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Discussion
In clause 4.3 “Multicast session state model”, there is an EN:

Editor's note:
It is FFS when the multicast session is in configured state, whether AF can trigger Activation request or Deactivation request. And if AF is not allowed, it is FFS about the implications towards the AF.
Based on Figure 4.3-2 in clause 4.3, the “Session Activation” and “Session Deactivation” can only trigger the multicast session state change between “Active” and “Inactive” states.
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Figure 4.3-2: Multicast session states and state transitions in MB-SMF (with Configured state)
However, no matter whether there are “Session Establishment” or not, AFs should be able to trigger “Session Activation” or “Session Deactivation”. For example, if the multicast session is indicated to be established in “Inactive” state, the AF can send “Session Activation”, so that after session establishment, the multicast session can be in “Active” state. The AFs can be notified about “Session Establishment” or “Session Release” events. But the AFs shouldn’t be restricted by the 5GC internal state transitions.
[Proposal-1]: Allow AF to send “Session Activation” or “Session Deactivation” when MBS Session is in “Configured” state. And the EN can be resolved.
As the “Session Configuration” and “Session Deconfiguration” are common for both multicast and broadcast, the “Session Configuration” cannot really reflect the situations for the broadcast sessions. In fact, the “Configured” state reflects the MBS session (multicast or broadcast) is “Created”.

[Proposal-2]: Rename the “Configured” state to “Created” state.
Based on [Proposal-1] and [Porposal-2], the state machine can be updated as the figure below:
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From the figure above as well as the original figure, it can be observed that the “Created” state (original “Configured” state) contains several sub-states. 
The “Configured” state is defined in clause 4.3 as below:
Configured state: Information about the multicast session (e.g. QoS information) is configured in 5GC NFs (e.g. MB-SMF) serving the multicast session, but no User Plane resources towards NG-RAN are reserved and no MBS data can be transmitted. A TMGI can be allocated for the multicast session. 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 towards the NG-RAN and the UE.

“Session Configuration” contains two steps: TMGI allocation and MBS Session Creation. From the multicast session state machine, it seems that after both TMGI allocation and MBS Session Creation, the multicast session is transferred from “NULL” to “Created” state (original “Configured” state). Then, after receiving TMGI allocation but without MBS Session Creation, what is the state of the multicast session?

· If the multicast session state is NULL, it does not align with the description of “Created” state (original “Configured” state): “A TMGI can be allocated for the multicast session.”

· If the multicast session is “Created” state (original “Configured” state), it should be the “TMGI allocation” who transit the multicast session state from NULL to “Created” state (original “Configured” state), instead of the complete “Session Configuration”.
In clause 4.3, there is a NOTE which also raise such concern:

NOTE 2:
There may be several sub-states in the configured state, e.g. TMGI requested, or information about the multicast session provided.
[Proposal-3]: To be able to describe the state transition more precisely, it is recommended not to group the events. In other words, “TMGI allocation” and “Session Creation” should be two separate sub-state, “TMGI de-allocation” and “Session Removal” should be two separated sub-states as well. And the substates can be defined within the “Created” state. And then, NOTE 2 can be removed.
Based on [Proposal-3], the state machine can be updated as the figure below:
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In the “Created” state, there are three substates defined: “TMGI allocated”, “Created_Active” and “Created_Inactive”. After TMGI allocation, the multicast session is transferred from NULL to “TMGI allocated” substate in “Created”. After “Session Creation”, depends on the information provided by the AF, the multicast session state can be transferred to “Created_Active” or “Created_Inactive”. And then, it is “Session Establishment” to further transfer the multicast session to “Active” or “Inactive” state. 

It is the AF that triggers the MBS session creation in the MB-SMF. AF is the actor of the state machine of MBS session in MB-SMF. The AF knows whether the TMGI is allocated or not, as it triggers TMGI allocation and de-allocation. The AF knows whether MBS session is created or not, as it triggers MBS session creation and removal. It also knows whether the MBS session is active or not, as it triggers session activation and deactivation. It is AF’s request that triggers those state transitions.

But for the session establishment and session release, they are not triggered by the AF. Whether AF needs to know the status of MBS session established or not has not been discussed so far. AF may be notified about the session establishment or release, but it is AF’s decision to take further actions or not.
From MB-SMF and MB-UPF’s point of view, the differences between “TMGI allocated” and “Created_Active” are also much bigger than the differences between “Created_Active” and “Active”. For example, in “TMGI allocated”, MB-UPF is not aware of the multicast session at all, while in both “Created_Active” and “Active”, MB-UPF needs to allocate UDP port and start listening in N6mb interface, if UDP tunnel applies.
[Proposal-4]: To further optimize the state machine, it is proposed to merge “Created_Active” substate into “Active” state, and merge “Created_Inactive” substate into “Inactive” state.
Based on [Proposal-4], the state machine can be updated as the figure below:
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There is another EN in clause 4.3:

