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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 scheduling mechanism related agreements were made in RAN1#104-e meeting [3]. In this contribution, we discuss the open issues of  MBS scheduling mechanism and give the proposals.
Group scheduling mechanism for RRC_CONNECTED UEs
MBS common frequency resource
In last RAN1 meeting, there were progresses on MBS resource allocation, i.e., Option 2B and CFR. For both Option 2B and CFR, a common issue is how to determine the starting PRB, the starting PRB of CFR is referenced to Option 1 or Opiton2.
· Option 1: Point A
· Option 2: the starting PRB of the dedicated unicast BWP
For Option 1, it is similar handling as the reference point of BWP, the Point A can be obtained from offset to SSB or configured directly. the CFR offset to Point A can broadcast in the network. For Option 2, it’s UE specific offset to the dedicated unicast BWP, the gNB needs to figure out offset value for each UE. Comparing two options, Option 1 is friendly to implementation, and the signalling overheard is lower than Option 2.
	Agreement:[3]
· If Option 2B is supported for common frequency resource for multicast of RRC-CONNECTED UEs, the starting PRB and the length of PRBs of the MBS frequency region within a dedicated unicast BWP are configured via UE-specific RRC signaling.
· The starting PRB is referenced to one of the two options:
· Option 1: Point A
· Option 2: the starting PRB of the dedicated unicast BWP
· FFS the detailed signaling
· If Option 2A is supported for common frequency resource for multicast of RRC-CONNECTED UEs, the configurations of the starting PRB and the length of PRBs of the MBS frequency resource reuse the legacy BWP configuration.
Agreement:[3]
From RAN1 perspective, the CFR (common frequency resource) for multicast of RRC-CONNECTED UEs, which is confined within the frequency resource of a dedicated unicast BWP and using the same numerology (SCS and CP), includes the following configurations:
· Starting PRB and the number of PRBs 
· One PDSCH-config for MBS (i.e., separate from the PDSCH-Config of the dedicated unicast BWP)
· One PDCCH-config for MBS (i.e., separate from the PDCCH-Config of the dedicated unicast BWP)
· SPS-config(s) for MBS (i.e., separate from the SPS-Config of the dedicated unicast BWP)
· FFS: Other configurations and details including whether signaling of starting PRB and the length of PRBs is needed when CFR is equal to the unicast BWP
· FFS: Whether a unified CFR design is also used for broadcast reception for RRC_IDLE/INACTIVE and RRC_CONNECTED
· FFS: Whether Coreset(s) for CFR in addition to existing Coresets in UE dedicated BWP is needed
· Note: The terminology of CFR is only aiming for RAN1 discussion, and the detailed signaling design is up to RAN2
· Note: This agreement does not negate any previous agreements made on CFR


Proposal 1: The starting PRB of CFR is referenced to the Point A.
SPS configuration 
For the SPS configuration, group common PDCCH shall be used at least for the first transmission, open issue is whether re-transmission scheduling by group-common PDCCH or UE-specific PDCCH. For this case, the same mechanism as PTM re-transmission can be applied. According to last meeting agreements, the group common PDSCH re-transmission can use PTM transmission or PTP transmission, which is up to gNB scheduling.  Thus, for SPS group common PDSCH re-transmission, it’s up to gNB to decide re-transmission is via PTM or PTP.  
	Agreements in RAN1#103-e [2]: Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs
· FFS: use group-common PDCCH or UE-specific PDCCH for SPS group-common PDSCH activation/deactivation
· FFS: whether to support more than one SPS group-common PDSCH configuration per UE
· FFS: whether and how uplink feedback could be configured
· FFS: retransmission of SPS group-common PDSCH
Agreement in RAN1#104-e [3]:
For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.


Proposal 2: It’s up to gNB scheduling SPS group-common PDSCH re-transmission is via PTM transmission or PTP transmission.
Search space for MSB
According to current specification, the Common Search Space (CSS) and UE-specific Search space (USS) are supported. One of the differences between CSS and USS is the CCE index is different. For CSS, the same CCE index is applied to all the UEs. For USS, the CCE index is different from different UEs. Another difference is the CSS has high priority than USS if the PDCCH is overbooked.  For MBS, if existing CSS type is re-used, PDCCH blocking rate may increase and it will have impacts on the legacy UE. So, the MBS search space could be different from existing CSS set, i.e., type 0/0A/1/2/3, and USS set, it is a CSS set but with lower priority than USS set. It is more suitable for define a new search space type for MBS, i.e., MBS CSS set. The PDCCH candidates in each slot can be mapping in the order of CSS, USS, MBS CSS.
	Agreement:[3]
For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, at least support CSS
· FFS: reuse existing CSS type(s) in Rel-15/16 or define a new Type CSS
· FFS: Two options for monitoring priority:
· Option 1: the monitoring priority is the same as existing Rel-15/16 CSS
· Option 2: the monitoring priority is determined based on the search space set indexes of search space set(s) for multicast and USS sets.


Proposal 3: Define a new common search space type for multicast. The monitoring priority is determined based on the search space set indexes of search space set(s) for multicast and USS sets.
DCI size budget for MBS
In principle, the DCI size for MBS should be aligned with the DCI size budget defined in Rel.15. In this way, increasement of UE blind decoding attempts is avoid, and it keeps the UE implementation complexity in a reasonable level. Regarding the detailed DCI format(s) for MBS, this is up to RAN2 MBS scheme design, such as if the SC-PTM mechanism is re-used by NR MBS, then G-RNTI, SC-RNTI and SC-N-RNTI could be used. The RNTI associated with PDSCH transmission can be counted as C-RNTI. DL control only RNTI , e.g., change notification, is considered as other RNTI.
	Working Assumption: 
Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS.
· FFS: Whether the G-RNTI is counted as “C-RNTI” or as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH.


Proposal 4: Confirm the working assumption: Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS.
Summary
In this contribution, we discuss the MBS group scheduling mechanism and have the following proposals:
Proposal 1: The starting PRB of CFR is referenced to the Point A.
Proposal 2: It’s up to gNB scheduling SPS group-common PDSCH re-transmission is via PTM transmission or PTP transmission.
Proposal 3: Define a new common search space type for multicast. The monitoring priority is determined based on the search space set indexes of search space set(s) for multicast and USS sets.
Proposal 4: Confirm the working assumption: Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS.
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