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[bookmark: _Hlk513714389]This paper updates solution #27 to resolve the open editor´s notes and align with updates proposed for solution 3.
1	Discussion

The following editors´s notes need to be addressed:

Editor's note:	It is FFS whether the Target gNB instead sends a Multicast Distribution request Directly to SMF2
Sending the multicast distribution request directly to SMF2 (in solution 3 updates termed MB-SMF) is more direct and saves signalling. It is proposed to use this approach, Similar updates are also suggested for solution 3.
[bookmark: _Hlk48172226]Proposal 1: Send the multicast distribution request directly from target gNb to SMF2/MB-SMF. 


Editor's note:	It is FFS if for the case of moving from MBS session to unicast session, the end marker is sent over the shared tunnel to source gNB or over unicast tunnel of the associated PDU Session. This depends on decision whether the tunnel for the associated unicast PDU session needs to be always active even when not used or not. 
In solution 3 updates it is proposed that the tunnel for the associated unicast PDU session is not always active to save transmission resources.
However, sending end markers via the shared tunnel would lead to scaling issues if many UEs are in the multicast session and handovers frequently occur. The UE identity would need to be encoded in the end marker, but it is not acceptable to propagate core network user identities to the RAN for security reasons. The procedures would be further complicated by the fact that the multicast data are sent by the MB-UPF controlled by the MB-SMF, which is different to the SMF and UPF involved in the handover and so far does not need to be aware of UEs receiving the multicast session.
It thus seems preferable that at least the end marker is sent using a unicast session. It is preferable to activate the unicast delivery to the source gNB shortly before the handover for that purpose.
Proposal 2: Send the end marker via unicast from SMF to source gNB.. 
The current procedures also assume that multicast data are forwarded from source gNB to target gNB even if both source gNB and target gNB support MBS. However, if multicast distribution requests are sent directly from target gNb to SMF2/MB-SMF the multicast distribution can already be established in the handover preparation phase and multicast data forwarding is not required for a seamless handover. 
Further, in many cases the target gNB will already receive multicast data before the handover because other UEs served by the target gNB already participate in the multicast session.
Proposal 3: Forward multicast data from source to target gNB only if target gNB does not support MBS.
The proposed target gNB procedures to compare sequence numbers of multicast data received from the source gNB and multicast data received from the MB-UPF for lossless packet transfer are of little value for similar reasons: The assume parallel distribution of multicast data and are thus against proposals 3. Further ,if target NG RAN applies multicast it sends the same data typically to multiple UEs and cannot adjust the sequence for one UE being handed over.
Proposal 4: Sequence number comparison by target RAN node of MBS data is not required
The solution for inter-RAN node mobility to a NG RAN node not supporting MBS uses QoS flows of unicast PDU session associated with a Multicast session context. The associated QoS flows may be established during the establishment of Multicast session context for a UE as described in the solution. However, in deployment scenarios when the mobility to a NG RAN node not supporting MBS is unlikely it would be beneficial if the associated QoS flows are establish only in situation when the mobility may occur. For example, a NG RAN node controlling cells supporting MBS at the border with cells controlled by a NG RAN node not supporting MBS could request the serving SMF to reconfigure PDU session with the associated QoS flows. The individual MBS traffic delivery method (i.e. unicast) could be also enabled at the same time for a smooth transition.
Proposal 5: Allow as an option that multicast QoS flows are only added to the PDU session in preparation of a handover.
When no multicast data are transmitted for some times, UEs within the muticast session may become idle. A reception of multicast data needs to trigger a paging of such UEs.
Proposal 6: Add procedures to trigger the paging of idle UEs within a multicast session when multicast data are received.


2	Conclusions
This contribution discussed solution #27 in the context of network deployment in which the mobility to a NG RAN node not supporting MBS may be rare and thus the configuration and management of the associated QoS flows frequently unnecessary. Based on these observations the following proposal is made
Proposal: Agree the proposed changes to Solution #27. 

Proposed changes to TR 23.757
[bookmark: _Toc43297578][bookmark: _Toc43733274][bookmark: _Toc43733514]6.27	Solution #27: Inter-RAN node MBS session Handover
[bookmark: _Toc43297579][bookmark: _Toc43733275][bookmark: _Toc43733515]6.27.1	Functional description
This Solution addresses Key Issue 7 and is based on Solution 3: Integrated Multicast and Unicast Transport (see clause 6.3). The solution principles are as follows:
-	When establishing a Multicast session context the SMF configures a UE and the NG RAN with an associated unicast PDU session information. Alternatively, the NG RAN may request the SMF to configure unicast PDU session with QoS flows associated with the Multicast session context when the NG RAN expect that a handover to an NG RAN node not supporting 5G MBS might be required. The NG RAN may also request the SMF to activate a forwarding of multicast data to the associated QoS flows, e.g. the NG RAN may be using PTP over the radio.
