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1. Introduction
The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e to provide MBS in a cell. Based on the agreements on NR MBS so far, the discussion on group scheduling for RRC_CONNECTED UEs is made with the focuses on the following topics and the related proposals are suggested in the contribution.
(1) Retransmission of SPS RB of MBS session
(2) Other open issues on group scheduling for RRC_CONNECTED UEs
2. [bookmark: _Ref40865202]Retransmission of SPS RB of MBS session
In order to distinguish the RBs of an MBS session from the RBs of a unicast session, MRB is used to indicate the RB of the MBS session. 
For the MBS session subscribed by a group of RRC_CONNECTED UEs, the PTM bearer and the PTP beater per UE are configured to send the MBS session. G-RNTI/G-CS-RNTI will be allocated to the MBS session for identifying each non-SPS MRB and each SPS MRB of the PTM bearer over Uu respectively. The PTP bearer of a UE is associated with its C-RNTI/CS-RNTI for identifying each non-SPS MRB/each SPS MRB of the MBS session over Uu respectively. 
For each SPS MRB of the MBS session, the SPS group-common PDSCH scrambled with G-CS-RNTI is used by the PTM bearer to send the data of the SPS MRB periodically. When the initial transmission of a TB of the SPS MRB is NACKed by at least one UE, the retransmission of the TB should be provided.
If the ACK/NACK based HARQ-ACK feedback is supported, the different RRC_CONNECTED UEs use the different SPS PUCCH resources to feedback the ACK/NACK information of each TB. gNB can detect the ACK/NACK information from each UE. Therefore, gNB can make the retransmission of the NACKed TB according to one of the following options.
Option 1: the PTP bearer is used to retransmit the TB to the associated UE. In detail, the PDCCH/PDSCH scrambled with CS-RNTI is used to retransmit the NACKed TB.
Option 2: the PTM bearer is used to retransmit the TB with PTM scheme 1: group common PDCCH/PDSCH scrambled with G-CS-RNTI is used to retransmit the NACKed TB with beam sweeping or partial beam sweeping.
If the NACK-only based HARQ-ACK feedback is supported, the different RRC_CONNECTED UEs share the same SPS PUCCH resources to feedback the NACK information of each TB. gNB can detect each PUCCH in the SPS PUCCH resources. But for each detected PUCCH, gNB can’t know which UEs sent the PUCCH. Therefore, gNB can only use the PTM bearer (or option 2) to retransmit the NACKed TB.
Based on the above discussion, the following proposals are suggested.
[bookmark: OLE_LINK2][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK13]Proposal 1: Support the following HARQ-ACK feedback methods for each SPS MRB of the PTM bearer of an MBS session:
(1) ACK/NACK based HARQ-ACK feedback with the different SPS PUCCH resources for the different RRC_CONNECTE UEs.
· FFS: details for the ACK/NACK based HARQ-ACK feedback: SPS PUCCH resource allocation, timing between SPS PDSCH and SPS PUCCH, other aspects.
(2) NACK-ONLY based HARQ-ACK feedback with the different RRC_CONNECTED UEs sharing the same SPS PUCCH resources
· FFS: details for the NACK-ONLY based HARQ-ACK feedback: SPS PUCCH resource allocation, timing between SPS PDSCH and SPS PUCCH, other aspects.
· FFS: whether or not other information can be fed back with the NACK-ONLY information.
Proposal 2: The HARQ-ACK feedback method for each SPS MRB of the PTM bearer of an MBS session can be set independently. The HARQ-ACK feedback method for each SPS MRB can be signalled to UE by
· Option 1: Use RRC signalling to enable one of the HARQ-ACK feedback method
· Option 2: 
· Use RRC signalling to enable one of the HARQ-ACK feedback method
· Use DCI format to enable/disable the HARQ-ACK feedback method dynamically 
· FFS: Which option to use

Proposal 3: For the ACK/NACK based HARQ-ACK feedback for an SPS MRB of the PTM bearer of the MBS session, both the PTP bearer and the PTM bearer with PTM scheme 1 can be used for the retransmission of the NACKed TB.
Proposal 4: For the NACK-ONLY based HARQ-ACK feedback for an SPS MRB of the PTM bearer of the MBS session, the PTM bearer with PTM scheme 1 can be used for the retransmission of the NACKed TB, where PTM scheme 1 can use beam sweeping or partial beam sweeping. 

