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1. Introduction
A number of open points remain for the Multicast session join procedure:

Editor's note:	How SMF requests MB-SMF configure the multicast session is FFS.

The MB-SMF can use the Nmbsmf_MBSSession_Create service operation for that purpose. Providing a source specific IP multicast address as Multicast session ID and requesting no ingress port assignment will trigger the MB-SMF to instruct the MB-UPF to join the multicast distribution tree towards that source specific IP multicast address (compare with step 11 in clause 7.1.1.1) assigned for the multicast session ID. QoS information for the multicast session can be preconfigured in the UDR and used by the PCF to derive policies for the multicast session. Otherwise only default QoS will be available.

Proposal 1: The MB-SMF can use the Nmbsmf_MBSSession_Create service operation to request the MB-SMF to create a multicast session when receiving a join request for an unknown session

Editor's note:	Possible PCF interactions related to the multicast QoS flows are FFS.
This is addressed in S2-2106435, but the related changes are also incorporated in the present contribution due to textual overlaps.
Proposal 2: Include changes proposed in S2-2106435.

Proposal 3: Replace details about shared delivery establishment towards RAN with reference into clause 7.2.1.4

Proposal 4: Update service operation names as proposed in S2-2106427
(Nmbsmf_Information_Request Query)

Proposal 5: Remove MB-SMF/MB-UPF procedures for joining multicast distribution tree, as this is covered in step 11 in clause 7.1.1.1

Proposal 6: correct clause for authorization check in step 2 (clause 6.1.12)

TR 23.757 concluded in clause 8.2.2.2:
The 5GC shall be able to reject UE joining to a multicast session with cause value and/or back-off time when the multicast session will not start soon or has not started
If a UE joins prior to the activation of the multicast session, the network indicates to the UE that the session is not yet activated.
Proposal 7: It is proposed that the MB-SMF can provide a start time and an indication that the multicast session is inactive to the SMF in response to the information_query service operation and the SMF can accept or reject join request based on that and provide an appropriate indication to the UE. 

2. Text Proposal
It is proposed to agree the following changes for TR 23.757.
[bookmark: _Toc66391764][bookmark: _Toc70079060][bookmark: _Toc73941279][bookmark: _Toc70079015][bookmark: _Toc73941222]4.3	Multicast session state model
The following illustrate the states for the multicast session:
-	Configured state: Information about the multicast session (e.g. QoS information) is configured in 5GC NFs (e.g. MB-SMF) serving the multicast session, but no User Plane resources towards NG-RAN are reserved and no MBS data can be transmitted. A TMGI can be allocated for the multicast session. UEs may be allowed to join (subject to authorization check and configuration), but the first accepted UE join request will trigger the multicast session establishment towards the NG-RAN and the UE.
NOTE 1:	The SMF is not involved in the multicast session while the multicast session is in configured state, but this state affects the MB-SMF.
NOTE 2:	There may be several sub-states in the configured state, e.g. TMGI requested, or information about the multicast session provided.
-	Active state: Multicast session is established and MBS data can be transmitted to the UEs that have joined the multicast session. UEs are allowed to join the multicast session (subject to authorization check). 5GC resources and radio resources for the multicast session are reserved for UEs that joined the multicast session.
-	Inactive state: Multicast session is established but no MBS data are transmitted to the UEs that have joined the multicast session. UEs that joined the multicast session may be in CM CONNECTED or CM IDLE state. UEs are allowed to join the multicast session (subject to authorization check).
The following procedures are defined which result in transition of the multicast session state:
-	Multicast Session Configuration: The AF provides information about the multicast session and optionally request the allocation of a TMGI. Alternatively, there is network-internal configuration of the multicast session. Only resources at MB-SMF, NEF and MB-UPF are reserved and no multicast data are transmitted. The configuration may indicate whether the multicast session may be established in active or inactive state and when a multicast session can become active. The AF may provide configuration in several steps, e.g. to first request TMGI and then provide full information about the multicast session and allow it to be established. Multicast session state transitions from NULL to Configured state.
NOTE 3:	A multicast session can also be configured by the operator via OAM or be established without prior configuration.
Editor's note:	How the procedure works if multicast session is configured by the operator or established without prior configuration is FFS.
-	Multicast Session Establishment: When the join request of the first UE for the multicast session is accepted, the multicast session is established towards the NG-RAN node and the UE. Multicast session state transitions from NULL or Configured state to either Inactive or Active state.
-	Multicast Session Activation: Triggered by the 5GC, the radio resources for the multicast session are established and multicast session data starts to be transmitted to the UE.UEs in CM-IDLE state and CM-CONNECTED with RRC Inactive state that joined the multicast session are notified. Activation can be triggered by AF request or data notification from the MB-UPF. Multicast session state transitions from Inactive state to Active state.
-	Multicast Session Deactivation: Triggered by the 5GC, the radio resources for the multicast session are released and multicast session data stops to be transmitted to the UE. Deactivation can be triggered by AF request or no reception of multicast data by the MB-UPF. Multicast session state transitions from Active to Inactive state.
-	Multicast Session Release: Triggered by the last UE leaving the multicast session, the resources for the multicast session are released in both 5GC nodes and RAN nodes. Multicast session state transitions from Active or Inactive state to Configured.
-	Multicast Session Deconfiguration: All information about the multicast session is removed from the 5GC, and the TMGI for the multicast session (if allocated during Multicast Session Configuration) is deallocated. The deconfiguration may be triggered by an AF request. Multicast session state transitions from Configured, Active or Inactive state to NULL.
Editor's note:	It is FFS when the multicast session is in configured state, whether AF can trigger Activation request or Deactivation request. And if AF is not allowed, it is FFS about the implications towards the AF.


