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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]GC-PDCCH for multicast mode
[bookmark: OLE_LINK42]During the past RAN1 meetings, two DCI formats are used for GC-PDCCH for multicast mode. The first DCI format uses DCI format 1_0 as baseline. For the first DCI format, the following processing should be supported for GC-PDCCH.
GC-PDCCH should be scrambled with the scrambling sequence generator initialized with
	[image: ]
where
-	[image: ] equals the higher-layer parameter pdcch-DMRS-ScramblingID if configured for the CORESET in a CFR used for GC-PDCCH. Otherwise .
-	[image: ]
[bookmark: _Hlk500028516]The pseudo-random sequence generator for DMRS of GC-PDCCH shall be initialized with
	

where  is the OFDM symbol number within the slot,  is the slot number within a frame, and
-	[image: ] is given by the higher-layer parameter pdcch-DMRS-ScramblingID if configured for the CORESET in a CFR used for GC-PDCCH. Otherwise [image: ].
Based on the above discussion, the following two proposals are suggested.
Proposal 1: The scrambling sequence generator for GC-PDCCH with the first DCI format will be initialized with the following parameters.
-	[image: ] equals the higher-layer parameter pdcch-DMRS-ScramblingID if configured for the CORESET in a CFR used for GC-PDCCH. Otherwise .
-	[image: ]

Proposal 2: The pseudo-random sequence generator for DMRS of GC-PDCCH shall be initialized with the following parameters.
-	[image: ] is given by the higher-layer parameter pdcch-DMRS-ScramblingID if configured for the CORESET in a CFR used for GC-PDCCH. Otherwise [image: ].
For multicast mode, the following parameters can be configured for a multicast session
· If the multicast session is only sent with dynamically scheduling, G-RNTI is allocated to identify the multicast session over Uu.
· If the multicast session is only sent with SPS scheduling, G-CS-RNTI is allocated to identify the multicast session over Uu.
· If at least one RB of the multicast session is sent with dynamically scheduling and at least one RB is sent with SPS scheduling, both G-RNTI and G-CS-RNTI are allocated.
In order to simplify GC-PDCCH monitoring for multicast mode, G-RNTI and G-CS-RNTI should share the same CORESETs/CSSs. The CORESETs/CSSs for GC-PDCCH are configured on the CFR per DL BWP, where the CFR as a part of the associated DL BWP is used to transmit multicast sessions with GC-PDCCH/GC-PDSCH and PDCCH/PDSCH.
In order to make best use of the CORESETs/CSSs on the CFR per DL BWP, three subsets of these CORESETs/CSSs can be configured by gNB respectively for the first DCI format, the second DCI format and unicast sessions, where these subsets are different with each other or one subset is same with another subset or these subsets are same.
The existing ControlResourceSet IE can be used as baseline for defining a CORESETs for GC-PDCCH. The existing SearchSpace IE can be used as baseline for defining a CSS for GC-PDCCH.
For a CSS on the CFR for GC-PDCCH, how to define the GC-PDCCH candidates should be determined. In detail, on the CFR for GC-PDCCH, for a search space set  associated with CORESET , the CCE indexes for aggregation level  corresponding to PDCCH candidate  of the search space set in slot  for an active DL BWP of a serving cell corresponding to carrier indicator field value  are given by 

where
; 
;
 is the number of CCEs, numbered from 0 to , in CORESET  and, if any, per RB set; 
;
, where  is the number of PDCCH candidates the UE is configured to monitor for aggregation level  of a search space set  for a serving cell corresponding to ; 
; 

Based on the above discussion, the following proposals are suggested.
Proposal 3: For multicast mode, GC-PDCCH scrambled with G-RNTI and GC-PDCCH scrambled with G-CS-RNTI share the same CORESETs/CSSs.
Proposal 4: For a CFR per DL BWP, the CORESETs/CSSs configured on the CFR can be used for multicast sessions and unicast sessions. gNB can configure three subsets of these CORESETs/CSSs respectively for the first DCI format, the second DCI format and unicast sessions.
Proposal 5: For a CSS on the CFR for GC-PDCCH, the GC-PDCCH candidates are defined as below.
For a search space set  associated with CORESET , the CCE indexes for aggregation level  corresponding to PDCCH candidate  of the search space set in slot  for an active DL BWP of a serving cell corresponding to carrier indicator field value  are given by 

where
; 
;
 is the number of CCEs, numbered from 0 to , in CORESET  and, if any, per RB set; 
;
, where  is the number of PDCCH candidates the UE is configured to monitor for aggregation level  of a search space set  for a serving cell corresponding to ; 
; 

According to the agreement in the past RAN1 meetings, SPS GC-PDCCH is used for activation and deactivation of SPS GC-PDSCH. How to deal with missed SPS GC-PDCCH needs to be discussed. It’s better to support slot level repetitions for SPS GC-PDCCH to improve the detection performance of SPS G-PDCCH. Therefore, the following proposal is suggested.
Proposal 6：Support slot level repetitions for SPS GC-PDCCH, where SPS GC-PDCCH is used for activation/deactivation of an SPS GC-PDSCH resource.


