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1. Introduction
[bookmark: OLE_LINK34]The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e to provide MBS in a cell. Based on the agreement on NR MBS in the past RAN1 meetings, the further discussion on group scheduling for multicast mode is made and the related proposals are suggested in the contribution.

2. [bookmark: _Ref40865202]SPS GC-PDCCH for multicast mode
[bookmark: OLE_LINK42]According to the agreement in the past RAN1 meetings, SPS GC-PDCCH scrambled with G-CS-RNTI is used for sending the activation/deactivation notification of SPS GC-PDSCH. How to deal with the missed SPS GC-PDCCH needs to be discussed. 
It’s better to send the activation/deactivation notification of SPS GC-PDSCH several times before the period where the SPS GC-PDSCH is activated/deactivated. The repetition times of the activation/deactivation notification of SPS GC-PDSCH can be configured as the part of the configuration information of the SPS GC-PDSCH.
Based on the above discussion, the following proposal is suggested.
Proposal 1：The activation/deactivation notification of SPS GC-PDSCH can be sent several times by SPS GC-PDCCH scrambled with G-CS-RNTI before the period where the SPS GC-PDSCH is activated/deactivated.

[bookmark: OLE_LINK31][bookmark: OLE_LINK32]
3. Beam sweeping for GC-PDCH/GC-PDSCH
For multicast mode, a multicast session can be provided to a group of RRC_CONNNECTED UEs with a PTM bearer and/or a PTP bearer per UE. How to transmit the PTM bearer needs to be discussed. In detail, beam sweeping and partial beam sweeping can be used to transmit the PTM bearer of a multicast session.
If beam sweeping is used to transmit the PTM bearer of a multicast session, gNB allocates M consecutive GC-PDCCH occasions and M consecutive GC-PDSCH occasions each time the PTM bearer of the multicast session is scheduled, where M is the number of the broadcast beams used for transmitting SSB. gNB uses M broadcast beams in M GC-PDCCH/GC-PDSCH occasions to transmit GC-PDCCH/GC-PDSCH scheduling/carrying the multicast session with each broadcast beam for a GC-PDCCH/GC-PDSCH occasion.
Compared with beam sweeping, partial beam sweeping is implemented by gNB as below.
Step 1: Each time the PTM bearer of the multicast session is scheduled, gNB needs to find which broadcast beams are used for transmitting the PTM bearer. In detail, if a UE joining the multicast session is located in the area covered by a broadcast beam, the broadcast beam is used to transmit the PTM bearer. Use M1 to denote the number of the broadcast beams used to transmit the PTM bearer.
Step 2: gNB allocates M1 consecutive GC-PDCCH/GC-PDSCH occasions for the multicast session.
Step 2: gNB uses M1 broadcast beams in M1 consecutive GC-PDCCH/GC-PDSCH occasions to transmit GC-PDCCH/GC-PDSCH scheduling/carrying the multicast session, where M1 broadcast beams are found in Step 1.
Partial beam sweeping has a higher spectrum efficiency over beam sweeping because some broadcast beams are not used to transmit the PTM bearer if no UE joining the multicast session is located in the area covered by these broadcast beams. But partial beam sweeping has a higher complexity over beam sweeping because it needs to find the beams used for transmitting the PTM bearer of a multicast session each time the PTM bearer is scheduled. But the complexity of partial beam sweeping is acceptable by gNB.
For beam sweeping or partial beam sweeping, whether or not the same beams are used for GC-PDCCH and GC-PDSCH can be up to the implementation by gNB and thus having no specification influence. It’s enough if the beams used for transmitting GC-PDCCH/GC-PDSCH can cover all UE joining the multicast session.
Based on the above discussion, the following proposals are suggested.
Proposal 2: Partial beam sweeping or beam sweeping is used to transmit the PTM bearer of a multicast session.
Proposal 3: For beam sweeping or partial beam sweeping, whether or not the same beams are used for GC-PDCCH and GC-PDSCH can be up to the implementation by gNB.