Figure 4.3-1: Multicast session states and state transitions


Figure 4.3-2: Multicast session states and state transitions in MB-SMF (with Configured state)


Figure 4.3-4: Multicast session states and state transitions in NG-RAN
NOTE:	Multicast session states and state transitions in NG-RAN is for illustration purpose, the final decision will be made by RAN WGs.


Figure 4.3-5: Multicast session states and state transitions in SMF
Editor's note:	It is FFS whether to merge figure 4.3-1 into figure 4.3-2, and state model in NG-RAN and SMF still needs FFS.




7.2.1.3	Multicast session join and session establishment procedure
The following steps are executed before the UE requests to join the MBS session:
-	The MBS Session may have has been configured (see clause 7.1.1 for details).
-	The UE registers in the PLMN and establishes a PDU session.
-	The UE has known at least the MBS Session ID of a multicast group that the UE can join, e.g. via service announcement.



Figure 7.2.1.3-1: PDU Session modification for UE joining multicast session
1.	To join the multicast group, the UE sends a PDU Session Modification Request which contains one or several MBS Session ID(s) and join request. The MBS Session ID(s) indicate the multicast group(s) that UE wants to join.
2.	[Conditional] Based on the received MBS Session ID and join request, the SMF determines this is MBS Session join request. The SMF authorizes MBS Session join request for each multicast group, see clause 6.1.12 using information in the UDM whether the user is authorized to join the multicast session. If the Multicast MBS session is configured but the configuration indicates that the service requirements are not provided yet, the SMF may reject the MBS session join with appropriate cause value. If authorization check fails, the SMF indicates cause value in the PDU Session Modification Reject sent to the UE and proceeds with step 58.
3.	[Conditional] If SMF has no information about MBS Session context for the indicated MBS Session ID, SMF discovers and selects an MB-SMF for the MBS Session via the NRF as described in clause 7.1.2. 
4.	[Conditional] If no MB-SMF is assigned for the multicast session ID, based on configuration the SMF may select an MB-SMF and request it to configure create the multicast session using the Nmbsmf_MBSSession_Create service operation (source specific multicast address as MBS session ID, no ingress address requested)  or the SMF may reject the join request.
NOTE 1:	The MB-SMF will use the source specific multicast address to join the multicast distribution tree. QoS information for the multicast session can be preconfigured in the UDR and used by the PCF to derive policies for the multicast session.
Editor's note:	How SMF requests MB-SMF configure the multicast session is FFS.
45.	By using Nmbsmf_Information_Request Query request (MBS Session ID), SMF interacts with the MB-SMF to retrieve information about the indicated multicast session(multicast QoS flow information, possible start time, possible indication that the multicast session is inactive) of the indicated MBS sessionand to subscribe to events notifications related to the multicast session. For multicast transport between MB-UPF and content provider, if it is the first UE joining the multicast group, and MB-UPF has not joined the multicast tree in the MBS configuration procedure, the MB-SMF requests the MB-UPF to join the multicast tree towards the AF/MBSF, otherwise MB-SMF will not send the request to the MB-UPF. If a UE joins prior to the start time of the multicast session, the SMF may accept the join request in step 8 and indicate to the UE that the session is not yet active, or it may reject the join request with appropriate error cause and possible back-off time. If a UE joins while the multicast session is inactive, the SMF accepts the join request in step 8 and indicate to the UE that the session is not active.
Editor's note:	If MB-UPF's join towards the multicast tree depends on the first UE join, it implies that MB-UPF should leave the multicast tree when the last UE leaves, in clause 7.2.2.2.
6.	The SMF informs the PCF that the UE joined the multicast session and provides information about the QoS flows for the multicast session.
