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1. Introduction
During the RAN2#120 meeting, the following agreement on multicast reception in RRC_INACTIVE state was made for the 3GPP R18 WI “Enhancements of NR Multicast and Broadcast services”.
We will have a mixed approach and we start with the following:
1. When NW configures UE to continue the multicast reception in INACTIVE state, NW provides the PTM configuration for the activated multicast session via the RRC dedicated signalling, at least for the serving cell (FFS other cases).
2. MCCH is used in case there is a need to indicate a PTM configuration in case there is a need for change in PTM config or during mobility beyond serving cell / gNB. FFS session status change and other indications. 
3. We assume that the UE can only receive multicast service after it joined the session.
4. FFS whether MCCH configuration is initially provided to the UE via dedicated signalling.

Based on the above agreement, the MCCH for indicating the PTM configuration of a multicast session in RRC_INACTIVE state can be a cell specific MCCH or a session specific MCCH. It can be configured via SIB or dedicated signalling. Therefore, the following options as analysed in [2] can be used for defining and configuring the MCCH.
· Option 2: SIB + cell specific MCCH (one MCCH per cell)
With option 2, the MCCH for indicating the PTM configuration of a multicast session in RRC_INACTIVE state is a cell specific MCCH, which means the PTM configurations of all multicast sessions in RRC_INACTIVE state in a cell are sent on the cell specific MCCH. The cell specific MCCH is configured via SIB. The cell specific MCCH is identified by an extra RNTI over Uu.
· Option 2-1: dedicated signalling + cell specific MCCH (one MCCH per cell)
With option 2-1, the MCCH for indicating the PTM configuration of a multicast session in RRC_INACTIVE state is a cell specific MCCH, which means the PTM configurations of all multicast sessions in RRC_INACTIVE state in a cell are sent on the cell specific MCCH. The cell specific MCCH is configured via dedicated signalling. The cell specific MCCH is identified by an extra RNTI over Uu.
· Option 2-2: dedicated signalling + session specific MCCH (one MCCH per G-RNTI/G-CS-RNTI)
With option 2-2, the MCCH for indicating the PTM configuration of a multicast session in RRC_INACTIVE state is a session specific MCCH, which means a session specific MCCH is configured per G-RNTI/G-CS-RNTI. In detail, for a G-RNTI/G-CS-RNTI, the session specific MCCH configured for the G-RNTI/G-CS-RNTI and each multicast session mapped onto the G-RNTI/G-CS-RNTI are scheduled by the G-RNT/G-CS-RNTI, which means the session specific MCCH has no extra RNTI. A session cell specific MCCH is configure via dedicated signalling.

The further discussion on the above three options is made with the related proposals suggested in the contribution.

2. How to define MCCH

When the MCCH for indicating the PTM configuration of a multicast session in RRC_INACTIVE state is a cell specific MCCH, the following conclusions as analysed in [2] can be made：
(1) The PTM configurations of all multicast sessions in RRC_INACTIVE state in a cell are sent on the cell specific MCCH. When UE joins a multicast session, it can obtain the PTM configurations of all multicast sessions on the cell specific MCCH. In other words, there’s more redundant information on the cell specific MCCH.
(2) The cell specific MCCH is identified by an extra RNTI over Uu. It needs UE to monitor an extra RNTI with extra power consumption. The extra RNTI may need to improve RNTI monitoring capability in UE or lead to more dropping PDCCHs.
(3) Extra standard effort is needed for configuring a CFR for the cell specific MCCH.
(4) Extra standard effort is needed for configuring the cell specific MCCH via SIB or dedicated signalling.
For the cell specific MCCH, both the L1 configuration and higher layer configuration of the cell specific MCCH need to be configured via SIB or dedicated signalling.