4. CFR configuration
Based on the discussion on GC-PDCCH/GC-PDSCH and SPS GC-PDCCH/SPS GC-PDSCH, the CFR for a DL BWP includes the following configuration information.
(1) [bookmark: OLE_LINK1]BWP ID or BWP ID list: used to indicate a DL BWP or a DL BWP list associated with the CFR
For a CFR, there exist the following scenarios
· The CFR is only defined on a DL BWP or only associated with a DL BWP.
· The CFR is defined on a group of DL BWPs or associated with a group of DL BWPs, where the CFR is on the overlapping part of several DL BWPs
(2) RIV for the CFR: used to indicate the starting CRB and bandwidth of the CFR
(3) CORESETs/CSSs on the CFR
(4) Dynamically scheduled GC-PDCCH/GC-PDSCH configuration for the CFR
· GC-PDSCH time domain allocation list if configured
· Indexes of CORESETs/CSSs for GC-PDCCH monitoring
(5) SPS GC-PDCCH/SPS GC-PDSCH/SPS PUCCH configuration for the CFR if needed
· One group or several groups of SPS GC-PDSCH configuration: each group of SPS GC-PDSCH configuration is associated with one SPS GC-PDSCH resource.
· Indexes of CORESETs/CSSs for SPS GC-PDCCH monitoring
· SPS PUCCH configuration for the HARQ-ACK feedback

Based on the above discussion, the following proposal is suggested.
Proposal 4: The CFR on a DL BWP has the following configuration information.
(1) BWP ID or BWP ID list: used to indicate a DL BWP or a DL BWP list associated with the CFR
For a CFR, there exist the following scenarios
· The CFR is only defined on a DL BWP or only associated with a DL BWP.
· The CFR is defined on a group of DL BWPs or associated with a group of DL BWPs, where the CFR is on the overlapping part of several DL BWPs
(2) RIV for the CFR: used to indicate the starting CRB and bandwidth of the CFR
(3) CORESETs/CSSs on the CFR
(4) Dynamically scheduled GC-PDCCH/GC-PDSCH configuration for the CFR
· GC-PDSCH time domain allocation list if configured
· Indexes of CORESETs/CSSs for GC-PDCCH monitoring
(5) SPS GC-PDCCH/SPS GC-PDSCH/SPS PUCCH configuration for the CFR if needed
· One group or several groups of SPS GC-PDSCH configuration: each group of SPS GC-PDSCH configuration is associated with one SPS GC-PDSCH resource.
· Indexes of CORESETs/CSSs for SPS GC-PDCCH monitoring
· SPS PUCCH configuration for the HARQ-ACK feedback

5. Conclusion
Based on the discussion in the above sections, the following proposals on group scheduling for multicast mode are suggested.
Proposal 1：The activation/deactivation notification of SPS GC-PDSCH can be sent several times by SPS GC-PDCCH scrambled with G-CS-RNTI before the period where the SPS GC-PDSCH is activated/deactivated.
Proposal 2: Partial beam sweeping or beam sweeping is used to transmit the PTM bearer of a multicast session.
Proposal 3: For beam sweeping or partial beam sweeping, whether or not the same beams are used for GC-PDCCH and GC-PDSCH can be up to the implementation by gNB.
Proposal 4: The CFR on a DL BWP has the following configuration information.
(1) BWP ID or BWP ID list: used to indicate a DL BWP or a DL BWP list associated with the CFR
For a CFR, there exist the following scenarios
· The CFR is only defined on a DL BWP or only associated with a DL BWP.
· The CFR is defined on a group of DL BWPs or associated with a group of DL BWPs, where the CFR is on the overlapping part of several DL BWPs
(2) RIV for the CFR: used to indicate the starting CRB and bandwidth of the CFR
(3) CORESETs/CSSs on the CFR
(4) Dynamically scheduled GC-PDCCH/GC-PDSCH configuration for the CFR
· GC-PDSCH time domain allocation list if configured
· Indexes of CORESETs/CSSs for GC-PDCCH monitoring
(5) SPS GC-PDCCH/SPS GC-PDSCH/SPS PUCCH configuration for the CFR if needed
· One group or several groups of SPS GC-PDSCH configuration: each group of SPS GC-PDSCH configuration is associated with one SPS GC-PDSCH resource.
· Indexes of CORESETs/CSSs for SPS GC-PDCCH monitoring
· SPS PUCCH configuration for the HARQ-ACK feedback
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