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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 group scheduling related questions for RRC_CONNECTED UEs are discussed and the related proposals are suggested in the contribution.
2. [bookmark: _Ref40865202]Group scheduling related questions for RRC_CONNNECTED UEs
[bookmark: OLE_LINK42]During the past RAN1 meetings, many questions on group scheduling for RRC_CONNECTED UEs are proposed for the discussion. In the section, these questions will be discussed one by one.
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Question 1: For the CFR within a unicast BWP, how to use the CORESETs configured for unicast in the unicast BWP and the CORESETs configured for MBS in the CFR?
In order to use the radio resource as best as possible, the following proposals are suggested for the use of the two kinds of the CORESETs.
[bookmark: OLE_LINK45]Proposal 1: The CORESETs for MBS can be used for unicast scheduling.
Proposal 2: For a CORESET for unicast, if it’s within the CFR, it can be used for MBS scheduling.
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.

Question 2: Whether or not support more than one CFR per unicast BWP? If no CFR is configured for a unicast BWP, whether or not support MBS in the unicast BWP?
In order to support MBS flexibly, the following proposals are suggested.
[bookmark: OLE_LINK46][bookmark: OLE_LINK30]Proposal 3: More than one CFRs can be supported per unicast BWP.
Proposal 4: If the current cell supports MBS, for the scenario that no CFR is configured for a unicast BWP, the unicast BWP can be by default used as the CFR for MBS.

Question 3: How to define the CSS for GC-PDCCH? How to define the CSS for the SPS GC-PDCCH?
In order to keep the MBS monitoring as simple as possible, the following proposal is suggested.
[bookmark: OLE_LINK47]Proposal 5: GC-PDCCH and SPS GC-PDCCH have the same CSS(s).

[bookmark: OLE_LINK35]Question 4: How to deal with missed SPS GC-PDCCH for activation and deactivation of SPS GC-PDSCH?
In order to solve the above Question, the following proposals are suggested.
[bookmark: OLE_LINK33][bookmark: OLE_LINK31][bookmark: OLE_LINK32]Proposal 6：SPS GC-PDCCH for the activation/deactivation of a SPS GC-PDSCH resource can be transmitted more than once.
Proposal 7: The PUCCH resource for the HARQ-ACK feedback of SPS GC-PDSCH is used by UE to indicate whether or not SPS GC-PDCCH is decoded correctly.

Question 5: How to initialize the scrambling sequence generator for GC-PDCCH/GC-PDSCH/SPS GC-PDCCH/SPS GC-PDSCH for RRC_CONNECTED UEs?
· GC-PDCCH/SPS GC-PDCCH
The following formula with two input parameters  and [image: ] is used to initialize the scrambling sequence generator for PDCCH. GC-PDCCH reuses the following formula.
[image: ]
In the last RAN1 meeting, the following agreement was made for GC-PDCCH.
·  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in the CORESET in a CFR used for the GC-PDCCH;  otherwise.
· FFS: Values for . Choices include one or more of the following:
· Alt1: G-RNTI used for the GC-PDCCH.
· Alt2: 0
· Alt3: Other fixed values

In order to simplify the G-RNTI/C-RNTI monitoring, the following agreement was made for RRC_IDLE/RRC_INACTIVE UEs
For broadcast reception with UEs in RRC_IDLE/INACTIVE state, the DCI size of GC-PDCCH scheduling a GC-PDSCH carrying MCCH/MTCH is aligned with DCI format 1_0 with CRC scrambled by C-RNTI in the CSS.
In order to simplify the G-RNTI/C-RNTI monitoring in a CSS for a RRC_CONNECTED UE, it’s better to make the size of the first/second DCI format for GC-PDCCH scrambled with G-RNTI is aligned with the size of DCI format 1-0/1-1 for PDCCH scrambled with C-RNTI in a CSS for NR MBS.
For a same aggregation level, GC-PDCCH scrambled with G-RNTI and PDCCH scrambled with C-RNTI can use a same set of CCEs in a CSS for NR MBS. If  and [image: ] are used for GC-PDCCH scrambled with G-RNTI, GC-PDCCH scrambled with G-RNTI and PDCCH scrambled with C-RNTI have a same scrambling sequence because  and [image: ] are used for PDCCH scrambled with C-RNTI in a CSS. Therefore, a GC-PDCCH scrambled with G-RNTI and a PDCCH scrambled with C-RNTI can correspond to a same decoding if the following three conditions are met, which means UE can monitor both C-RNTI and G-RNTI with no extra decoding effort compared with only monitoring C-RNTI in each PO in each monitoring period of the CSS. Such configuration will provide flexible scheduling for a multicast session as discussed for Question 6.
(1) The size of the first/second DCI format for GC-PDCCH scrambled with G-RNTI is aligned with the size of DCI format 1-0/1-1 for PDCCH scrambled with C-RNTI in a CSS for NR MBS
(2)  and [image: ] are used for GC-PDCCH scrambled with G-RNTI to derive a scrambling sequence in a CSS for NR MBS if the CSS is shared by unicast sessions
(3) A same aggregation level is used for GC-PDCCH scrambled with G-RNTI and PDCCH scrambled with C-RNTI
· GC-PDCCH DMRS/SPS GC-PDCCH DMRS
The following formula with an input parameter  is used to initialize the scrambling sequence generator for PDCCH DMRS. GC-PDCCH DMRS reuses the following formula.


