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Abstract of the contribution: Clarification on N9 tunnel operation for solution #4. 
1	Introduction
This paper proposes clarification on N9 tunnel operation for solution #4.
The N9 Tunnel for individual delivery method may be per PDU Session or per MB session. If the N9 DL Tunnel Info is per MB session, the UPF is able to associate one N9 DL Tunnel with multiple PDU Sessions. If the N9 DL Tunnel Info is assigned by Anchor MB-SMF hence is common (similar as C-TEID for LTE MBMS) for a MB session, then transport layer IP multicast may be used, and the UPF may be able to associate multiple PDU Sessions with the transport layer IP multicast address.
Alternatively, if Anchor MB-SMF informs the IP multicast address of the received MB traffic to the MB-SMF, or assign a new IP multicast address for the received MB traffic, the N9 tunnel may not be needed, and the UPF associate multiple PDU Sessions with the IP multicast address.
2	Proposal
It is proposed to approve following changes.
* * * * First change * * * * 
[bookmark: _Toc31011440][bookmark: _Toc43297450][bookmark: _Toc43733148][bookmark: _Toc50192903][bookmark: _Toc50467048][bookmark: _Toc50710864][bookmark: _Toc519004414]6.4.2.2	User Multicast Service Create
Figure 6.4.2.2-1 shows the procedure for User Multicast Service Create when the UE decides to create a multicast service context for the user for, e.g. authentication and authorization, service parameters provisioning, etc. The procedure can combine with User Multicast Session Join.
If the PDU Session related to multicast service is involved, AMF can be legacy.


Figure 6.4.2.2-1: User Multicast Service Create procedure
0.	[Conditional] The UE may have established a PDU Session for interaction with the AF. During the PDU Session Establishment procedure, the AMF selects a MB-SMF as a SMF for the PDU Session according to the DNN and/or S-NSSAI. The MB-SMF does not allow IP multicast data transmission over the PDU Session until the following steps are performed.
1.	(UP Option) After the PDU Session in step 0 has been established, the UE sends an IGMP (IPv4) or MLD (IPv6) Join message over user plan of the PDU session established in step 0. The UPF detects the IP data of IGMP or MLD, and forwards the IP data to the MB-SMF according to the PDR installed in the UPF.
2.	(CP Option) UE to RAN: AN message (IP multicast address, N1 MB message ([Interest TMGIs / Interest Content Info], MB Container (IP multicast address, List of Requested TMGI / Requested Content Info, [Interest TMGIs / Interest Content Info], [UE ID], [PDU Session ID], [UE IP address]))).
	The MB Container indicates User Multicast Service Create (e.g. enhanced PDU Session Establishment / Modification Request).
	If User Multicast Session Join is combined with User Multicast Service Create, the Interest TMGI or Interest Content Info (if corresponding TMGI is not known) is included.
	The UE ID may be AF assigned (e.g. for Mission Critical scenarios), in this case, if the RAN node and 5GS is not able to know the UE, the N1 MB message is unprotected and PDU Session ID shall not be included (i.e. only shared delivery method is allowed).
	The MB Container may include the PDU Session ID to indicate individual delivery method is acceptable. The PDU Session ID may be the same in step 0 or may be a new one.
	The UE may be provisioned with TMGIs by the multicast communication service via application layer, UE Configuration Update method, or pre-configuration of USD. If the UE does not know the TMGI, the Requested Content Info instead of the List of Requested TMGI is included in the MB Container, same as the Interest Content Info. The List of Requested TMGI / Requested Content Info may be empty, in this case, the AF or 5GS decides the List of Allowed TMGI for the user.
3.	RAN to AMF: N2 message (IP multicast address, [MB-SMF ID], N1 MB message).
	If the RAN node is legacy, the extension on N2 interface does not exist, i.e. the IP multicast address and MB-SMF ID are not included.
	If MB-SMF ID associated with the multicast session corresponding to the IP multicast address is stored previously, it is included.
	The AMF selects a MB-SMF, e.g., based on local policy, subscription data, SMF ID related to the PDU session ID, MB-SMF ID received in N2 message, DNN and/or S-NSSAI, or UE location, etc. If AMF is not enhanced, UE can use a PDU Session ID to trigger normal SMF selection procedure in AMF.
4.	AMF to MB-SMF: (MB/PDU)Session_CreateContext Request ([SUPI], AMF ID, UE location, [Interest TMGIs / Interest Content Info], MB Container). If AMF is legacy, the service operation is PDUSession_CreateContext Request with MB Container.
