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1. Introduction
[bookmark: _Hlk61529092]The specification of restoration procedures to restore an MBS session in 5G is part of 5MBS work item. 
This paper makes an analysis on some failure scenarios and impact on the restoration procedures to restore a broadcast MBS session in NG-RAN.
2. Description
2.1 Delivery of Broadcast Session Management Messages via an alternative AMF
[bookmark: _Hlk99019248]Since Rel-16, the Network Functions in the control plane for 5GC may support NF (Service) Set to enable their resource/session contexts are shared by multiple NF service instances in the same NF (service) set to achieve redundancy thus to provide high reliability to the 5G services. 
The support of AMF Set was even introduced since Rel-15, so an alternative AMF pertaining to the same AMF set as the failed AMF will be selected to substitute the failed AMF.
As specified in 3GPP TS 23.247, clause 7.3.1, to start a broadcast MBS session, the MB-SMF needs perform NF service discovery towards a NRF to select an AMF to be able to consume Namf_MBSBroadcast service, in the following example the MB-SMF selects AMF1 to start the broadcast MBS session and the MBS session data is broadcast in the MBS service area.
When the MB-SMF detects the AMF1 has failed, e.g. using HTTP/2 Ping frame or get a notification about NF status change from the NRF when it subscribes such event, and when the MB-SMF needs to trigger MBS session update for Broadcast, e.g. to add new QoS flow per AF request, the MB-SMF may use the Binding Indication provided by the AMF1 or using NF Profile of the AMF1 to find an alternative AMF pertaining to the same AMF set as the AMF1, e.g. AMF2.  
As specified in 3GPP TS38.413-17.0.0, the Broadcast Session Management Messages are sent and received per MBS Session Id, this is different from identifying an UE Context in NGAP where the NG-RAN and the AMF need to exchange RAN UE NGAP ID and AMF UE NGAP ID which is used to identify the UE Context in the NG-RAN or in the AMF respectively.
Therefore, it is assumed that the NG-RAN should be able to accept subsequent Broadcast Session Modify Request via another AMF (e.g. AMF2 or AMF3) in the same AMF set.
NOTE:	It is similar for a Multicast session, NG-RAN can accept subsequent Multicast Session Update Request or Multicast Session Deactivation Request from another AMF in the same AMF set.
[bookmark: _Hlk102397306]Proposal 1: The NG-RAN shall be able to accept subsequent Broadcast Session Modify/Release Request via another AMF other than the AMF which sent Broadcast Session Setup Request if the alternative AMF pertains to (e.g. AMF2 or AMF3) the same AMF set as the old AMF does. CT4 may need to send an LS to RAN3 to confirm this.


2.2 Failure of delivery Broadcast Session Management Messages to NG-RAN
[bookmark: _Hlk101813811][bookmark: _Hlk101814097]When performing a MBS session start/release/update procedure for a broadcast MBS session as specified in clauses 7.3.1, 7.3.2 and 7.3.3, it is possible that one or a few more NG-RANs as part of MBS Service Area are not reachable, i.e. the Broadcast service will not be available in the area covered by those NG-RAN. 
[bookmark: _Hlk101818787]Proposal 2: When the AMF1 fails to contact one or more NG-RAN when it receives the MBS Broadcast Context Create/Update/Release Request message from the MB-SMF, the AMF1 reports such failure event together with NG-RAN IDs of those NG-RANs (failed to contact) to the MB-SMF. The MB-SMF may retransmit the same request,  via an alternative AMF towards those NG-RANs identified by the NG-RAN IDs, to avoid potential local link break just between the first AMF and the NG-RANs. 

See also TS 29.518, clause 5.6.2.2 for reference.
On success, "201 Created" shall be returned. The AMF should respond success when it receives the first successful response from the NG-RAN(s). The 201 Created response may contain one or more N2 MBS Session Management containers, if additional information (e.g. MBS Session Information Response Transfer IE or MBS Session Information Failure Transfer IE in 3GPP TS 38.413 [12]) needs to be transferred to the MB-SMF. If the AMF received the NG-RAN responses from all involved NG-RAN(s), e.g. if the broadcast MBS session involves only one NG-RAN, the AMF shall include an indication of completion of the operation in all NG-RANs in the 201 Created response.
[bookmark: _PERM_MCCTEMPBM_CRPT03410051___3]Upon receipt of subsequent responses from other NG-RANs after sending the 201 Created response, if additional information (e.g. MBS Session Information Response Transfer IE or MBS Session Information Failure Transfer IE in 3GPP TS 38.413 [12]) needs to be transferred to the MB-SMF, the AMF shall transfer such information by sending one or more Namf_MBSBroadcast_ContextStatusNotify requests to the MB-SMF. A Namf_MBSBroadcast_ContextStatusNotify request may include a list of N2 MBS Session Management containers received from different NG-RANs. When the AMF receives the response from all NG-RANs, the AMF shall include an indication of the completion of the operation in the Namf_MBSBroadcast_ContextStatusNotify request. 
If the AMF does not receive responses from all NG-RAN nodes before the maximum response time elapses since the reception of the Namf_MBSBroadcast_ContextCreate Request, then the AMF should send one Namf_MBSBroadcast_ContextStatusNotify request indicating the incompletion of the Broadcast MBS session establishment.


