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1	Introduction
This paper discusses on how to support multicast session activation using group paging in NG interface and the details of group paging identity and group paging area.
2	Discussion
SA2 concluded the following state machines in 5GC for a multicast session [1]:
-	Configured multicast session: No multicast data are transmitted. Some information about the multicast session is configured, but no resources are reserved. For instance, TMGIs can be allocated but no complete session information be provided 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.
-	Active multicast session: Established multicast session in active state. Multicast data are transmitted to UEs that joined the multicast session. 5GC resources for the multicast session are reserved. Corresponding Radio resources are reserved depending on participating UE locations. UEs that joined the multicast session are in CM CONNECTED state. UEs are allowed to join the multicast session (subject to authorization check)
-	Inactive multicast session: Established multicast session in inactive state. No multicast data are transmitted. 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 agreed [1]:
-	Multicast Session Configuration: The AF can provide information about the multicast session and/or request the allocation of a TMGI. Alternatively, there is network-internal configuration of the multicast session. No resources or only resources at MB-SMF, NEF and MB-UPF are reserved and no multicast data are transmitted. The configuration may indicate whether or when the multicast session may be established and whether a multicast session can become inactive. The AF may provide configuration in several steps, e.g. to first request TMGIs and then provide full information about the multicast session and allow it to be established.
-	Multicast Session Establishment: When the join request of the first UE in the multicast session is accepted, the multicast session is established either in inactive or active state, depending on configuration. 5GC resources for the multicast session are being reserved.
-	Multicast Session Activation: State transition from inactive to active multicast session. CM IDLE UEs that joined the multicast session are paged. Activation can be triggered by AF request or reception of multicast data.
-	Multicast Session Deactivation: State transition from active to inactive multicast session. Deactivation can be triggered by AF request or no reception of multicast data.
-	Multicast Session Release: All resources for the multicast session are released in both 5GC nodes and RAN nodes, UEs that joined the multicast session are notified. The release is possible for an active or inactive multicast session. The release may be combined with the deconfiguration of a multicast session.
-	Multicast Session Deconfiguration: All information about the multicast session is removed from the 5GC and TMGIs are deallocated.


2.1 Multicast session join and Session Establishment 
The generic procedure of MBS multicast session join and establishment are specified in section 7.2.1 of TS 27.247 [2]. 
****************************************Text from TS 23.247*************************************
7.2.1.3	MBS join and Session establishment procedure
The following steps are executed before the UE requests to join the MBS session:
· The MBS Session has been configured.
· 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 announcement.


Figure 7.2.1.3-1: PDU Session modification for multicast
1.	To join the multicast group, the UE sends the PDU Session Modification Request (MBS Session ID). MBS Session ID indicates the multicast group that UE wants to join.
2.	Per the received MBS Session ID, the SMF recognize this is MBS Session join request. The SMF authorizes MBS Session join request, see clause 6.1.1.
3.	If SMF has no information about the multicast context for the indicated MBS Session, SMF checks at the NRF whether a multicast context for the indicated MBS Session exists in the system, by using Nnrf_NFDiscovery request (MBS Session ID). If a multicast context already exists in the NRF, the NRF responses with Nnrf_NFDiscovery response (MB-SMF ID).
Editor's note:	Whether SMF acting as the MB-SMF is needed and how it works if needed is FFS.
Editor's note:	More consideration on how to prevent denial of service attack type situation when first UE joining the multicast group, triggers the MB-UPF to join the multicast tree towards the content provider is FFS.
4.	By using Nsmf_MBSSession_Create request (MBS Session ID), SMF interacts with MB SMF to retrieve multicast QoS flow information of the indicated MBS session.
5.	SMF responds to AMF through Nsmf_PDUSession_UpdateSMContext response(N2 SM information (PDU Session ID, MBS Session ID, MB-SMF ID, multicast QoS flow information, updated PDU Session information, mapping between unicast QoS flow and multicast QoS flow information), N1 SM container (PDU Session Modification Command) to:
-	create a MBS session context for the indicated MBS session in the RAN, if it does not exist already; and
-	inform about the relation including the mapping information between the multicast context and the UE's PDU session to RAN.