-	UEs camping in an NG RAN node supporting 5G MBS, receive MBS downlink packets via (N3/MB-N3) shared tunnel and radio resources for the Multicast session context. The NG RAN may not establish radio resources for the QoS flows of the associated unicast PDU session (unless the unicast PDU session is also used for additional unicast traffic)
-	UEs camping in an NG RAN node not supporting 5G MBS, receive MBS downlink packets via unicast N3 tunnel and radio resources for the associated unicast PDU session.
-	The SMF may configure the UPF for a same multicast session with:
-	A shared tunnel configuration (serving UEs in 5G MBS supporting RAN nodes), and
-	Separate individual tunnels for UEs camping in non 5G MBS supporting RAN nodes.
-	The SMF detects when a UE is moving between supporting and non-supporting NG RAN nodes, and reconfigures the UPF for that UE accordingly. The SMF may also reconfigure the NG RAN node if needed.
-	There is no need for SM signaling to the UE during these mobilitythe handover events since the UE receives the SM context information for both the multicast session and associated unicast PDU session during PDU session establishment/modification.
It is assumed that the following pieces of information are exchanged among UE, NG-RAN and 5GC after the MBS Session has been established.
-	The UE can provide the UE's MBS capability to the SMF when the UE establishes the PDU session.
-	For the same QoS flow the NG-RAN receives both the unicast part and multicast part in the QoS profile information. The mapping between from multicast QoS flow and to unicast QoS flow is a 1 to 1 mapping, i.e., one multicast QoS flow is mapped to one unicast QoS flow. However, there may be unrelated additional unicast QoS flows. Depending on whether the NG-RAN support MBS, the NG-RAN uses either the unicast part profile or multicast part profile to establish the related DRB and tunnel information allocation.
-	The SMF is aware of whether the data packet is transmitted via the multicast path or unicast path from the response from NG-RAN, e.g., sharing downlink tunnel or unicast downlink tunnel information.
The handover includes the following scenarios:
-	The source RAN support MBS, UE receives data via MBS Session in Source RAN:
a)	Target RAN node does not support MBS,
	The MBS Session is converted to the unicast PDU Session before or during handover.
b)	Target RAN node supports MBS
-	If the MBS Session is not established in Target RAN, the MBS Session can be established during the HO procedure.
-	If the MBS Session is established in Target RAN, reuse the existing MBS session in target RAN.
-	The source RAN does not support MBS, the Target RAN supports MBS:
	In source RAN, the MBS data is sent to UE via the unicast PDU Session. When UE moves to Target RAN, the unicast PDU Session is handed over to the Target RAN as normal PDU Session handling. After handover completion, the SMF triggers the conversion from the unicast PDU Session to the MBS Session.
[bookmark: _Toc43297580][bookmark: _Toc43733276][bookmark: _Toc43733516]6.27.2	Procedures
[bookmark: _Toc43297581][bookmark: _Toc43733277][bookmark: _Toc43733517]6.27.2.1	Xn based handover
To cover the scenarios defined in 6.27.1, the Xn based handover procedure is shown below:



Figure 6.27.2.1-1: MBS Xn based HO towards a RAN
NOTE:	For simplification in the figure and description the NG-RAN is shown as the gNB. It can be extended to the other NG-RAN node.
Comparing to the existing Xn based handover procedure (see TS 23.502 [8] and TS 38.300 [10]), the following enhancements apply:
If the shared MBS traffic delivery method is used for the UE and the source gNB is aware that neighbouring cells do not support MBS traffic delivery steps 1 to 14 can be applied.
1. The source gNB may receive measurements reports from the UE that make a future handover to another target gNB likely.
2. The source gNB may detect, for example, based on pre-configured information or stored information from previous handovers about neighboring nodes that a handover to a target gNB not supporting MBS may happen.
