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1. Introduction
The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e. During the past RAN2 meetings, the following agreements and work assumptions were made for the work item.
On L2 User Plane Requirements:
For Rel-17, R2 specifies two modes: 
	1: One delivery mode for high QoS (reliability, latency) requirement, to be available in CONNECTED (possibly the UE can switch to other states when there is no data reception TBD)
	2: One delivery mode for “low” QoS requirement, where the UE can also receive data in INACTIVE/IDLE (details TBD).
	R2 assumes (for R17) that delivery mode 1 is used only for multicast sessions. 
	R2 assumes that delivery mode 2 is used for broadcast sessions. 
	The applicability of delivery mode 2 to multicast sessions is FFS.
No data: When there is no data ongoing for the multicast session, the UE can stay in RRC_CONNECTED. Other cases FFS
It is up to SA2 to decide whether the multicast session activation/deactivation mechanism is supported or not, and RAN2 will discuss if there is any RAN2 impacts based on SA2 inputs.
It is up to SA2 to decide on the support of local MBS service, and RAN2 will discuss the RAN2 impacts based on SA2 inputs.
In general, Information of MBS services/groups subscribed by the UE (e.g. TMGI) and QOS requirements of a MBS service should be provided to RAN. Detail information e.g. for PTM PTP switch if any is FFS.

On L2 User Plane Architecture:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The function of mapping from QoS flows to MBS RBs in SDAP is needed for NR MBS. TBD whether any SDAP header is needed.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14](Working assumption) no SDAP functions other than “mapping from QoS flows to radio bearers” and “transfer of user plane data” are supported for MBS. FFS whether to support QoS flows to radio bearers remapping.
In general: RAN2 wait for SA3’s progress for discussing security issues. TBD whether we need to send LS to SA3. 
RoHC (at least U-mode) can be configured for NR MBS bearers. This is applicable for Mcast, assume this is applicable also to broadcast. 
RoHC is located at PDCP. 
The reordering and in-order delivery function in PDCP is supported for NR MBS.
The following PDCP functions are also supported for NR MBS: transfer of data; maintenance of PDCP SNs; duplicate discarding. Other PDCP functions are FFS.
RLC AM is supported for PTP transmission of NR MBS.
RLC UM is supported for PTP transmission of NR MBS.
RLC UM is supported for PTM transmission of NR MBS.
RLC TM is not supported for PTP transmission of NR MBS.
RLC TM is not supported for PTM transmission of NR MBS.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]FFS for PTM if multiplexing/de-multiplexing of different logical channels are to be supported in MAC for NR MBS.

Based on the above agreements and work assumptions, for the MBS session with delivery mode 1, both the PTM bearer and the PTP bearer can be used to transmit the MBS session to a group of RRC_CONNECTED UEs which are authorised to receive the MBS session. In the contribution, the dynamic switch between PTM and PTP with service continuity for the MBS session with delivery mode 1 is studied and the related proposals are made in the contributions.
In detail, the following content is discussed.
(1) Requirement for dynamic PTM/PTP switch
(2) Configuration of PTM/PTP bearer for an MBS session
(3) Commander and actor of dynamic PTM/PTP switch
(4) Indication for dynamic PTM/PTP switch to UE

2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Requirement for dynamic PTM/PTP switch
For the MBS session with delivery mode 1, the PTM bearer has the benefit of higher radio resource efficiency and the PTP bearer can ensure the QOS requirement of the MBS session. The dynamic PTM/PTP switch can obtain a good tradeoff between higher radio resource efficiency and the QOS requirement of the MBS session. In order to ensure the service experience of the MBS session by UE, the requirement for the dynamic PTM/PTP switch needs to be determined. In detail, the following proposals are suggested for defining the requirement for the dynamic PTM/PTP switch.
Proposal 1: During the PTM/PTP switch, the delay for the PTM/PTP switch needs to be as little as possible.
Proposal 2: During the PTM/PTP switch, no data loss should be ensured for the scenario where the PTM/PTP switch is done in the same cell.

