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1. Introduction
The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e to provide MBS in a cell. In the work item, a PTM bearer can be used to transmit an MBS session with PTM mode to a group of RRC_CONNECTE UEs or all UEs in the cell while a PTP bearer can be used to transmit an MBS session with PTP mode to a given RRC_CONNECTED UE. In order to provide MBS in a cell, two delivery modes are defined as below. The multicast session with the high QOS requirement is transmitted with delivery mode 1 while the broadcast session is transmitted with delivery mode 2.
(1) Delivery mode 1: used to transmit an MBS session with both the PTM bearer and the PTP bearer to a group of RRC_CONNECTED state UEs.
(2) Delivery mode 2: used to transmit an MBS session with the PTM bearer to all UEs in the cell
In the contribution, the further discussion on the two delivery modes is made with the focuses on the following topics and the related proposals are suggested.
(1) [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Delivery mode for a multicast session with low QOS requirement
(2) Delivery mode 1 specific functions
(3) Delivery mode 2 specific functions
(4) Common functions for two delivery modes
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Ref40865202]
2 Delivery mode for multicast session with low QOS requirement
During the discussion on the NR MBS WI, each MBS service type has the same QOS requirement as the same unicast service type. No matter which delivery mode is used for an MBS session, the QOS requirement of the MBS session should be met by gNB. 
For a broadcast session, gNB doesn't know which UE will receive the broadcast session. gNB can only use delivery mode 2 to transmit the broadcast session. gNB can’t ensure and verify that the broadcast session is received by each UE with the expected QOS requirement.
For a multicast session, gNB know which UEs will receive the multicast session. In order to meet the QOS requirement of the multicast session for each UE receiving the multicast session, gNB should use delivery mode 1 to transmit the multicast session no matter the QOS requirement of the multicast session is high or low. 
If a multicast session with the low QOS requirement is transmitted by gNB with delivery mode 2, gNB can’t ensure and verify that the QOS requirement of the multicast session is met for each UE receiving the multicast session, which is against the above rule that the QOS requirement of a multicast session should be met by gNB.
If gNB has no enough radio resource for a multicast session, gNB can still use delivery mode 1 to transmit the multicast session. But gNB can only use the PTM bearer to transmit the multicast session with the PTP bearer for each UE receiving the multicast session just configured and not used for transmitting the multicast session. In order to further save the radio resource used by the multicast session, the HARQ-ACK feedback for the multicast session can be disabled by gNB. With such processing for the multicast session, the multicast session with delivery mode 1 consumes almost the same radio resource as a MBS session with delivery mode 2. If gNB becomes to have the enough radio resource for the multicast session, the PTP bearer for each UE can be used by gNB to transmit the multicast session if needed and the HARQ-ACK feedback for the multicast session can be enabled by gNB.
For a multicast session with low QOS requirement, if no enough radio resource can be used to transmit the multicast session with delivery mode 1, gNB can use delivery mode 2 to transmit the multicast session alternatively. But if gNB becomes to have enough radio resource and decides to transmit the multicast session with delivery mode 1, gNB has to execute the complicated procedure to convert the transmission mode from delivery mode 2 to delivery mode 1.
Based on the above discussion, the following proposal is suggested.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK56][bookmark: OLE_LINK63][bookmark: OLE_LINK49][bookmark: OLE_LINK36][bookmark: OLE_LINK48]Proposal 1: gNB should use delivery mode 1 to provide a multicast session with the low QOS requirement to ensure and verify that the multicast service is received by each UE with the expected QOS requirement. Alternatively gNB can use delivery mode 2 to transmit a multicast session with the low QOS requirement.
· FFS: the procedure for converting the transmission mode of the multicast session from delivery mode 2 to delivery mode 1