3. Other open issues on group scheduling for RRC_CONNNECTED UEs
During the past RAN2 meetings, many open issues on group scheduling for RRC_CONNECTED UEs are proposed for the discussion. In the section, these open issues will be discussed one by one.
[bookmark: OLE_LINK41][bookmark: OLE_LINK39][bookmark: OLE_LINK40]Issue 1: For the CFR within a unicast BWP, for the CORESETs configured in PDCCH-config for unicast in the unicast BWP and the CORESETs configured in PDCCH-config for MBS in the CFR, how to use these two kinds of CORESETs?
In order to use the radio resource in the CFR as best as possible, the following proposals are suggested for the use of the two kinds of the CORESETs.
[bookmark: OLE_LINK45]Proposal 5: The CORESETs for MBS can be used for unicast scheduling. If a CORESET for MBS is not permitted to be used for unicast scheduling, the related indicator should be sent to UE.
· FFS: how to send the indicator
Proposal 6: For a CORESET for unicast, if it’s within the CFR, it can be used for MBS scheduling. If such a CORESET is NOT permitted to be used for MBS scheduling, the related indicator should be sent to UE.
· FFS: how to send the indicator
If only several MBS sessions are scheduled in a CORESET for MBS, the left resource of the CORESET can be used for unicast scheduling to improve the spectrum efficiency. For the same reason, the CORESET for unicast which is within the CFR can be used for MBS scheduling.

Issue 2: 
(1) Whether or not to support more than one CFR per unicast BWP?
(2) If no CFR is configured for a unicast BWP, whether or not to support MBS in the unicast BWP?
In order to support MBS flexibly, the following proposals are suggested.
[bookmark: OLE_LINK46]Proposal 7: More than one CFRs can be supported per unicast BWP.
Proposal 8: If MBS is supported in the cell, for the scenario that no CFR is configured for a unicast BWP, the unicast BWP can be used as the CFR for MBS.

Issue 3: How to define the CSS for the group common PDCCH of PTM scheme 1? How to define the CSS for the SPS group common PDCCH of PTM scheme 1?
In order to keep MBS monitoring as simple as possible, the following proposals are suggested.
[bookmark: OLE_LINK47][bookmark: OLE_LINK43]Proposal 9: The CSS for the group common PDCCH of PTM scheme 1 is by default same as the Type3-PDCCH CSS. The CSS for the SPS group common PDCCH of PTM scheme 1 is by default same as the Type3-PDCCH CSS. 
Proposal 10: If the monitoring priority of a CORESET for MBS can be set flexibly, the detailed monitoring priority for the CORESET can configured and indicated to UE. 
· Monitoring priority is configured per CORESET
· Monitoring priority is configured per CFR: the CORESETS for MBS on the same CFR have the same monitoring priority.
· Monitoring priority is configured per BWP: the CORESETS for MBS on the same BWP have the same monitoring priority.
· Monitoring priority is configured per cell: the CORESETS for MBS in the same cell have the same monitoring priority.

Issue 4: How to deal with the missed activation and deactivation of SPS group common PDSCH?
In order to solve the above issue, the following proposal is suggested.
Proposal 11：The following methods can be used to detect the missed activation/deactivation of SPS group common PDSCH. The system frame number, subframe number and timeslot number for the application of the new SPS group common PDSCH should be attached in the activation/deactivation information of SPS group common PDSCH.
· Option 1: If the activation/deactivation of SPS group common PDSCH is sent with group common PDCCH scrambled with G-CS-RNTI, the PUCCH resource for the acknowledgement of the activation/deactivation of SPS group common PDSCH is allocated to each UE as the configuration information of the SPS group common PDSCH.
· Option 2: The MAC CE is used for the activation/deactivation of SPS group common PDSCH. The MAC CE needs to be sent before the new SPS group common PDSCH is applied. Once the NACK information is received for the TB containing the MAC CE, the retransmission is done. The enough time for the retransmissions of the MAC CE should be booked before the new SPS group common PDSCH is applied. 
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4. Conclusion
Based on the discussion in the above sections, the following proposals on group scheduling for RRC_CONNECTED UEs are suggested.
Proposal 1: Support the following HARQ-ACK feedback methods for each SPS MRB of the PTM bearer of an MBS session:
1. ACK/NACK based HARQ-ACK feedback with the different SPS PUCCH resources for the different RRC_CONNECTE UEs.
3. FFS: details for the ACK/NACK based HARQ-ACK feedback: SPS PUCCH resource allocation, timing between SPS PDSCH and SPS PUCCH, other aspects.
1. NACK-ONLY based HARQ-ACK feedback with the different RRC_CONNECTED UEs sharing the same SPS PUCCH resources
4. FFS: details for the NACK-ONLY based HARQ-ACK feedback: SPS PUCCH resource allocation, timing between SPS PDSCH and SPS PUCCH, other aspects.
4. FFS: whether or not other information can be fed back with the NACK-ONLY information.
Proposal 2: The HARQ-ACK feedback method for each SPS MRB of the PTM bearer of an MBS session can be set independently. The HARQ-ACK feedback method for each SPS MRB can be signalled to UE by
· Option 1: Use RRC signalling to enable one of the HARQ-ACK feedback method
· Option 2: 
· Use RRC signalling to enable one of the HARQ-ACK feedback method
· Use DCI format to enable/disable the HARQ-ACK feedback method dynamically 
· FFS: Which option to use