3. Configuration of PTM/PTP bearer
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Upon the reception of the MBS session setup request from the 5GC, gNB determines which delivery mode to be used for the MBS session. If gNB determines to transmit the MBS session with delivery mode 1, in order to support the dynamic PTM/PTP switch with the delay as little as possible, both the PTM bearer and the PTP bearer of each UE receiving the MBS session can be established by gNB on the same BWP.
In detail, for the MBS session with delivery mode 1, the PTM/PTP bearer can be active or inactive. The active PTM/PTP bearer is truly used by gNB to transmit the MBS session while the inactive PTM/PTP bearer is not used by gNB to transmit the MBS session. gNB supports the dynamic PTM/PTP switch through determining  the state of the PTM/PTP bearer dynamically.
Based on the above discussion, the following proposal is suggested.
Proposal 3: Upon the reception of the MBS session setup request from the 5GC, gNB determines which delivery mode (delivery mode 1 or delivery mode 2) to be used for the MBS session.
Proposal 4: For the MBS session with delivery mode 1, the PTM bearer and the PTP bearer of each UE receiving the MBS session are established by gNB on the same BWP. The state of the PTM/PTP bearer can be active or inactive. gNB can support the dynamic PTM/PTP switch through determining the state of the PTM/PTP bearer dynamically.
For the MBS session with delivery mode 1, the user plane architecture for the PTM bearer and the PTP bearer is shown in Figure 1.
[image: ]
Figure 1: PTM bearer and PTP bearer of an MBS session with delivery mode 1 in gNB
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In Figure 1, the PTM bearer and the PTP bearer share the SDAP entity and each PDCP entity. Therefore, the PTM bearer and the PTP bearer have the same SDAP/PDCP configuration. Furthermore, in order to simplify the configuration of the PTM/PTP bearer, the PTM bearer and the PTP bearers can have the same MAC/L1 configuration. The same SDAP/PDCP/MAC/L1 configuration of the PTM bearer and the PTP bearer includes the following content.
(1) For the MBS session: configuration of the SDAP entity
(2) For each RB of the MBS session: configuration of the associated PDCP entity
(3) The MAC layer configuration for the MBS session
· For each RB: scheduling mode (dynamic scheduling or SPS scheduling)
(4) L1 configuration for the MBS session: 
· BWP configuration for the MBS session: the same BWP for the MBS session in different cells
· Configuration of the CORESETs/search spaces: for G-RNTI/SPS G-RNTI/C-RNTI/SPS C-RNTI monitoring
· PDSCH/PDCCH parameters for each RB with SPS scheduling
· PDSCH/PDCCH parameters for RBs with dynamic scheduling
The DRX mode for monitoring the PDCCH with the CRC scrambled by G-RNTI/SPS G-RNTI can be different from the DRX mode for monitoring the PDCCH with CRC scrambled by C-RNTI/SPS C-RNTI. The scheduling of the PTM bearer is independent from the scheduling of the PTP bearer.
Based on the above discussion, the following proposal is suggested.
Proposal 5: In order to simplify the configuration of the PTM/PTP bearer for the MBS session with delivery mode 1, the PTM bearer and the PTP bearer for the MBS session with delivery mode 1 can have the same SDAP/PDCP/MAC/L1 configuration where the same SDAP/PDCP/MAC/L1configuration includes the following content:
(1) For the MBS session: configuration of the SDAP entity
(2) For each RB of the MBS session: configuration of the associated PDCP and RLC entities.
(3) The MAC layer configuration for the MBS session
· For each RB: scheduling mode (dynamic scheduling or SPS scheduling)
(4) Physical layer configuration for the MBS session: 
· BWP configuration for the MBS session: the same BWP for the MBS session in different cells
· Configuration of the CORESETs/search spaces: for G-RNTI/SPS G-RNTI/C-RNTI/SPS C-RNTI monitoring
· PDSCH/PDCCH parameters for each RB with SPS scheduling
· PDSCH/PDCCH parameters for RBs with dynamic scheduling