When the MCCH for indicating the PTM configuration of a multicast session in RRC_INACTIVE state is a session specific MCCH, the following conclusions as analysed in [2] can be made：
(1) For a multicast session in RRC_INACTIVE state, the UE joining the multicast session can obtain the latest PTM configuration of the multicast session on the session specific MCCH which is scheduled by a same G-RNTI/G-CS-RNTI as the multicast session..
(2) A session specific MCCH is configured per G-RNTI/G-CS-RNTI. It has no extra RNTI, which means UE has no extra power consumption and no extra dropping PDCCHs for monitoring a session specific MCCH.
(3) There’s no need to configure a CFR for a session specific MCCH because the session specific MCCH for a G-RNTI/G-CS-RNTI and the multicast sessions mapped onto the G-RNTI/G-CS-RNTI have the same CFR.
(4) Extra standard effort is needed for configuring a session specific MCCH via dedicated signalling.
Due to the fact that the session specific MCCH and the MTCHs scheduled by a same G-RNTI/G-CS-RNTI have same L1 configuration, only the higher layer configuration of the session specific MCCH needs to be configured via dedicated signalling.
Based on the above discussion, the following proposal is suggested because the session specific MCCH has no extra power consumption in UE, no extra dropping PDCCHs in UE and less standard effort than the cell specific MCCH.
Proposal 1: The MCCH for indicating the PTM configuration of a multicast session in RRC_INACTIVE state is a session specific MCCH or configured per G-RNTI/G-CS-RNTI.
3. How to configure MCCH
When a cell specific MCCH is used to indicate the PTM configuration of a multicast session in RRC_INACTIVE state, it can be configured via SIB or dedicated signalling.
The L1 configuration of the cell specific MCCH includes: a CORESET/CSS, PDCCH/PDSCH configuration and so on. If the cell specific MCCH uses the following higher layer configuration like MCCH of broadcast sessions, only the L1 configuration of the cell specific MCCH needs to be provided via SIB or dedicated signalling.
Table 1: Parameters that are specified for MCCH of multicast sessions
	Name
	Value
	Semantics description
	Ver

	RLC configuration
	
	UM RLC
	

	>sn-FieldLength
	6
	
	

	>t-Reassembly
	ms0
	
	

	Logical channel ID
	0
	
	



gNB can configure the cell specific MCCH on a SIB with the scheduling information of the SIB provided on SIB1. Alternatively gNB can configure the cell specific MCCH to UE via dedicated signalling when UE joins a multicast session. 
If the cell specific MCCH is configured via SIB, the following conclusions as analysed in [2] can be made:
(1) All UEs in the cell can acquire the cell specific MCCH.
(2) Extra radio resource is needed because the corresponding SIB is transmitted periodically and the content of the cell specific MCCH is transmitted periodically.
(3) The delay is introduced because UE needs to read the corresponding SIB and then acquire the cell specific MCCH.
(4) Extra standard effort is needed for configuring the corresponding SIB and the cell specific MCCH.
If the cell specific MCCH is configured via dedicated signalling, the following conclusions as analysed in [2] can be made:
(1) Only the UE joining a multicast session in RRC_INACTIVE state can acquire the cell specific MCCH.
(2) Extra radio resource is needed because gNB needs to configure the cell specific MCCH to UE when UE joins a multicast session. Extra radio resource is needed because gNB needs to send the content of the cell specific MCCH. The content of the cell specific MCCH can be sent once, several times or periodically.
(3) The delay is introduced because UE needs to acquire the cell specific MCCH.
(4) Extra standard effort is needed for configuring the cell specific MCCH.
Based on the above discussion, if the cell specific MCCH is used to indicate the PTM configuration of a multicast session in RRC_INACTIVE state, the following proposals are suggested because configuring the cell specific MCCH via dedicated signalling needs less radio resource, less delay and less standard effort.
Proposal 2: If a cell specific MCCH is used to indicate the PTM configuration of a multicast session in RRC_INACTIVE state, the cell specific MCCH is configured via dedicated signalling when UE joins a multicast session.
Proposal 3: The cell specific MCCH uses the following higher layer configuration.
	Name
	Value
	Semantics description
	Ver

	RLC configuration
	
	UM RLC
	

	>sn-FieldLength
	6
	
	

	>t-Reassembly
	ms0
	
	

	Logical channel ID
	0
	
	



If the configuration of the cell specific MCCH is updated, the latest configuration can be sent on the cell specific MCCH before the latest configuration is activated where the activation times is indicated to UE with a radio frame number. Therefore, the following proposal is suggested.
Proposal 4: The latest configuration of the cell specific MCCH can be sent on the cell specific MCCH before the latest configuration is activated, where the activation time is indicated to UE with a radio frame number.
When a session specific MCCH is used to indicate the PTM configuration of a multicast session in RRC_INACTIVE state, it can be configured to the UE via dedicated signalling when the UE joins the multicast session.
The session specific MCCH and the MTCHs scheduled by a same G-RNTI/G-CS-RNTI can be multiplexed onto a same PDSCH and have same L1 configuration: a same G-RNTI/G-CS-RNTI, a same CORESET/CSS, a same DRX mode, a same SSB mapping window and a same PDSCH configuration. Therefore the session specific MCCH needs no extra L1 configuration.
If the session specific MCCH uses the higher layer configuration as shown in Table 2, only an extra parameter “t-Reassembly” needs to be provided via dedicated signalling.
Table 2: Parameters for session specific MCCH with no integrity protection and ciphering
	Name
	Value
	Semantics description
	Ver