FIGURE 2.2-1
[bookmark: _Hlk102336690]Handling of Namf_MBSBroadcast_ContextUpdate or Release Request:
When an AMF receives an MBS Broadcast Context Update Request from the MB-SMF and if this Context Update Request is to extend MBS Service Area and to update MBS session information at the same time, so the AMF need 
-	send a N2 Broadcast Session Setup Request with the updated MBS session information to each of NEW NG-RAN(s) (which are to cover the extended MB Service Area); and 
-	send a N2 Broadcast Session Modification Request with the updated MBS session information those old NG-RANs (which are covering the "old" MBS Service Area).
So, when the AMF reports the failure to contact a NG-RAN for the MBS Broadcast Context Update Request, it includes a failure indication which describes either failure to reach the NG-RAN when sending a N2 Broadcast Session Setup Request or when sending a N2 Broadcast Session Modification Request, where the NG-RAN is identified by the NG-RAN ID. The AMF indicates the failure for sending a Release request.
So, with the help of the failure indication the MB-SMF will send a MBS Broadcast Context Update Request towards alternative AMF2 with a list of ngranForUpdate attributes, each of them contains a NG-RAN ID and the NGAP signalling type (setup or modification or release request) to be performed.
See the following figure 2.2-2:


FIGURE 2.2-2
2.3 AMF based Restoration of an MBS Broadcast Session at NG-RAN restart
[bookmark: _Hlk101816835]As described in the agreed CR C4-222349, for the Broadcast MBS session restoration by AMF, the AMF handling a broadcast MBS session is responsible for restoring the MBS session in a restarted NG-RAN, this AMF will store the last N2 MBS SM container (i.e. MBS Session Information Request Transfer IE defined in 3GPP TS 38.413 [11]) received from the MB-SMF during the establishment of the broadcast MBS session or during a broadcast MBS session update.
It is unclear which AMF pertaining to the same AMF set (as the one handling the MBS session) will be responsible to restore the broadcast MBS session when the AMF which was handling the establishment of the broadcast MBS session or the last update of the broadcast MBS session has failed PRIOR TO the NG-RAN failure.
In such situation, the following alternative may be considered:
1. An implementation specific mechanism is used to ensure that only one AMF pertaining to the same AMF set as the failed AMF does will send a NGAP Broadcast Session Setup Request to the restarted NG-RAN to restore a Broadcast MBS session;
1. All AMFs in the same AMF set will send the NGAP Broadcast Session Setup Request to attempt to restore the MBS session upon detection of the NG-RAN restart;

NOTE 1:		Alternative a and b assume the MBS session information including N2 container is shared among AMFs in the same AMF set.
NOTE 2:	Alternative B assumes that the NG-RAN shall be able to accept the first Setup request and ignore the subsequent one, e.g. if NG-RAN receives the first one from AMF2, it would ignore the one from the AMF3.
1. [bookmark: _Hlk101816944]Once the MB-SMF detects the AMF1 has failed, the MB-SMF shall reselect AMF2, so that the AMF2 becomes the serving AMF for this broadcast MBS session, then the AMF2 is responsible for restoration. 
(see the following Figure 2.3-1)
Evaluations:
Alternative A requires specific mechanism to ensure only one AMF to perform restoration, such mechanism was considered very complex when CT4 discuss the support of SMF Set over N4 interface; while alternative B leads redundant NGAP signaling message towards the NG-RAN, which leads extra processing in NG-RAN and may lead some errors. In addition, both alternative A and B requires N2 container has to be stored in the shared storage. 
Alternative C though triggers one pair of extra signaling message between MB-SMF and AMF, it avoids the issues/complexities to be overcome in the alternative A and B, it even avoids storing MBS session information in the shared memory.
[bookmark: _Hlk101818682][bookmark: _Hlk102401937]Proposal 3: It is proposed that once the MB-SMF detects the AMF1 has failed, the MB-SMF shall reselect an alternative AMF2 by sending a MBS Broadcast Context Update Request message with a restoration indication to enable the AMF2 to know that it should not trigger any NGAP message to deliver N2 container - MBS Session Information Request Transfer, but just to store it for future potential NG-RAN restoration, so that the AMF2 becomes the serving AMF for this broadcast MBS session and is responsible for restoration.