7.	The PCF determines PCC rules corresponding to those QoS flows. To avoid the QoS flows associated to the multicast session are bound to the same QFI as unrelated flows, the PCF may assign special 5QIs to related PCC rules or update other PCC rules. The PCF indicates in the PCC rules that they relate to the multicast session. 
58.	SMF responds to AMF through Nsmf_PDUSession_UpdateSMContext response (MBS Session ID, MB-SMF ID, N2 SM information (PDU Session ID, MBS Session ID, [updated PDU Session information],[mapping information between unicast QoS flow(s) and multicast QoS flow (s)]), N1 SM container (PDU Session Modification Command)) to:
-	create an MBS session context for the indicated MBS session in the RAN, if it does not exist in the RAN already; and
-	inform about the relation including the mapping information between the multicast context and the UE's PDU session context to RAN if RAN non-homogeneously support 5MBS for the MBS session.
	Based on operator policy, the SMF may prepare for 5GC individual MBS traffic delivery fall-back. The SMF maps the received QoS information of the multicast QoS Flow into PDU Session's QoS Flow information, and includes the information of the QoS Flows and the mapping information about the QoS Flows in the SM information sent to RAN.
Editor's note:	Details information included in N2 SM information will be aligned with RAN WG3.
Editor's note:	Possible PCF interactions related to the multicast QoS flows are FFS.
69.	The N2 message, which includes the multicast session information and PDU session modification information is sent to the NG-RAN.
	If the MBS is not supported by NG-RAN, 5GC individual MBS traffic delivery may be used. Otherwise if the MBS is supported by NG-RAN, 5GC shared MBS traffic delivery is adopted.
	If the NG-RAN supports MBS, the NG-RAN uses the MBS Session ID to determine that the PDU Session Modification procedures corresponds to the indicated multicast session.
	If the multicast QoS information is received and the NG-RAN supports MBS, the associated unicast QoS flow information is not used to allocate the radio resource.
NOTE 12:	It is NG-RAN that decides whether radio resource is allocated or not.
10. [Conditional]	If shared tunnel has not been established for the MBS session towards the NG-RAN node, the procedures in clause 7.2.1.4 for the Establishment of shared delivery toward RAN node are executed.step 7 is used for establishing 5GC shared MBS traffic delivery. Step 7 10 is executed separately for each MBS session:
7a.	The NG-RAN sends an N2 MBS Session request message (MBS Session ID, N2 SM information (MBS Session ID, [AN Tunnel Info])) towards AMF. MBS Session ID is included.
	If the NG-RAN node uses a unicast transport for shared delivery, it allocates a downlink tunnel ID for the reception of MBS data and includes the downlink tunnel information as AN Tunnel Info in the request.
7b.	AMF invokes Nmbsmf_Reception_Request (MBS Session ID, RAN Node ID, [AN Tunnel Info]) towards the MB-SMF indicated in step 5.
7c.	If a downlink tunnel information is included in AN Tunnel Info of the Nmbsmf_MBSSession_Create request, MB-SMF configures MB-UPF to transmit the MBS data for multicast session towards NG-RAN using the downlink tunnel information.
	If AN Tunnel Info is not included in the request 7b, and the MB-UPF is not yet configured to forward data for the multicast data using lower layer multicast transport, the MB-SMF request the  MB-UPF to allocate a common DL tunnel ID and an Low Layer source specific multicast address (LL SSM) for multicast transport between the MB-UPF and NG-RAN.
7d.	MB-SMF responds to AMF through Nmbsmf_Reception_Requestresponse (multicast QoS flow information, [common DL tunnel ID], [LL SSM]). If AN Tunnel Info is not included in the request 7b, the MB-SMF provides common DL tunnel ID and LL SSM.
Editor's note:	How LL IP Multicast Address and common DL tunnel ID e are made available in NG-RAN is FFS. Such information can be sent to NG-RAN in step 6.
7e.	AMF sends an N2 MBS Session response (MBS Session ID, N2 SM information (MBS Session ID, multicast QoS flow information, [common DL tunnel ID], [LL SSM])) to the NG-RAN node.