	RLC configuration
	
	UM RLC
	

	>sn-FieldLength
	6
	
	

	>t-Reassembly
	Default value: ms0
	The default value is used if PTM configuration for RRC_INACTIVE state has no L1 retransmission with PTM mode
	

	Logical channel ID
	0
	
	



Based on the above discussion, a session specific MCCH needs an extra parameter to be provided via dedicated signalling. Therefore, the following proposals are suggested.
Proposal 5: If a session specific MCCH is used to indicate the PTM configuration of a multicast session in RRC_INACTIVE state, the session specific MCCH is configured to UE via dedicated signalling when UE joins the multicast session.
Proposal 6: The session specific MCCH uses the following higher layer configuration.
	Name
	Value
	Semantics description
	Ver

	RLC configuration
	
	UM RLC
	

	>sn-FieldLength
	6
	
	

	>t-Reassembly
	Default value: ms0
	The default value is used if PTM configuration for RRC_INACTIVE state has no L1 retransmission with PTM mode
	

	Logical channel ID
	0
	
	



If the configuration of the session specific MCCH is updated, the latest configuration can be sent on the session specific MCCH before the latest configuration is activated, where the activation time is indicated to UE with a radio frame number. Therefore, the following proposal is suggested.
Proposal 7: The latest configuration of the session specific MCCH can be sent on the session specific MCCH before the latest configuration is activated, where the activation time is indicated to UE with a radio frame number.

4. CFR for MCCH
When the MCCH for indicating the PTM configuration of a multicast session in RRC_INACTIVE state is a cell specific MCCH, a CFR needs to be configured for carrying PDCCH/PDSCH of the cell specific MCCH. At the same time, a CFR needs to be configured for carrying multicast sessions only in RRC_INACITVE state. The CFR for the cell specific MCCH and the CFR for multicast sessions only in RRC_INACTIVE state have the following relationship:
(1) The CFR for the cell specific MCCH and the CFR for multicast sessions only in RRC_INACTIVE state are same
(2) The CFR for the cell specific MCCH and the CFR for multicast sessions only in RRC_INACTIVE state are different
There’s no obvious advantage for configuring different CFRs for the cell specific MCCH and multicast sessions only in RRC_INACTIVE state. Therefore, it’s better to configure a same CFR denoted by CFR-I for the cell specific MCCH and multicast sessions only in RRC_INACTIVE state.
In order to make UE in RRC_INACTIVE state to receive a multicast session only in RRC_INACTVIE state, CFR-I can be CORESET 0, initial DL BWP or contain initial DL BWP. Therefore CFR-I is a CFR like the CFR of broadcast sessions. CFR-I and the CFR of broadcast sessions can be same or different. If CFR-I is different from the CFR of broadcast sessions, it’s better to make CFR-I contain the CFR of broadcast sessions, which means UE in RRC_ACTIVE state can receive broadcast sessions and multicast sessions ONLY in RRC_INACTIVE state at the same time. 
For a multicast session provided in both RRC_CONNECTED state and RRC_INACTIVE state, UEs in RRC_CONNECTED state may have a same/different PTM configuration as/than UEs in RRC_INACTIVE state. Among the CFRs on dedicated DL BWPs and CFR-I, which CFR or which CFRs can be used for a multicast session in both RRC_CONNECTED state and RRC_INACTIVE state can be left for gNB implementation. For a UE joining the multicast session, it only needs to receive the multicast session on one CFR even if the multicast session is provided on more than one CFRs. 
When the MCCH for indicating the PTM configuration of a multicast session in RRC_INACTIVE state is a session specific MCCH, for a UE joining the multicast session the session specific MCCH and the multicast session are scheduled by a same G-RNTI/G-CS-RNTI on a same CFR. The same CFR can be a CFR on a dedicated DL BWP or CFR-I. Among the CFRs on dedicated DL BWPs and CFR-I, which CFR or which CFRs can be used for a multicast session in RRC_INACTIVE state can be left for gNB implementation. For a UE joining the multicast session, it only needs to receive the multicast session on one CFR even if the multicast session is provided on more than one CFRs.
Based on the above discussion, the following proposals are suggested.
Proposal 8: Configure a CFR for multicast sessions only in RRC_INACTIVE state, the CFR can be CORESET 0, initial DL BWP or contain initial DL BWP.
Proposal 9: The CFR for multicast sessions only in RRC_INACTIVE state can be used to carry the cell specific MCCH if the cell specific MCCH is used to indicate the PTM configuration of a multicast session in RRC_INACTIVE state.
Proposal 10: The CFR for multicast sessions only in RRC_INACTIVE state can be same as or contain the CFR of broadcast sessions.
Proposal 11: Among the CFRs on dedicated DL BWPs and the CFR for multicast sessions only in RRC_INACITIVE state, which CFR or which CFRs can be used for a multicast session in RRC_INACTIVE state can be left for gNB implementation.

