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1. Introduction
NR MBS was introduced in 3GPP R17 by using multicast mode and broadcast mode to provide multicast sessions and broadcast sessions respectively. According to multicast mode, for a multicast session, all the UEs receiving the multicast session shall stay in RRC_CONNECTED state to receive the multicast session with PTM mode and/or PTP mode. In order to reduce the power consumption in a UE for receiving a multicast session and support the sharing processing for both unicast reception and broadcast reception, the 3GPP R18 WI “Enhancements of NR Multicast and Broadcast services” [1] was approved. In the contribution, multicast reception in RRC_INACTIVE state is discussed with the related proposals suggested. 
2. Multicast reception in RRC_INACTIVE state
Based on the agreements on multicast reception in RRC_INACTIVE state in the last RAN2 e-meeting, the following questions are discussed in the section.
· Question 1: How to make UE switch to RRC_INACTIVE state from RRC_CONNECTED state? What information to be sent to UE? 
· Question 2: How to make UE switch to RRC_CONNECTED state from RRC_INACTIVE state? What information to be sent to UE?
· Question 3: How to inform RRC_INACTIVE/RRC_IDLE/RRC_CONNECTED UE of multicast session activation? What information to be sent to UE?
· Question 4: How to inform RRC_INACTIVE/RRC_CONNECTED UE of multicast session deactivation? What information to be sent to UE?
· Question 5: How to inform RRC_INACTIVE/RRC_CONNECTED UE of multicast session release? What information to be sent to UE?
· Question 6: If RRC_INACTIVE UE can decide by itself to initiate the random access procedure for continuing multicast reception in RRC_CONNECTED state? What conditions can be used by RRC_INACTIVE UE to make such decision? How can RRC_INACTIVE UE initiate the random accession procedure?
· Question 7: How to send the PTM configuration information of a multicast session to RRC_INACTIVE/RRC_CONNECTED UE?
· Question 8: Is it possible that the PTM configuration of a multicast session can be applied to a certain area? If yes, does gNB need to configure the certain area to RRC_INACTIVE UE?
For Question 1, it’s better for gNB to use RRC dedicated signalling to make UE switch to RRC_INACTIVE state from RRC_CONNECTED state. In detail, RRC dedicated signalling can send the following information to UE.
(1) RRC_INACTIVE state indicator (mandatory): used to notify UE to switch to RRC_INACTIVE state.
(2) PTM configuration information of the multicast session received by UE (optional): used to provide the PTM configuration information of the multicast session to UE.
If the item is not provided, UE can continue receiving the multicast session with the existing PTM configuration information of the multicast session.
(3) QoS information (optional): used to provide the target BLER of multicast reception to UE. 
With the QoS information, UE in RRC_INACTIVE state can find if multicast reception satisfies the QoS requirement. UE can calculate the BLER of multicast reception. If the BLER is higher than the target BLER, UE can decide by itself to initiate the random access procedure to continue multicast reception in RRC_CONNECTED state. 
(4) PRACH configuration information (optional)：used by UE to initiate the random access procedure for continuing multicast reception in RRC-CONNECTED state if UE is triggered by gNB or by itself.
After UE switches to RRC_INACTIVE state, gNB may trigger UE to switch to RRC_CONNECTED state to continue multicast reception in RRC_CONNECTED state. Under such scenario, the item provides the PRACH resources for UE to trigger the random access procedure in response to the trigger from gNB.
If UE has the Qos information, after UE switches to RRC_INACTIVE state, UE can decide if multicast reception satisfies the Qos requirement. If multicast reception can’t satisfies the QoS requirement, UE can decide by itself to initiate the random access procedure to continue multicast reception in RRC_CONNECTED state. Under such scenario, the item provides the PRACH resources for UE to trigger the random access procedure by itself.
If the item is not provided, UE initiates the random access procedure just as usual if UE is triggered by gNB or itself.
(5) Multicast session configuration informations of neighbour cells (optional)
If a multicast session is provided to both RRC_CONNECTED UE and RRC_INACTIVE UE, the same or different PTM configuration can be used for these two types of UE. If the same PTM configuration is used, only one CFR is needed. This CFR can be received by RRC_CONNECTED/RRC_INACTIVE UE without BWP switching between this CFR and the active/initial DL BWP. If the different PTM configuration is used, more than one CFRs are needed with at least one CFR for RRC_CONNECTED UE and one CFR for RRC_INACTIVE UE. 
