be prioritized and the NACK only feedback can be dropped. 
Proposal 4: When a PUCCH-SR for unicast collides with a PUCCH resource carrying NACK-only feedback for multicast with the same priority, the PUCCH-SR for unicast is prioritized.

3. Conclusions
In this paper, design options were proposed for reliability improvements for NR MBS. To this end, the following proposals were made:
Proposal 1: For the case when unicast and MBS PDSCH partially overlap in time on different PRBs, out-of-order HARQ feedback may be supported wherein the HARQ feedback corresponding to the PDSCH ending earlier in time may be transmitted after the HARQ feedback for the PDSCH ending later in time
Proposal 2:  For Type 1 Codebook if HARQ is disabled by DCI for a GC-PDSCH, Type 1 codebook generation does not change, and padding NACK can be used such that CB size is same as in the case if HARQ-ACK feedback was enabled.
Proposal 3:  When UE is configured with more than one G-RNTI as well as more than one priority index, for Type 2 codebooks, DAI is separately counter per G-RNTI per priority index and the codebook concatenation is also per priority index. Same principle is also followed for NACK only feedback
Proposal 4:  When a PUCCH-SR for unicast collides with a PUCCH resource carrying NACK-only feedback for multicast with the same priority, the PUCCH-SR for unicast is prioritized
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