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1. Introduction
[bookmark: _Hlk61529092]Specification of restoration procedures is under CT4 remit. 
There are no restoration procedures specified to restore a MBS session in case of restart or failure of a NF concerning to a MBS session. 
This paper makes an analysis on the potential restoration procedure to restore a MBS session.
2. Description
2.1 General
For 5GC, the Network Functions in the control plane are required to support NF (Service) Set to enable the resource/session contexts are shared by multiple NF service instances in the same NF (service) set to achieve redundancy thus provide high reliability to the 5G services. So, there is no need to further specify restoration procedure upon a NF in control plane failure. 
Though there is no Set concept introduced for user plane function, i.e., the UPF and the MB-UPF, however, the UPF and the MB-UPF are fully controlled by the SMF and MB-SMF respectively, hence when there is a failure in a UPF or a MB-UPF, the SMF or MB-SMF can always restore the MBS sessions if it wants.
However, there is lack of mechanisms to restore a MBS session when there is a NG-RAN restart. For a NG-RAN failure without restart, the MBS session for the area which is served by the failed NG-RAN is not possible to be restored, though relevant resource in the Core Network can be released, e.g., the MB-UPF should not send a separate copy of MBS session data to the NG-RAN which has failed.
Conclusion 1: Existing mechanisms in 5GC, i.e., NF (service) Set, can ensure to restore an MBS session whenever there is a failure/restart of a 5GC NF concerning an MBS session. However, 3GPP needs to specify restoration procedures to restore MBS session(s) affected by a NG-RAN restart. For NG-RAN failure without restart, a cleanup procedure may be documented.
2.2 5G MBS network architecture
The following figure is cited from 3GPP TS 23.247 [1]:


Figure 5.1-2: 5G System architecture for Multicast and Broadcast Service in reference point representation.
2.3 Restoration of an MBS Broadcast Session
2.3.1 Restore an MBS broadcast session as a session update procedure 
Clause 7.3.1 and 7.3.3 in 3GPP TS 23.247 [1] specify how a MBS Session for Broadcast is started and updated, see following figure for more information.


Figure 7.3.1-1: MBS Session Establishment for Broadcast

[bookmark: _Toc57450594][bookmark: _Toc57450190][bookmark: _Toc66391769][bookmark: _Toc70079083][bookmark: _Toc83206874]7.3.3	MBS Session Update for Broadcast
The MBS Session Update for broadcast is used by the AF to update the broadcast area or service requirements of the MBS Session which may lead to addition of new MBS QoS Flow(s), removal of existing MBS QoS Flow(s) or update of existing MBS QoS Flow(s).