3-4.	The source gNB sends a Unicast Delivery Request to the SMF (e.g. using N2 procedure and Nsmf_PDUSession_UpdateSMContext_Request). If unicast QoS flows corresponding to the multicast QoS flows are not yet established, the source NG RAN may indicate to the SMF a downlink tunnel information for the individual MBS traffic delivery method which the SMF can use to configure the user plane and data forwarding for individual MBS traffic delivery method (i.e. via unicast). The SMF decides whether to activate the unicast delivery (as assumed in the subsequent steps)
[bookmark: _Hlk48165869]5	The SMF instructs the UPF to forward multicast data within the unicast PDU session and may provide the received downlink tunnel information. If delivery of the multicast data from MB-UPF to UPF needs to be configured, and unicast transport is to be used, the SMF also instructs the UPF to allocate a tunnel endpoint for reception of multicast data from the MB-UPF.
If delivery of the multicast data from MB-UPF to UPF needs to be configured, steps 6 to 9 apply.
6	The SMF sends a request to the MB-SMF to distribute multicast data toward the UPF and provides the tunnel endpoint received in step 5.
7.	If multicast data are transported via unicast, the MB-SMF configures the MB-UPF to send the multicast data to the received tunnel endpoint.
8.	The MB-SMF replies to the SMF. If multicast data are transported via multicast, the MB-SMF provides endpoint information including the transport multicast address.
9.	If multicast data are transported via multicast, the MB-SMF provides endpoint information including the transport multicast address to the UPF.
If dedicated associated unicast QoS flows for multicast data are required and have not been allocated before, steps 10 to14 apply.
10.	The SMF initiates the PDU session modification procedure to configure the associated unicast QoS flows for multicast data in the source gNB and in the UE.
11.	The source gNB sends the NAS PDU Session Modification command to the UE and may decide to switch to unicast delivery and then also send related RRC Reconfiguration to the UE.
12.	Any data received on the associated QoS flows are buffered by the source NG RAN until the RRC reconfiguration is complete.
13.	The UE completes the RRC reconfiguration and informs the source NG RAN by transmitting the RRC Reconfiguration Complete message.
14.	The source NR RAN completes successfully the PDU session modification and sends PDU Session Modification Response.

216.	In the Handover Request sent to the target RAN.
	Depending on whether the source gNB has established the MBS Session (i.e. the shared MBS traffic delivery method for the UE) or not, in the request sent to Target gNB the Source gNB includes:
a)	both MBS Session information including the associated MBS Session identifier and unicast PDU Session information (i.e. the shared MBS traffic delivery method is configured for the UE); or
b)	only unicast PDU Session information. The unicast PDU Session information also includes the information of the QoS flows of the unicast PDU session associated with the MBS session (i.e. the individual MBS traffic delivery method is configured for the UE).
NOTE:	For the case of source RAN not supporting 5G MBS, b) always applies.
For b), i.e. Iif the UE receives data via the unicast PDU Session (i.e. the individual MBS traffic delivery method is used) in the Source gNB, the procedure is the same as the existing Xn based handover procedure. After the handover has been executed, step 12 43 is performed to join the MBS session. 
For a) the source gNB provides the information in a backward compatible manner, i.e.:
-	A non supporting target gNB with will only understand the unicast PDU session information and ignore the MBS session information, proceeding only with unicast resources.
-	A supporting target gNB will understand the MBS session information and proceed with resources for the MBS session as described in this procedure.
If the UE receives data via the MBS Session in Source gNB, the following step 3-11 applies:
3.-	Depend on whether the Target gNB support MBS or not, the MBS Session information is used to allocate resource or not. If the MBS Session information is used, the corresponding QoS flow part information in the unicast PDU Session information is not used.
	If Target gNB support MBS and the MBS delivery session for the indicated MBS Session has not been established in towards Target gNB, the Target gNB allocates the shared downlink tunnel information for receiving the MBS data from 5GC and steps 17 to 21 apply:
17.	Target gNB selects the AMF to reach MB-SMF and signals a request towards AMF [MB-SMF ID, Multicast context/group ID]. If the RAN node is configured to use a unicast transport for multicast distribution sessions, it allocates a downlink tunnel ID (an IP address and a GTP-U TEID) for the reception of the multicast distribution session and indicates the downlink tunnel information in the request.
18.	AMF forwards the request towards the MB-SMF
19.	For unicast transport of the multicast distribution session, MB-SMF configures MB-UPF to transmit the multicast distribution session towards Target gNB (using the received IP address and a GTP-U TEID).
20.	MB-SMF sends a multicast distribution session response to AMF. For multicast transport of the multicast distribution, it indicates in the downlink tunnel information the transport multicast address for the multicast session.