3. Proposal
It is proposed that 3GPP CT4 should proceed with the proposal 1, 2 and 3 and agree their accompany CRs (C4-223193 for TS 23.527 and C4-223197 for TS 29.518) 
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5. Annex: 
5.1 Excerption from TS 38.413:
[bookmark: _Toc99123376][bookmark: _Toc99662180]9.2.16		Broadcast Session Management Messages
[bookmark: _Toc99123377][bookmark: _Toc99662181]9.2.16.1	BROADCAST SESSION SETUP REQUEST
This message is sent by the AMF to establish a MBS context .
Direction: AMF  NG-RAN node
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	MBS Session ID
	M
	
	9.3.1.206
	
	YES
	reject

	S-NSSAI
	M
	
	9.3.1.24
	
	YES
	reject

	MBS Service Area 
	M
	
	9.3.1.208
	
	YES
	reject

	MBS Session Information Request Transfer
	M
	
	OCTET STRING
	Containing the MBS Session Information  Request Transfer IE specified in subclause 9.3.5.3
	YES
	reject



[bookmark: _Toc99123378][bookmark: _Toc99662182]9.2.16.2        BROADCAST SESSION SETUP RESPONSE
This message is sent by the NG-RAN node to report the successful outcome of the request from the BROADCAST SESSION START REQUEST message.
Direction: NG-RAN node ® AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	MBS Session ID
	M
	
	9.3.1.206
	
	YES
	reject

	MBS Session Information Response Transfer
	O
	
	OCTET STRING
	Containing the MBS Session Information Response Transfer IE specified in subclause 9.3.5.5
	YES
	reject

	Criticality Diagnostics 
	O
	
	9.3.1.3
	
	YES
	ignore



[bookmark: _Toc99123380][bookmark: _Toc99662184]9.2.16.4	BROADCAST SESSION MODIFICATION REQUEST
This message is sent by the AMF to modify a MBS context .
Direction: AMF  NG-RAN node
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	MBS Session ID
	M
	
	9.3.1.206
	
	YES
	reject

	MBS Service Area 
	O
	
	9.3.1.208
	
	YES
	reject

	MBS Session Information Request Transfer
	O
	
	OCTET STRING
	Containing the MBS Session Information Request Transfer IE specified in subclause 9.3.5.3
	YES
	reject



[bookmark: _Toc99123381][bookmark: _Toc99662185]9.2.16.5	BROADCAST SESSION MODIFICATION RESPONSE
This message is sent by the NG-RAN node to report the successful outcome of the request from the BROADCAST SESSION MODIFICATION REQUEST message.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	MBS Session ID
	M
	
	9.3.1.206
	
	YES
	reject

	MBS Session Information Response Transfer
	O
	
	OCTET STRING
	Containing the MBS Session Information  Response Transfer IE specified in subclause 9.3.5.5
	YES
	reject

	Criticality Diagnostics 
	O
	
	9.3.1.3
	
	YES
	ignore



[bookmark: _Toc99123383][bookmark: _Toc99662187]9.2.16.7	BROADCAST SESSION RELEASE REQUEST
This message is sent by the AMF to release the corresponding MBS context and the MBS-service-associated logical NG connection.
Direction: AMF  NG-RAN node
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	MBS Session ID
	M
	
	9.3.1.206
	
	YES
	reject

	Cause
	M
	
	9.3.1.2
	
	YES
	ignore



[bookmark: _Toc99123384][bookmark: _Toc99662188]9.2.16.8	BROADCAST SESSION RELASE RESPONSE
This message is sent by the NG-RAN node to acknowledge the BROADCAST SESSION RELEASE REQUEST message.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	MBS Session ID
	M
	
