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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, the multicast reception in RRC_INACTIVE state is studied in the contribution for 3GPP R18 WI “Enhancements of NR Multicast and Broadcast services” [1].
2. Multicast reception in RRC_INACTIVE state
In order to support the multicast reception in RRC_INACTIVE state, the following questions shall be considered. In the section, the solutions to the questions are discussed.
· Question 1: How to make the UEs go into RRC_INACTIVE state from RRC_CONNECTED state during the multicast session transmission procedure?
· Question 3: How to make the UEs go into RRC_CONNECTED state from RRC_INACTIVE state during the multicast session transmission procedure?
· Question 2: How to update the configuration information of the multicast session for the UEs in RRC_INACTIVE state?
· [bookmark: OLE_LINK1]Question 4: How to make the UEs go into RRC_CONNECTED state from RRC_INACTIVE state actively? 
· Question 5: How to keep the service continuity for the UEs in RRC_INACTIVE state during the UE mobility between the adjacent cells?
For Question 1, for the UEs receiving a multicast session in RRC_CONNECTED state, a RRC state switch command mechanism can be introduced to notify the UEs to switch into RRC_INACTIVE state from RRC_CONNECTED state during the multicast session transmission procedure. In detail, a RRC state switch command can be sent to the UEs with PTP mode or PTM mode. With PTP mode, the RRC state switch command is sent to a specific UE using the dedicated RRC signalling. With PTM mode, the RRC state switch command is sent with the group common PDSCH scrambled with G-RNTI/G-CS-RNTI, where G-RNTI/G-CS-RNTI is used to identify the multicast session over Uu. When PTM mode is used, a UE ID list carried by the RRC state switch command is used to indicate which UEs need to switch their RRC states. For PTM mode, the RRC state switch command can be carried by a specific MAC CE named RRC State Switch Command MAC CE or by a group common SRB. The group common SRB can be designed as below:
· Use a RLC entity with UM mode
· Mapped onto a group common control channel denoted by MCCH
· The scheduling information of MCCH is sent by the group common PDCCH with CRC scrambled with G-RNIT/TG-CS-RNTI.
· The content of MCCH is sent by the group common PDSCH scrambled with G-RNIT/TG-CS-RNTI.
For Question 1, a RRC state switch command including the following information can be used to notify the UEs to switch their RRC states.
(1) 2-bit RRC state indicator (mandatory): used to notify a UE to go into the RRC state indicated by 2-bit RRC state indicator
In detail, 2-bit RRC state indicator can be 00, 01, 10 and 11. 00, 01 and 10 indicate RRC_IDLE state, RRC_INACTIVE state and RRC_CONNECTED state respectively. 
For Question 1, the 2-bit RRC state indicator of 01 is used to notify a UE to go into RRC_INACITVE state from RRC_CONNNECTED state.
(2) UE ID list (optional): used to indicate which UEs need to switch their RRC states if the RRC state switch command is sent with PTM mode. 
If the item is not present for PTM mode, all the UEs need to switch their RRC states.
(3) PTM configuration information of the multicast session (optional): used to update the PTM configuration information of the multicast session in a UE receiving the multicast session
If the item is not provided, a UE can continue receiving the multicast session with the existing PTM configuration information of the multicast session.
(4) PRACH configuration information (optional)：used by a UE to trigger the random access procedure to go into RRC_CONNECTED state to continue receiving the multicast session with both PTP mode and PTM mode
When the UE switches into RRC_INACTIVE state, gNB can’t ensure the UE receives the multicast session with the expected QOS requirement. Therefore, the UE in RRC_INACTIVE state shall have the capability to actively go into RRC_CONNECTED state to continue receiving the multicast session with both PTP mode and PTM mode if the UE finds the expected QOS requirement of the multicast session can’t be satisfied with PTM mode. The item provides the PRACH resources for the UE to actively trigger the random access procedure.
After the UE switches into RRC_INACTIVE state, gNB may trigger the UE to go into RRC_CONNECTED state by sending the RRC state switch command. Under such scenario, the item provides the PRACH resources for the UE to trigger the random access procedure in response to the RRC state switch command from gNB.
(5) Multicast session configuration informations of neighbour cells (optional): used to provide the PTM configuration information of the multicast session in each neighbour cell which provides the multicast session with PTM mode.