In the last RAN1 meeting, the following agreement was made for GC-PDCCH DMRS.
For initializing sequence generator for DMRS of GC-PDCCH with the second DCI format received in Type-x CSS,  equals the higher layer parameter pdcch-DMRS-ScramblingID if it is configured in the CORESET in a CFR used for the GC-PDCCH;  otherwise.
If a CSS for NR MBS is shared by unicast sessions, [image: ] is suggested for GC-PDCCH DMRS to make GC-PDCCH scrambled with G-RNTI and PDCCH scrambled with C-RNTI have a same DMRS sequence.
· GC-PDSDCH DMRS/SPS GC-PDSCH DMRS
The following formula with three input parameters ,  and  is used to initialize the scrambling sequence generator for PDSCH DMRS. GC-PDSCH DMRS reuses the following formula.

Because GC-PDSCH is associated with GC-PDCCH sent in a CSS for NR MBS,  and  are suggested for GC-PDSCH DMRS.

Based on the above discussion, the following proposals are suggested.
Proposal 8: The size of the first/second DCI format for GC-PDCCH scrambled with G-RNTI is aligned with the size of DCI format 1-0/1-1 for PDCCH scrambled with C-RNTI in a CSS for NR MBS
Proposal 9:  and [image: ] are used for GC-PDCCH scrambled with G-RNTI to derive a scrambling sequence in a CSS for NR MBS if the CSS is shared by unicast sessions.
Proposal 10: If a CSS for NR MBS is shared by unicast sessions, [image: ] is suggested for GC-PDCCH DMRS to make GC-PDCCH scrambled with G-RNTI and PDCCH scrambled with C-RNTI have a same DMRS sequence.
Proposal 11: The same formula for initializing the scrambling sequence generator for PDSCH DMRS is reused for GC-PDSCH DMRS with  and .

Question 6: How to realize the beam sweeping for a multicast session in a CFR within a unicast DL BWP?
The following two options can be used to realize the beam sweeping for a multicast session in a CFR within a unicast DL BWP, where the beam sweeping means all beams used by SSBs are used to transmit GC-PDCCH/GC-PDSCH carrying a multicast session.
Option 1: The mapping between POs and SSB indexes within a SI window/paging period for the SI/paging transmission is reused for MTCH within a monitoring period of the CSS for NR MBS.
In detail, the POs in each monitoring period of the CSS for NR MBS are numbered in sequence with index 0 for the first PO. The PO with index k=N*x+n is associated with the SSB with index n, where n=0,…,N-1, N is the number of the beams used by SSBs, x=0,…,INT[L/N]-1, and L is the number of the POs in each monitoring period of the CSS for NR MBS. 
[bookmark: _GoBack]Option 2: If a CSS for NR MBS is shared by unicast session, based on proposals 8-10, UE needs to monitor G-RNTI and C-RNTI in each PO in the monitoring period of the CSS. If UE detects a GC-PDCCH scrambled with G-RNTI, UE can decoding the related GC-PDSCH.
Option 1 needs to define the mapping between POs and SSB indexes in each monitoring period of the CSS, such mapping limits the positions of the staring PO for GC-PDCCH scheduling a multicast session because the staring PO for GC-PDCCH must be one of the POs with indexes k=N*x, where x=0,…,INT[L/N]-1.
If a CSS for NR MBS is shared by unicast sessions, Option 2 is better. Option 2 is based on the configuration proposed in the proposals 8-10. Based on the corresponding configuration, GC-PDCCH scrambled with G-RNTI and PDCCH scrambled with C-RNTI can have a same DCI format size, a same scrambling sequence, a same set of CCEs and a same DMRS sequence. Therefore, GC-PDCCH and PDCCH correspond to one times of decoding. UE can monitor both C-RNTI and G-RNTI in each PO in each monitoring period with no extra decoding effort compared with only monitoring C-RNTI. GC-PDCCH can be scheduled with the starting PO at any PO in a monitoring period of the CSS. If N consecutive POs are used for transmitting GC-PDCCH with N beams, UE located in the beam coverage area “n” can detect GC-PDCCH with a higher probability in the PO using beam n. UE can detect GC-PDCCH with a lower probability in the other N-1 POs. Therefore, option 2 will not lead to more power consumption in UE for decoding an unnecessary GC-PDSCH. 
If only partial beam sweeping is used for GC-PDCCH, option 2 is also better than option 1. For example, UEs receiving a multicast session are located in the N1 beam coverage areas out of the N beam coverage area of the cell. Option 2 can use N1 consecutive POs to realize the partial beam sweeping for GC-PDCCH. But option 1 needs to use N consecutive POs to realize the partial beam sweeping for GC-PDCCH with the first PO having an index satisfying k=N*x. But only N1 POs are really used to transmit GC-PDCCH. The left N-N1 POs are not really used for GC-PDCCH. Therefore, option 1 will bring about the disperse CCE resource by GC-PDCCH and the disperse frequency domain resource by GC-PDSCH in the partial beam sweeping.