21.	AMF forwards multicast distribution session response to Target gNB.
	If the MBS Session has already been established in Target gNB, clause 6.27.2.3 describe how to guarantee lossless data.
	In the response message, the Target gNB includes the admitted unicast PDU Session information, and, if the MBS Session has been accepted at the Target gNB, also the MBS Session information. Based on the response message, the source gNB knows whether the Target RAN supports MBS Session or not.
4.	The source gNB sends the handover command to UE.
23	Depending on whetherIf the Target gNB does not supports the MBS Session or not, the MBS Session packets are forwarded to the Target gNB as a separated MBS Session flow or as part of the QoS flow within the unicast PDU Session. After UE successfully connected to the Target RAN, the target RAN starts to send the forwarded data to UE.
26.	The Target gNB sends Path Switch Request to AMF. The Path Switch Request includes N2 SM message for each active PDU Session including the MBS Session information if it is accepted in the Target gNB.
27.	The AMF invokes Nsmf_PDUSession_UpdateSMContext request towards SMF, the message includes the received N2 SM message.
 Based on the received N2 SM message, the SMF can differentiate two cases:
-	Case A) The Target gNB supports MBS and the MBS session has previously been established at the Target gNB. Step 28 applies.
28.	The SMF does not need to establish the shared tunnel for the indicated MBS Session. The SMF interact with the UPF only for unicast PDU Session. The SMF instructs the UPF to send the end market packet towards the source gNB and to send subsequent packets towards the target gNB within the unicast PDU Session.
-	Case B) The Target gNB supports MBS, but the MBS session has not yet been established.
	The SMF provides the N2 MBS Session information to the SMF2, i.e. multicast SMF. The SMF2 provided the shared downlink tunnel info to the UPF2 (multicast UPF).
Editor's note:	It is FFS whether the Target gNB instead sends a Multicast Distribution request Directly to SMF2
-	Case CB) The Target gNB does not support MBS. If steps 5 to 9 were not executed, steps 29 to 33 apply
	Based on the received N2 SM information, the SMF knows that the MBS has been mapped to the unicast PDU Session.29	The SMF instructs the UPF to forward multicast data within the unicast PDU. If delivery of the multicast data from MB-UPF to UPF needs to be configured, and unicast transport is to be used, the SMF also instructs the UPF to allocate a tunnel endpoint for reception of multicast data from the MB-UPF.
If delivery of the multicast data from MB-UPF to UPF needs to be configured, steps 30 to 32 apply.
30	The SMF sends a request to the MB-SMF to distribute multicast data toward the UPF and provides the tunnel endpoint received in step 5.
31.	If multicast data are transported via unicast, the MB-SMF configures the MB-UPF to send the multicast data to the received tunnel endpoint.
32.	The MB-SMF replies to the SMF. If multicast data are transported via multicast, the MB-SMF provides endpoint information including the transport multicast address.
33.	If multicast data are transported via multicast, the MB-SMF provides endpoint information including the transport multicast address to the UPF. The SMF instructs the UPF to send the end market packet towards the source gNB and to send subsequent packets towards the target gNB within the unicast PDU Session.
	If the path between the UPF(unicast) and UPF2(multicast anchor) has not been already established, the SMF inform SMF2 of the downlink tunnel info of the UPF(unicast) for receiving the MBS packets from UPF2. SMF2 indicates to UPF2 to copy and forward the MBS packets received by UPF2 via the unicast PDU Session tunnel to the target gNB.
8/934.	The SMF or UPF sends the end marker packet(s) for the specific UE via old path of the PDU session or MBS session to the Source RAN.
35	The Source gNB forwards the end marker to Target gNB via the PDU session and then terminates forwarding data. If the MBS Session is a separated forwarding path, the Source gNB copies the end marker from the unicast PDU Session and inserted it into the forwarding tunnel for MBS Session.
	For the case of moving from MBS session to unicast session (e.g. mobility from 5G MBS supporting gNB to 5G MBS non-supporting gNB) if the end marker is sent in shared tunnel for a specific UE, the SMF or UPF needs to identify the UE explicitly.
Editor's note:	It is FFS if for the case of moving from MBS session to unicast session, the end marker is sent over the shared tunnel to source gNB or over unicast tunnel of the associated PDU Session. This depends on decision whether the tunnel for the associated unicast PDU session needs to be always active even when not used or not. 
10.	The Target gNB receives the end marker packet from source gNB.
	The target gNB starts to send the buffered packets for the PDU Session including buffered MBS data if any to the UE.