3 Delivery mode 1 specific functions
Based on the agreements on delivery mode 1 so far, the following user plane architecture for delivery mode 1 in the gNB side is suggested.
[image: ]
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Figure 1: User plane architecture for delivery mode 1 of NR MBS in gNB side
As shown in Figure 1, for the MTCHs with dynamic scheduling, the multiplexing of these MTCHs should be supported in the MAC layer. For each MTCH with SPS scheduling, the SPS resource will be configured in the MAC layer. In order to transmit the multicast session with the PTM bearer, G-RNTI/CS-G-RNTI should be configured with G-RNIT for dynamic scheduling and CS-G-RNTI for SPS scheduling. 
As shown in Figure 1, each UE receiving the MBS session with delivery mode 1 ( UE n in Figure 1 ) has the DTCHs for the PTP bearer, the DTCHs for each unicast session and one or more DCCHs. The DTCHs for the PTP bearer can be divided into two classes: the DTCHs with dynamic scheduling and the DTCHs with SPS scheduling. For the PTP bearer, the DTCHs with dynamic scheduling can be multiplexed with the other DTCHs with dynamic scheduling and one or more DCCHs. For the PTP bearer, each DTCH with SPS scheduling will be configured with the SPS resource.
In order to save the power consumption of UE, the DRX mode for the PTM bearer monitoring should be configured by default. If no DRX mode is configured for the PTM bearer monitoring, UE has no need to monitor the PTM bearer. For each UE, the unitary DRX mode for both the unicast session monitoring and the PTP bearer monitoring is configured. During the PTM transmission, the DRX mode for the PTM bearer monitoring can be updated through MAC CE or DCI format. During the PTP transmission, the unitary DRX mode for both the unicast session monitoring and the PTP bearer monitoring can be updated through MAC CE or DCI format.
Based on the above analysis, the following proposal is made.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK57][bookmark: OLE_LINK70]Proposal 2: For delivery mode 1, the following items are supported.
(1) For the PTM bearer, the multiplexing of the MTCHs with dynamic scheduling is supported.
(2) For the PTM bearer, each MTCH with SPS scheduling will be configured with SPS resource.
(3) Each UE receiving the MBS session with delivery mode 1 has the DTCHs for the PTP bearer, the DTCHs for each unicast session and one or more DCCHs. For the PTP bearer, the DTCHs with dynamic scheduling can be multiplexed with the other DTCHs with dynamic scheduling and one or more DCCHs. For the PTP bearer, each DTCH with SPS scheduling will be configured with the SPS resource.
(4) [bookmark: OLE_LINK23] The DRX mode for the PTM bearer monitoring should be configured by default. If not configured, UE has no need to monitor the PTM bearer. The DRX mode can be updated or cancelled with MAC CE or DCI format.
(5) The unitary DRX mode for both the PTP bearer monitoring and the unicast session monitoring should be configured by default. If not configured, UE needs to monitor the PDCCH scrambled with C-RNTI continuously. The DRX mode can be updated with MAC CE or DCI format.
For delivery mode 1, based on the agreements made so far, each UE stays in RRC_CONNECTED state even if there’s no data for the MBS session during a large time interval. In order to reduce the power consumption in the no-data duration, the DRX mode with a larger DRX period for the PTM bearer monitoring can be configured. If the QOS requirement of the MBS session indicates the MBS session is not delay sensitive, it’s feasible to make each UE into RRC_INACTIVE state in the no-data duration. When the new data of the MBS session arrives, gNB can make each UE into RRC_CONNECTED state by group notification. How to design the group notification is another question. To reduce the power consumption in UE and save the RAN resource for the RNA update, the RNA for the RRC_INACTIVE UE should have the reasonable coverage area. The RNA for the RRC_INACITVE UE can be defined as below.
(1) consist of the cells belonging to the current serving gNB
(2) [bookmark: OLE_LINK13][bookmark: OLE_LINK14]consist of the cells belonging to the current serving gNB and the cells belonging to each gNB connected with the current serving gNB.
(3) FFS: other possible configurations for the RNA

