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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#103-e meeting [2]. In this contribution, we discuss the MBS reliability enhancement aspects, including the HARQ-ACK feedback mechanism, repetition enhancement, etc.
MBS reliability improvements for RRC_CONNECTED UEs
HARQ codebook
For Type 2 HARQ-ACK codebook, one open issue is whether to support concatenating more than one Type-2 codebook for multicast. The issue is related to discussion in another section whether multiple CFRs are supported in design. To support multiple CFRs, the DAI for different CFR would be counted separately, the sub-codebook can be constructed for each CFR. In addition, a CORESET would be configured for a CFR. If MBS BWP, i.e., Option 2A, is not preferred, then the number of CORESET is still restricted to three for UE dedicated BWP, it’s hard to support multiple CFRs. 
	Agreement:[4]
For ACK/NACK based feedback if supported for multicast, for Type-2 HARQ-ACK feedback construction for PTM scheme 1, 
· DAI for unicast and DAI for multicast are separately counted. 
· Concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is supported. 
· FFS details on concatenating the codebooks. 
· FFS whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast. 
Agreement: [3]
· FFS whether to support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities


Proposal 1: Whether to support more than one Type-2 codebook for MBS  is waiting for the outcome of the CFR design.
For HARQ-ACK codebook design for FDM-ed multicast and unicast, one open issue is whether to support the case 4 and/or case 5. If case 4 is not supported, then only two HARQ-ACK bits will be reported per slot for Type-1 HARQ-ACK codebook. This restricts only one unicast PDSCH reception in one slot, which means the MBS and URLLC features couldn’t operate together. On the other hand, if the case 4 is supported, it allows different MBS services to be received in the same slot. Considering the UE implementation complexity, it’s UE capability to support the case 4.
 For case 5, this is related the discussion whether multiple CFRs are supported, it can be discussed further after the CFR design.
	Agreements:[2]
· For RRC_CONNECTED UEs, at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
· FFS: TDM or SDM in a slot.
Agreements: [3] 
Further study the following cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.
· Case 1: support TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot
· Case 2: support TDM among multiple group-common PDSCHs in a slot
· Case 3: support TDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 4: support FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 5: support FDM among multiple group-common PDSCHs in a slot
· FFS: maximum number of PDSCHs in a slot simultaneous received per UE
Agreement:[4]
For ACK/NACK based feedback if supported for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast. 
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported. 
· FFS: whether/how to optimize the Type-1 codebook construction to reduce the HARQ-ACK feedback payload size. 


Proposal 2: FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot can be supported according to UE capability.
If FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot is supported, then HARQ-ACK codebooks can be constructed separately for multicast PDSCH and unicast PDSCH, sub-codebooks for unicast and multicast are concatenated. 
Proposal 3: For Type-1 HARQ-ACK feedback, to support FDM reception of unicast and multicast PDSCH, HARQ-ACK codebook are determined separately for unicast PDSCH and group common PDSCH.
HARQ feedback enabling/disabling
The following agreements were reached for enabling/disabling HARQ-ACK feedback. There are mainly two options on the table. For option3, it’s combination of RRC signaling and DCI indication, the benefit is the HARQ-ACK feedback can be enabled or disabled dynamically. But this flexibility is really limited for PTM scheme 1, the group common DCI will apply to multiple UEs, it’s hard to predict that all the UEs in the group will receive the group-common PDSCH correctly at the same time. For Option 2, it’s UE specific configuration, gNB could get the UE channel information from CSI report to determine whether HARQ-ACK feedback is enabled or disabled. 
For PTP transmission, the HARQ-ACK feedback is always enabled which is the same as the unicast PDSCH reception.
	[bookmark: _Hlk63422390]Agreement:[4]
[bookmark: _Hlk63422353]For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, 
1. Option 3: RRC signalling configures the enabling/ disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback.
0. If RRC signalling configures the function, DCI indicates (explicitly or implicitly) whether HARQ-ACK feedback is enabled/disabled 
0. FFS details on RRC signalling and DCI indicating. 
0. If RRC signalling does not configure the function, DCI does not indicate enabling/disabling the HARQ-ACK feedback.
0. FFS whether enabling or disabling the feedback is the default mode. 
1. Option 2: RRC indicates enabling/disabling.
1. FFS: whether down-selection between option 3 and option 2 is needed or support the both options. 
1. FFS: enabling/disabling by MAC-CE.


Proposal 4: HARQ-ACK feedback is only enabled or disabled by RRC signaling for PTM scheme 1.
Summary
In this contribution, we discuss MBS HARQ feedback mechanism and potential reliability improvement techniques, and have the following observation and proposals:
Proposal 1: Whether to support more than one Type-2 codebook for MBS  is waiting for the outcome of the CFR design.
Proposal 2: FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot can be supported according to UE capability.
Proposal 3: For Type-1 HARQ-ACK feedback, to support FDM reception of unicast and multicast PDSCH, HARQ-ACK codebook are determined separately for unicast PDSCH and group common PDSCH.
Proposal 4: HARQ-ACK feedback is only enabled or disabled by RRC signaling for PTM scheme 1.
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