If the Source gNB previously received the MBS session data from MB-UPF but does no longer require them because no other served UEs participate in the MBS session steps 36 to 40 apply:
36.	Source gNB signals a request to terminate multicast distribution towards AMF [MB-SMF ID, Multicast context/group ID].
37.	AMF forwards the request towards the MB-SMF
38.	For unicast transport of the multicast distribution session, MB-SMF configures MB-UPF to terminate transmitting the multicast distribution session towards the Source.
39.	MB-SMF sends a multicast distribution session termination response to AMF.
40.	AMF forwards multicast distribution session response to Source gNB.
Step 12 43 is performed only for the case:if the source gNB does not support MBS, but the Target gNB supports MBS:
1243.	After handover completion, if the UE and Target RAN supports MBS, the SMF triggers the MBS session establishment, and request Target gNB to establish the MBS Session:
. Steps 5 9 to 15 23 of Solution 3 (see clause 6.3.2) are performed.
[bookmark: _Toc43297582][bookmark: _Toc43733278][bookmark: _Toc43733518]6.27.2.2	N2 based handover
To cover the scenarios defined in 6.27.1, the N2 based handover procedure is shown below:



Figure 6.27.2.2-1: MBS N2 based HO towards a RAN
Comparing to the existing N2 based handover procedure (see TS 23.502 [8] clause 4.9.1.3), the following enhancements is added:
If the shared MBS traffic delivery method is used for the UE and the source gNB is aware that neighbouring cells do not support MBS traffic delivery steps 1 to 14 can be applied.
1. The source gNB may receive measurements reports from the UE that make a future handover to another target gNB likely.
2. The source gNB may detect, for example, based on pre-configured information or stored information from previous handovers about neighboring nodes that a handover to a target gNB not supporting MBS may happen.
3-4.	The source gNB sends a Unicast Delivery Request to the SMF (e.g. using N2 procedure and Nsmf_PDUSession_UpdateSMContext_Request). If unicast QoS flows corresponding to the multicast QoS flows are not yet established, the source NG RAN may indicate to the SMF a downlink tunnel information for the individual MBS traffic delivery method which the SMF can use to configure the user plane and data forwarding for individual MBS traffic delivery method (i.e. via unicast). The SMF decides whether to activate the unicast delivery (as assumed in the subsequent steps)
5	The SMF instructs the UPF to forward multicast data within the unicast PDU session and may provide the received downlink tunnel information. If delivery of the multicast data from MB-UPF to UPF needs to be configured, and unicast transport is to be used, the SMF also instructs the UPF to allocate a tunnel endpoint for reception of multicast data from the MB-UPF.
If delivery of the multicast data from MB-UPF to UPF needs to be configured, steps 6 to 9 apply.
6	The SMF sends a request to the MB-SMF to distribute multicast data toward the UPF and provides the tunnel endpoint received in step 5.
7.	If multicast data are transported via unicast, the MB-SMF configures the MB-UPF to send the multicast data to the received tunnel endpoint.
8.	The MB-SMF replies to the SMF. If multicast data are transported via multicast, the MB-SMF provides endpoint information including the transport multicast address.
9.	If multicast data are transported via multicast, the MB-SMF provides endpoint information including the transport multicast address to the UPF.
If dedicated associated unicast QoS flows for multicast data are required and have not been allocated before, steps 10 to14 apply.
10.	The SMF initiates the PDU session modification procedure to configure the associated unicast QoS flows for multicast data in the source gNB and in the UE.
11.	The source gNB sends the NAS PDU Session Modification command to the UE and may decide to switch to unicast delivery and then also send related RRC Reconfiguration to the UE.
12.	Any data received on the associated QoS flows are buffered by the source NG RAN until the RRC reconfiguration is complete.
13.	The UE completes the RRC reconfiguration and informs the source NG RAN by transmitting the RRC Reconfiguration Complete message.
14.	The source NR RAN completes successfully the PDU session modification and sends PDU Session Modification Response.

216.	The source RAN sends the handover required to S-AMF.
	Depending on whether the source RAN has established the MBS Session (i.e. the shared MBS traffic delivery method for the UE) or not, in the RAN container the Source RAN includes:
a)	both MBS Session information including the associated MBS Session identifier and unicast PDU Session information (i.e. the shared MBS traffic delivery method is configured for the UE); or
b)	only unicast PDU Session information. The unicast PDU Session information also includes the information of the QoS flows of the unicast PDU session associated with the MBS session i.e. the individual MBS traffic delivery method is configured for the UE).
