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[bookmark: _Ref506539118]Introduction
In TSG-RAN1#104-e meeting, the work item on NR Multicast and Broadcast Services was discussed [1]. The agreements of the WI on NR MBS in RAN1#104-e meeting are:
	Agreement:
For RRC_CONNECTED UEs receiving multicast, support the following:
· ACK/NACK based HARQ-ACK feedback for multicast,
· It is up to network to configure orthogonal PUCCH resources among UEs within the same group.
· FFS NACK-only based HARQ-ACK feedback for multicast,
· It is up to network to configure the PUCCH resources and the PUCCH resources can be shared among UEs within the same group.
· FFS details. 


This contribution discusses reliability improvement for RRC_CONNECTED UEs in MBS. HARQ-ACK feedbacks for RRC_CONNECTED UEs are mainly discussed. Thus, in this contribution, we focus on potential solutions to support NACK-only based HARQ-ACK feedback for multicast in Rel-17.
[bookmark: _Hlk525462634]Improvements on Reliability Mechanisms for Multicast Transmission
For RRC_CONNECTED UEs receiving multicast, support ACK/NACK based HARQ-ACK feedback for multicast. It is up to network to configure orthogonal PUCCH resources among UEs in the same group. A drawback of ACK/NACK based HARQ-ACK feedback mechanism is that, large HARQ feedback overhead is consumed in case of a large number of RRC CONNECTED UEs receiving NR MBS. In order to avoid larger PUCCH overhead, ACK/NACK based HARQ-ACK feedback mechanism is more suitable for the case without too many UEs in a group. Therefore, ACK/NACK based HARQ-ACK feedback mechanism is more suitable for UE-specific PDCCH based group scheduling, and is more preferred for services with fix number of UEs within the group.
In HARQ feedback for RRC_CONNECTED UEs in NR MBS, with NACK-only based HARQ-ACK feedback, UEs feedback NACKs if it receives the corresponding PDSCH of MBS unsuccessfully, and they feedback nothing otherwise, which saves resources of HARQ feedback. In a system, the probability of receiving ACK is much larger than the probability of receiving NACK, therefore, a very small PUCCH resource set should be configured for a very large group of UEs. gNB can configure a PUCCH resource which only carries NACK sequences and will perform a multicast based retransmission. NACK-only based feedback for NR MBS can save HARQ feedback overhead compared to the ACK/NACK based feedback by configuring a common NACK resource to multiple UEs. Compared with ACK/NACK based HARQ-ACK feedback, the NACK-only based HARQ-ACK feedback not only saves PUCCH resource overhead, but also save UE power consumption due to no need to send ACK. NACK-only based HARQ-ACK feedback mechanism should be used to improve the reliability with little PUCCH overhead, especially for the case with large number of UEs in a MBS group.
For NACK-only based HARQ-ACK feedback, UEs in the same group only report NACK for multicast PDSCH. NACK-only based HARQ-ACK feedback for MBS is similar to Rel-16 V2X NACK-only based HARQ-ACK feedback for which UE is supposed to handle the NACK-only detection. Considering Rel-16 V2X UE can handle NACK-only based HARQ-ACK feedback, even though there are too many NACKs transmitted on a common PUCCH resource. Moreover gNB with stronger detection capability over UE should be able to manage PDCCH mis-detection issue. So there is no extra effort on the detailed design for MBS without fundamental difference to support NACK-only based HARQ-ACK feedback for V2X and MBS. For RRC_CONNECTED UEs in multicast services, considering the feedback resource overhead and different transmission requirement, NACK-only based HARQ-ACK feedback should be supported as used in NR V2X group cast mechanism.
Proposal 1: For RRC_CONNECTED UEs, NACK-only based HARQ-ACK feedback should be supported.
gNB can differentiate each UE’s ACK or NACK at the cost of UE-specific PUCCH resource reservation. However, when a large number of UEs are receiving the multicast transmission, it will consume too much PUCCH resources. NACK-only based HARQ-ACK feedback can minimize HARQ-ACK feedback overhead while gNB can’t differentiate which UE transmits the NACK. To improve the reliability of MBS services, it is better to allow the gNB to switch dynamically between ACK/NACK based HARQ-ACK feedback and NACK-only based HARQ-ACK feedback for a given MBS transmission.
To reach a tradeoff between transmission reliability and resource overhead, either NACK-only based HARQ-ACK feedback or UE-specific ACK/NACK feedback should be configured based on gNB’s scheduling policy and PUCCH resource capacity. gNB could flexibly configure either one of HARQ-ACK feedback based on different scenarios/conditions/requirements, such as the number of interested UEs in connected mode or the PUCCH resource capacity on the serving cell. When the number of UEs is relatively small, ACK/NACK feedback is better than NACK-only feedback; otherwise, NACK-only feedback is better than ACK/NACK feedback;when the UE-specific PUCCH resource overhead is acceptable to gNB, then it is better for the gNB to adopt ACK/NACK feedback; otherwise, it is better to adopt NACK-only feedback.
Proposal 2: gNB could configure either one of HARQ-ACK feedback based on different scenarios/conditions/requirements.
Conclusions
In this contribution, we discuss on reliability improvement for RRC_CONNECTED UEs in MBS. Based on the discussions, proposals are given as follows.
Proposal 1: For RRC_CONNECTED UEs, NACK-only based HARQ-ACK feedback should be supported.
Proposal 2: gNB could configure either one of HARQ-ACK feedback based on different scenarios/conditions/requirements.
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