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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]
The following agreements were made in RAN1#102-e meeting [2].
Agreements:
For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
· FFS: The detailed HARQ-ACK feedback solutions, e.g., ACK/NACK based, NACK-only based.
· FFS: HARQ-ACK feedback can be optionally disabled and/or enabled.
Agreements:
For RRC_CONNECTED UEs, at least support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.
o   FFS: whether to support UE-specific PDCCH to schedule a PDSCH for MBS.

Agreements:
· For RRC_CONNECTED UEs, define/configure common frequency resource for group-common PDSCH.
· FFS: whether to reuse the BWP framework or not 
· FFS: the relation between the common frequency resource and UE dedicated BWP, e.g., the common frequency resource is a MBS specific BWP, or the common frequency resource is confined within UE’s dedicated BWP, etc. 
· FFS: whether more than one common frequency resource can be configured per UE
Agreements:
· 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:
· For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 
· FFS: whether enhancement is needed
Agreements:
· For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.
· FFS: whether enhancement is needed 
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
According to last RAN1 meeting agreement, the HARQ-ACK feedback is supported for multicast service. One issue is whether only NACK or both ACK and NACK is reported by UE. This is related to PUCCH resource configuration, if an MBS common PUCCH resource is configured and shared by group of users, then only NACK feedback is enough, as the gNB could not distinguish the ACK is sent by which UE. However, if MBS PUCCH resource is configured per UE, then the ACK feedback makes sense; otherwise only NACK is transmitted and it is missed, gNB would assume UE receives the PDSCH correctly, i.e., NACK to ACK error. RAN4 defines the ACK missed detection probability should not exceed 1%.
Observation: For MBS group-common PDSCH HARQ feedback , NACK-only or NACK/ACK based feedback is depending on the PUCCH resource is configured in group manner or UE specific manner.
Regarding PUCCH resource for MBS PDSCH HARQ feedback, it is related to PDSCH re-transmission is via PTM or via PTP. If re-transmission is still PTM, the common PUCCH resource is enough as the gNB doesn’t need to differentiate which UE sent the NACK. After detecting the NACK, then gNB will re-schedule the group-common PDSCH. In another case, if PTP re-transmission is supported, a UE specific PUCCH resource would be required to assist gNB to identify which UE sent the NACK, then PTP re-transmission could be scheduled via the unicast PDSCH.
Considering the following objective of supporting dynamic change between PTM and PTP, from RAN1 perspective, it would make sense to distinguish which UE does not receive the group-common correctly, thus the gNB could make decision whether change this UE into PTP mode. Separation of the users can be done by UE specific PUCCH resource. 
	· 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]


UE specific PUCCH resource can be configured in two different ways. 
· Option 1: MBS service shares the PUCCH resource configured for unicast PDSCH
For RRC_CONNECTED UE, PUCCH resources are already configured for unicast PDSCH HARQ feedback, if the resources are shared by MBS, the PUCCH resource indicator field in the DCI could not indicated the intended PUCCH resource for every UE in the group. In addition, the HARQ-ACK codebook construction need to be considered if HARQ-ACK bits for unicast PDSCH and MBS PDSCH feeds back in the same slot.
· Option 2: dedicated MBS PUCCH resource allocates to each UE
HARQ-ACK feedback is carried on MBS dedicated PUCCH resources, each UE in the group will configure a dedicated orthogonal PUCCH resource. Thus, there is no PUCCH resource indication issue, the cost is more PUCCH resources are reserved. The PUCCH transmission collision needs to be considered, e.g., multiplexing on PUCCH for unicast transmission or defining the priority rule.
Proposal 1: Configure each UE in the group a dedicated PUCCH resource for MBS service. 
For the repetition enhancement, dynamic indication of MBS PDSCH repetition number is beneficial, this allows the gNB change the repetition number according to the collected information from UE feedback. The resource utilization efficiency can be improved as well.
In addition to time domain repetition, other methods discussed under coverage enhancement SI can be re-used by MBS to improve the reception reliability, including frequency hopping, cross-slot channel estimation, etc. Frequency hopping could provide the frequency diversity gain which was already supported since Rel.15. Cross-slot channel estimation was identified by coverage enhancement SI as an efficient solution to improve SNR operation point. It can be applied to MBS to improve the reliability. With this solution, PDSCH phase continuity shall be kept across slots in which joint DMRS processing is applied at UE. Cross-slot channel operates with the frequency hopping could provide the better performance.
The figure 1 shows an example of repetition with frequency hopping and cross-slot channel estimation. The MBS PDSCH transmission repeats eight times in eight slots, the transmission is hopping to another frequency location every two slots. DMRS symbols in two consecutive slots, e.g., slot 0 and slot 1, are used together to perform the channel estimation.
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Figure 1: example of cross-slot channel estimation
Besides HARQ-ACK feedback, a UE may additionally report CSI to benefit gNB’s scheduling or facilitate the dynamic PTM and PTP switching. The contents (e.g., DL decoding statistics) of CSI report and the triggering of CSI report (e.g., periodic reporting, event-triggered) may be further examined.
Proposal 2: To enhance the MBS reception reliability, the following schemes can be considered for RRC_CONNECTED UEs
· Dynamic indication of MBS PDSCH repetition number
· Frequency hopping 
· Cross-slot channel estimation 
· Enhanced CSI report
Summary
In this contribution, we discuss MBS HARQ feedback mechanism and potential reliability improvement techniques, and have the following observation and proposals:
Observation: For MBS group-common PDSCH HARQ feedback , NACK-only or NACK/ACK based feedback is depending on the PUCCH resource is configured in group manner or UE specific manner.
Proposal 1: Configure each UE in the group a dedicated PUCCH resource for MBS service. 
Proposal 2: To enhance the MBS reception reliability, the following schemes can be considered for RRC_CONNECTED UEs
· Dynamic indication of MBS PDSCH repetition number
· Frequency hopping 
· Cross-slot channel estimation 
· Enhanced CSI report
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