Based on the above discussion, the following proposal is suggested.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK58][bookmark: OLE_LINK5][bookmark: OLE_LINK25]Proposal 3: For UE receiving an MBS session with delivery mode 1, in the no-data duration of the MBS session, the following suggestions should be supported:
(1) [bookmark: OLE_LINK24][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Optionally gNB makes UE stay in RRC_CONNECTED state during the no-data duration of the MBS session
· Optionally gNB configures a larger DRX period for the PTM bearer monitoring.
· Optionally gNB cancels the PTM bearer monitoring in UE.
(2) Optionally gNB makes UE into RRC_INACITVE state in the no-data duration of the MBS session. When the new data of the MBS session arrives, gNB makes UE into RRC_CONNECTED state by group notification.
· For group notification, down select between the following two modes.
· Group paging is used to notify each UE to re-enter into RRC_CONNECTED state
· MCCH is used to carry group notification
· The RNA for the RRC_INACITVE UE can be defined as below.
· Optionally consist of the cells belonging to the current serving gNB
· Optionally consist of the cells belonging to the current serving gNB and the cells belonging to each gNB connected with the current serving gNB.
· FFS: other configurations for the RNA.
The security of the MBS session over Uu is another question waiting for the conclusion from SA3. If SA3 concludes that the security of the MBS session over Uu should be supported, how to configure the security parameters for the MBS session needs to be decided. The security parameters for the MBS session are used to cipher the MBS session to ensure the MBS session can only be received by the granted UE. The ciphering of the MBS session is supported in the PDCP entity. The PTM bearer and the PTP bearer are used to transmit the ciphered data of the MBS session over Uu. There’s no need to design the security parameters for each bearer. Therefore, the following proposal is suggested.
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK45][bookmark: OLE_LINK71]Proposal 4: If SA3 decides to support the security of the MBS session over Uu, the security parameters for the MBS session should be configured and the ciphering is made in the PDCP entity for the MBS session.
In Figure 1, G-RNTI /CS-G-RNTI is allocated to the MBS session for transmitting the MBS session with dynamic scheduling/ SPS scheduling. UE can have several unicast sessions. In NR MBS, there may exist the scenario that several MBS sessions are provided by gNB to the same group of the UEs. In order to support such scenario, the same G-RNTI/CS-G-RNTI should be used to transmit several MBS sessions to the same group of UEs just as the same C-RNTI/CS-RNTI is used to transmit several unicast sessions to the same UE. Therefore, the following proposal is suggested.
[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK61][bookmark: OLE_LINK62]Proposal 5: If several MBS sessions need to be transmitted to the same group of UEs, the same G-RNTI/CS-G-RNTI is used. The MTCHs for the different MBS sessions are numbered jointly. For the MTCHs with dynamic scheduling, the multiplexing of these MTCHs is supported. For each MTCH with SPS scheduling, the SPS resource is allocated. Alternatively gNB configures the different G-RNTIs/CS-G-RNTIs for the different MBS sessions.

4 Delivery mode 2 specific functions
Based on the agreements on delivery mode 2, only the PTM bearer can be used to transmit the MBS session with delivery mode 2. The user plane architecture of the PTM bearer for delivery mode 2 shown in Figure 2 is suggested.

[image: ]
Figure 2: User plane architecture of PTM bearer for delivery mode 2 of NR MBS in gNB side
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In Figure 2, the user plane architecture of the PTM bearer for delivery mode 2 in the gNB side is same as that of the PTM bearer for delivery mode 1 in the gNB side. gNB allocates a G-RNTI/CS-G-RNTI for each MBS session with delivery mode 2 if the MBS session uses dynamic scheduling/SPS scheduling. The different MBS sessions have the different G-RNTI/CS-G-RNTI. The PDCCH and PDSCH for an MBS session with delivery mode 2 are scrambled with the corresponding G-RNTI/CS-G-RNTI. For delivery mode 2, even if there exists the scenario that several MBS sessions are occasionally received by the same UEs, gNB can't detect such scenario. Therefore, the one-to-one mapping between an MBS session with delivery mode 2 and a G-RNTI/CS-G-RNTI is not only reasonable but also power efficient for the most scenarios.
Based on the above discussion on the MBS session with delivery modo 2, the following proposal is suggested.
[bookmark: OLE_LINK8][bookmark: OLE_LINK43][bookmark: OLE_LINK64][bookmark: OLE_LINK65]Proposal 6: gNB allocates a G-RNTI/CS-G-RNTI for each MBS session with delivery mode 2 if the MBS session uses dynamic scheduling/SPS scheduling. The different MBS sessions have the different G-RNTIs/CS-G-RNTIs.
MCCH is a new control channel to carry the PTM bearer configuration information which consists of the PTM bearer configuration information of each MBS session with delivery mode 2. Based on the agreements on MCCH, the control plane architecture for MCCH shown in Figure 3 is suggested. The corresponding proposal for MCCH is made as below.

[image: ]
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Figure 3: Control plane architecture for MCCH in gNB side

[bookmark: OLE_LINK37][bookmark: OLE_LINK40][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK44][bookmark: OLE_LINK50][bookmark: OLE_LINK66][bookmark: OLE_LINK67]Proposal 7: MCCH uses one PDCP entity and one UM RLC entity. MCCH-RNTI is used to identify MCCH over Uu. MCCH-RNTI can have a fixed value. MCCH has both the specific DL-SCH and the specific PDSCH.

