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1. Discussion
This solution 2 update PCR addresses the following aspects:

- 
Addresses Editor’s Notes.
- 
Detailed the procedures by dividing them into Session Join, Start, Leave, Stop & Delete. Also added two examples of MCPTT procedures – New group call and Ongoing group call. 
-
Included PCF to handle MBS policies and providing 5G QoS Profiles.

2. Proposed text to TR 23.757
************************* FIRST CHANGE ************************************************************

6.2
Solution #2: MBS Session setup using flexible radio resources

6.2.1
Functional Description

This Solution assumes the architectural alternative 2 (see Annex A, clause A.2).

This solution addresses Key Issue #1. The solution focuses on IP based communication.
NOTE 1:
The solution assumes that the UE can notify the network of the MBS Session it is interested in. .

In this solution for Multicast communication services,
-
When no MBS Session context exists in NG-RAN for an MBS service:

-
If a UE is interested in an MBS service, the UE notifies NG-RAN of the interested MBS, or a UE previously using MBS service in an old NG-RAN is moved to a new NG-RAN;

-
for the first UE initiating the MBS service interest, the (new) NG-RAN notifies the M-AMF for MBS service to initiate MBS Session creation towards the (new) NG-RAN;

-
if the MBS Session does not exist for the service in the M-AMF, the M-AMF notifies the MB-SMF to initiate the MBS Session later.

-
When MBS Session context exists in NG-RAN for an MBS service:

-
NG-RAN detects that no UE is using the MBS service (e.g. due to UE moving to a different NG-RAN), it notifies the M-AMF, so that the M-AMF can initiate MBS Session stop towards the NG-RAN.

Based on the proposal above that NG-RAN can dynamically allocate the radio resource for MBS service, when UE moves from one NG-RAN to another, the multicast service can continue without switching to the unicast. The figure below illustrates an example how a group of UEs using an MBS service moves while receiving the service, which results in that radio resources being used dynamically moves from the cells within the dotted circle to the cells within the solid circle.
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Figure 6.2.1-1: Dynamic use of radio resources
NOTE 2:
Further interaction with RAN WGs, and SA4 and SA6 will be triggered, as needed.
The figure below illustrates an architecture that the procedures in this solution applies to. 
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Figure 6.2.1-1: Architecture 
6.2.2
Procedures
6.2.2.0
General
NOTE: 
The message names in the procedures below are descriptive. It is assumed that the names are updated with corresponding SBI based names where applicable during the normative phase. N2, N3 messages are dependent on RAN3 decisions.
6.2.2.1
Session Join 
The Session Join procedure is used by UEs to inform the 3GPP network of the UE interest in an MB Session. During the Session Join procedure, the distribution area of the multicast session is adjusted if needed. As such, the Session Join procedure together with other procedures, e.g. Session Leave procedure and Handover procedure, enables the dynamic and efficient use of radio resources.
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Figure 6.2.2.1-1: Session Join 
0.
The UE registers and a PDU Session is established. The UE and the AF uses the PDU Session e.g. to signal and establish a group on application level (see TS 23.468 [x]). 
1.
AF sends Allocate TMGI Request () message to NEF/MBSF to request allocation of a TMGI to identify a new group. 
2.
NEF/MBSF selects based on local configuration an MB-SMF (if there are multiple) to handle the group and sends an Allocate TMGI Request () message to the MB-SMF. Optionally, the MBSF makes the TMGI allocation, stores in the MB Session Ctx and includes the allocated TMGI in the message to the MB-SMF. The MBSF may have a pre-configured TMGI range for each MB-SMF. The TMGI range should also be configured/registered in the NRF to allow AMFs to discover which MB-SMF is controlling an MB Session identified by a TMGI.
3.
MB-SMF allocates a TMGI, a Lower Layer Multicast IP Address (LL MC addr), and N6 tunnel information and stores the information in a new MB Session Ctx set to 'inactive' state. MB-SMF returns the TMGI and the N6 tunnel information to the NEF/MBSF. If MB-SMF makes the TMGI allocation, it may e.g. allocates a TMGI from a pre-configured TMGI range.
NOTE 1: For large networks or for redundancy reasons, the NEF/MBSF might use multiple MB-SMFs (and MB-UPFs).       
4.
The NEF/MBSF establishes a new MB Session Ctx set to 'inactive' state, stores received information and responds to the AF by sending a Allocate TMGI Response (TMGI) message. 
5.
MB Session Announcement (see e.g. TS 23.468). The AF informs the members in the group of various group info e.g. TMGI, HL MC addr. The HL MC addr may be allocated by the AF for the group/TMGI.
6.
UE indicates its interest to join an MB Session by sending an UL NAS MB Session Join Request (TMGI) message. NG-RAN forwards the NAS message to the AMF. The AMF stores the TMGI in its UE Context.
7.
If the AMF does not already have a MB Session Ctx for the received TMGI (in step 6), the AMF selects an MB‑SMF for the TMGI by querying the NRF. A MB Session Request (TMGI, AMF ID) message is sent to the MB‑SMF to announce the AMF’s interest in the MB Session. When the MB-SMF has returned a MB Session Response () message, the AMF creates a MB Session Ctx in 'inactive' state for the TMGI. 