	The SUPI is included if the AMF knows the SUPI of the UE.
	The UE location includes cell ID or TAI.
	If PDU session ID is received, the MB-SMF determines whether it is a new PDU session ID for the user or not.
5.	[Conditional] If the MB-SMF is not the Anchor MB-SMF for the IP multicast address, the MB-SMF interacts with UDR to query the Multicast Service Context including anchor MB-SMF related to the IP multicast address. If there's no Anchor MB-SMF for the IP multicast address, the UDR sets the MB-SMF as the Anchor MB-SMF and returns.
6.	[Conditional] The MB-SMF may invokes Nudm_SDM_Get service operator to authorize the user for the multicast session based on subscription, or the MB-SMF may notify the AF via NEF of user multicast service create based on the event subscription. If Requested Content Info, Interest Content Info, or AF assigned UE ID are received, they are also included in the notification to the AF. If UE ID is not received and user authorization is needed for the multicast communication service, the MB-SMF shall return error. If the group member authorization is performed by the AF, the MB-SMF waits for the authorization result after sending the session create event notification, and the AF informs the MB-SMF whether it allows the user to create the session or not after receiving the session create event notification.
	If the Requested Content Info / Interest Content Info is received (CP option) or the AF interacts with the UE over application layer for getting the Requested Content Info / Interest Content Info (UP option), and TMGIs corresponding to the Requested Content Info / Interest Content Info are not assigned, the AF requests the MBSF to allocate TMGIs based on the Requested Content Info / Interest Content Info. The AF informs the MB-SMF for the user with the List of Allowed TMGI and/or Interest TMGIs, or the MB-SMF determines the List of Allowed TMGI based on the List of Requested TMGI.
7.	[Conditional] MB-SMF to Anchor MB-SMF: MBSession_CreateContext Request (AMF ID, UE location, List of Allowed TMGI, [N9 DL Tunnel Info], [SUPI], [PDU Session ID], [Interest TMGIs], MB Container).
	If Anchor MB-SMF is different from the MB-SMF, this step is performed, otherwise the MB-SMF is the Anchor MB-SMF of the IP multicast address.
	If the PDU Session ID is a new one, the MB-SMF selects a UPF for the PDU Session. As an alternative, Tthe N9 DL Tunnel Info is may be included and used for delivering the IP multicast data from MSA to the selected UPF or the UPF in step 0. The N9 DL Tunnel Info is per MB session. 
8.	The (Anchor) MB-SMF retrieves service parameters related to the List of Allowed TMGI from the UDR, e.g. area restriction, session start time, re-authentication and authorization interval, etc.
	The (Anchor) MB-SMF checks the area restriction and session start time according to the Interest TMGIs, which should be included in the List of Allowed TMGI.
9.	[Conditional] MB-SMF to PCF: MBPolicy_Association (TMGI).
	If the Interest TMGIs is received and default QoS is not used, the MB-SMF interacts with PCF to get the MB QoS parameters with packet filters information corresponding to the Interest TMGIs.
10.	[Conditional] If Interest TMGIs is received, the Anchor MB-SMF selects delivery method for the user based on, e.g. whether N9 DL Tunnel Info is received, currently used method of the user, multicast capability of the RAN node, service requirements, number of users, or number of users in a location area, etc. If N9 DL Tunnel Info is not received, individual delivery method is not able to be used for the user.
11.	[Conditional] If the Anchor MB-SMF does not know the MSA address for the IP multicast address, the MB-SMF selects a MSA address based on, e.g. the UE location, UE IP address, etc.
12.	[Conditional] Anchor MB-SMF to MB-SMF: MBSession_CreateContext Response ([MSA address], [N9 DL Tunnel Info).
	If individual delivery method is selected, the MSA address is included. Alternatively the N9 DL Tunnel Info per MB session may be included if not included in step 7, and the transport layer may use IP multicast with this alternative. In this case, the Anchor MB-SMF interacts with MB-UPF to establish a an individual session leg with the UPF using the N9 DL Tunnel Info, the MB-SMF interacts with the UPF to setup FAR for forwarding the IP multicast data received in the N9 DL Tunnel via the PDU Session to the UE. The UPF associates the N9 DL Tunnel or the transport layer IP multicast address with the PDU Session associated with the N4 link (multiple PDU Sessions may associate with one N9 DL Tunnel if the N9 DL Tunnel Info is per MB session). 
