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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 MBS scheduling mechanism related 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 scheduling mechanism aspects and give the proposals.
Group scheduling mechanism for RRC_connected UEs
It was agreed the UE can be configured with common frequency resource for group-common PDSCH, this common frequency resource could be configured within MBS specific BWP, or it is confined within UE’s dedicated BWP. In either method, the starting PRB and the length of common frequency resource would be indicated. The main difference is MBS group-common PDCCH configuration. If a new MBS BWP is agreed to support, the MBS specific PDCCH, search space and CORESET are configured in this BWP, otherwise MBS specific PDCCH/search space/CORESET will be configured on UE specific BWP. There is the restriction that UE maybe configured with up to three CORESETs on a BWP. Until now the MBS group scheduling mechanism is not clear enough, if LTE SC-PTM group scheduling mechanism is re-used by NR, the PDCCHs for SC-PCCH and SC-PTCH would be monitored separately, in this way, the new MBS specific BWP is preferred for MBS service. 
Proposal 1: MBS specific BWP is configured for common frequency resource for group-common PDSCH.
According to the WI objective and last RAN1 meeting agreement, the HARQ-ACK feedback is supported by MBS UE, the intention is to increase the MBS reception reliability, thus MBS PDSCH re-transmission can be assumed. The re-transmission could be still PTM re-transmission for group users, or changes to PTP transmission to specific user. UE behavior should be defined if decoding the MBS PDSCH is failure, UE assumes either the PTM re-transmission or PTP re-transmission. 
Observation: The UE behavior should be defined if it doesn’t receive the group common PDSCH correctly, in other words, UE receives the group common PDSCH re-transmission or receives the re-transmission via the unicast PDSCH. 
From network side, it can determine the re-transmission is via PTM or PTP, which can be indicated by RRC signalling semi-statically or by DCI dynamically. Considering the resource utilization efficiency, semi-static indication would most likely indicate the re-transmission via PTM; PTP re-transmission requires the dedicated MBS resource for each UE failed decoding the group-common PDSCH. While the PTM re-transmission can’t solve the issue for specific UEs in worse radio condition, which requires the MBS service change to PTP. DCI based re-transmission mode indication could provide the flexibility to change the re-transmission between PTM and PTP. 
Proposal 2: Support dynamic indication of MBS PDSCH re-transmission via PTM or PTP.
Except the MBS PDSCH re-transmission, according to the following objective, the PTM transmission could dynamically change to PTP transmission as well. To support the dynamic switching between PTM and PTP, indication of mode switching via DCI could be the better choice. Thus, PTM and PTP switching can be indicated together with the MBS PDSCH re-transmission mode indication.
	· 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]


Proposal 3:  Support joint indication of MBS PDSCH re-transmission and PTM and PTP switching.
For switching from PTM to PTP reception, UE would change the group-common PDSCH reception to unicast PDSCH reception, and the PDCCH monitoring is changing from common search space to UE specific search space. Whether C-RNTI is used to scramble unicast MBS PDSCH or assign a new UE specific RNTI need to study further.
Proposal 4: Support UE-specific PDCCH to schedule a PDSCH for MBS.
Regarding to simultaneous reception of unicast PDSCH and group-common PDSCH, it was agreed FDM is supported with UE capability. With this agreement, only part of the MBS UEs will support simultaneous reception. TDM reception can also be considered, PDSCH mapping type B was defined in Rel.15 for mini-slot scheduling. In Rel.16,
the PDSCH mapping type B is further enhanced with flexible scheduling of the symbol numbers. Reception of more than one PDSCH in one slot was already supported. Thus, there is no additional complexity for a UE to receive the unicast PDSCH and group-common PDSCH in a slot in TMD manner. 
Proposal 5: TDM reception of unicast PDSCH and group-common PDSCH in a slot is supported without capability signalling.
Summary
In this contribution, we discuss the MBS group scheduling mechanism and have the following proposals and observation:
Proposal 1: MBS specific BWP is configured for common frequency resource for group-common PDSCH.
Observation: The UE behavior should be defined if it doesn’t receive the group common PDSCH correctly, in other words, UE receives the group common PDSCH re-transmission or receives the re-transmission via the unicast PDSCH. 
Proposal 2: Support dynamic indication of MBS PDSCH re-transmission via PTM or PTP.
Proposal 3:  Support joint indication of MBS PDSCH re-transmission and PTM and PTP switching.
Proposal 4: Support UE-specific PDCCH to schedule a PDSCH for MBS.
Proposal 5: TDM reception of unicast PDSCH and group-common PDSCH in a slot is supported without capability signalling.
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