3. GC-PDSCH for multicast mode
For GC-PDSCH, the following agreement was made in the past RAN1 meetings.
Agreement: 
For initializing sequence generator for DMRS of GC-PDSCH, 
· and are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-DownlinkConfig IE if provided in PDSCH-Config in a CFR used for GC-PDSCH and the GC-PDSCH is scheduled by GC-PDCCH using the second DCI format
·  is given by the higher-layer parameter scramblingID0 if provided in PDSCH-Config in a CFR used for GC-PDSCH and the GC-PDSCH is scheduled by GC-PDCCH using the first DCI format;
·  otherwise;
· FFS:  is given by the DM-RS sequence initialization field, if present, in the DCI associated with the GC-PDSCH transmission if second DCI format is used, otherwise .
For the above FFS item, the following proposal is suggested.
Proposal 7: For initializing sequence generator for DMRS of GC-PDSCH 
· for the first DCI format, 
· for the second DCI format,  is indicated by the DMRS sequence initialization field if present in the second DCI format

In order to schedule GC-PDSCH, the resource allocation table for GC-PDSCH should be determined. GC-PDSCH has the following features
(1) use a new type of CSS
(2) GC-PDCCH scheduling GC-PDSCH uses two DCI formats which are respectively with DCI format 1_0 and DCI format 1_1 as baseline
Therefore, Table 5.1.2.1.1-1 providing the applicable PDSCH time domain resource allocation for DCI formats 1_0 and 1_1 can be reused as baseline for determining the applicable PDSCH time domain resource allocation for GC-PDSCH. In detail, the following table is suggested for GC-PDSCH.
Table 1 applicable GC-PDSCH time domain resource allocation for multicast mode
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	PDSCH-ConfigCommon includes pdsch-TimeDomainAllocationList 
for GC-PDSCH on a CFR
	PDSCH-Config includes pdsch-TimeDomainAllocationList 
for GC-PDSCH for a multicast session on a CFR
	PDSCH time domain resource allocation to apply

	G-RNTI
G-CS-RNTI
	Any common search space associated with CORESET 0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in PDSCH-ConfigCommon 
for GC-PDSCH on a CFR

	G-RNTI
G-CS-RNTI
	Any common search space not associated with CORESET 0

	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-TimeDomainAllocationList provided in PDSCH-ConfigCommon 
for GC-PDSCH on a CFR

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-TimeDomainAllocationList provided in PDSCH-Config 
for GC-PDSCH for a multicast session on a CFR




Another question for GC-PDSCH is how to determine the timing relationship between GC-PDCCH and GC-PDSCH. In detail, use  and  to respectively represent the SCS values for GC-PDSCH and GC-PDCCH. If GC-PDCCH is transmitted in timeslot n, GC-PDSCH is transmitted in timeslot Ks, where the slot offset K0 is indicated by the Time domain resource assignment field of the DCI format on GC-PDCCH and Ks is calculated as below.

Ks = [image: ]

Based on the above discussion, the following proposals are suggested.
Proposal 8: The applicable GC-PDSCH time domain resource allocation for multicast mode is suggested as below.

	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	PDSCH-ConfigCommon includes pdsch-TimeDomainAllocationList 
for GC-PDSCH on a CFR
	PDSCH-Config includes pdsch-TimeDomainAllocationList 
for GC-PDSCH for a multicast session on a CFR
	PDSCH time domain resource allocation to apply

	G-RNTI
G-CS-RNTI
	Any common search space associated with CORESET 0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in PDSCH-ConfigCommon 
for GC-PDSCH on a CFR

	G-RNTI
G-CS-RNTI
	Any common search space not associated with CORESET 0

	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-TimeDomainAllocationList provided in PDSCH-ConfigCommon 
for GC-PDSCH on a CFR

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-TimeDomainAllocationList provided in PDSCH-Config 
for GC-PDSCH for a multicast session on a CFR



Proposal 9: The timing relationship between GC-PDSCH and GC-PDCCH is defined as below.
[bookmark: OLE_LINK35][bookmark: OLE_LINK33][bookmark: OLE_LINK31][bookmark: OLE_LINK32]Ks = [image: ]
where  and  respectively represent the SCS values for GC-PDSCH and GC-PDCCH, GC-PDCCH is transmitted in timeslot n, GC-PDSCH is transmitted in timeslot Ks, and the slot offset K0 is indicated by the Time domain resource assignment field of the DCI format on GC-PDCCH.