	The Anchor MB-SMF may use the IP multicast address of the received MB traffic as the MSA address and does not require the N9 Tunnel. In this alternative, the MB traffic replication is partially offloaded and the UPF associates the IP multicast address with the PDU Session associated with the N4 link.
13.	MB-SMF to AMF: (MB/PDU)Session_CreateContext Response (success/failure, [SUPI]). If AMF is legacy, the response is PDUSession_CreateContext Response.
	If individual delivery method is selected, the MB-SMF activates the individual delivery method, e.g. establish a PDU Session if new, or modify the PDU Session if exists.
14.	Anchor MB-SMF to AMF: Namf_Communication_N1N2MessageTransfer (N1 MB message, [N2 MB message]).
	The Anchor MB-SMF generates a N1 MB message (List of Allowed TMGI, [PDU Session ID], multicast parameters) to indicate the UE of parameters for the multicast communication service, e.g. security information per TMGI, area restriction per TMGI, session start time per TMGI, and other service information.
	The List of Allowed TMGI indicates the TMGIs that the UE is allowed to receive service data.
	If individual delivery method is selected, the PDU Session ID may be included.
	The Anchor MB-SMF may generate a N2 MB message (Interest TMGIs, [MB QoS profile], MB-SMF ID, MSA address) for shared CN tunnel reservation.
	If the multicast session is activated, the MB QoS profile is included, which corresponds to the Interest TMGIs.
	The MB-SMF ID identifies the Anchor MB-SMF.
15.	The AMF forwards the N1 MB message to the UE. If the N2 MB message is received, the AMF forwards the N2 MB message to the RAN node serving the UE, in this case, RAN node performs AN specific procedure to reserve radio resources.
16.	[Conditional] RAN to AMF: N2 MB message (MB-SMF ID, N2 MB Info). If AMF is not enhanced, N2 MB Info will be forwarded to the MB-SMF selected in step 3 via PDUSession_Update Request, and the MB-SMF forwarded the N2 MB Info to the Anchor MB-SMF via MBSession_UpdateContext Request.
18.	[Conditional] If AMF is legacy, the AMF invokes PDUSession_UpdateContext with the MB-SMF and MB-SMF invokes MBSession_Update with Anchor MB-SMF, which include N2 MB Info. If AMF is enhanced, the AMF invokes MBSession_UpdateContext with Anchor MB-SMF including N2 MB Info.
19.	[Conditional] The Anchor MB-SMF may update the MB-UPF for the multicast session according to the received N2 MB Info.
20.	[Conditional] If AMF is legacy, the Anchor MB-SMF response to the MB-SMF and MB-SMF response to the AMF, otherwise the Anchor MB-SMF response to the AMF directly.
* * * * Second change * * * * 
[bookmark: _Toc43297454][bookmark: _Toc43733152][bookmark: _Toc50192907][bookmark: _Toc50467052][bookmark: _Toc50710868]6.4.2.6	User Multicast Session Join via CN
Figure 6.4.2.6-1 shows the procedure for User Multicast Session Join when the UE interests to receiving multicast data of a specific set of TMGI while the gNB has not transmitted the multicast session data or UE wants to change interest TMGIs. The UE triggers the procedure when the session will start soon or session has started, or triggered by Multicast Session Start procedure. The UE decide to perform this procedure based on, e.g. cell support MBS cannot be found, individual delivery method is preferred, etc. Individual delivery method can be selected in this procedure.
The procedure can be performed with legacy RAN node, if PDU Session related to multicast service is involved, AMF can be legacy.


Figure 6.4.2.6-1: User Multicast Session Join via CN
1.	UE to AMF: Service Request (N1 MB Container ([TMGIs]), [PDU Session ID]).
	If this procedure is triggered by Multicast Session Start procedure as described in clause 6.4.2.8, the TMGIs are not included.
	If the multicast session has corresponding PDU Session, the PDU Session ID is indicated in the To Be Activated PDU Sessions. If UE only support user join via UP, the TMGIs is not included, which means steps 1-3 are normal Service Request procedure.
2.	If PDU Session ID is included and AMF is legacy, the AMF selects the MB-SMF according to the SMF ID related to the PDU Session, and invokes PDUSession_UpdateContext Request (N1 MB Container, PDU Session ID) to the MB-SMF. If the AMF is enhanced, the AMF selects the MB-SMF as described in step 3 of clause 6.4.2.2.