5. Service continuity
The solution to the service continuity shall be considered for the following scenarios:
Scenario 1: SIB + cell specific MCCH
Scenario 2: dedicated signalling + cell specific MCCH
Scenario 3: dedicated signalling +session specific MCCH
Under scenario 1, for a multicast session in RRC_INACTIVE state in the current cell, the PTM configuration of the multicast session in each neighbour cell can be provided periodically on the cell specific MCCH. UE in RRC_INACTIVE state acquires the cell specific MCCH and then obtains the PTM configuration of each joined multicast session in each neighbour cell. UE can use the PTM configuration information of a joined multicast session in a neighbour cell to continue the multicast reception in the neighbour cell without RRC state switch.
Under scenario 2/3, for a multicast session in RRC_INACTIVE state in the current cell, gNB can provide the PTM configuration of the multicast session in each neighbour cell to UE when UE joins the multicast session. Then each time the PTM configuration of the multicast session in a neighbour cell is updated, the updated PTM configuration is sent once or several times on the cell/session specific MCCH. If gNB doesn't provide the PTM configuration of the multicast session in each neighbour cell to UE when UE joins the multicast session, gNB needs to provide the PTM configuration of the multicast session in each neighbour cell periodically on the cell/session specific MCCH. UE in RRC_INACTIVE state can obtain the PTM configuration information of a joined multicast session in a neighbour cell via dedicated signalling and/or the cell/session specific MCCH. Then UE can use the PTM configuration of a joined multicast session in a neighbour cell to continue the multicast reception in the neighbour cell without the RRC state switch.
Under scenario 1/2/3, there exists the case that the PTM configuration of a multicast session is applied in an application area. The application area can consist of the cells of a same gNB or different gNBs. When the PTM configuration of a multicast session is applied in an application area, the application area for the multicast session shall be configured on the corresponding MCCH instead of providing the PTM configuration of the multicast session in each neighbour cell.
Based on the above discussion, the following proposals are suggested.
Proposal 12: Under the scenario of SIB + cell specific MCCH, for a multicast session in RRC_INACTIVE state in the current cell, the PTM configuration of the multicast session in each neighbour cell is  provided periodically on the cell specific MCCH.
Proposal 13: Under the scenario of dedicated signalling + cell specific MCCH, for a multicast session in RRC_INACTIVE state in the current cell, the PTM configuration of the multicast session in each neighbour cell can be provided to UE via dedicated signalling when UE joins the multicast session.
Proposal 14: Under the scenario of dedicated signalling + cell specific MCCH, for a multicast session in RRC_INACTIVE state in the current cell, the updated PTM configuration of the multicast session in a neighbour cell is provided several times (applicable if proposal 13 is agreed) or periodically (applicable if proposal 13 is not agreed) on the cell specific MCCH.
Proposal 15: Under the scenario of dedicated signalling + session specific MCCH, for a multicast session in RRC_INACTIVE state in the current cell, the PTM configuration of the multicast session in each neighbour cell can be provided to UE via dedicated signalling when UE joins the multicast session.
Proposal 16: Under the scenario of dedicated signalling + session specific MCCH, for a multicast session in RRC_INACTIVE state in the current cell, the updated PTM configuration of the multicast session in a neighbour cell is provided several times (applicable if proposal 15 is agreed) or periodically (applicable if proposal 15 is not agreed) on the session specific MCCH.
Proposal 17: The PTM configuration of a multicast session can be applied in an application area. 
Proposal 18: If an application area is available for a multicast session, configure the application area for the multicast session on the corresponding MCCH.
Proposal 19: The application area for a multicast session can consist of the cells of a same gNB.
Proposal 20: The application area for a multicast session can consist of the cells of different gNBs.

