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Abstract of the contribution: This paper proposes a way forward to address SA6 concern about potential packet loss during multicast MBS delivery.
1 Discussion
1.1 Potential Issue raised by SA6 in LS S6-231018
[bookmark: S2-2306284]For public safety, SA6 express their concern of possible packet loss in LS S2-2306284/S6-231018 if the MBS Session deactivation is controlled by both the AF and the MB-SMF/MB-UPF, see below:
In SA6 there were concerns that packet loss could happen in multicast MBS delivery due to AF being not aware of the multicast MBS session state in some cases, e.g.:
- A talker starts to speak to the group after a silent period with no DL media. The media packet from the talker needs to be delivered via the multicast MBS session.
- The multicast MBS session is configured and the group members have joined in advance. After a while, the application layer signalling, e.g., group call request, MapGroupToSessionStream, floor taken needs to be delivered via the multicast MBS session.
During the silent period without DL media, the multicast MBS session used for this group communication might become inactive and the joined UEs become IDLE. The new DL packets trigger the multicast MBS session being activated and the IDLE UEs being paged. However, not all the UEs become CONNECTED at the same time. The late CONNECTED UEs will lose the packet as the NG-RAN will start to transmit the packet when the first UE becomes CONNECTED which triggers the shared delivery restoring again.

1.2 Observations due to UE being sent to RRC_INACTIVE in NG-RAN for an active MBS Session 
TS 38.300 specifies the following:
[bookmark: _Toc124536291]16.10.5.2	Configuration
A UE can receive data of MBS multicast session only in RRC_CONNECTED state. If the UE which joined a multicast session is in RRC_CONNECTED state and when the multicast session is activated, the gNB may send RRCReconfiguration message with relevant MBS configuration for the multicast session to the UE.
[bookmark: _Hlk112859072]When there is temporarily no data to be sent to the UEs for a multicast session that is active, the gNB may move the UE to RRC_INACTIVE state. When an MBS multicast session is deactivated, the gNB may move the UE to RRC_IDLE or RRC_INACTIVE state. gNBs supporting MBS use a group notification mechanism to notify the UEs in RRC_IDLE or RRC_INACTIVE state when a multicast session has been activated by the CN. gNBs supporting MBS use a group notification mechanism to notify the UEs in RRC_INACTIVE state when the session is already activated and the gNB has multicast session data to deliver. Upon reception of the group notification, the UEs reconnect to the network or resume the connection and transition to RRC_CONNECTED state. The group notification is addressed with P-RNTI on PDCCH, and the paging channels are monitored by the UE as described in clause 9.2.5. ….
[Observation-1] When there is temporarily no data to be sent to the UEs for a multicast session that is active, the gNB may move the UE to RRC_INACTIVE state.
[Observation-2] Neither 5GC nor AF is aware of the NG-RAN behavior in [Observation-1].
[Observation-3] If RAN (group) paging is required, the potential packet loss that SA6 is concerned about may still happen. This will require feedback from RAN2.  

1.3 Solution proposals in SA2#156E from 5GC perspective
1.3.1 Option-1 AF aware of MB-SMF/MB-UPF triggered MBS Session deactivation 
[bookmark: S2-2304329]This option is captured in S2-2304329. In this option: 
The AF subscribes to the event of MBS session deactivation triggered by MB-SMF/MB-UPF.
If the MBS Session has been deactivated by the MB-SMF/MB-UPF, the AF performs MBS Session Activation first before sending application data. 
1.3.2 Option-2 Suppressing MB-SMF/MB-UPF triggered MBS Session deactivation/activation

This option contains two variants how MB-SMF makes the decision:
Option-2-1 MB-SMF makes the decision based on 5QI used for the MBS QoS Flow(s) (see S2-2304137)
Option-2-2 MB-SMF makes the decision based on AF’s instruction (see S2-2304137 and S2-2305263)
1.3.3 Option-3 MB-UPF buffering the DL data
This option is captured in S2-2305206. In this option:
The MB-UPF does not forward the DL MBS data even if N3mb is available. When receiving MBS data, the MB-UPF reports the data reception to MB-SMF, and at the same time buffer the DL MBS data for a period which can guarantee that shared N3mb tunnel is established and UEs are back into CM-CONNECTED state.

1.4 Discussion of different solution options and proposals
From [Observation-1]~[Observation-3], none of Option-1 ~ Option-3 addresses the potential packet loss from 5GC perspective, but not from RAN perspective, therefore separate solution in RAN2 is required (see also [Observation-3]).
Below is the comparison among 5GC solution Option-1, -2 and -3 (without addressing the issue in [Observation-3].
	       Options

Aspect to compare
	Option-1 AF aware of MB-SMF/MB-UPF triggered MBS Session deactivation
	Option-2 Suppress MB-SMF/MB-UPF triggered MBS Session deactivation/activation
	Option-3 Buffering the DL data at MB-UPF

	Is the potential issue due to inactive MBS Session addressed?
	Not fully
The state of an multicast MBS Session is controlled by both the MB-SMF/MB-UPF and the AF, there may be a situation that the MB-SMF deactivates the MBS Session based on MB-UPF reported data inactivity, but the AF has not received the notification of MBS Session deactivation yet and starts the application layer signaling (e.g., group call request), and in this case the concern from SA6 is not addressed.
	Yes
	Yes, but the additional delay resulted from the buffering for MCPTT group call may be unacceptable.

	Impact on AF to 5GC interface
	Yes 
	Yes, if MB-SMF makes decision based on AF instruction
No, if MB-SMF makes decision based on 5QI
	No

	AF is fully aware of the MBS Session state
	Yes, except the case mentioned above
	Yes, as the AF has the full control
	No



Based on the comparison above, 
Option-1does not fully address the potential issue from 5GC perspective and it requires new subscription/notification of MBS session deactivation between AF and MB-SMF.
Option-2 allows the AF to have full control of the MBS Session state without being dependent on other NFs.
Option-3 caused additional delay may be unacceptable for MCPTT calls. 
Therefore, for public safety, it is proposed to adopt Option-2. 
[Proposal-1] It is proposed to adopt Option-2 (i.e. Suppressing MB-SMF/MB-UPF triggered MBS Session deactivation/activation).

To address the potential packet loss due to NG-RAN paging for active MBS Session, it is proposed to enhance Option-2 in [Proposal-1]. However, this needs to be confirmed by RAN WG(s), therefore it is proposed to send an LS to RAN2.
[Proposal-2] It is proposed to include also RAN2 in the TO field of the LS reply to get feedback, e.g. whether the gNB behavior in 16.10.5.2 of TS 38.300 needs an update, and how the update (if needed) interacts with Rel-18 function that RRC_INACTIVE UE receiving MBS data. 

2 Proposal
[Proposal-1] It is proposed to adopt Option-2 (i.e. Suppressing MB-SMF/MB-UPF triggered MBS Session deactivation/activation)
See S2-2306448 (Rel-17) and S2-2306449 (Rel-18).

[Proposal-2] It is proposed to include also RAN2 in the TO field of the LS reply to get feedback, e.g. whether the gNB behavior in 16.10.5.2 of TS 38.300 needs an update, and how the update (if needed) interacts with Rel-18 function that RRC_INACTIVE UE receiving MBS data. 
See LS out S2-2306447
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