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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#107-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 
One remaining issue for NACK-only based feedback mode is how to handle the case that the reported HARQ bits is larger than PUCCH payload size.
Two Alternatives were extensively discussed in the last RAN1 meeting. Compromised solution was proposed as well, the drawback of Alt4 based solution is the supported number of HARQ-ACK feedback bit is too limited. The reserved PUCCH resources increase with the supported HARQ-ACK bit number and the combination of HARQ bits is getting complicated as well. As discussed, 16 PUCCH resources only support 4 HARQ-ACK bits. Then if the K1 set is larger than 4 or multiple MBS multicast services are subscribed by the user, i.e., configured with multiple G-RNTIs, additional solution is required to support these cases. From this perspective, the Alt4 based/compromised solution is not a complete solution.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Alt1 is simple and straightforward solution. If the HARQ bits number is larger than PUCCH payload size, NACK-based feedback switches to ACK/NACK based feedback. Thus, the Alt1 is preferred.
	Agreement:[3]
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. 
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 


Proposal 1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits.
Type-2 HARQ codebook construction for multicast SPS   
For the type-2 HARQ codebook construction, it was agreed that the HARQ-ACK sub-codebook for multicast will follow the HARQ-ACK sub-codebook for unicast. one open issue is if multicast SPS is configured how to generate the codebook. In the Rel-16 design, the HARQ-ACK bit ordering of SPS release and SPS PDSCH with the associated PDCCH is based on the DAI and K1 indicated in the deactivation /activation DCI. The same design principle can be applied to multicast SPS, and considering multicast SPS can be deactivated by unicast PDCCH with CS-RNTI, therefore the HARQ-ACK bit ordering for MBS SPS activation/ deactivation can be based on the DAI (counting with unicast DCI) and K1 indication. For HARQ-ACK bits ordering for MBS SPS PDSCH receptions without a corresponding PDCCH, It’s natural that HARR bits for MBS SPS PDSCHs are appended after HARQ-ACK bits for multicast PDSCHs.
	Agreement: [3]
For Type-2 HARQ-ACK codebook concatenation to be multiplexed in the same PUCCH resource,
· The first Type-2 HARQ-ACK sub-codebook for unicast precedes the second Type-2 HARQ-ACK sub-codebook for multicast.
· FFS: The number of Type-2 HARQ-ACK sub-codebooks for multicast. 
· Note: The case of SPS PDSCH will be discussed separately. 
Agreement:[4]
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. 


Proposal 2: For type 2 HARQ codebook construction, 
· HARQ-ACK bit ordering for MBS SPS activation/ deactivation is based on the DAI (counting with unicast DCI) and K1 indication
· HARQ-ACK bits for one or more MSB SPS receptions without a corresponding PDCCH are appended after HARQ-ACK bits for group common PDSCH for multicast
Type-1 HARQ codebook construction for FDMed unicast and multicast 
In last RAN1 meeting, Type-1 HARQ codebook construction was agreed to support multiple G-RNTIs for FMDed unicast and multicast scenario. With the agreements, the HARQ sub-codebook will be generated for each G-RNTI and concatenated together. The concern is the HARQ codebook size is too large. FDMed reception among multicast services are not supported, only TDMed reception of multicast services is allowed. Considering it was agreed the same K1 set and TDRA tables are applied to all G-RNTIs, it means only one multicast PDSCH will be scheduled at a transmission occasion even the UE is configured with multiple G-RNTIs. From this point, the Type-1 HARQ codebook size can be reduced, i.e., only one sub-codebook is generated for all G-RNTIs.
	Agreement: [2]
For a UE that supports multicast, the same TDRA table applies to all G-RNTIs if configured on a given serving cell. 
Agreement: [2]
For the Type-1 codebook construction for FDM-ed unicast and multicast via Opt 4 (from the previous agreement), when UE is configured with multiple G-RNTIs and UE is configured with fdmed-Reception-Multicast, the sub-codebook for multicast consists of the sub-codebooks for each G-RNTI by appending one to another in ascending order of G-RNTI value.
· The sub-codebook for each G-RNTI is generated per the k1 and TDRA configurations for the same G-RNTI as the legacy procedure. 
· FFS: whether/how to reduce the Type-1 codebook size when multiple G-RNTIs are configured.
· Note: The maximum number of G-RNTI(s) configured to UE for the FDMed unicast and multicast Type-1 codebook is up to UE capability which will be discussed in UE features.


Proposal 3: For the Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, if UE is configured with multiple G-RNTIs, only one sub-codebook is generated for all G-RNTIs, and is appended after the sub-codebook for unicast.
Summary
In this contribution, we discuss MBS HARQ feedback mechanism and potential reliability improvement techniques, and have the following proposals:
Proposal 1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits.
Proposal 2: For type 2 HARQ codebook construction, 
· HARQ-ACK bit ordering for MBS SPS activation/ deactivation is based on the DAI (counting with unicast DCI) and K1 indication
· HARQ-ACK bits for one or more MSB SPS receptions without a corresponding PDCCH are appended after HARQ-ACK bits for group common PDSCH for multicast
Proposal 3: For the Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast, if UE is configured with multiple G-RNTIs, only one sub-codebook is generated for all G-RNTIs, and is appended after the sub-codebook for unicast.
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