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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 agreement on multicast reception in RRC_INACTIVE state in the last RAN2 e-meeting, the following questions are discussed in the section.
· Question 1: When UE is switched to RRC_INACTIVE state from RRC_CONNECTED state through dedicated signalling, what information needs to be sent to UE? 
· Question 2: How to make UE switch to RRC_CONNECTED state from RRC_INACTIVE state? 
· Question 3: When group paging is used to inform RRC_INACTIVE/RRC_IDLE/RRC_CONNECTED UE of multicast session activation, what information needs to be sent to UE?
· Question 4: How to inform RRC_INACTIVE/RRC_CONNECTED UE of multicast session deactivation? 
· Question 5: How to inform RRC_INACTIVE/RRC_CONNECTED UE of multicast session release? 
· 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 information 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, 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)
(3) QoS information (optional): used to provide the target BLER of multicast reception
(4) PRACH configuration information (optional)
(5) Multicast session configuration informations of neighbour cells (optional)
Based on the above discussion for Question 1, the following proposal is suggested.
Proposal 1: RRC dedicated signalling for UE to switch to RRC_INACTIVE state carries the following information to the UE.
(1) RRC_INACTIVE state indicator.
(2) PTM configuration information
(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: group paging
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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 configuration information is sent to UE 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). The common signalling of a multicast session may include: 
(1) RRC state switching from RRC_INACTIVE state to RRC_CONNECTED state
(2) Multicast session deactivation for RRC_INACTIVE UE
(3) Multicast session release for RRC_INACTIVE UE
(4) PTM configuration information update for RRC_INACTIVE UE
(5) PTM configuration information for RRC_INACTIVE state in a neighbour cell
(6) FFS: other common signalling
Based on the above discussion for Question 2, the following proposals are suggested.
Proposal 2: In order to make UE switch to RRC_CONNECTED state from RRC_INACTIVE state, selected between the following two options.
Option 1: group paging
Option 2: dedicated signalling + multicast session specific MCCH
For Question 3, group paging 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 keep in 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 proposal is suggested.
Proposal 3: Group paging 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. If no other information but a deactivation indicator is sent to UE for multicast session deactivation, a specific MAC CE (denoted by option 3) can be used to inform UE of multicast session deactivation. 
Based on the above discussion for Question 4, the following proposals are suggested.
Proposal 4: In order to inform UE of multicast session deactivation, select among the following three options:
Option 1: group paging
Option 2: dedicated signalling + multicast session specific MCCH
Option 3: a specific MAC CE
For Question 5, option 1, option 2 and option 3 for Question 4 can be reused to inform UE of multicast session release.
Based on the above discussion for Question 5, the following proposals are suggested.
Proposal 5: In order to inform UE of multicast session release, select among the following three options:
Option 1: group paging
Option 2: dedicated signalling + multicast session specific MCCH
Option 3: a specific MAC CE
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. 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 6: UE in RRC_INACTIVE state can decide by itself to initiate the random access procedure for continuing multicast reception in RRC_CONNECTED state.
Proposal 7: The following information can be used by UE in RRC_INACTIVE state to make the corresponding decision.
(1) QoS information: target BLER
(2) Calculated BLER of each MRB of multicast reception
Proposal 8：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 signalling
Option 2: SIB + cell specific MCCH
Option 2-1: Dedicated signalling + cell specific MCCH
Option 2-2: Dedicated signalling + multicast session specific MCCH
Option 2-1/2-2 can be regarded as an improved version of option 2.
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Proposal 9: In order to send the updated PTM configuration information, select among the following options:
· Option 1: RRC dedicated signalling
· Option 2: SIB + cell specific MCCH
· Option 2-1: Dedicated signalling + cell specific MCCH
· Option 2-2: 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-DU. 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. 
A certain area has different application scenarios: intra-gNB-DU case, intra-gNB-CU case and inter-gNB-CU case. The different application scenarios have different signalling interaction complexity and involve different interfaces. 
Based on the above discussion, the following proposal is suggested.
Proposal 10: The PTM configuration of a multicast session can be applied to:
(1) Intra-gNB-DU case over F1: same PTM configuration is used among the cells of the same gNB-DU with the signalling interaction over F1 between gNB-CU and gNB-DU
(2) Intra-gNB-CU case over F1: same PTM configuration is used among the cells of the same gNB-CU with the signalling interaction over F1 between gNB-CU and each gNB-DU
(3) Inter-gNB-CU case over F1 and Xn: same PTM configuration is used among the cells of different gNB-CUs with the signalling interaction over F1 within each gNB-CU and the signalling interaction between different gNB-CUs over Xn

3. Conclusions
Multicast reception in RRC_INACTIVE state is discussed in the contribution with the following proposals suggested: 
Proposal 1: RRC dedicated signalling for UE to switch to RRC_INACTIVE state carries the following information to the UE.
(1) RRC_INACTIVE state indicator.
(2) PTM configuration information
(3) QoS information (optional): target BLER of multicast reception by UE
(4) PRACH configuration information (optional)
(5) Multicast session configuration information of neighbour cells (optional)

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

Proposal 3: Group paging 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)

Proposal 4: In order to inform UE of multicast session deactivation, select among the following three options:
Option 1: group paging
Option 2: dedicated signalling + multicast session specific MCCH
Option 3: a specific MAC CE

Proposal 5: In order to inform UE of multicast session release, select among the following three options:
Option 1: group paging
Option 2: dedicated signalling + multicast session specific MCCH
Option 3: a specific MAC CE

Proposal 6: UE in RRC_INACTIVE state can decide by itself to initiate the random access procedure for continuing multicast reception in RRC_CONNECTED state.

Proposal 7: The following information can be used by UE in RRC_INACTIVE state to make the corresponding decision.
(1) QoS information: target BLER
(2) Calculated BLER of each MRB of multicast reception

[bookmark: _GoBack]Proposal 8：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.

Proposal 9: In order to send the updated PTM configuration information, select among the following options:
· Option 1: RRC dedicated signalling
· Option 2: SIB + cell specific MCCH
· Option 2-1: Dedicated signalling + cell specific MCCH
· Option 2-2: Dedicated signalling + multicast session specific MCCH

Proposal 10: The PTM configuration of a multicast session can be applied to:
(1) Intra-gNB-DU case over F1: 
same PTM configuration is used among the cells of the same gNB-DU with the signalling interaction over F1 between gNB-CU and gNB-DU
(2) Intra-gNB-CU case over F1: 
same PTM configuration is used among the cells of the same gNB-CU with the signalling interaction over F1 between gNB-CU and each gNB-DU
(3) Inter-gNB-CU case over F1 and Xn: 
same PTM configuration is used among the cells of different gNB-CUs with the signalling interaction over F1 within each gNB-CU and the signalling interaction between different gNB-CUs over Xn
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