Proposal 3: For the ACK/NACK based HARQ-ACK feedback for an SPS MRB of the PTM bearer of the MBS session, both the PTP bearer and the PTM bearer with PTM scheme 1 can be used for the retransmission of the NACKed TB.
Proposal 4: For the NACK-ONLY based HARQ-ACK feedback for an SPS MRB of the PTM bearer of the MBS session, the PTM bearer with PTM scheme 1 can be used for the retransmission of the NACKed TB, where PTM scheme 1 can use beam sweeping or partial beam sweeping. 
Proposal 5: The CORESETs for MBS can be used for unicast scheduling. If a CORESET for MBS is not permitted to be used for unicast scheduling, the related indicator should be sent to UE.
· FFS: how to send the indicator
Proposal 6: For a CORESET for unicast, if it’s within the CFR, it can be used for MBS scheduling. If such a CORESET is NOT permitted to be used for MBS scheduling, the related indicator should be sent to UE.
· FFS: how to send the indicator

Proposal 7: More than one CFRs can be supported per unicast BWP.
Proposal 8: If MBS is supported in the cell, for the scenario that no CFR is configured for a unicast BWP, the unicast BWP can be used as the CFR for MBS.
Proposal 9: The CSS for the group common PDCCH of PTM scheme 1 is by default same as the Type3-PDCCH CSS. The CSS for the SPS group common PDCCH of PTM scheme 1 is by default same as the Type3-PDCCH CSS. 
Proposal 10: If the monitoring priority of a CORESET for MBS can be set flexibly, the detailed monitoring priority for the CORESET can configured and indicated to UE. 
· Monitoring priority is configured per CORESET
· Monitoring priority is configured per CFR: the CORESETS for MBS on the same CFR have the same monitoring priority.
· Monitoring priority is configured per BWP: the CORESETS for MBS on the same BWP have the same monitoring priority.
· Monitoring priority is configured per cell: the CORESETS for MBS in the same cell have the same monitoring priority.

Proposal 11：The following methods can be used to detect the missed activation/deactivation of SPS group common PDSCH. The system frame number, subframe number and timeslot number for the application of the new SPS group common PDSCH should be attached in the activation/deactivation information of SPS group common PDSCH.
· Option 1: If the activation/deactivation of SPS group common PDSCH is sent with group common PDCCH scrambled with G-CS-RNTI, the PUCCH resource for the acknowledgement of the activation/deactivation of SPS group common PDSCH is allocated to each UE as the configuration information of the SPS group common PDSCH.
· Option 2: The MAC CE is used for the activation/deactivation of SPS group common PDSCH. The MAC CE needs to be sent before the new SPS group common PDSCH is applied. Once the NACK information is received for the TB containing the MAC CE, the retransmission is done. The enough time for the retransmissions of the MAC CE should be booked before the new SPS group common PDSCH is applied. 

5. References
[1] RP-201038, Revised Work Item on NR Multicast and Broadcast Services, RAN Meeting #88-e
[2] R1-2007637, Group scheduling for RRC_CONNECTED UEs, Chengdu TD Tech, TD Tech, RAN2 Meeting#112-e
[3] R1-2101579, Discussion on group scheduling for RRC_CONNECTED UEs, Chengdu TD Tech, TD Tech, RAN2 Meeting#113-e
1