NOTE:	For the case of source RAN not supporting 5G MBS, b) always applies.
	Also the Source RAN indicates QoS flow(s) for which forwarding is needed.
184.	Based on whether the MBS Session is established at the source RAN side, the SMF can differentiate two cases:
-	If MBS Session has been established at the source RAN, the SMF includes both MBS Session information including the associated MBS Session identifier and unicast PDU Session information to the Target RAN.
-	If MBS Session has not been established at Source RAN, the SMF only includes the unicast PDU Session information to the Target gNB, i.e. the QoS flows of the PDU Session include the QoS flows for MBS data packet.
-	An indication of whether forwarding is possible is also included in the N2 SM message.
519.	The Target RAN prepares the radio resource based on the received information.
	For the case that the Target RAN received both MBS Session information and unicast PDU Session information:
-	If the Target RAN supports MBS, the Target RAN use the MBS Session information to allocate resources to deliver the MBS data. The corresponding QoS flow part information in the unicast PDU Session information is not used. If the MBS Session has not yet established, the Target RAN allocates shared downlink tunnel info of the shared tunnel for receiving the MBS data. If forwarding is needed for the MBS, the target gNB allocates the forwarding tunnel info for the MBS. If Target gNB support MBS and the MBS delivery session for the indicated MBS Session has not been established towards Target gNB, the Target gNB allocates the shared downlink tunnel information for receiving the MBS data from 5GC and steps 20 to 24 apply:
20.	Target RAN node selects the AMF to reach MB-SMF and signals a request towards AMF [MB-SMF ID, Multicast context/group ID]. If the RAN node is configured to use a unicast transport for multicast distribution sessions, it allocates a downlink tunnel ID (an IP address and a GTP-U TEID) for the reception of the multicast distribution session and indicates the downlink tunnel information in the request.
21.	AMF forwards the request towards the MB-SMF
22.	For unicast transport of the multicast distribution session, MB-SMF configures MB-UPF to transmit the multicast distribution session towards Target RAN node (using the received IP address and a GTP-U TEID).
23.	MB-SMF sends a multicast distribution session response to AMF. For multicast transport of the multicast distribution, it indicates in the downlink tunnel information the transport multicast address for the multicast session.
24.	AMF forwards multicast distribution session response to Target RAN node.
-	If the Target RAN does not support MBS, the MBS Session information is not used. The Target RAN uses the unicast PDU Session information to allocate resource to deliver MBS data. The MBS data are transmitted as one of the QoS flows in the unicast PDU Session.
	For the case that the Target RAN received MBS QoS profile with only unicast PDU Session information:
-	Since the MBS data are transmitted via the unicast QoS flows of the PDU Session, the Target RAN just allocates resource for the unicast PDU Session as usual.
625.	The Target RAN sends handover request Ack to T-AMF, includes N2 SM message for each accepted PDU Session and MBS Session (if need and accept) as allocated at the step 5.
726.	The T-AMF invokes Nsmf_PDUSession_UpdateSMContext request towards SMF, the message includes the N2 SM message.
827.	Based on the N2 SM message, the SMF can differentiate two cases:
-	If the target RAN support MBS, and indirect forwarding is needed, the SMF provides the Target RAN forwarding tunnel for the MBS Session to UPF and requests the UPF to allocate forwarding Tunnel info for the MBS Session, i.e. the forwarding tunnel for MBS data and unicast data packet is separated.
-	If the target RAN does not support MBS, and indirect forwarding is needed, the forwarding tunnel for unicast PDU Session is used for the MBS data. The indirect forwarding tunnel is established as in existing N2 based handover procedure in TS 23.502 [8].
1231.	The source RAN sends the Handover Command to UE.
	If separated indirect forwarding tunnel for the MBS session has been established, the source RAN copies the MBS data received from 5GC and forwards them to Target RAN via the indirect MBS Session forwarding tunnel.
32	The source RAN forwards data to the target RAN either directly or indirectly via the UPF. If the target RAN does not support MBSIf no separated indirect forwarding tunnel for the MBS session has been established, the source RAN copies the MBS data received from 5GC, and forwards the packet(s) via the unicast PDU session forwarding tunnel to Target RAN.
1535.	Based on the received N2 SM message at step 267, the SMF can differentiate three two cases:
-	Case A) The Target RAN supports MBS and the MBS session has previously been established at the Target RAN. Step 36 applies.