When a UE switches into RRC_INACTIVE state, the service continuity of the multicast session shall be considered for the UE during the UE mobility. Because gNB doesn’t know when the UE moves to the boundary of the source cell, it’s better to provide the multicast session configuration informations of neighbour cells to the UE. With such information, the UE can continue receiving the multicast session in the target cell if the target cell is transmitting the multicast session with PTM mode. If such information is not provided to the UE or the target cell is not transmitting the multicast session, the UE needs to trigger the random access procedure actively to make gNB transmit the multicast session to it with PTP mode. Then gNB hands over the UE to the target cell through the handover procedure.
For Question 2, there exists the following scenario. 
For a multicast session with high QOS requirement, both PTP mode and PTM mode are used to provide the multicast session. When the load of the cell becomes heavier, the radio resource for the PTP mode is released by gNB to support the sessions with higher priority. The UEs receiving the multicast session are switched into RRC_INACTVIE state to receive the multicast session with PTM mode by a RRC state switch command. When the load of the cell becomes lower, gNB sends a RRC state switch command with PTM mode to make the UEs go into RRC_CONNECTED state to receive the multicast session with both PTP mode and PTM mode. 
Based on the discussion for Question 2, a RRC state switch command can be sent with PTM mode to the UEs in RRC_INACITVE state to make the UEs go into RRC_CONNECTED. The RRC state switch command includes the following information.
(1) 2-bit RRC state indicator (mandatory)
In detail, for Question 2, the 2-bit RRC state indicator of 10 is used to notify a UE to go into RRC_CONNNECTED state from RRC_INACITVE state.
(2) UE ID list (optional): used to indicate which UEs need to switch their RRC states 
If the item is not present, all the UEs in RRC_INACTIVE state need to switch into RRC_CONNECTED state.
(3) PTM configuration information of the multicast session (optional): used to update the PTM configuration information of the multicast session in a UE receiving the multicast session
If the item is not provided, a UE can continue receiving the multicast session with the existing PTM configuration information of the multicast session.
(4) PRACH configuration information (optional): used by a UE to trigger the random access procedure in response to the current RRC state switch command
If the item is not present, the most recently sent PRACH configuration information by a RRC state switch command is used by the UE to trigger the random access procedure.
(5) Multicast session configuration informations of neighbour cells (optional)
Based on the above discussion, the following proposals are suggested.
Proposal 1: A RRC state switch command mechanism is introduced to notify the UEs to switch the RRC state between RRC_CONNECTED state and RRC_INACTIVE state.
Proposal 2: For the RRC state switch from RRC_CONNECTED state to RRC_INACTIVE state, the corresponding RRC state switch command can be sent with PTP mode or PTM mode, where PTP mode uses the dedicated RRC signalling to send the command to a specific UE while PTM mode uses group common PDSCH scrambled with G-RNTI/G-CS-RNTI to send the command to a group of UEs or all UEs.
Proposal 3: For the RRC state switch from RRC_INACTIVE state to RRC_CONNECTED state, the corresponding RRC state switch command is sent with PTM mode, where PTM mode uses group common PDSCH scrambled with G-RNTI/G-CS-RNTI to send the command to a group of UEs or all UEs.
Proposal 4: If PTM mode is used to send a RRC state switch command, select between the following two options:
Option 1: use a specific MAC CE to carry the RRC state switch command
Option 2: use a group common SRB to carry the RRC state switch command, where the group common SRB is designed as below.
· Use a RLC entity with UM mode
· Mapped onto a group common control channel denoted by MCCH
· The scheduling information of MCCH is sent by the group common PDCCH with CRC scrambled with G-RNIT/TG-CS-RNTI.
· The content of MCCH is sent by the group common PDSCH scrambled with G-RNIT/TG-CS-RNTI.

Proposal 5: The RRC state switch command includes the following information:
(1) 2-bit RRC state indicator (mandatory): used to notify a UE to go into the RRC state indicated by 2-bit RRC state indicator
2-bit RRC state indicator can be 00, 01, 10 and 11. 00, 01 and 10 indicate RRC_IDLE state, RRC_INACTIVE state and RRC_CONNECTED state respectively. 
(2) UE ID list (optional): used to indicate which UEs need to switch their RRC states if the RRC state switch command is sent with PTM mode. 
If the item is not present for PTM mode, all the UEs need to switch their RRC states.
(3) PTM configuration information of the multicast session (optional): used to update the PTM configuration information of the multicast session in a UE receiving the multicast session
If the item is not provided, a UE can continue receiving the multicast session with the existing PTM configuration information of the multicast session.
(4) PRACH configuration information (optional)：used by a UE to trigger the random access procedure actively or in response to a RRC state switch command from gNB
(5) Multicast session configuration informations of neighbour cells (optional): used to provide the PTM configuration information of the multicast session in each neighbour cell which provides the multicast session with PTM mode.