4. 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 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 that the beams used for transmitting GC-PDCCH/GC-PDSCH can cover all UE joining the multicast session. For GC-PDCCH and the associated GC-PDSCH, if different beams are used for GC-PDCCH and GC-PDSCH, the beam for GC-PDSCH should have a larger coverage area than the beam for GC-PDCCH.
Based on the above discussion, the following proposals are suggested.
Proposal 10: Partial beam sweeping is used to transmit the PTM bearer of a multicast session.
Proposal 11: Beam sweeping can be used to transmit the PTM bearer of a multicast session if no stable and accurate location information for the UEs joining the multicast session can be acquired by gNB.
Proposal 12: 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.

5. CFR/Multicast session configuration
According to the agreement in the past RAN1 meetings, only one CFR is configured per DL BWP. If no CFR is configured for a DL BWP in the cell supporting NR MBS, whether or not multicast sessions can be provided on the DL BWP needs to be decided. It’s better that the DL BWP is used as the default CFR if no CFR is configured on the DL BWP. Therefore, the following proposal is suggested.
[bookmark: OLE_LINK46][bookmark: OLE_LINK30]Proposal 13: If no CFR is configured for a DL BWP in the cell supporting NR MBS, the DL BWP is used as the default CFR.
Another question for the CFR is how to configure the CFR for a DL BWP. Based on the discussion on GC-PDCCH/GC-PDSCH, the CFR for a DL BWP includes 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) Common GC-PDCCH configuration for the CFR
· CORESETs/CSSs for GC-PDCCH monitoring
(4) Common GC-PDSCH configuration for the CFR
· GC-PDSCH time domain allocation list if configured: reuse the following RRC signalling
(5) Common SPS GC-PDSCH configuration for the CFR if needed



PDSCH-TimeDomainResourceAllocationList ::=  SEQUENCE (SIZE(1..maxNrofDL-Allocations)) OF PDSCH-TimeDomainResourceAllocation

PDSCH-TimeDomainResourceAllocation ::=   SEQUENCE {
    k0                                      INTEGER(0..32)                                                  OPTIONAL,   -- Need S
    mappingType                             ENUMERATED {typeA, typeB},
    startSymbolAndLength                    INTEGER (0..127)
}

PDSCH-TimeDomainResourceAllocationList-r16 ::=  SEQUENCE (SIZE(1..maxNrofDL-Allocations)) OF PDSCH-TimeDomainResourceAllocation-r16

PDSCH-TimeDomainResourceAllocation-r16 ::=  SEQUENCE {
    k0-r16                                     INTEGER(0..32)                                              OPTIONAL,   -- Need S
    mappingType-r16                            ENUMERATED {typeA, typeB},
    startSymbolAndLength-r16                   INTEGER (0..127),
    repetitionNumber-r16                       ENUMERATED {n2, n3, n4, n5, n6, n7, n8, n16}                OPTIONAL,   -- Cond Formats1-0and1-1
    ...
}

For a multicast session on the CFR, the following configuration information is needed.
(1) Dedicated GC-PDCCH configuration
If configured, the IE is used to indicate which CORESETs/CSSs on the CFR are used for the multicast session
(2) Dedicated GC-PDSCH configuration
If configured, the IE is used to allocate the time domain resource for GC-PDSCH for the multicast session. If not configured, GC-PDSCH configuration for the CFR is applied. 
If neither dedicated GC-PDSCH configuration nor common GC-PDSCH configuration is present, the default allocation A is applied to the multicast session.
(3) Dedicated SPS GC-PDSCH configuration

Based on the above discussion, the following proposals are suggested. 
Proposal 14: A CFR per DL BWP includes 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) Common GC-PDCCH configuration for the CFR
· CORESETs/CSSs for GC-PDCCH monitoring
(4) Common GC-PDSCH configuration for the CFR
· GC-PDSCH time domain allocation list if configured: reuse the following RRC signalling
(5) Common SPS GC-PDSCH configuration for the CFR if needed

Proposal 15: For a multicast session on the CFR per DL BWP, the following configuration information can be configured.
(1) Dedicated GC-PDCCH configuration
If configured, the IE is used to indicate which CORESETs/CSSs on the CFR are used for the multicast session
(2) Dedicated GC-PDSCH configuration
If configured, the IE is used to allocate the time domain resource for GC-PDSCH for the multicast session. If not configured, GC-PDSCH configuration for the CFR is applied. 
If neither dedicated GC-PDSCH configuration nor common GC-PDSCH configuration is present, the default allocation A is applied to the multicast session.
(3) Dedicated SPS GC-PDSCH configuration


6. Conclusion
Based on the discussion in the above sections, the following proposals on group scheduling for multicast mode are suggested.
Proposal 1: The scrambling sequence generator for GC-PDCCH with the first DCI format will be initialized with the following parameters.
-	[image: ] equals the higher-layer parameter pdcch-DMRS-ScramblingID if configured for the CORESET in a CFR used for GC-PDCCH. Otherwise .
-	[image: ]

Proposal 2: The pseudo-random sequence generator for DMRS of GC-PDCCH shall be initialized with the following parameters.
-	[image: ] is given by the higher-layer parameter pdcch-DMRS-ScramblingID if configured for the CORESET in a CFR used for GC-PDCCH. Otherwise [image: ].

