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1 Introduction
In TSG-RAN1#103-e meeting, the work item on NR Multicast and Broadcast Services was discussed [1]. The agreements of the WI on NR MBS in RAN1#103-e meeting are:
Agreements:

For RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1, support at least one of the following:

· ACK/NACK based HARQ-ACK feedback for multicast, 

· From per UE perspective, UE feedback ACK or NACK. 

· From UEs within the group perspective, 

· FFS: PUCCH resource configuration for ACK/NACK feedback e.g., shared or separate PUCCH resources. 

· FFS details including conditions for it to be used

· NACK-only based HARQ-ACK feedback for multicast, 

· From per UE perspective, UE only feedback NACK. 
· From UEs within the group perspective

· FFS: PUCCH resource configuration for NACK only feedback. 

· FFS details including conditions for it to be used

· To decide in RAN1#104-e whether or not to support only one or both of the above schemes

· If both are supported, FFS configuration/selection of ACK/NACK-based and NACK-only based HARQ-ACK feedback 

Agreements:

For RRC_CONNECTED UEs receiving multicast, for ACK/NACK based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is, down-select one of the following options:

· Option 1: shared with PUCCH resource configuration for HARQ-ACK feedback for unicast

· Option 2: separate from PUCCH resource configuration for HARQ-ACK feedback for unicast

· Option 3: Option 1 or option 2 based on configuration

Agreements:

For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is separate from PUCCH resource configuration for HARQ-ACK feedback for unicast. 

· FFS PUCCH format

This contribution discusses reliability improvement for RRC_CONNECTED UEs in MBS. HARQ-ACK feedback for RRC_CONNECTED UEs are mainly discussed. 

2 Discussion 
HARQ-ACK feedback is beneficial for reliability by link adaption and retransmission. HARQ-ACK for unicast PDSCH is supported in NR. According to the agreements in RAN1#103-e, HARQ feedback is introduced in NR MBS to improve the reliability of the RRC_CONNECTED UEs. For RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1, support at least one of the following HARQ-ACK feedback modes: ACK/NACK based feedback, NACK only based feedback.
ACK/NACK based HARQ-ACK feedback mechanism is similar to the unicast HARQ-ACK feedback. When a RRC_CONNECTED UE receives a PDSCH of MBS, UE will feedback an ACK for receiving successfully or a NACK for not receiving successfully. All UEs within the MBS group do feedback, either ACK or NACK. Separate feedback resources are used by UEs within the group so that the transmitter can differentiate whether and which UE receives correctly or not. With separate ACK and NACK resources, gNB can know whether and which UE does not receive correctly. Therefore, gNB can know which UEs do not receive multicast PDSCH correctly and decide to perform retransmission with multicast or unicast according to the number of UEs who feedback NACK. Such HARQ feedback solution can reuse the framework of the HARQ feedback procedure for NR unicast. HARQ codebook multiplexing with unicast can be straightforward. 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 NR MBS for RRC_CONNECTED UEs, with NACK only based feedback, UEs feedback NACKs if MBS does not be received successfully, and it feedbacks nothing otherwise. 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. However, gNB cannot differentiate the UE reporting NACK from multiple UEs. For NACK only based HARQ feedback, UEs in the same group only report NACK for multicast PDSCH on the same PUCCH resource with the same sequence. In such mechanism, gNB can detect whether there is UEs do not receive multicast PDSCH correctly, but cannot know how many UEs report NACK, which may lead to overreaction for the retransmission. Therefore, NACK only based feedback may cause inefficient retransmission, but the PUCCH overhead is very small. NACK only based HARQ-ACK feedback mechanism can be used to improve the reliability with little PUCCH overhead, especially for the case with large number of UEs in a MBS group. This solution is more appropriate for use cases with a large number of UEs receiving MBS.
According to above, ACK/NACK based HARQ-ACK feedback mechanism is more suitable for the case with fix number of UEs in a group, and NACK only based feedback is used for cases with a large number of UEs receiving MBS. At least for PTM scheme 1, both HARQ-ACK feedback mechanisms are needed to support for multicast.
Proposal 1: For RRC_CONNECTED UE, at least for PTM scheme 1, both ACK/NACK based feedback and NACK only based feedback should be supported for multicast.
According to the agreements in RAN1#103-e, for RRC_CONNECTED UEs receiving multicast, for ACK/NACK based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective can be considered as options for shared with PUCCH resource configuration for HARQ-ACK feedback for unicast, and for separate from PUCCH resource configuration for HARQ-ACK feedback for unicast, respectively. Regarding the 2 options, because it is expected that unicast and multicast will be supported in the same cell, at least the option for shared with PUCCH resource for unicast should be supported which is more efficient for PUCCH resource utilization.
Proposal 2: For RRC_CONNECTED UEs, PUCCH resource for ACK/NACK based HARQ-ACK feedback for multicast should be at least shared with PUCCH resource for HARQ-ACK feedback for unicast.
3 Conclusions

In this contribution, we discuss reliability improvement for RRC_CONNECTED UEs in MBS. Based on the discussions, proposals are given as follows.
Proposal 1: For RRC_CONNECTED UE, at least for PTM scheme 1, both ACK/NACK based feedback and NACK only based feedback should be supported for multicast.
Proposal 2: For RRC_CONNECTED UEs, PUCCH resource for ACK/NACK based HARQ-ACK feedback for multicast should be at least shared with PUCCH resource for HARQ-ACK feedback for unicast.
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