Based on the above discussion, the following proposals are suggested.
Propoal 12: The POs in each monitoring period of the CSS for NR MBS are numbered in sequence with index 0 for the first PO. The PO with index k=N*x+n is associated with the SSB with index n, where n=0,…,N-1, N is the number of the beams used by SSBs, x=0,…,INT[L/N]-1, and L is the number of the POs in each monitoring period of the CSS for NR MBS.
Proposal 13: If a CSS for NR MBS is shared by unicast sessions, the mapping between POs and SSB indexes for MTCH in each monitoring period of the CSS can be disabled according to the configuration indicated by proposals 8-10. UE needs to monitor both C-RNTI and G-RNTI in each PO in each monitoring period of the CSS.


3. [bookmark: OLE_LINK1]Conclusion
Based on the discussion in the above section, the following proposals on group scheduling for RRC_CONNECTED UEs are suggested.
Proposal 1: The CORESETs for MBS can be used for unicast scheduling.
Proposal 2: For a CORESET for unicast, if it’s within the CFR, it can be used for MBS scheduling.
Proposal 3: More than one CFRs can be supported per unicast BWP.
Proposal 4: If the current cell supports MBS, for the scenario that no CFR is configured for a unicast BWP, the unicast BWP can be by default used as the CFR for MBS.
Proposal 5: GC-PDCCH and SPS GC-PDCCH have the same CSS(s).
Proposal 6：SPS GC-PDCCH for the activation/deactivation of a SPS GC-PDSCH resource can be transmitted more than once.
Proposal 7: The PUCCH resource for the HARQ-ACK feedback of SPS GC-PDSCH is used by UE to indicate whether or not SPS GC-PDCCH is decoded correctly.
Proposal 8: The size of the first/second DCI format for GC-PDCCH scrambled with G-RNTI is aligned with the size of DCI format 1-0/1-1 for PDCCH scrambled with C-RNTI in a CSS for NR MBS
Proposal 9:  and [image: ] are used for GC-PDCCH scrambled with G-RNTI to derive a scrambling sequence in a CSS for NR MBS if the CSS is shared by unicast sessions.
Proposal 10: If a CSS for NR MBS is shared by unicast sessions, [image: ] is suggested for GC-PDCCH DMRS to make GC-PDCCH scrambled with G-RNTI and PDCCH scrambled with C-RNTI have a same DMRS sequence.
Proposal 11: The same formula for initializing the scrambling sequence generator for PDSCH DMRS is reused for GC-PDSCH DMRS with  and .
Propoal 12: The POs in each monitoring period of the CSS for NR MBS are numbered in sequence with index 0 for the first PO. The PO with index k=N*x+n is associated with the SSB with index n, where n=0,…,N-1, N is the number of the beams used by SSBs, x=0,…,INT[L/N]-1, and L is the number of the POs in each monitoring period of the CSS for NR MBS.
Proposal 13: If a CSS for NR MBS is shared by unicast sessions, the mapping between POs and SSB indexes for MTCH in each monitoring period of the CSS can be disabled according to the configuration indicated by proposals 8-10. UE needs to monitor both C-RNTI and G-RNTI in each PO in each monitoring period of the CSS.
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