36.	The SMF does not need to establish the shared tunnel for the indicated MBS Session. The SMF interact with the UPF only for unicast PDU Session.
-	Case B) The Target RAN supports MBS, but the MBS session has not yet been established.
	The SMF provides the N2 MBS Session information to the SMF2, i.e. multicast SMF. The SMF2 provided the shared downlink tunnel info to the UPF2 (multicast UPF).
Editor's note:	It is FFS whether the Target gNB instead sends a Multicast Distribution request Directly to SMF2
-	Case BC) The Target RAN does not support MBS. If steps 5 to 9 were not executed, steps 37 to 41 apply
	Based on the received N2 SM information, the SMF knows that the MBS has been mapped to the unicast PDU Session.37	The SMF instructs the UPF to forward multicast data within the unicast PDU. If delivery of the multicast data from MB-UPF to UPF needs to be configured, and unicast transport is to be used, the SMF also instructs the UPF to allocate a tunnel endpoint for reception of multicast data from the MB-UPF.
If delivery of the multicast data from MB-UPF to UPF needs to be configured, steps 38 to 41 apply.
38	The SMF sends a request to the MB-SMF to distribute multicast data toward the UPF and provides the tunnel endpoint received in step 5.
39.	If multicast data are transported via unicast, the MB-SMF configures the MB-UPF to send the multicast data to the received tunnel endpoint.
40.	The MB-SMF replies to the SMF. If multicast data are transported via multicast, the MB-SMF provides endpoint information including the transport multicast address.
41.	If multicast data are transported via multicast, the MB-SMF provides endpoint information including the transport multicast address to the UPF. The SMF instructs the UPF to send the end market packet towards the source gNB and to send subsequent packets towards the target gNB within the unicast PDU Session.
	If the path between the UPF (unicast) and UPF2 (multicast anchor) has not been already established, the SMF inform SMF2 of the downlink tunnel info of the UPF (unicast) for receiving the MBS packets from UPF2. SMF2 indicates to UPF2 to copy and forward the MBS packets received by UPF2 via the unicast PDU Session tunnel to the Target RAN.
1642.	The SMF or UPF sends the end marker packet(s) for the specific UE via old path of the PDU session or MBS session to the Source RAN.
43 	The Source RAN forwards the end marker to Target RAN via the PDU session and then terminates forwarding data. If the MBS Session is a separated forwarding path, the Source RAN copies the end marker from the unicast PDU Session and inserted it into the forwarding tunnel for MBS Session.
	For the case of moving from MBS session to unicast session (e.g. mobility from 5G MBS supporting gNB to 5G MBS non-supporting gNB) if the end marker is sent in shared tunnel for a specific UE, the SMF or UPF needs to identify the UE explicitly.
Editor's note:	It is FFS if for the case of moving from MBS session to unicast session, the end marker is sent over the shared tunnel to source gNB or over unicast tunnel of the associated PDU Session. This depends on decision whether the tunnel for the associated unicast PDU session needs to be always active even when not used or not. 
If the Source RAN node previously received the MBS session data from MB-UPF but does no longer require them because no other served UEs participate in the MBS session steps 44 to 48 apply:
44.	Source RAN node signals a request to terminate multicast distribution towards AMF [MB-SMF ID, Multicast context/group ID].
45.	AMF forwards the request towards the MB-SMF
46.	For unicast transport of the multicast distribution session, MB-SMF configures MB-UPF to terminate transmitting the multicast distribution session towards the Source RAN node.
47.	MB-SMF sends a multicast distribution session termination response to AMF.
48.	AMF forwards multicast distribution session response to Source RAN node.
Step 18 and 1950 are is performed only for the case:if the source RAN does not support MBS, but the Target RAN supports MBS:
1850.	After handover completion, if the UE and Target RAN supports MBS, the SMF triggers the MBS session establishment, and request Target RAN to send MBS data to UE via the MBS Session:
	Steps 5 9 to 15 23 of clause 6.3.2 are performed.