For a multicast session in the current cell, if a neighbour cell provides the multicast session by using a CFR which can be received by RRC_INACTIVE UE in the neighbour cell without BWP switching, the PTM configuration information of the multicast session on this CFR can be provided to RRC_INACTIVE UE receiving the multicast session in the current cell to support service continuity during UE mobility. But if each CFR used by the neighbour cell can’t be received by RRC_INACTIVE UE in the neighbour cell without BWP switching, there’s no need to provide the PTM configuration information of the multicast session in the neighbour cell to RRC_INACTIVE UE in the current cell.
Based on the above discussion for Question 1, the following proposals are suggested.
Proposal 1: RRC dedicated signalling is used to make UE switch to RRC_INACTIVE state from RRC_CONNECTED state.
Proposal 2: RRC dedicated signalling for UE to switch to RRC_INACTIVE state carries the following information to the UE.
(1) RRC_INACTIVE state indicator: make UE switch to RRC_INACTIVE state from RRC_CONNECTED state.
(2) PTM configuration information of the multicast session received by the UE (optional)
(3) QoS information (optional): target BLER of multicast reception by UE
(4) PRACH configuration information (optional)
(5) Multicast session configuration informations of neighbour cells (optional)
For Question 2, it’s better for gNB to use the following options to make UE switch to RRC_CONNECTED state from RRC_INACTIVE state.
Option 1: use group notification
[bookmark: OLE_LINK2]Option 2: use dedicated signalling + multicast session specific MCCH
For a multicast session provided to RRC_INACTIVE UE, option 2 uses a multicast session specific MCCH to send common signalling of the multicast session with PTM mode. In detail, a MCCH is configured for G-RNTI/G-CS-RNTI where G-RNTI/G-CS-RNTI is used to identify the multicast session over Uu. The MCCH and the MTCHs associated with G-RNTI/G-CS-RNTI are sent on GC-PDSCH which is scrambled with G-RNTI/G-CS-RNTI. The MCCH configuration information is sent to UE along with the other configuration information through RRC dedicated signalling after UE joins the multicast session and before UE is switched to RRC_INACTIVE state (for multicast session deactivation or multicast reception in RRC_INACTIVE state) or RRC_IDLE state (for multicast session deactivation), where the other configuration information may include the configuration information of MRBs/MTCHs/DTCHs. The MCCH has the following features:
(1) MCCH is configured for G-RNTI/G-CS-RNTI if the multicast session(s) associated with G-RNTI/G-CS-RNTI is(are) provided to RRC_INACTVIE UE
(2) Use UM mode RLC entity
(3) have a fixed logical channel ID of 0
(4) MCCH and MTCHs associated with G-RNTI/G-CS-RNTI and using dynamic scheduling share the same L1 (GC-PDCCH/GC-PDSCH/CFR/CORESET/CSS) configuration information
The common signalling of a multicast session may include: 
(1) RRC state switching from RRC_INACTIVE state to RRC_CONNECTED state
(2) Multicast session activation for RRC_INACTIVE UE
(3) Multicast session deactivation for RRC_INACTIVE UE
(4) Multicast session release for RRC_INACTIVE UE
(5) PTM configuration information update for RRC_INACTIVE UE
(6) PTM configuration information for RRC_INACTIVE state in a neighbour cell
(7) FFS: other common signalling
Which common signalling can be sent on MCCH is discussed in the latter content.
If option 1 is selected, in a paging occasion, the group notification on PCCH is used to sends the following information.
(1) TMGI of the related multicast session
(2) RRC_CONNECTED state indicator: make UE switch to RRC_CONNECTED state
(3) UE ID list (optional): indicate which UEs need to switch to RRC_CONNECTED state among the UEs receiving the related multicast session and monitoring the paging occasion. If the UE ID list is absent, all the UEs receiving the related multicast session and monitoring the paging occasion need to switch to RRC_CONNECTED state.
(4) PRACH configuration information (optional): used by UE to initiate the random access procedure.
If option 2 is selected, the following information is sent on MCCH.
(1) TMGI of the related multicast session (optional): if several multicast sessions are associated with a same G-RNTI/G-CS-RNTI, this item is needed. Otherwise this item is absent.
(2) RRC_CONNECTED state indicator: make UE switch to RRC_CONNECTED state
(3) UE ID list (optional): indicate which UEs need to switch to RRC_CONNECTED state among the UEs receiving the related multicast session
(4) PRACH configuration information (optional): used by UE to initiate the random access procedure.