	9.3.1.206
	
	YES
	reject

	Criticality Diagnostics 
	O
	
	9.3.1.3
	
	YES
	ignore




[bookmark: _Toc99123390][bookmark: _Toc99662195]9.2.17.6	MULTICAST SESSION ACTIVATION REQUEST
This message is sent by the AMF to a NG-RAN node to request for activating the MBS resources.
Direction: AMF  NG-RAN node
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	MBS Session ID
	M
	
	9.3.1.206
	
	YES
	reject

	Multicast Session Activation Request Transfer
	M
	
	OCTET STRING
	Containing the Multicast Session Activation Request Transfer IE specified in subclause 9.3.5.11.
	YES
	reject



[bookmark: _Toc99123391][bookmark: _Toc99662196]9.2.17.7	MULTICAST SESSION ACTIVATION RESPONSE
This message is sent by the NG-RAN node to the AMF to indicate that the MBS resources have been activated.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	MBS Session ID
	M
	
	9.3.1.206
	
	YES
	reject

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore



[bookmark: _Toc99123393][bookmark: _Toc99662198]9.2.17.9	MULTICAST SESSION DEACTIVATION REQUEST
This message is sent by the AMF to a NG-RAN node to request to deactivate the MBS resources of a MBS session.
Direction: AMF  NG-RAN node
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	MBS Session ID
	M
	
	9.3.1.206
	
	YES
	reject

	Multicast Session Deactivation Request Transfer
	M
	
	OCTET STRING
	Containing the Multicast Session Deactivation Request Transfer IE specified in subclause 9.3.5.12.
	YES
	reject



[bookmark: _Toc99123394][bookmark: _Toc99662199]9.2.17.10	MULTICAST SESSION DEACTIVATION RESPONSE
This message is sent by the NG-RAN node to the AMF to indicate that the MBS resources have been deactivated.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	MBS Session ID
	M
	
	9.3.1.206
	
	YES
	reject

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore



[bookmark: _Toc99123395][bookmark: _Toc99662200]9.2.17.11	MULTICAST SESSION UPDATE REQUEST
This message is sent by the AMF to a NG-RAN node to update the MBS information.
Direction: AMF  NG-RAN node
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	MBS Session ID
	M
	
	9.3.1.206
	
	YES
	reject

	MBS Area Session ID
	O
	
	9.3.1.207
	
	YES
	reject

	Multicast Session Update Request Transfer
	M
	
	OCTET STRING
	Containing the Multicast Session Update Request Transfer IE specified in subclause 9.3.5.13.
	YES
	reject



[bookmark: _Toc99123396][bookmark: _Toc99662201]9.2.17.12	MULTICAST SESSION UPDATE RESPONSE
This message is sent by the NG-RAN node to the AMF to confirm the update of MBS information.
Direction: NG-RAN node  AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	MBS Session ID
	M
	
	9.3.1.206
	
	YES
	reject

	MBS Area Session ID
	O
	
	9.3.1.207
	
	YES
	reject

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore
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1. Step1 in the Figure 7.3.1 of 3GPP TS 23.247[1] 
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1. A Broadcast MBS Session has been established in the network 

MB-SMF

3a.A N2 BROADCAST SESSION Setup 

REQUEST is sent towards NG-RAN1 which is 

to cover the extended MBS service area, 

but NG-RAN1 has NO RESPONSE or the 

AMF1 has detectded the path failure 

towards NG-RAN1. 
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UE
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failed to contact, NGAP Signalling 
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Request Transfer ) where the MBS session information is 

changed and the MBS session service area is also updated, 
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1. A  Broadcast MBS session is started via AMF1 in a NG-RAN as specified in clause 7.3.1 of 3GPP TS23.247[12]

MB-SMF

3.The MB-SMF detects the AMF1 has failed 

without restart either via Ping frame in case 

directly connected or via the notification from 

the NRF for NF status change when it has 

subscribed for such event.
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4. The MB-SMF selects an alternative AMF 

using Binding Indication or NF profile of 
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one handling the broadcast MBS session.

7. Continue with step 1 in the Figure 8.x.2.2-1: Broadcast MBS session restoration by AMF upon NG-RAN restart of 3GPP TS 23.527, where the AMF2 

is served as the AMF being responsible for restoration.
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0a. A  Broadcast MBS session is started via AMF1 in a NG-RAN as specified in clause 7.3.1 of 3GPP TS23.247[12]
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MBS Session Id, MBS Service Area) 

3. When the MB-SMF needs to update the 

broadcast MBS session, e.g. to add new MBS 

QoS Flow(s) upon the AF request. The MB-
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