5 Common functions for two delivery modes
For each MBS session, no matter which delivery mode is used for it, one SDAP entity and one PDCP entity per RB are used. To support the data lossless reception of an MBS session, the SDAP entity has two options for mapping the MBS session onto one RB or several RBs.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Option 1: 5GC sets the SN field in the GTP header for the MBS session. The SDPA entity maps all the QOS flows of the MBS session onto one RB. The unique PDCP entity for the MBS session sets the SN field of the PDCP PDU according to the SN field in the GTP-U header.
Option 2: 5GC sets the SN field for each QOS flow of the MBS session. The SDAP entity executes the one-to-one mapping for each QOS flow with each RB associated with only one QOS flow. The PDCP entity for each RB sets the SN field of the PDCP PDU according to the SN field of the corresponding QOS flow.
Based on the above description of the two options, option 2 supports the flexible scheduling of the MBS session in the MAC layer. In detail, for the RBs with dynamic scheduling:
(1) The MAC layer can schedule these RBs jointly
(2) The MAC layer can schedule each RB independently
(3) The MAC layer can schedule some RBs jointly and schedule the other RBs independently.
Therefore, option 2 is better. If option 2 is selected, there’s no need for the SDPA header. No matter which option is selected, there’s no need for the remapping of the QOS flows. Therefore the following proposal is suggested.
[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK68][bookmark: OLE_LINK69]Proposal 8: The SDPA entity executes the one-to-one mapping for the QOS flows of an MBS session. The SDAP PDU has no SDAP header. The remapping of the QOS flows of the MBS session is not needed.
[bookmark: OLE_LINK51][bookmark: OLE_LINK52]For the predefined area covered by the intra-frequency network, the MBS related network planning will be made before MBS is provided within the predefined area. Through the MBS related network planning, the same radio resource will be booked for MBS in each cell within the area.
Based on the same booked radio resource for MBS, the PTM bearer of an MBS session can be area specific within the predefined area, which means the PTM bearer of the MBS session has the same configuration information in each cell transmitting the MBS session. If both the source cell and the target cell are transmitting the MBS session, when UE moves at the edge of the source cell, UE can receive the PTM bearer of the MBS session in both the source cell and the target cell using the captured configuration information of the PTM bearer in the source cell. Therefore, the following benefits can be provided by the area specific PTM bearer of an MBS session.
1. For a UE moving from the source cell to the target cell, the area specific PTM bearer of the MBS session can avoid the interruption of the MBS session reception by the UE in the target cell.
1. Furthermore, the area specific PTM bearer can improve the reception performance of the MBS session by the UE because the UE can receive the PTM bearer of the MBS session in both the source cell and the target cell at the edge of the source cell.
Some examples are given below for the area specific PTM bearer.
[bookmark: OLE_LINK39][bookmark: OLE_LINK38]Example 1: The area consists of the cells of a gNB CU. An MBS session is transmitted in several cells or all cells in the area. The PTM bearer of the MBS session in each cell has the same configuration information.
Example 2: The area consists of the current cell and all adjacent cells of the current cell. An MBS session is transmitted in all cells. The PTM bearer of the MBS session in each cell has the same configuration information.
The area specific PTM bearer of an MBS session has the following same configuration information in each cell transmitting the MBS session.
(1) [bookmark: OLE_LINK53][bookmark: OLE_LINK54]Same SDAP configuration in each cell
(2) For each RB of the MBS session: same PDCP configuration and same UM mode RLC configuration
(3) Same MAC layer configuration
· For each RB: same scheduling mode (dynamic scheduling or SPS scheduling) in each cell
· For RBs with dynamic scheduling: same G-RNTI in each cell
· For each RB with SPS scheduling: same CS-G-RNTI in each cell
(4) Physical layer configuration for the MBS session: 
· Same BWP configuration for the MBS session in each cell: same BWP is used for transmitting the MBS session in each cell
· Same CORESETs and same search spaces for the G-RNTI/CS-G-RNTI monitoring: scheduling information for the PTM bearer of the MBS session is transmitted in the same search space on the same CORESET
· Same PDSCH/PDCCH parameters for each RB with SPS scheduling in each cell: during the PDSCH/PDCCH processing in L1, the same PDSCH/PDCCH parameters are used in each cell
· Same PDSCH/PDCCH parameters for RBs with dynamic scheduling: during the PDSCH processing in L1, the same PDSCH parameters are used in each cell 
The DRX mode for monitoring the PDCCH with the CRC scrambled by G-RNTI/CS-G-RNTI can be different in the different cells and the scheduling of the PTM bearer in the different cells is independent from each other.
Based on the above discussion, the following proposal is suggested.
Proposal 9: For the predefined area covered by the intra-frequency network, the PTM bearer for an MBS session can be area specific, which means that the PTM bearer for the MBS session has the same configuration in each cell transmitting the MBS session within the predefined area.