	Based on operator policy, the SMF may prepare for individual 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:	Whether it needs to inform about the relation including the mapping information between the multicast context and the UE's PDU session to UE is FFS.
6.	The N2 message, which includes the PDU session modification command information is sent to the RAN.
	If the MBS is not supported by NG-RAN, 5GC individual MBS traffic delivery may be used. Otherwise, 5GC shared MBS traffic delivery is adopted.
Editor's note:	How the NG-RAN's 5MBS capability is made known is FFS.
	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, the associated unicast QoS flow information is not used to allocate the radio resource.
NOTE:	It is NG-RAN that decides whether radio resource is allocated or not.
	When the NG-RAN receives an MBS Session ID but MBS Session context does not exist for that MBS Session ID, the NG-RAN use the included MBS Session QoS information to allocate resources to serve this multicast session. Otherwise the indicated MBS Session has been established before. The NG-RAN can use those allocated resource for MBS Session data packet transferring to UE.
7.	The RAN, AMF, SMF, and MB-SMF performs resources reservation for individual delivery and shared delivery.  The SMF obtains the 5MBS capability of target NG-RAN via the accepted QFI information and determines the delivery mode between 5GC and RAN.
Editor's note:	Details of establishing the tunnel of 5GC Shared MBS traffic delivery and 5GC Individual MBS traffic delivery is FFS.
*****************************************************************************************
Session Join procedure is used by UEs to inform the 5GC of the UE interest in an MBS session. The UE includes an indication of establishing a PDU session associated with multicast session(s) in NAS message to the AMF.  Based on the indication of establishing PDU session associated with multicast sessions, the AMF selects an SMF capable of handling multicast sessions directly or indirectly. SMF interacts with MB-SMF to retrieve multicast QoS flow information of the indicated MBS session. SMF generates SM container for the MBS session and forwards it to RAN via AMF. The SM container may include PDU session ID, MBS session ID, MB-SMF ID, multicast QoS flow information, the mapping between unicast QoS flow and multicast QoS flow information. The mapping between unicast QoS flow and multicast QoS flow information is used for the mobility between MBS supporting nodes and MBS non-supporting nodes.
The AMF sends the PDU Session Resource Request message including the SMF container to the gNB. The gNB using the MBS session ID to determine that the PDU Session Resource Request message corresponds to the MBS Session. 
When the gNB receives an MBS Session ID but MBS Session context does not exist for that MBS Session ID, the gNB use the included MBS Session QoS information to allocate resources to serve this multicast session. Otherwise the indicated MBS Session has been established before. The NG-RAN can use those allocated resource for MBS Session data packet transferring to UE.
The PDU Session Resource Setup and PDU Session Resource Modify procedures are used for both multicast session join and establishment. 
When the gNB receives an MBS Session ID but MBS session resource does not exist for that MBS Session ID, the gNB uses the included MBS Session QoS information to allocate resources to serve this multicast session. Otherwise the gNB uses the existing allocated resource for the MBS Session.
The MBS Session Context, i.e. MBS Session ID, multicast QoS Information, the mapping between unicast QoS flow and multicast QoS flow, should be included in the SMF container PDU Session Resource Setup Request Transfer and PDU Session Resource Modify Request Transfer.
2.2 Multicast Session Activation via group paging
In order to support multicast session activation and deactivation, there are several solutions that are still under SA2 discussion:
Solution 1: AMF centric solution [3]: In this solution MB-SMF directly communicates with AMF:
1.	MB-SMF sends an Activate message toward the AMF. The Activate message may include the service area of the MBS Session;
2.	AMF generates the paging area of the MBS Session based on the involved RAs of those UEs. 
3.	AMF sends group-based paging to RAN node and UE.
Solution 2: SMF centric solution [4]: in this solution MBS-SMF communicates with SMF.