The comparison between the two options is given in the following table. From the table, option 1 may occupy more PDCCH resource and more PDSCH resource. Furthermore, option 2 has no effect on unicast paging while option 1 makes unicast paging capability and group paging capability coupled together. Option 2 seems simpler than option 1.
Table 1 Comparison between option 1 and option 2
	
	Option 1 (group notification)
	Option 2 (dedicated signaling + multicast session specific MCCH)

	Logical channel used
	PCCH
	Multicast session specific MCCH

	Have effect on unicast paging or not
	Yes
	No

	Need UE to trigger random access procedure or not
	Yes
	Yes

	Number of PDCCH occasions required
	S*N
S: number of SSB blocks in the cell
N: UEs which are required to switch to RRC_CONNECTED state are scattered on N different paging occasions and N>=1. Each paging occasion includes S PDCCH occasions

	S
Note: MCCH is sent on GC-DPSCH which is scrambled with G-RNTI/G-CS-RNTI. GC-PDCCH scheduling GC-PDSCH is sent in the continuous S PDCCH occasions using S beams. The S beams are the beams for SSB blocks in the cell.

	Number of PDSCH required
	S*N
	S
Note: Each GC-PDCCH is associated with one GC-PDSCH.



Based on the above discussion for Question 2, the following proposals are suggested.
Proposal 3: In order to make UE switch to RRC_CONNECTED state from RRC_INACTIVE state, selected between the following two options.
Option 1: group notification
Option 2: dedicated signalling + multicast session specific MCCH
Proposal 4: If group notification is used to make UE switch to RRC_CONNECTED state, the group notification can carry the following information:
(1) TMGI of the related multicast session
(2) RRC_CONNECTED state indicator
(3) UE ID list (optional)
(4) PRACH configuration information (optional)