[bookmark: _Toc43297583][bookmark: _Toc43733279][bookmark: _Toc43733519]6.27.2.3	Lossless packet transferring
To accommodate lossless MBS data packet transmission it is assumed that the sequence number is can be contained forprovided at application level for each data packet of the MBS session from UPF2 (i.e. MBS Session Anchor UPF) to NG-RAN. The UE can compare sequence numbers to avoid rendering the same data twice during mobility
During the handover procedure the Target NG-RAN compares the data packet sequence number of the forwarded MBS data from Source NG-RAN and the data packet sequence number of the MBS data received directly from 5GC. Based on the comparison the Target NG-RAN determines when to sends the MBS data received directly from 5GC to the UE. For example, when the data packet sequence number of the forwarded MBS data from Source gNB is equal to the data packet sequence number of the MBS data received directly from 5GC, the Target NG-RAN switches from unicast to multicast. If the target side does not support MBS, the MBS data is sent to Target gNB as unicast PDU Session from UPF2 via the UPF (PSA). SMF set a timer to hold the MBS data packet at the UPF (PSA). When the timer expires, the SMF enable the MBS data sent from UPF to Target gNB. It is assumed when this timer is expired, the data packet gap of the MBS data between the two different gNB has been filled via the forwarding data path.
[bookmark: _Toc43297584][bookmark: _Toc43733280][bookmark: _Toc43733520]6.27.2.4	Idle mode mobility between non-supporting NG RAN and supporting NG-RAN node
When no multicast data are transmitted within a multicast session for a certain period, a UE subscribed to a multicast session may become idle. Such a UE needs to be paged when multicast data are again being transmitted and a new RAN node may be assigned to the UE during the idle to connected mode transition.
The reception of multicast data is observed at the MB-UPF and the information that multicast data are received after a silence period is propagated via MB-SMF and UDR to all SMFs that handle PDU sessions for UEs that joined the multicast session. SMFs receiving that information request for all PDU sessions related to UEs that joined the multicast session a paging of the UE (downlink data notification).


Figure 6.27.2.4-1: Receiving multicast data while UE is idle
1. A Mulicast session is established and an MB-SMF is selected as described for solution 3. As part of that procedure, information whether multicast data are currently being received is stored in the UDR as part of the multicast group data.
2. As part of the multicast session establishment procedure of solution 3, resources to handle the multicast data reception are reserved at the MB-UPF. The MB-UPF is configured to report when the first PDU of a Multicast session is received after a configurable period, and to report afterward if no contents are received for a configurable period procedure,
3. As described for solution 3, an SMF receives a join request for then multicast session.
4. As described for solution 3, an SMF retrieves information related to that multicast session from the UDR. It also subscribes at the UDR to notifications of changes of the information whether multicast data are being received, i.e. notifications when the first content of a multicast session is received after a silence period
5. Multicast data arrive after a silence period
6. The MB-UPF reports the reception of multicast data to the MB-SMF.
7. The MB-SMF updates the related information in the UDR.
8. The UDR notifies SMFs that have subscribed.
9. The SMF sends a Downlink Data Notification AMF for each idle UE within the multicast session.
10. The AMFs receiving Downlink Data Notification page the related UES.
11. When the UE becomes connected, a RAN node is selected and the SMF is informed. The RAN node obtains from the AMF information related to the UE that includes information about the multicast sessions that the UE joined. During idle to connected mode transition the SMF detects whether the UE is connecting via a supporting or non-supporting NG RAN node, and configures the UPF and NG RAN accordingly.
12. If the selected RAN node supports MBS and does not yet receive multicast data for the multicast session, it request multicast data transmission from the MB-SMF as described for solution 3.

[bookmark: _Toc43297585][bookmark: _Toc43733281][bookmark: _Toc43733521]6.27.3	Impacts on services, entities and interfaces
SMF
-	Maps the MBS into PDU Session or to MBS session depending on UE MBS capability and RAN capability
-  Detection of mobility between supporting and non-supporting NG RAN nodes and reconfiguration of UPF and NG RAN.
-	Set timer to hold/enable MBS data packet forwarding at the UPF to avoid packet loss in the case target RAN does support MBS
-	Support of switching from the share MBS traffic delivery method to the individual MBS delivery method for a UE.
MB-UPF
-	Add sequence number into MBS packets
-	Notify about packet reception after a silence period
RAN
-	Handle sequence number of forwarded MBS packets and MBS packets received from CN to reduce packet loss during inter RAN node handover.
-	Support to manage the separated forwarding tunnel of theForward MBS data to Target RAN not supporting MBS Session. This includes:
-	Copy the End Marker from the unicast PDU Session into the forwarding tunnel of the MBS Session.
-	Support to request the SMF to reconfigure a UE from the share MBS traffic delivery method to the individual MBS delivery method.
UE
-	Provide UE MBS capability to SMF to support the mode switch.
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