8.
The AMF stores the TMGI and the NG‑RAN ID of the originating node of the N2 message in step 6 in the AMF MB Session Ctx. The AMF creates a DL NAS MB Session Join Response () message and piggy backs that on an N2 MB Session Join (NGAP ID, TMGI) message. The NG-RAN stores the TMGI in the UE context in NG-RAN.
NOTE 2:
NG-RAN does only keep active MB Session Ctxs, i.e. created during Session Start procedures.
NOTE 3:
The primary purpose of the MB Session Ctx in the AMF is for the AMF to be able to manage forwarding of Session Start messages to NG-RAN nodes where members of the group are camping and to initiate Group paging for CM-IDLE group members.
6.2.2.2
Session Start
The Session Start procedure is used by the AF to activate an MB Session and start transmission of multicast/broadcast data. During the Session Start procedure, resources for the MB Session are setup in the MB-UPF and in the NG-RAN.
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Figure 6.2.2.2-1: Session Start
1.
The AF requests activation of an MB Session by sending an Activate MBS Bearer Request (TMGI, HL MC addr, Service Requirement) message to the NEF/MBSF. AF has allocated a Higher Layer IP Multicast Address (HL MC addr). Service Requirement for the MB Session may be included.  
2
The NEF/MBSF checks if the input parameters e.g. HL MC addr are valid. NEF/MBSF sets the MB Session Ctx to active. NEF/MBSF sends a MB Session Start (TMGI, Service Requirement) message to the MB-SMF.
3.
MB-SMF sends the TMGI for the MB Session and the Service Requirement to the PCF. The PCF returns a 5G QoS Profile, which the MB-SMF uses as the 5G Authorized QoS Profile for the MB Session. 

4.
MB-SMF sets up the N6 resources for the MB Session in the MB-UPF and the N3 resources for transport multicast tunnelling using the LL MC address allocated for the TMGI. Optionally Media reception in MB-UPF is untunnelled, in which case the MB-SMF also provides the HL MC addr so that the MB-UPF can send IGMP/MLD join and receive the (untunneled) IP Multicast Media stream.
If N6 tunneling is used, the MB-UPF allocates N6 tunnel information (e.g. UDP port and IP address) and returns to the MB-SMF. MB-SMF stores the received info in the MB Session Ctx.
5.
MB-SMF sets the MB Session Ctx to active and sends MB Session Start (TMGI, LL MC addr, 5G Authorized QoS Profile) messages to all AMFs that has earlier joined the MB Session. 
When the AMF receives the MB Session Start message, AMF sets its MB Session Ctx to active state. The AMF proceeds with step 6 and step 10 onwards in parallel.
6.
If the AMF has CM-IDLE UEs that have joined the MB Session, the AMF performs group paging including the Group Paging Identity (TMGI) in the Paging message in the registration areas of the CM-IDLE UEs. The NG-RAN node triggers group paging.