Proposal 5: If dedicated signalling + multicast session specific MCCH is used to make UE switch to RRC_CONNECTED state, MCCH carries the following information.
(1) TMGI of the related multicast session (optional)
(2) RRC_CONNECTED state indicator
(3) UE ID list (optional)
(4) PRACH configuration information (optional)
For Question 3, group notification can be used to inform UE of multicast session activation. In a paging occasion, the group notification on PCCH is used to send the following information.
(1) TMGI of the related multicast session: used to indicate to UE which multicast session is activated. 
(2) UE ID list for RRC_CONNECTED state (optional)
The item is used to indicate which UEs need to switch to RRC_CONNECTED state for multicast reception. 
The remaining UEs need to switch to RRC_INACTIVE state.
(3) UE ID list for RRC_INACTIVE state (optional)
The item is used to indicate which UEs need to switch to RRC_INACTIVE state for multicast reception.
The remaining UEs need to switch to RRC_CONNECTED state 
(4) PRACH configuration information (optional): used by UE to initiate the random access procedure.
Based on the above discussion for Question 3, the following proposals are suggested.
Proposal 6: Group notification is used to inform UE of multicast session activation.
Proposal 7: The group notification on PCCH can carry the following information for multicast session activation.
(1) TMGI of the related multicast session 
(2) UE ID list for RRC_CONNECTED state (optional)
(3) UE ID list for RRC_INACTIVE state (optional)
(4) PRACH configuration information (optional)
For Question 4, option 1 and option 2 for Question 2 can be reused to inform UE of multicast session deactivation. In addition, a specific MAC CE (denoted by option 3) can be used to inform UE of multicast session deactivation. With option1/option 2/option 3, group notification/MCCH/MAC CE can be used to send the following information for multicast session deactivation. When UE receives the notification of the multicast session deactivation, if UE has no unicast session or no need to receive other multicast sessions in RRC_CONNECTED state, UE switches to RRC_INACTIVE state or RRC_IDLE state as indicated.
(1) TMGI of the related multicast session ( mandatory for option 1 and optional for option 2/option 3)
If option 1 is used for multicast session deactivation, the item is needed to indicate to UE which multicast session is deactivated.
If option 2/3 is used for multicast session deactivation, the item is needed if several multicast sessions are associated with a same G-RNTI/G-CS-RNTI. Otherwise, the item is absent.
(2) Multicast session deactivation indicator: inform UE of the deactivation of the related multicast session.
(3) RRC state indicator: uses to indicate which RRC state UE needs to switch to, where UE can switch to RRC_INACTIVE state or RRC_IDLE state
Based on the above discussion for Question 4, the following proposals are suggested.
Proposal 8: In order to inform UE of multicast session deactivation, select between the following three options:
Option 1: group notification
Option 2: dedicated signalling + multicast session specific MCCH
Option 3: a specific MAC CE
Proposal 9: If option 1/option 2/option 3 is selected, group notification/MCCH/MAC CE carries the following information for informing UE of multicast session deactivation.
(1) TMGI of the related multicast session ( mandatory for option 1 and optional for option 2/option 3)
(2) Multicast session deactivation indicator: inform UE of the deactivation of the related multicast session.
(3) RRC state indicator: uses to indicate which RRC state UE needs to switch to, where UE can switch to RRC_INACTIVE state or RRC_IDLE state.
For Question 5, option 1, option 2 and option 3 for Question 4 can be reused to inform UE of multicast session release. With option1/option 2/option 3, group notification/MCCH/MAC CE can be used to send the following information for multicast session release. 
(1) TMGI of the related multicast session ( mandatory for option 1 and optional for option 2/option 3)
If option 1 is used for multicast session release, the item is needed to indicate to UE which multicast session is released.
If option 2/3 is used for multicast session release, the item is needed if several multicast sessions are associated with a same G-RNTI/G-CS-RNTI. Otherwise, the item is absent.
(2) Multicast session release indicator: inform UE of the release of the related multicast session.
Based on the above discussion for Question 5, the following proposals are suggested.
Proposal 10: In order to inform UE of multicast session release, select between the following two options:
Option 1: group notification
Option 2: dedicated signalling + multicast session specific MCCH
Option 3: a specific MAC CE
Proposal 11: If option 1/option 2/option 3 is selected, group notification/MCCH/MAC CE carries the following information for informing UE of multicast session release.
(1) TMGI of the related multicast session ( mandatory for option 1 and optional for option 2/option 3)
(2) Multicast session release indicator: inform UE of the release of the related multicast session.