1.	MB-SMF identifies SMF(s) involved in the MBS session and sends an Activate message to each of these SMFs. 
2.	SMF identifies the UE(s) and sends an Activate message to AMF to activate the multicast session. SMF may include a list of UE IDs to AMF.
3.	The AMF determines a group paging area corresponding to the union of the involved RAs of the indicated UEs which are IDLE and triggers a group paging (paging with group identifier) to this group paging area.
Observation 1: Regarding AMF centric or SMF centric solutions, SA2 has not concluded yet. In both solutions, group paging for MBS session activation is proposed to reduce paging signalling load.
In RAN2#113bise, it has been made an agreement as stated in [4]:
	There is Support to have group notification for multicast for MBS supporting nodes (e.g. paging)
Support group notification for multicast for MBS supporting nodes



Observation 2: RAN2 agreed to support group notification for multicast for MBS supporting nodes.
Considering the progress in both SA2 and RAN2, and the group paging can reduce the paging overhead sufficiently compared to the legacy individual paging, it is proposed to have group paging mechanism in NG interface. 
Support group paging over NG interface for multicast session activation.
Currently, the PO calculation for CN-initiated and RAN-initiated paging are based on the UE ID 5G-S-TMSI. For group paging, RAN2 agreed to support group notification for multicast for MBS supporting nodes and thinks that using MBS session ID for this purpose is feasible. The MBS Session ID is either TMGI or multicast IP address. However, the final decision on which ID should be adopted is pending to SA2 discussion since both MBS session ID and 5G-S-TMSI per session are feasible.
However, for the MBS non-supporting nodes, using MBS Session ID is not feasible and non-backwards compatible. Regarding group notification for MBS non-supporting nodes, there are two solutions:
-	Solution 1: Using legacy individual paging i.e. using UE 5G-S-TMSI.
-	Solution 2: Using group paging with per multicast session S-TMSI.
In solution 2, a S-TMSI is allocated per multicast session by core network and sent to UE in NAS message. When MBS non-supporting gNB receives the paging message, the gNB just calculates the PO as usual using the S-TMSI of the multicast session and forwards the paging message to UE. The solution 2 is back forwards compatible with legacy MBS non-supporting gNB. Additionally, solution 2 has better scalability to reduce paging signalling overhead in Uu interface. However, solution 2 relies on SA2 whether 5GC can allocate S-TMSI per multicast session.
If group paging using per multicast session S-TMSI is feasible for MBS non-supporting nodes, it could be better to use same solution for MBS supporting nodes. 
The group paging identity (i.e. MBS Session ID v.s. S-TMSI of multicast session) needs further input from SA2.
In the legacy CN initialized paging, AMF provides a TAI list as the paging area. NR MBS supports local MBS service. It shall be possible to support MBS session where the content is not location-dependent, but the distribution is limited to a certain area, and MBS sessions where the content is location-dependent. For the case that the multicast service is only available within a limited area, the UE shall be able to obtain service area information of the multicast service.  The service area information may be Cell ID list or TAI list. In order to improve the paging efficiency, it would be better to limit the paging in the certain area. In this case, CN needs to provide local service area information to gNB and the gNB only sends the paging message in the relevant cells. 
Local MBS service area information, i.e. cell ID list or TAI list, should be included in the NG group paging message, if any.  
2.3 Multicast session leave and Session release 
The generic procedure of MBS multicast session leave and release are specified in section 7.2.2 of TS 27.247. 
****************************************Text from TS 23.247*************************************
1.	The UE sends the PDU Session Modification Request when the UE determine to leave the Multicast MBS Service. The Request carries the MBS session ID which the UE want to leave.
2.	The AMF invokes Nsmf_PDUSession_UpdateSMContext to SMF. The MBS session leaving information (i.e. leave indication, MBS session ID).
3.	[conditional] If the UE is the last UE served with 5GC Individual MBS traffic delivery method in this SMF for this MBS session and the SMF is not collocated with the MB-SMF, the SMF configures the UPF to stop receiving multicast data from the MB-UPF and invokes Nsmf_MBSession_Update Request (MBS session ID) to release the tunnel between UPF and MB-UPF for this MBS session.