811.	The NG-RAN performs AN specific signalling exchange with the UE to establish radio resource for the MBS session if not established yet. If the NG-RAN does not support MBS, radio resource are reconfigured for unicast transmission of the MBS data over the associated PDU session. As part of the AN specific signalling exchange, the N1 SM container (PDU Session Modification Command) is provided to the UE.
912.	The NG-RAN sends the PDU session modification response.
	If the MBS is not supported by NG-RAN, the accepted unicast QoS flow is included in the N2 SM response container.
1013.	The AMF invokes Nsmf_PDUSession_UpdateSMContext request to the SMF.
	Per the accepted unicast QoS flow information, the SMF determines that 5GC individual MBS traffic delivery is used for multicast packet transferring.
NOTE 2:	If the shared tunnel is used, the interaction with UPF is not needed for the indicated MBS session
[Conditional] Step 11 14 is used for 5GC Individual MBS traffic delivery, e.g. the related NG-RAN does not support multicast .If the shared tunnel between the UPF(PSA) and MB-UPF for individual delivery have not been established, steps 11a 14a to 11e 14e are executed.
11a14a.	If unicast transport for the multicast data between UPF and MB-UPF is to be used, SMF allocates a downlink tunnel endpoint and configures UPF. Or, SMF requests UPF to allocate a downlink tunnel ID.
11b14b.	SMF invokes Nmbsmf_Reception_Request request (MBS Session ID, DL tunnel info) towards MB-SMF that includes MBS Session ID and downlink tunnel info of UPF, for establishing the multicast session distribution between MB-UPF and UPF.
11c14c.	MB-SMF configures MB-UPF to transmit the multicast distribution session towards UPF using the received downlink tunnel ID.
11d14d.	MB-SMF responds to SMF through Nmbsmf_Reception_Request response. For multicast transport between MB-UPF and UPF, it also indicates in the downlink tunnel information and the transport multicast address for the multicast session.
11e14e.	For multicast transport between MB-UPF and UPF, SMF configures UPF to receive the multicast distribution session and forwards the data within unicast transport.
1215.	The SMF invokes Nsmf_PDUSession_UpdateSMContext response to the AMF.
1316.	MB-UPF receives multicast PDUs, either directly from the content provider or via the MBSTF that can manipulate the data.
Steps 14 17 to 16 19 are for 5GC shared MBS traffic delivery:
1417.	MB-UPF sends multicast PDUs in the N3mb tunnel associated to the multicast distribution session to the RAN. There is only one tunnel per multicast distribution session and NG-RAN node, i.e., all associated PDU sessions share this tunnel.
1518.	The NG-RAN selects PTM or PTP radio bearers to deliver the multicast PDUs to UEs that joined the multicast group.
1619.	The NG-RAN performs the transmission using the selected radio bearer.
Steps 17 20 to 19 22 are for 5GC individual MBS traffic delivery:
1720.	MB-UPF sends multicast PDUs in the N19mb tunnel associated to the multicast distribution session to UPF. There is only one tunnel per multicast distribution session and destination UPF, i.e., all associated PDU sessions share this tunnel.
1821.	UPF forwards the multicast data via unicast.
1922.	The NG-RAN forwards the multicast data via unicast.
NOTE 3:	Details of the DL MBS data transmission are described in clause 6.7.
NOTE 4:	When the MBSF is involved in the multicast MBS session, the tunnel between MBSTF and MB-UPF has been established in the configuration procedure.


[bookmark: _Toc20204473][bookmark: _Toc27895172][bookmark: _Toc36192269][bookmark: _Toc45193382][bookmark: _Toc47593014][bookmark: _Toc51835101][bookmark: _Toc68017334][bookmark: _Toc73941319]9.1.1	General
The following table illustrates the MB-SMF Services for MBS.
Table 9.1.1-1: NF services provided by MB-SMF
	Service Name
	Service Operations
	Operation
Semantics
	Example Consumer (s)

	Nmbsmf_TMGI
	Request
	Request/Response
	NEF, MBSF, AF

	
	Release
	Request/Response
	NEF, MBSF, AF

	Nmbsmf_Reception
	Request
	Request/Response
	AMF, SMF

	
	Release
	Request/Response
	AMF, SMF

	Nmbsmf_Information
	Request
	Request/Response
	SMF

	
	Notify
	Subscribe/Notify
	SMF

	
	Subscribe
	
	SMF

	
	Unsubscribe
	
	SMF

	Nmbsmf_MBSSession
	Create
	Request/Response
	MBSF, NEF, AF, SMF 

	
	Update
	Request/Response
	MBSF, NEF, AF

	
	Release
	Request/Response
	MBSF, NEF, AF
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