3.	[Conditional] If TMGIs are not received, and TMGIs cannot be determined from IP multicast address, and PDU Session is indicated and has not been activated, the MB-SMF continues Service Request to activate the PDU Session. If session start command is not delivered, the MB-SMF notifies the AF of user join with UE IP without TMGI, the AF may interacts with the UE over application layer for getting the Interest TMGIs. The AF informs the Interest TMGIs to the MB-SMF.
4.	[Conditional] MB-SMF to Anchor MB-SMF: MBSession_Update Request ([N9 DL Tunnel Info], SUPI, AMF ID, PDU Session ID, UE location, TMGIs).
	If Anchor MB-SMF is different from the MB-SMF, this step is performed. As an alternative, the N9 DL Tunnel Info is included, which may be per MB session. 
5.	The Anchor MB-SMF retrieves service parameters related to the TMGIs from the UDR, e.g. area restriction, session start time, etc.
	The Anchor MB-SMF checks the area restriction and session start time according to the TMGIs.
6.	[Conditional] Anchor MB-SMF to PCF: MBPolicy_Association (TMGIs).
	If default QoS is not used, the Anchor MB-SMF interacts with PCF to get the MB QoS parameters corresponding to the TMGIs.
7.	If allowed by area restriction and session will start soon or has started, the Anchor MB-SMF selects mode for the user based on, e.g. multicast capability of the RAN node, current used method of the user, service requirements, number of users, or number of users in a location area, etc.
8.	[Conditional] Anchor MB-SMF to MB-SMF: MBSession_Update Response ([MSA address], [N9 DL Tunnel Info]).
	If individual delivery method is selected, MSA address is include. Alternatively the N9 DL Tunnel Info per MB session is included if not included in step 4, and the transport layer may use IP multicast with this alternative., tThe Anchor MB-SMF interacts with MB-UPF to establish a an individual session leg with the UPF using the N9 DL Tunnel Info, the MB-SMF interacts with the UPF to setup FAR for forwarding the IP multicast data received in the N9 DL Tunnel via the PDU Session to the UE. The UPF associates the N9 DL Tunnel or the transport layer IP multicast address with the PDU Session associated with the N4 link (multiple PDU Sessions may associate with one N9 DL Tunnel if the N9 DL Tunnel Info is per MB session). 
	The Anchor MB-SMF may use the IP multicast address of the received MB traffic as the MSA address and does not require the N9 Tunnel. In this alternative, the MB traffic replication is partially offloaded and the UPF associates the IP multicast address with the PDU Session associated with the N4 link.
9.	If individual delivery method is selected, the MB-SMF continues the Service Request procedure if PDU Session is not activated, or performs PDU Session Modification according to the MB QoS parameters if PDU Session is activated. If shared delivery method is selected, step 9-15 in clause 6.4.2.5 are performed.
* * * * Second change * * * * 
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UE:
1.	Support multicast operation via control plane and user plane.
RAN node:
1.	Support shared CN tunnel reservation.
2.	Support mapping between TMGI and QoS Flow.
AMF:
1.	May support enhanced MB-SMF selection and signalling with MB-SMF (If PDU Session is not involved).
MB-SMF:
1.	Manage Multicast Session Context per multicast communication service, and possible per user.
2.	May support delivery method selection between "individual" and "shared".
3.	Support interaction with RAN for multicast session data transmission resource management and signalling with PCF / UE / UDR for multicast operations.
4.	May support allocation of N9 DL Tunnel Info per MB session.
UDR:
1.	Manage Multicast Service Contexts including Anchor MB-SMF per service or per TMGI, etc.
PCF:
1.	May support QoS parameters management per TMGI.
MBSF:
1.	Assign TMGIs.
2.	May support acting as proxy between legacy interface (i.e. MB2 and/or xMB) and SBA interface.
MB-UPF:
1.	Support IP multicast data replication and transferring over DL N3/N9 tunnel controlled by MB-SMF.
UPF:
1.	May support allocation of N9 DL Tunnel Info per MB session.
2.	May support associating the N9 DL Tunnel Info or IP multicast address with multiple PDU Sessions.
Nnef:
1.	Service operation, extended service parameter provisioning, and event subscription for MBS AF.
Npcf:
1.	QoS parameters provisioning per TMGI.
Nudr:
1.	Service parameters provisioning per TMGI or per IP multicast address.
* * * * End of changes * * * *
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