4. Commander and actor for dynamic PTM/PTP switch
From our point of view, the PTM/PTP switch command can be made in the RRC layer and the MAC layer. Some examples are given to show how to make the PTM/PTP switch command in the RRC/MAC layer.
Example 1: PTM/PTP switch command from RRC layer for a new MBS session
Upon the reception of the MBS session setup request from the 5GC, the RRC layer determines the delivery mode for the MBS session and executes the access control for the MBS session in each cell transmitting the MBS session.
In each cell, the RRC layer can establish the PTM bearer and the PTP bearer of each UE receiving the MBS session. The RRC layer determines the state of the PTM/PTP bearer. The RRC layer sends the PTM/PTP bearer configuration information to UE. Alternatively, the DRX mode of the PTM bearer is contained in the PTM bearer configuration information. If the PTM bearer is not activated in gNB, no DRX mode is configured for the PTM bearer. Otherwise, the DRX mode is configured to reduce the power consumption in UE. The DRX mode of the PTM bearer and the DRX mode of the PTP bearer can be independent from each other.
Example 2: PTM/PTP switch command from RRC layer during the transmission of the MBS session
When a UE moves at the edge of the cell, it will send the measurement report to gNB. If the PTP bearer of the UE is inactive, the RRC layer can activate the PTP bearer of the UE to improve the reception quality of the MBS session by the UE before the UE is handed over to the target cell.
Example 3： PTM/PTP switch command from MAC layer
When the uplink feedback is configured for the UE to send the HARQ-ACK information to the MAC layer, the MAC layer can activate the PTP bearer of the UE if the BLER of the PTM bearer is higher than the BLER threshold.
Example 4： PTM/PTP switch commander from MAC layer
When the idle DL radio resource is less than the pre-configured threshold, the MAC layer may deactivate some PTP bearers or all PTP bearers and only uses the active PTM bearer to transmit the MBS session.
Based on the above discussion, the following proposal is suggested.
Proposal 6: The PTM/PTP switch command can be made in the RRC layer and the MAC layer.
If the PTM bearer and the PTP bearer don’t share the F1 user plane tunnel for receiving the PDCP PDUs from the same PDCP entity, the PDCP layer can be the actor of the PTM/PTP switch command. The PDCP entity only sends the PDCP PDUs to the RLC entity of the active PTM/PTP bearer.
If the PTM bearer and the PTP bearer share the F1 user plane tunnel for receiving the PDCP PDUs from the same PDCP entity, the RLC/MAC layer can be the actor of the PTM/PTP switch command.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]If the RLC layer is the actor of the PTM/PTP switch command, each RLC entity of the inactive bearer doesn’t process the PDCP PDUs on the shared tunnels and no data is indicated to the MAC layer. When an inactive bearer is activated, for each RB of the MBS session, the RLC entity of the activated bearer should coordinate with the RLC entities of the other active bearers to ensure the continuous transmission of the RLC SDU with the activated bearer.
If the MAC layer is the actor of the PTM/PTP switch command, the MAC layer doesn’t schedule the logical channels of the inactive PTM/PTP bearer. When an inactive bearer is activated, the MAC layer should notify the RLC layer of the newly activated bearer. When receiving the notification, for each RB of the MBS session, the RLC entity of the activated bearer should coordinate with the RLC entities of the other active bearers to ensure the continuous transmission of the RLC SDU with the activated bearer.
The RLC entity is located on the user plane. In order to reduce the interaction with the RLC entity, the MAC layer is preferred to be the actor of the PTM/PTP switch.
In order to keep the delay for the PTM/PTP switch as little as possible, the following proposals are suggested.
Proposal 7: The actor of the PTM/PTP switch command can be the PDCP layer, the RLC layer or the MAC layer. In order to make the actor of the PTM/PTP switch command free of the specific scenarios, the RLC or MAC layer can be the actor. 
5. [bookmark: _Ref40865202]Indication for dynamic PTM/PTP switch to UE
With no consideration on the power consumption of UE, there’s no need to indicate to UE the dynamic PTM/PTP switch for the MBS session with delivery mode 1. The RRC layer in gNB can send the PTM and PTP bearer configuration information to UE. UE can establish both the PTM bearer and the PTP bearer for receiving the MBS session. In the PTM and PTP bearer configuration information, the DRX mode for the PTM bearer and the DRX mode for the PTP bearer can be configured independently. Even if the PTM/PTP bearer is inactive in gNB, UE still needs to monitor the PDCCH for the inactive bearer.
With the power consumption of UE taken into account, the dynamic PTM/PTP switch should be indicated to UE for reducing the power consumption of UE.
In general, the PTM/PTP switch only leads to the DRX mode switch between the DRX mode for the PTM bearer and the DRX mode for the PTP bearer.
Even if no PTM/PTP switch is made, the DRX mode for the PTM/PTP bearer can be changed during the transmission of the MBS session.
In order to make the new/updated DRX mode to be applied as quickly as possible, MAC CE or DCI format can be used to send the new/updated DRX mode to UE. 
Based on the above discussion, the following proposal is suggested.
Proposal 8: MAC CE or DCI format can be used to send the DRX mode for the PTM/PTP bearer to UE.