For Question 6, after UE switches to RRC_INACTIVE state, gNB doesn't know if multicast reception by UE satisfies the specific QoS requirement. If the specific QoS information is sent to UE, UE can find if multicast reception satisfies the specific QoS requirement. If UE finds multicast reception can’t satisfy the specific QoS requirement, it can by itself initiate the random access procedure for continuing multicast reception in RRC_CONNECTED state. In detail, the specific QoS information sent to UE by gNB may include the target BLER and maximum delay of each MRB of multicast reception. If gNB sent the PRACH configuration information to UE before, UE can use the stored PRACH configuration information to initiate the random access procedure. If not, UE can initiate the random access procedure just as usual.
Based on the above discussion for question 6, the following proposals are suggested.
Proposal 12: UE in RRC_INACTIVE state can decide by itself to initiate the random access procedure for continuing multicast reception in RRC_CONNECTED state.
Proposal 13: The following information can be used by UE in RRC_INACTIVE state to make the corresponding decision.
(1) QoS information: target BLER and maximum delay of each MRB of multicast reception.
(2) Calculated BLER of each MRB of multicast reception
(3) Measured delay of each MRB of multicast reception
Proposal 14：If gNB sent the PRACH configuration information to UE before, UE can use the stored PRACH configuration information to initiate the random access procedure. Otherwise, UE initiate the random access procedure just as usual.
For Question 7, the following options are suggested to send the new PTM configuration information.
Option 1: RRC dedicated signaling
Option 2: SIB+MCCH, where MCCH for multicast reception in RRC_INACTIVE is configured per cell and SIB is for configuring MCCH.
Option 3: Dedicated signalling + multicast session specific MCCH
Option 1 and option 2 were agreed as candidate options in the last RAN2 meeting. If option 1 is selected, each time the PTM configuration information is updated, all RRC_INACTVIE UEs receiving the corresponding multicast session are required to switch to RRC_CONNECTED state through the random access procedure. If the number of RRC_INACTIVE UEs is larger, option 1 will lead to high PRACH collision probability and heavy signalling load. If Option 2 is selected, the default of option 1 can be avoided. But the PTM configuration information needs to be sent on MCCH periodically. Furthermore, some companies have concern on the security of option 2.
Option 3 can be regarded as an improved option 2. As an improved option 2, option 3 is better than option 2 in the following aspects:
(1) Higher spectrum efficiency
Option 3 avoids sending the PTM configuration information periodically. It can send the PTM configuration information on the multicast session specific MCCH once or several times in case the PTM configuration information is updated. 
(2) Higher security
Option 3 provides the MCCH configuration information to UE through dedicated signalling after UE joins a multicast session and before UE is switched to RRC_INACTIVE state (for multicast session deactivation or multicast session reception in RRC_INACTIVE state) or RRC_IDLE state (for multicast session deactivation) for the first time. Such MCCH configuration manner avoids the concern on the security of option 2.
Option 3 can also be regarded as an improved option 1. As an improved option 1, option 3 has the following features.
(1) Option 3 has no need for RRC_INACTIVE UE to switch to RRC_CONNECTED state in case the PTM configuration information is updated. The new PTM configuration information is sent on the multicast session specific MCCH. 
(2) Option 3 provides the MCCH configuration information to UE through dedicated signalling after UE joins a multicast session and before UE is switched to RRC_INACTIVE state (for multicast session deactivation or multicast session reception in RRC_INACTIVE state) or RRC_IDLE state (for multicast session deactivation) for the first time.  
[bookmark: OLE_LINK1]Based on the above discussion for question 7, the following proposal is suggested.
Proposal 15: In order to send the updated PTM configuration information, the following option is suggested:
Option 3: Dedicated signalling + multicast session specific MCCH
For question 8, we think it’s possible that the PTM configuration of a multicast session is applied to a certain area. For example, the certain area consists of the cells belonging to a same gNB. When the same PTM configuration is applied in a certain area and gNB configures the certain area to RRC_INACTIVE UE, RRC_INACTIVE UE can receive the corresponding multicast session without RRC state switching and service interruption during its mobility within the certain area. Such configuration can improve the QoE of UE greatly without any extra effort from UE. 
Based on the above discussion, the following proposal is suggested.
Proposal 16: If the PTM configuration of a multicast session is applied to a certain area, gNB configures the certain area to RRC_INACTIVE UE.
3. Conclusions
Multicast reception in RRC_INACTIVE state is discussed in the contribution with the following proposals suggested: 
For RRC state switching from RRC_CONNECTED state to RRC_INACTIVE state:
Proposal 1: RRC dedicated signalling is used to make UE switch to RRC_INACTIVE state from RRC_CONNECTED state.