Figure 7.3.3-1: MBS Session Update for Broadcast
Since the MBS Session Update for broadcast can be used to update the broadcast area, e.g., add a new Tracking Area served by a new NG-RAN, this would be very similar to restore a MBS session in a restarted NG-RAN since the restarted NG-RAN is just like the new NG-RAN serving a new Tracking Area.
Conclusion 2: For a MBS Broadcast session, the MB-SMF may use MBS Session Update for Broadcast procedure (as specified in clause 7.3.3 of 3GPP TS 23.247 [1]) to restore an MBS broadcast session in a NG-RAN (recovered from a restart).
2.3.2 Detection of NG-RAN failure with and without Restart 
When a NG-RAN has restarted, it is assumed that the NG-RAN will lose all its session contexts including those session contexts for the MBS sessions. There is no Set concept introduced for RAN. 
Detection via Control Plane path (via N2 by the AMF):
After being recovered from a restart or a (partial) failure, the NG-RAN shall notify the (partial) failure or restart to the AMF using NG SETUP Request or NG RESET as specified in 3GPP TS 38.413 [4] as cited below.
As specified in clause 8.2. RFC 4960 [4] for SCTP, which is the transport layer protocol for the NGAP over N2 interface, the AMF is also possible to detect a NG-RAN failure with restart.
Conclusion 3: detection of NG-RAN failure with or without restart can be done by the AMF WITHOUT any protocol impact per existing specification. Such failure can be reported to the MB-SMF via Namf_MBSBroadcast ContextStatusNotify service operation.
Detection via User Plane path (via N3mb by the MB-UPF)
The peer GTP-U entity (of the NG-RAN) MB-UPF is also possible to detect a NG-RAN failure with and without restart as below:
When unicast transport over N3mb is used: (i.e., the NG-RAN has allocated a DL F-TEID to receive MBS Session data)
The restarted NG-RAN will not recognize the DL F-TEID allocated by the NG-RAN before its restart, hence the NG-RAN will send GTP-U Error Indication. The GTP-U Error Indication will be further reported to the MB-SMF. 
The MB-UPF will send periodically Echo Request message to detect liveness of a GTP-U path identified by the IP Address within the DL F-TEID. So, the MB-UPF will be able to detect GTP-U Path failure towards the NG-RAN and if the failure is detected, the MB-UPF will also reported to the MB-SMF.
Conclusion 4a: The MB-UPF will be able to detect NG-RAN failure with or without restart when unicast transport is used per existing specification. The MB-SMF will get failure report from the MB-UPF.
When multicast transport over N3mb is used, where the NG-RAN will JOIN the multicast group, i.e. MBS session data will be retrieved from the lower layer Source Specific Multicast address allocated by the MB-UPF. The MB-UPF will be UNAWARE of if there is any NG-RAN restart or failure.
Conclusion 4b: When multicast transport is used for N3mb interface, additional mechanism needs to be introduced, e.g. NG-RAN needs provide an transport IP Address even when it decides to JOIN the multicast group, this transport IP address is to enable MB-UPF to send Echo Request towards, therefore the MB-UPF is able to detect the restart/failure. RAN3 impact is expected. 
Once the MB-SMF gets to know that the NG-RAN has restarted, it can use MBS session update for broadcast to restore the MBS session in the restarted NG-RAN.
Conclusion 4c: With user plane solution, the MB-SMF need store the mapping information between NG-RAN ID and NG-RAN provided transport information, either DL F-TEID to receive MBS session data (for unicast transport) or a separate IP Address (for multicast transport), so that, upon the report from MB-UPF for the failure, which will only include failed Tunnel Endpoint information (for GTP-U Error Indication Report) or Remote GTP-U IP address (for GTP-U path failure), the MB-SMF will be able to derive NG-RAN ID, so to request the restarted NG-RAN to restore the MBS session, via the AMF. 
2.5 Restoration of an MBS Multicast Session 
Since for a MBS multicast session, the SMF is responsible for UE join/leave, regardless if individual delivery or shared delivery is used, there is no additional protocol impact on top of those to be introduced for restoration of a broadcast session. 
3. Proposal
It is proposed that 3GPP CT4 should proceed to specify relevant restoration procedures for a MBS session, based on the conclusion 1.
To restore an MBS session for Broadcast, based on the conclusion 2, 3 and 4a-c, it is proposed to take control plane solution, which is simpler than user plane solution:
- 	the AMF shall detect NG-RAN failure with or without restart, and report such failure per MBS session to the MB-SMF via Namf_MBSBroadcast ContextNotify request with the failed NG-RAN ID and an indication if the NG-RAN is restarted or has failed without restart; 
-	the MB-SMF shall trigger MBS Session update for Broadcast session per MBS session as specified in clause 7.3.3 of TS 23.247 [1] by sending Namf_MBSBroadcast ContextUpdate request message include the restarted NG-RAN ID and also a restoration indication;
-	Upon receiving GTP-U error indication report or GTP-U Path failure report (for unicast transport), the MB-SMF can request MB-UPF to modify the corresponding PFCP session (for the MBS session) to remove the old DL F-TEID). 
NOTE: 	there is no extra user plane resource allocated for a specific NG-RAN when multicast transport is used over N3mb.
Ericsson volunteers to bring relevant CR to TS 23.527 and TS 29.518 if above is agreeable.   
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5. Annex: 
5.1 Excerption from TS 38.413:
[bookmark: _Toc20954935][bookmark: _Toc29503372][bookmark: _Toc29503956][bookmark: _Toc29504540][bookmark: _Toc36552986][bookmark: _Toc36554713][bookmark: _Toc45652003][bookmark: _Toc45658435][bookmark: _Toc45720255][bookmark: _Toc45798135][bookmark: _Toc45897524][bookmark: _Toc51745728][bookmark: _Toc64445992][bookmark: _Toc73981862][bookmark: _Toc81304446]8.7.1	NG Setup
[bookmark: _Toc20954936][bookmark: _Toc29503373][bookmark: _Toc29503957][bookmark: _Toc29504541][bookmark: _Toc36552987][bookmark: _Toc36554714][bookmark: _Toc45652004][bookmark: _Toc45658436][bookmark: _Toc45720256][bookmark: _Toc45798136][bookmark: _Toc45897525][bookmark: _Toc51745729][bookmark: _Toc64445993][bookmark: _Toc73981863][bookmark: _Toc81304447]8.7.1.1	General
The purpose of the NG Setup procedure is to exchange application level data needed for the NG-RAN node and the AMF to correctly interoperate on the NG-C interface. This procedure shall be the first NGAP procedure triggered after the TNL association has become operational. The procedure uses non-UE associated signalling.
This procedure erases any existing application level configuration data in the two nodes, replaces it by the one received and clears AMF overload state information at the NG-RAN node. If the NG-RAN node and AMF do not agree on retaining the UE contexts this procedure also re-initialises the NGAP UE-related contexts (if any) and erases all related signalling connections in the two nodes like an NG Reset procedure would do.
[bookmark: _Toc20954937][bookmark: _Toc29503374][bookmark: _Toc29503958][bookmark: _Toc29504542][bookmark: _Toc36552988][bookmark: _Toc36554715][bookmark: _Toc45652005][bookmark: _Toc45658437][bookmark: _Toc45720257][bookmark: _Toc45798137][bookmark: _Toc45897526][bookmark: _Toc51745730][bookmark: _Toc64445994][bookmark: _Toc73981864][bookmark: _Toc81304448]8.7.1.2	Successful Operation