4.	[conditional] If the tunnel between UPF and MB-SMF shall be released, the MB-SMF request to MB-UPF to release the tunnel.
5.	[conditional] The MB-SMF responds to SMF for step 3.
6.	The SMF responds (PDU Session ID, N2 SM information, N1 SM container). In the N2 SM information, the SMF informs the NG-RAN to remove the UE from this MBS session if 5GC Shared MBS traffic delivery method is used.
	In the N2 SM information, the SMF also informs the NG-RAN to release the Qos flow which carry or intend to carry the Multicast MBS traffic as defined in TS 23502 [6] clause 4.3.3.2.
7.	The AMF send N2 message (N2 SM information, N1 SM container) to the NG-RAN
8.	The NG-RAN performs the necessary AN-specific resource modification procedure toward the UE and transports the N1 SM container received in step 8 to the UE.
9.	The NG-RAN remove the UE from this MBS session and sends a N2 message to the AMF.
10.	The AMF transfers the N2 message received in step 9 to the SMF via the Nsmf_PDUSession_UpdateSMContext service operation.
The SMF removes the UE from the MBS Session.
11.	If the UE is the last UE in this RAN node for this MBS session, the NG-RAN release MBS session between NG-RAN and MB-UPF.
*****************************************************************************************
Similar with multicast session join and establishment procedure, the PDU Session Modify procedure and PDU Session Release procedure can be used for multicast session leave.
The PDU Session Resource Modify and PDU Session Resource Release procedures are used for multicast session leave. 
The gNB may release the multicast session resource when there is no UE interested in the MBS session.
2.4 User plane distribution
The user plane path from the MB-UPF to RAN nodes (for shared delivery) and UPFs (for individual delivery) use a common GTP-U tunnel or multiple GTP-U tunnels per MBS session. If multicast transport is not used in the underlying transport network, the transport layer destination is IP address per the RAN node, each RAN node allocates the tunnel separately and multiple GTP-U tunnels are used. If multicast transport is used in the underlying transport network, a common GTP-U tunnel is used for both RAN and UPF nodes, the GTP-U tunnel is identified by a common tunnel ID and an IP multicast address as the transport layer destination, both assigned by 5GC.
Both multicast transport and non-multicast transport are supported. In cast of non-multicast transport, gNB allocates TNL info of the GTP-U tunnel. In case of multicast transport is used, 5GC provides a common GTP-U TEID and IP address to gNB.
3	Conclusion
This paper discusses multicast session related issues based on the latest SA2 and RAN2 progress. The following proposals are made:
1. The PDU Session Resource Setup and PDU Session Resource Modify procedures are used for both multicast session join and establishment. 
1. When the gNB receives an MBS Session ID but MBS session resource does not exist for that MBS Session ID, the gNB uses the included MBS Session QoS information to allocate resources to serve this multicast session. Otherwise the gNB uses the existing allocated resource for the MBS Session.
1. The MBS Session Context, i.e. MBS Session ID, multicast QoS Information, the mapping between unicast QoS flow and multicast QoS flow, should be included in the SMF container PDU Session Resource Setup Request Transfer and PDU Session Resource Modify Request Transfer.
1. Support group paging over NG interface for multicast session activation.
1. The group paging identity (i.e. MBS Session ID v.s. S-TMSI of multicast session) needs further input from SA2.
1. Local MBS service area information, i.e. cell ID list or TAI list, should be included in the NG group paging message, if any.  
1. The PDU Session Resource Modify and PDU Session Resource Release procedures are used for multicast session leave. 
1. The gNB may release the multicast session resource when there is no UE interested in the MBS session.
1. Both multicast transport and non-multicast transport are supported. In cast of non-multicast transport, gNB allocates TNL info of the GTP-U tunnel. In case of multicast transport is used, 5GC provides a common GTP-U TEID and IP address to gNB.
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