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Introduction
In RAN#86 meeting, new work item on NR Multicast and Broadcast Services [1] was agreed. Some of objectives of this study item are showing below,
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
· Specify support for basic mobility with service continuity [RAN2, RAN3]
· Assuming that the necessary coordination function (like functions hosted by MCE, if any) resides in the gNB-CU, specify required changes on the RAN architecture and interfaces, considering the results of the SA2 SI on Broadcast/Multicast (SP-190625) [RAN3]
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]
· Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]
Some MBS reliability related agreements were made in RAN1#106bis-e meeting [2]. In this contribution, we discuss the MBS reliability enhancement aspects, including the HARQ-ACK feedback mechanism, Type 1 HARQ codebook, etc.
MBS reliability improvements for RRC_CONNECTED UEs
NACK-only based HARQ-ACK feedback 
According to last RAN1 meeting agreement, PUCCH format 0 and format 1 are supported for NACK-only based HARQ-ACK feedback. As these resources are shared among the users, different users have different BWP configuration in frequency domain. To serve the purpose of resource saving, PUCCH resources need to be independently configured in a common frequency region (CFR), the resources could not be shared with unicast and ACK/NACK based HARQ-ACK feedback.
	Agreement:[3] 
Support PUCCH format 0 and format 1 for NACK-only based HARQ-ACK feedback for multicast. 
Conclusion:
PUCCH resource for NACK-only can be shared by UEs transmitting the NACK-only based HARQ-ACK feedback.


Proposal 1: PUCCH resources for NACK-only are independently configured in UL CFR.
For the PUCCH resource configuration for NACK-based feedback, the network can provide multiple MBS sessions, and one UE could just subscribe one or several MBS sessions, different users could subscribe different MBS sessions. In addition, one MBS session could be scheduled twice in one HARQ feedback window. PUCCH format 0/1 can only provide up to two HARQ-ACK bits. To better use the PUCCH resources, from network side, gNB could provide a PUCCH resources pool for all the MBS session combination, one PUCCH resource in the resource pool is associated with two MBS sessions combination. The users in the group just select the right PUCCH resource for HARQ-ACK feedback according to the MBS sessions and MBS PDSCH scheduling. 
Proposal 2: PUCCH resource pool is defined for NACK-based feedback, UE select the PUCCH resource according to the subscribed MSB sessions.
As the HARQ payload size is limited to two bits for NACK-based feedback, there are several cases that the required HARQ-ACK feedback could be larger than 2bits, such as PDSCHs for a MBS service are scheduled over twice in the feedback window, the user subscribed multiple MBS services, the HARQ feedback for unicast and multicast PDSCHs is over 2bits. For the discussed alternatives, Alt2 and Alt 3have the limitation of total reported bits smaller than 2bits for each sub-slot based PUCCH or each slot based PUCCH, and unicast could not multiplexing on NACK-based PUCCH resources. For Alt 5, different users subscribe different MBS services, the bundled HARQ-ACK would have different meanings, then the NACK-based feedback PUCCH resource could not be shared among users. Alt 4 would require more PUCCH resource to be reserved for different combinations. Comparing these alternatives, it seems the Alt1 is simple and straightforward.
	Agreement:[2]
When more than one NACK-only based feedback are available for transmission in the same PUCCH slot, further decide based on the following subset of alternatives (from previous agreement) with potential further down-selection:
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· Alt2: Support sub-slot based PUCCH for this case. 
· Alt3: Support UE transmitting more than one slot-based PUCCHs in the same PUCCH slot. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· Alt5: NACK-only bundling


Proposal 3: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits.
Enable/disable HARQ-ACK feedback  
It was agreed the HARQ-ACK feedback for multicast can be enabled/disabled by DCI, and two options were discussed in the last RAN1 meeting, i.e., reuse existing field or introducing new field. Basically, this issue is related to how to handle the unused field in the DCI, such as reserved the unused field or remove the unused field. If the unused field is reserved, then reinterpret the reserved field is the choice; otherwise, a new field for enabling/disabling HARQ-ACK is needed. According to our understanding, there is no benefits to reserve the unused field, which should be removed from the DCI. Introducing a new field makes the specification clearer.
	Agreement:[2]
For group-common DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, down-select from the following alternatives:
· Alt1: Reuse one existing field in the group-common DCI.
· Alt2: Introduce a new field in the group-common DCI. 


Proposal 4: Introduce a new field in the group-common DCI to enable/disable HARQ-ACK feedback.
SPS activation/deactivation 
It was agreed that NACK-only based HARQ-ACK feedback is supported for multicast SPS PDSCH without PDCCH scheduling, one issue is whether NACK-based feedback support SPS activation/deactivation. Multicast SPS is targeting group of users, if NACK-only based feeds back, the gNB couldn’t distinguish DTX and ACK, thus gNB couldn’t identify the users which need to activate the SPS again. To solve this issue, ACK/NACK-based feedback can be supported. gNB could find which user missed the activation PDCCH via the PUCCH detection. Thus, the SPS activation reliability can be improved by retransmit the activation command via UE specific PDCCH.
Proposal 5: For multicast SPS activation/deactivation, only support ACK/NACK based feedback.
Summary
In this contribution, we discuss MBS HARQ feedback mechanism and potential reliability improvement techniques, and have the following proposals:
Proposal 1: PUCCH resources for NACK-only are independently configured in UL CFR.
Proposal 2: PUCCH resource pool is defined for NACK-based feedback, UE select the PUCCH resource according to the subscribed MSB sessions.
Proposal 3: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits.
Proposal 4: Introduce a new field in the group-common DCI to enable/disable HARQ-ACK feedback.
Proposal 5: For multicast SPS activation/deactivation, only support ACK/NACK based feedback.
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