Proposal 2: RRC dedicated signalling for UE to switch to RRC_INACTIVE state carries the following information to the UE.
(1) RRC_INACTIVE state indicator: make UE switch to RRC_INACTIVE state from RRC_CONNECTED state.
(2) PTM configuration information of the multicast session received by the UE (optional)
(3) QoS information (optional): target BLER of multicast reception by UE
(4) PRACH configuration information (optional)
(5)  Multicast session configuration informations of neighbour cells (optional)

For RRC state switching from RRC_INACTIVE state to RRC_CONNECTED state:
Proposal 3: In order to make UE switch to RRC_CONNECTED state from RRC_INACTIVE state, selected between the following two options.
Option 1: group notification
Option 2: dedicated signalling + multicast session specific MCCH

Proposal 4: If group notification is used to make UE switch to RRC_CONNECTED state, the group notification can carry the following information:
(1) TMGI of the related multicast session
(2) RRC_CONNECTED state indicator
(3) UE ID list (optional)
(4) PRACH configuration information (optional)

Proposal 5: If dedicated signalling + multicast session specific MCCH is used to make UE switch to RRC_CONNECTED state, MCCH carries the following information.
(1) TMGI of the related multicast session (optional)
(2) RRC_CONNECTED state indicator
(3) UE ID list (optional)
(4) PRACH configuration information (optional)

For multicast session activation:
Proposal 6: Group notification is used to inform UE of multicast session activation.

Proposal 7: The group notification on PCCH can carry the following information for multicast session activation.
(1) TMGI of the related multicast session 
(2) UE ID list for RRC_CONNECTED state (optional)
(3) UE ID list for RRC_INACTIVE state (optional)
(4) PRACH configuration information (optional)

For multicast session deactivation:
Proposal 8: In order to inform UE of multicast session deactivation, select between the following three options:
Option 1: group notification
Option 2: dedicated signalling + multicast session specific MCCH
Option 3: a specific MAC CE

Proposal 9: If option 1/option 2/option 3 is selected, group notification/MCCH/MAC CE carries the following information for informing UE of multicast session deactivation.
(1) TMGI of the related multicast session ( mandatory for option 1 and optional for option 2/option 3)
(2) Multicast session deactivation indicator: inform UE of the deactivation of the related multicast session.
(3) RRC state indicator: uses to indicate which RRC state UE needs to switch to, where UE can switch to RRC_INACTIVE state or RRC_IDLE state.

For multicast session release:
Proposal 10: In order to inform UE of multicast session release, select between the following two options:
Option 1: group notification
Option 2: dedicated signalling + multicast session specific MCCH
Option 3: a specific MAC CE

Proposal 11: If option 1/option 2/option 3 is selected, group notification/MCCH/MAC CE carries the following information for informing UE of multicast session release.
(1) TMGI of the related multicast session ( mandatory for option 1 and optional for option 2/option 3)
(2) Multicast session release indicator: inform UE of the release of the related multicast session.

For UE to switch to RRC_CONNECTED state by itself:
Proposal 12: UE in RRC_INACTIVE state can decide by itself to initiate the random access procedure for continuing multicast reception in RRC_CONNECTED state.

Proposal 13: The following information can be used by UE in RRC_INACTIVE state to make the corresponding decision.
(1) QoS information: target BLER and maximum delay of each MRB of multicast reception.
(2) Calculated BLER of each MRB of multicast reception
(3) Measured delay of each MRB of multicast reception

Proposal 14：If gNB sent the PRACH configuration information to UE before, UE can use the stored PRACH configuration information to initiate the random access procedure. Otherwise, UE initiate the random access procedure just as usual.

For PTM configuration update:
Proposal 15: In order to send the updated PTM configuration information, the following option is suggested:
Option 3: Dedicated signalling + multicast session specific MCCH

For application of PTM configuration to a certain area:
Proposal 16: If the PTM configuration of a multicast session is applied to a certain area, gNB configures the certain area to RRC_INACTIVE UE.
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