Proposal 3: For multicast mode, GC-PDCCH scrambled with G-RNTI and GC-PDCCH scrambled with G-CS-RNTI share the same CORESETs/CSSs.
Proposal 4: For a CFR per DL BWP, the CORESETs/CSSs configured on the CFR can be used for multicast sessions and unicast sessions. gNB can configure three subsets of these CORESETs/CSSs respectively for the first DCI format, the second DCI format and unicast sessions.
Proposal 5: For a CSS on the CFR for GC-PDCCH, the GC-PDCCH candidates are defined as below.
For a search space set  associated with CORESET , the CCE indexes for aggregation level  corresponding to PDCCH candidate  of the search space set in slot  for an active DL BWP of a serving cell corresponding to carrier indicator field value  are given by 

where
; 
;
 is the number of CCEs, numbered from 0 to , in CORESET  and, if any, per RB set; 
;
, where  is the number of PDCCH candidates the UE is configured to monitor for aggregation level  of a search space set  for a serving cell corresponding to ; 
; 

Proposal 6：Support slot level repetitions for SPS GC-PDCCH, where SPS GC-PDCCH is used for activation/deactivation of an SPS GC-PDSCH resource.
Proposal 7: For initializing sequence generator for DMRS of GC-PDSCH 
· for the first DCI format, 
· for the second DCI format,  is indicated by the DMRS sequence initialization field if present in the second DCI format

Proposal 8: The applicable GC-PDSCH time domain resource allocation for multicast mode is suggested as below.

	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	PDSCH-ConfigCommon includes pdsch-TimeDomainAllocationList 
for GC-PDSCH on a CFR
	PDSCH-Config includes pdsch-TimeDomainAllocationList 
for GC-PDSCH for a multicast session on a CFR
	PDSCH time domain resource allocation to apply

	G-RNTI
G-CS-RNTI
	Any common search space associated with CORESET 0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in PDSCH-ConfigCommon 
for GC-PDSCH on a CFR

	G-RNTI
G-CS-RNTI
	Any common search space not associated with CORESET 0

	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-TimeDomainAllocationList provided in PDSCH-ConfigCommon 
for GC-PDSCH on a CFR

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-TimeDomainAllocationList provided in PDSCH-Config 
for GC-PDSCH for a multicast session on a CFR



Proposal 9: The timing relationship between GC-PDSCH and GC-PDCCH is defined as below.
Ks = [image: ]
where  and  respectively represent the SCS values for GC-PDSCH and GC-PDCCH, GC-PDCCH is transmitted in timeslot n, GC-PDSCH is transmitted in timeslot Ks, and the slot offset K0 is indicated by the Time domain resource assignment field of the DCI format on GC-PDCCH.

Proposal 10: Partial beam sweeping is used to transmit the PTM bearer of a multicast session.
Proposal 11: Beam sweeping can be used to transmit the PTM bearer of a multicast session if no stable and accurate location information for the UEs joining the multicast session can be acquired by gNB.
Proposal 12: 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 13: If no CFR is configured for a DL BWP in the cell supporting NR MBS, the DL BWP is used as the default CFR.

Proposal 14: A CFR per DL BWP includes 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) Common GC-PDCCH configuration for the CFR
· CORESETs/CSSs for GC-PDCCH monitoring
(4) Common GC-PDSCH configuration for the CFR
· GC-PDSCH time domain allocation list if configured: reuse the following RRC signalling
(5) Common SPS GC-PDSCH configuration for the CFR if needed

Proposal 15: For a multicast session on the CFR per DL BWP, the following configuration information can be configured.
(1) Dedicated GC-PDCCH configuration
If configured, the IE is used to indicate which CORESETs/CSSs on the CFR are used for the multicast session
(2) Dedicated GC-PDSCH configuration
If configured, the IE is used to allocate the time domain resource for GC-PDSCH for the multicast session. If not configured, GC-PDSCH configuration for the CFR is applied. 
If neither dedicated GC-PDSCH configuration nor common GC-PDSCH configuration is present, the default allocation A is applied to the multicast session.
(3) Dedicated SPS GC-PDSCH configuration
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