6. Conclusion
Based on the discussion in the former sections, the following proposals are suggested.
Proposal 1: The MCCH for indicating the PTM configuration of a multicast session in RRC_INACTIVE state is a session specific MCCH or configured per G-RNTI/G-CS-RNTI.
Proposal 2: If a cell specific MCCH is used to indicate the PTM configuration of a multicast session in RRC_INACTIVE state, the cell specific MCCH is configured via dedicated signalling when UE joins a multicast session.
Proposal 3: The cell specific MCCH uses the following higher layer configuration
	Name
	Value
	Semantics description
	Ver

	RLC configuration
	
	UM RLC
	

	>sn-FieldLength
	6
	
	

	>t-Reassembly
	ms0
	
	

	Logical channel ID
	0
	
	



Proposal 4: The latest configuration of the cell specific MCCH can be sent on the cell specific MCCH before the latest configuration is activated, where the activation time is indicated to UE with a radio frame number.
Proposal 5: If a session specific MCCH is used to indicate the PTM configuration of a multicast session in RRC_INACTIVE state, the session specific MCCH is configured to UE via dedicated signalling when UE joins the multicast session.
Proposal 6: The session specific MCCH uses the following higher layer configuration.
	Name
	Value
	Semantics description
	Ver

	RLC configuration
	
	UM RLC
	

	>sn-FieldLength
	6
	
	

	>t-Reassembly
	Default value: ms0
	The default value is used if PTM configuration for RRC_INACTIVE state has no L1 retransmission with PTM mode
	

	Logical channel ID
	0
	
	



Proposal 7: The latest configuration of the session specific MCCH can be sent on the session specific MCCH before the latest configuration is activated, where the activation time is indicated to UE with a radio frame number.
Proposal 8: Configure a CFR for multicast sessions only in RRC_INACTIVE state, the CFR can be CORESET 0, initial DL BWP or contain initial DL BWP.
Proposal 9: The CFR for multicast sessions only in RRC_INACTIVE state can be used to carry the cell specific MCCH if the cell specific MCCH is used to indicate the PTM configuration of a multicast session in RRC_INACTIVE state.
Proposal 10: The CFR for multicast sessions only in RRC_INACTIVE state can be same as or contain the CFR of broadcast sessions.
Proposal 11: Among the CFRs on dedicated DL BWPs and the CFR for multicast sessions only in RRC_INACITIVE state, which CFR or which CFRs can be used for a multicast session in RRC_INACTIVE state can be left for gNB implementation.
Proposal 12: Under the scenario of SIB + cell specific MCCH, for a multicast session in RRC_INACTIVE state in the current cell, the PTM configuration of the multicast session in each neighbour cell is  provided periodically on the cell specific MCCH.
Proposal 13: Under the scenario of dedicated signalling + cell specific MCCH, for a multicast session in RRC_INACTIVE state in the current cell, the PTM configuration of the multicast session in each neighbour cell can be provided to UE via dedicated signalling when UE joins the multicast session.
Proposal 14: Under the scenario of dedicated signalling + cell specific MCCH, for a multicast session in RRC_INACTIVE state in the current cell, the updated PTM configuration of the multicast session in a neighbour cell is provided several times (applicable if proposal 13 is agreed) or periodically (applicable if proposal 13 is not agreed) on the cell specific MCCH.
Proposal 15: Under the scenario of dedicated signalling + session specific MCCH, for a multicast session in RRC_INACTIVE state in the current cell, the PTM configuration of the multicast session in each neighbour cell can be provided to UE via dedicated signalling when UE joins the multicast session.
Proposal 16: Under the scenario of dedicated signalling + session specific MCCH, for a multicast session in RRC_INACTIVE state in the current cell, the updated PTM configuration of the multicast session in a neighbour cell is provided several times (applicable if proposal 15 is agreed) or periodically (applicable if proposal 15 is not agreed) on the session specific MCCH.
Proposal 17: The PTM configuration of a multicast session can be applied in an application area. 
Proposal 18: If an application area is available for a multicast session, configure the application area for the multicast session on the corresponding MCCH.
Proposal 19: The application area for a multicast session can consist of the cells of a same gNB.
Proposal 20: The application area for a multicast session can consist of the cells of different gNBs.
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