The item is used to support the service continuity of a multicast session during the UE mobility.
For Question 3, in order to update the PTM configuration information of a multicast session for the UEs receiving the multicast session in RRC_INACTIVE state, PTM mode can be used to send the latest PTM configuration information of the multicast session to the UEs. With PTM mode, the latest PTM configuration information of the multicast session is sent with the group common PDSCH scrambled with G-RNTI/G-CS-RNTI, where G-RNTI/G-CS-RNTI is used to identify the multicast session over Uu. In detail, the latest PTM configuration information of the multicast session can be carried by a specific MAC CE named PTM configuration information MAC CE or by a group common SRB mentioned above. 
Based on the discussion for Question 3, the following proposals are suggested. 
Proposal 6: For a multicast session, PTM mode can be used to send the latest PTM configuration information of the multicast session, where PTM mode uses the group common PDSCH scrambled with G-RNTI/G-CS-RNTI to send the information.
Proposal 7: For sending the latest PTM configuration information of a multicast session with PTM mode, select between the following two options:
Option 1: use a specific MAC CE to carry the latest PTM configuration information
Option 2: use a group common SRB to carry the latest PTM configuration information
For Question 4, for a multicast session, when the UE receiving the multicast session in RRC_INACTIVE state finds the QOS requirement of the multicast session can’t be satisfied, the UE can actively trigger the random access procedure to re-enter RRC_CONNECTED state to continue receiving the multicast session with both PTM mode and PTP mode. In detail, based on the most recently stored PRACH configuration information which come from a RRC state switch command, the UE determines the PRACH resource and then triggers the random access procedure to re-enter into RRC_CONNECTED state. gNB will monitor the PRACHs on the PRACH resources indicated by the PRACH configuration information most recently sent to the UE by a RRC state switch command. If gNB detects a PRACH, gNB will make the access control and then allocate the radio resource for sending the multicast session with PTP mode. gNB will send the configuration information for PTP mode to the UE using the dedicated RRC signalling. Then the UE will receive the multicast session with PTP mode.
In order to make a UE in RRC_INACTIVE state evaluate whether or not the QOS requirement of a multicast session is satisfied, the expected BLER of the multicast session can be sent to the UE as a part of the PTM configuration information of the multicast session. If the different MRBs of the multicast session have different expected BLERs, the expected BLER of each MRB can be sent o the UE as a part of the PTM configuration information of the multicast session. The UE can use the expected BLER of the multicast session or the expected BLER of each MRB to evaluate whether or not the QOS requirement of the multicast session is satisfied.
Based on the discussion for Question 4, the following proposal is suggested.
Proposal 8: A UE receiving a multicast session in RRC_INACTIVE state can actively trigger the random access procedure for going into RRC_CONNECTED state to receive the multicast session with both PTP mode and PTM mode by using the most recently stored PRACH configuration information sent by a RRC state switch command.
Proposal 9: In order to make a UE in RRC_INACTIVE state evaluate whether or not the QOS requirement of a multicast session is satisfied, the expected BLER of the multicast session or the expected BLER of each MRB of the multicast session can be sent to the UE as a part of the PTM configuration information of the multicast session.
For Question 5, in order to support service continuity of a multicast session for a UE in RRC_INACTIVE state, it’s better to provide the multicast session configuration informations of neighbour cells to the UE. During the UE mobility from the source cell to the target cell, the UE will select a target cell. If the target cell provides the multicast session received by the UE, the UE can use the multicast session configuration information of the target cell to continue receiving the multicast session in the target cell. If the target cell doesn’t provide the multicast session received by the UE, the UE can use the most recently stored PRACH configuration information to trigger the random access procedure in the source cell to enter RRC_CONNNECTED state to continue receiving the multicast session with both PTP mode and PTM mode. When the measurement report is triggered, the UE sends the measurement report. The gNB hands over the UE to the target cell through the handover procedure.
Based on the discussion for Question 5, the following proposal is suggested.
Proposal 10：For a UE receiving a multicast session in RRC_INACTIVE state, if the multicast session configuration informations of neighbour cells are provided to the UE and the target cell is sending the multicast session with PTM mode, the UE continues receiving the multicast session in the target cell using the multicast session configuration information of the target cell.
Proposal 11：For a UE receiving a multicast session in RRC_INACTIVE state, if the multicast session configuration informations of neighbour cells are not provided to the UE or the target cell is not sending the multicast session with PTM mode, the UE triggers the random access procedure for going into RRC_CONNECTED state to receive the multicast session with both PTP mode and PTM mode. Then gNB hands over the UE to the target cell though the handover procedure.