6. Conclusion
Based on the discussion in the above sections, the following proposals for dynamic PTM/PTP switch with service continuity are proposed for discussion.
Proposal 1: During the PTM/PTP switch, the delay for the PTM/PTP switch needs to be as little as possible.
Proposal 2: During the PTM/PTP switch, no data loss should be ensured for the scenario where the PTM/PTP switch is done in the same cell.
Proposal 3: Upon the reception of the MBS session setup request from the 5GC, gNB determines which delivery mode (delivery mode 1 or delivery mode 2) to be used for the MBS session.
Proposal 4: For the MBS session with delivery mode 1, the PTM bearer and the PTP bearer of each UE receiving the MBS session are established by gNB on the same BWP. The state of the PTM/PTP bearer can be active or inactive. gNB can support the dynamic PTM/PTP switch through determining the state of the PTM/PTP bearer dynamically.
Proposal 5: In order to simplify the configuration of the PTM/PTP bearer for the MBS session with delivery mode 1, the PTM bearer and the PTP bearer for the MBS session with delivery mode 1 can have the same SDAP/PDCP/MAC/L1 configuration where the same SDAP/PDCP/MAC/L1configuration includes the following content:
(1) For the MBS session: configuration of the SDAP entity
(2) For each RB of the MBS session: configuration of the associated PDCP and RLC entities.
(3) The MAC layer configuration for the MBS session
· For each RB: scheduling mode (dynamic scheduling or SPS scheduling)
(4) Physical layer configuration for the MBS session: 
· BWP configuration for the MBS session: the same BWP for the MBS session in different cells
· Configuration of the CORESETs/search spaces: for G-RNTI/SPS G-RNTI/C-RNTI/SPS C-RNTI monitoring
· PDSCH/PDCCH parameters for each RB with SPS scheduling
· PDSCH/PDCCH parameters for RBs with dynamic scheduling

Proposal 6: The PTM/PTP switch command can be made in the RRC layer and the MAC layer.
Proposal 7: The actor of the PTM/PTP switch command can be the PDCP layer, the RLC layer or the MAC layer. In order to make the actor of the PTM/PTP switch command free of the specific scenarios, the RLC or MAC layer can be the actor.
Proposal 8: MAC CE or DCI format can be used to send the DRX mode for the PTM/PTP bearer to UE.
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