Figure 8.7.1.2-1: NG setup: successful operation

[bookmark: _Toc20954954][bookmark: _Toc29503391][bookmark: _Toc29503975][bookmark: _Toc29504559][bookmark: _Toc36553005][bookmark: _Toc36554732][bookmark: _Toc45652022][bookmark: _Toc45658454][bookmark: _Toc45720274][bookmark: _Toc45798154][bookmark: _Toc45897543][bookmark: _Toc51745747][bookmark: _Toc64446011][bookmark: _Toc73981881][bookmark: _Toc81304465]8.7.4.2.2	NG Reset initiated by the NG-RAN node


Figure 8.7.4.2.2-1: NG reset initiated by the NG-RAN node: successful operation
In the event of a failure at the NG-RAN node which has resulted in the loss of some or all transaction reference information, an NG RESET message shall be sent to the AMF.
At reception of the NG RESET message the AMF shall release all allocated resources on NG related to the UE association(s) indicated explicitly or implicitly in the NG RESET message and remove the NGAP ID for the indicated UE associations.
5.2 Example CR for TS 23.527:
* * * First Change * * * *
[bookmark: _Toc44858001][bookmark: _Toc51840330][bookmark: _Toc73952349]8	Restoration Procedures related to 5G Multicast and Broadcast Service (5MBS)
[bookmark: _Toc19709748][bookmark: _Toc27253023][bookmark: _Toc44856111][bookmark: _Toc44858002][bookmark: _Toc51840331][bookmark: _Toc73952350]8.1	General
This clause specifies the procedures supported in the 5G System to handle failures affecting 5G Multicast and Broadcast Service (5MBS).  The stage 2 architecture and procedures for 5MBS are specified in 3GPP TS 23.247 [xx].
* * * Next Change * * * *
[bookmark: _Toc19709750][bookmark: _Toc27253025][bookmark: _Toc44856113][bookmark: _Toc44858004][bookmark: _Toc51840333][bookmark: _Toc73952352]8.2	Restoration procedure for NG-RAN failure
8.2.1	General
Editor's Note:	To be completed. 
8.2.2	Description 
Editor's Note:	To be completed. 


* * * End of Changes * * * *
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