3. Conclusions
The multicast session reception in RRC_INACTIVE state is discussed in the contribution with the following proposals suggested: 
Proposal 1: A RRC state switch command mechanism is introduced to notify the UEs to switch the RRC state between RRC_CONNECTED state and RRC_INACTIVE state.
Proposal 2: For the RRC state switch from RRC_CONNECTED state to RRC_INACTIVE state, the corresponding RRC state switch command can be sent with PTP mode or PTM mode, where PTP mode uses the dedicated RRC signalling to send the command to a specific UE while PTM mode uses group common PDSCH scrambled with G-RNTI/G-CS-RNTI to send the command to a group of UEs or all UEs.
Proposal 3: For the RRC state switch from RRC_INACTIVE state to RRC_CONNECTED state, the corresponding RRC state switch command is sent with PTM mode, where PTM mode uses group common PDSCH scrambled with G-RNTI/G-CS-RNTI to send the command to a group of UEs or all UEs.
Proposal 4: If PTM mode is used to send a RRC state switch command, select between the following two options:
Option 1: use a specific MAC CE to carry the RRC state switch command
Option 2: use a group common SRB to carry the RRC state switch command, where the group common SRB is designed as below.
· Use a RLC entity with UM mode
· Mapped onto a group common control channel denoted by MCCH
· The scheduling information of MCCH is sent by the group common PDCCH with CRC scrambled with G-RNIT/TG-CS-RNTI.
· The content of MCCH is sent by the group common PDSCH scrambled with G-RNIT/TG-CS-RNTI.
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Proposal 5: The RRC state switch command includes the following information:
(1) 2-bit RRC state indicator (mandatory): used to notify a UE to go into the RRC state indicated by 2-bit RRC state indicator
2-bit RRC state indicator can be 00, 01, 10 and 11. 00, 01 and 10 indicate RRC_IDLE state, RRC_INACTIVE state and RRC_CONNECTED state respectively. 
(2) UE ID list (optional): used to indicate which UEs need to switch their RRC states if the RRC state switch command is sent with PTM mode. 
If the item is not present for PTM mode, all the UEs need to switch their RRC states.
(3) PTM configuration information of the multicast session (optional): used to update the PTM configuration information of the multicast session in a UE receiving the multicast session
If the item is not provided, a UE can continue receiving the multicast session with the existing PTM configuration information of the multicast session.
(4) PRACH configuration information (optional)：used by a UE to trigger the random access procedure actively or in response to a RRC state switch command from gNB
(5) Multicast session configuration informations of neighbour cells (optional): used to provide the PTM configuration information of the multicast session in each neighbour cell which provides the multicast session with PTM mode.
The item is used to support the service continuity of a multicast session during the UE mobility.
Proposal 6: For a multicast session, PTM mode can be used to send the latest PTM configuration information of the multicast session, where PTM mode uses the group common PDSCH scrambled with G-RNTI/G-CS-RNTI to send the information.
Proposal 7: For sending the latest PTM configuration information of a multicast session with PTM mode, select between the following two options:
Option 1: use a specific MAC CE to carry the latest PTM configuration information
Option 2: use a group common SRB to carry the latest PTM configuration information, where the group common SRB is mapped onto the group common PDSCH scrambled with G-RNIT/G-CS-RNTI.
Proposal 8: A UE receiving a multicast session in RRC_INACTIVE state can actively trigger the random access procedure for going into RRC_CONNECTED state to receive the multicast session with both PTP mode and PTM mode by using the most recently stored PRACH configuration information sent by a RRC state switch command.
Proposal 9: In order to make a UE in RRC_INACTIVE state evaluate whether or not the QOS requirement of a multicast session is satisfied, the expected BLER of the multicast session or the expected BLER of each MRB of the multicast session can be sent to the UE as a part of the PTM configuration information of the multicast session.
Proposal 10：For a UE receiving a multicast session in RRC_INACTIVE state, if the multicast session configuration informations of neighbour cells are provided to the UE and the target cell is sending the multicast session with PTM mode, the UE continues receiving the multicast session in the target cell using the multicast session configuration information of the target cell.
Proposal 11：For a UE receiving a multicast session in RRC_INACTIVE state, if the multicast session configuration informations of neighbour cells are not provided to the UE or the target cell is not sending the multicast session with PTM mode, the UE triggers the random access procedure for going into RRC_CONNECTED state to receive the multicast session with both PTP mode and PTM mode. Then gNB hands over the UE to the target cell though the handover procedure.
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