6 Conclusion
Based on the discussion in the above sections, the following proposals are suggested.
Proposal 1: gNB should use delivery mode 1 to provide a multicast session with the low QOS requirement to ensure and verify that the multicast service is received by each UE with the expected QOS requirement. Alternatively gNB can use delivery mode 2 to transmit a multicast session with the low QOS requirement.
· FFS: the procedure for converting the transmission mode of the multicast session from delivery mode 2 to delivery mode 1

Proposal 2: For delivery mode 1, the following items are supported.
(1) For the PTM bearer, the multiplexing of the MTCHs with dynamic scheduling is supported.
(2) For the PTM bearer, each MTCH with SPS scheduling will be configured with SPS resource.
(3) Each UE receiving the MBS session with delivery mode 1 has the DTCHs for the PTP bearer, the DTCHs for each unicast session and one or more DCCHs. For the PTP bearer, the DTCHs with dynamic scheduling can be multiplexed with the other DTCHs with dynamic scheduling and one or more DCCHs. For the PTP bearer, each DTCH with SPS scheduling will be configured with the SPS resource.
(4)  The DRX mode for the PTM bearer monitoring should be configured by default. If not configured, UE has no need to monitor the PTM bearer. The DRX mode can be updated or cancelled with MAC CE or DCI format.
(5) The unitary DRX mode for both the PTP bearer monitoring and the unicast session monitoring should be configured by default. If not configured, UE needs to monitor the PDCCH scrambled with C-RNTI continuously. The DRX mode can be updated with MAC CE or DCI format.

Proposal 3: For UE receiving an MBS session with delivery mode 1, in the no-data duration of the MBS session, the following suggestions should be supported:
(1) Optionally gNB makes UE stay in RRC_CONNECTED state during the no-data duration of the MBS session
· Optionally gNB configures a larger DRX period for the PTM bearer monitoring.
· Optionally gNB cancels the PTM bearer monitoring in UE.
(2) Optionally gNB makes UE into RRC_INACITVE state in the no-data duration of the MBS session. When the new data of the MBS session arrives, gNB makes UE into RRC_CONNECTED state by group notification.
· For group notification, down select between the following two modes.
· Group paging is used to notify each UE to re-enter into RRC_CONNECTED state
· MCCH is used to carry group notification
· The RNA for the RRC_INACITVE UE can be defined as below.
· Optionally consist of the cells belonging to the current serving gNB
· Optionally consist of the cells belonging to the current serving gNB and the cells belonging to each gNB connected with the current serving gNB.
· FFS: other configurations for the RNA.

Proposal 4: If SA3 decides to support the security of the MBS session over Uu, the security parameters for the MBS session should be configured and the ciphering is made in the PDCP entity for the MBS session.

Proposal 5: If several MBS sessions need to be transmitted to the same group of UEs, the same G-RNTI/CS-G-RNTI is used. The MTCHs for the different MBS sessions are numbered jointly. For the MTCHs with dynamic scheduling, the multiplexing of these MTCHs is supported. For each MTCH with SPS scheduling, the SPS resource is allocated. Alternatively gNB configures the different G-RNTIs/CS-G-RNTIs for the different MBS sessions.

Proposal 6: gNB allocates a G-RNTI/CS-G-RNTI for each MBS session with delivery mode 2 if the MBS session uses dynamic scheduling/SPS scheduling. The different MBS sessions have the different G-RNTIs/CS-G-RNTIs.
Proposal 7: MCCH uses one PDCP entity and one UM RLC entity. MCCH-RNTI is used to identify MCCH over Uu. MCCH-RNTI can have a fixed value. MCCH has both the specific DL-SCH and the specific PDSCH.R2-2102600
R2-2102600


Proposal 8: The SDPA entity executes the one-to-one mapping for the QOS flows of an MBS session. The SDAP PDU has no SDAP header. The remapping of the QOS flows of the MBS session is not needed.

Proposal 9: For the predefined area covered by the intra-frequency network, the PTM bearer for an MBS session can be area specific, which means that the PTM bearer for the MBS session has the same configuration in each cell transmitting the MBS session within the predefined area.
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