Editor's note:
It is FFS whether to merge figure 4.3-1 into figure 4.3-2, and state model in NG-RAN and SMF still needs FFS.
Figure 4.3-1 describes the Multicast session state machine in 5GC, while Figure 4.3-2 describes the Multicast session state machine in MB-SMF. The multicast session state machine in 5GC was introduced in TR 23.757 for clarification of the interactions between 5GC and NG-RAN. In clause 4.3, there are multicast session state machine in MB-SMF (Figure 4.3-2), in SMF (Figure 4.3-5) and in NG-RAN (Figure 4.3-4). With those 3 state machines, it is not necessary to keep the state machine in 5GC, which may cause some confusions.
[Proposal-5] It is recommended to remove Figure 4.3-1 (Multicast session state machine in 5GC) and keep Figure 4.3-2 (Multicast session state machine in MB-SMF), Figure 4.3-4 (Multicast session state machine in NG-RAN) and Figure 4.3-5 (Multicast session state machine in SMF).
Proposal

It is proposed to update TS 23.247 as follows:
* * * Start of change* * * 
4.3
Multicast session state model
The following illustrate the states for the multicast session:
-
Created state: A TMGI is allocated for the multicast session. UEs are not allowed to join the multicast session.
NOTE 1:
The SMF is not involved in the multicast session while the multicast session is in created state, but this state affects the MB-SMF.


-
Active state: Information about the multicast session (e.g. QoS information) is provided in 5GC NFs (e.g. MB-SMF) serving the multicast session. UEs are allowed to join the multicast session (subject to authorization check). The AF can transmit MBS data towards 5GC. If there are no MBS data transmission for a period, multicast session deactivation may be triggered.
-
Created_Active: No UEs joined the multicast session. The first accepted UE join request will trigger the multicast session establishment.
-
Established_Active: Multicast session is established, and MBS data can be transmitted to the UEs that have joined the multicast session. 5GC resources and radio resources for the multicast session are reserved for UEs that joined the multicast session. The last UE leave request will trigger multicast session release.
-
Inactive state: Information about the multicast session (e.g. QoS information) is configured in 5GC NFs (e.g. MB-SMF) serving the multicast session. UEs are allowed to join the multicast session (subject to authorization check). The AF does not transmit MBS data towards 5GC. The MBS data transmission may trigger multicast session activation
-
Created_Inactive: No UEs joined the multicast session. The first accepted UE join request will trigger the multicast session establishment towards the NG-RAN and the UE
-
Established_Inactive: Multicast session is established but no MBS data are transmitted to the UEs that have joined the multicast session. UEs that joined the multicast session may be in CM CONNECTED or CM IDLE state. The last UE leave request will trigger multicast session release.
The following procedures are defined which result in transition of the multicast session state:
-
TMGI Allocation: The AF request TMGI from the MB-SMF. Multicast session state transitions from NULL to Created state.
-
Multicast Session Creation: The AF provides information about the multicast session. Only resources at MB-SMF, NEF and MB-UPF are reserved and no multicast data are transmitted. The creation may indicate whether the multicast session is in active or inactive state and when a multicast session can become active. Depending on the indication, multicast session state transitions from Created to Active or Inactive state with created substate.
NOTE 3:
A multicast session can also be configured by the operator via OAM or be established without prior configuration.
Editor's note:
How the procedure works if multicast session is configured by the operator or established without prior configuration is FFS.

-
Multicast Session Establishment: When the join request of the first UE for the multicast session is accepted, the multicast session is established towards the NG-RAN node and the UE. Multicast session state transitions from created to established substate in Active or Inactive state.
-
Multicast Session Activation: Triggered by the 5GC, the radio resources for the multicast session are established and multicast session data starts to be transmitted to the UE. UEs in CM-IDLE state and CM-CONNECTED with RRC Inactive state that joined the multicast session are notified. Activation can be triggered by AF request or data notification from the MB-UPF. Multicast session state transitions from Inactive state to Active state.

-
Multicast Session Deactivation: Triggered by the 5GC, the radio resources for the multicast session are released and multicast session data stops to be transmitted to the UE. Deactivation can be triggered by AF request or no reception of multicast data by the MB-UPF. Multicast session state transitions from Active to Inactive state.

-
Multicast Session Release: Triggered by the last UE leaving the multicast session, the resources for the multicast session are released in both 5GC nodes and RAN nodes. Multicast session state transitions from established to created substate in Active or Inactive state.
-
Multicast Session Removal: The information about the multicast session is removed from the 5GC. The removal is triggered by an AF request. Multicast session state transitions from Active or Inactive state to NULL.
-
TMGI De-allocation: The AF request MB-SMF to deallocate TMGI. Multicast session state transitions from Created state to NULL.
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Figure 4.3-2: Multicast session states and state transitions in MB-SMF
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Figure 4.3-4: Multicast session states and state transitions in NG-RAN
NOTE:
Multicast session states and state transitions in NG-RAN is for illustration purpose, the final decision will be made by RAN WGs.
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Figure 4.3-5: Multicast session states and state transitions in SMF
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