NOTE 1:
Details to be developed in TSG RAN, e.g. whether and how UEs listens to same paging channel, which identity is used for group paging, how to coordinate group paging identity among NG-RAN nodes etc.
7-9.
UEs respond to the Group paging e.g. by sending UL NAS MB Session Join Request (TMGI) to AMF (see clause 6.2.2.1 step 6 to 8).
10.
The AMF sends a MB Session Resource Setup Request (TMGI, LL MC, 5G Authorized QoS Profile) message to all RAN nodes where CM‑CONNECTED UEs that has joined the TMGI resides. NG-RAN creates a MB Session Ctx (if it not already exists), sets it to 'active' state, stores the TMGI, the QoS Profile and and a list of AMF IDs in the MB Session Ctx. If a NG‑RAN node receives multiple MB Session Resource Setup Request messages for the same TMGI (e.g. from several AMFs the NG-RAN is connected to), NG-RAN stores each sender AMF ID in the MB Session Ctx, but only performs step 11 once (instead continues at step 12). 
11.
The NG-RAN joins the multicast group (i.e. LL MC addr) and establishes PTM or PTP DL resources for the MB Session. If there are UEs in CM-Connected with RRC_INACTIVE state with the TMGI in their UE Contexts, NG-RAN performs the Network triggered transition from RRC_INACTIVE to RRC_CONNECTED procedure for those UEs (see TS 38.300 [x]).

12.
The NG-RAN reports successful establishment of the MB Session resources by sending MB Session Resource Setup Response (TMGI) message(s) to the AMF.

13.
The AMF sends MB Session Start Ack (TMGI) to the MB-SMF.

NOTE 2:
The AMF may send an Ack for each response it receives from NG-RAN nodes (e.g. useful for small MCPTT areas). That is, steps 13 to 15 may be repeated multiple times (once for each involved NG‑RAN node). The AMF may also use an upper limit for the number of Acks sent and fallback to aggregated Acks if # RAN acks go beyond the limit (to reduce signaling load). That is, collect status from all or a number of downstream nodes (with time out) and then make an aggregated report.
14-15.
The MB-SMF sends the MB Session Start Ack (TMGI) message to the NEF/MBSF. N6 Tunnel info is included in the response if not already provided to the AF. The NEF/MBSF sends an Activate MBS Bearer Response including the N6 Tunnel Info to the AF.
16. The MB Session is now active. The AF starts transmitting the DL media stream using the N6 Tunnel Info, or optionally untunneled i.e. as an IP multicast stream using using the HL MC address. 
17.
The NG-RAN transmits the received DL media stream using DL PTM or PTP resources.
6.2.2.3
MCPTT: New Group Call 
This procedure is an example of the typical sequence when a new Mission Critical Puch-To-Talk call is established. It includes group affiliation and session announcement using application level signalling, TMGI allocation, first UE joining the group call, and the start of MBS session media transmission by the application server (AF). Transport Only mode is used as an example in the flows.
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Figure 6.2.2.3-1: MCPTT: New Group Call 
1-8.
The upper part steps 1 to 8 corresponds to the steps in the Session Join procedure clause 6.2.2.1. 

1-17.
The bottom part steps 1 to 17 corresponds to the steps in the Session Start procedure clause 6.2.2.2.





















6.2.2.4
MCPTT: Ongoing Group Call
This procedure shows two figures, the first in figure 6.2.2.4-1 shows the second (or subsequent) UE in a cell joining an ongoing group call. That is, when another UE in the cell has already joined the same group call. This is probably the most common sequence for mission critical group calls. The second figure in 6.2.2.4-2 shows the sequence for the first UE in a cell, i.e. when the MB Session resources has to be established in the cell before reception can commence. This requires slightly more signalling, but is probably a bit less frequent than the first for normal group calls.
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 Figure 6.2.2.4-1: MCPTT: Ongoing Group Call – Second UE in a cell
0.
A PTM or PTP transmission of media is ongoing to other UE in the cell.

1.
The new UE indicates its interest to join the MB Session by sending an UL NAS MB Session Join Request (TMGI) message. The AMF stores the TMGI in its UE Context.
2.
If the AMF does not already have a MB Session Ctx for the received TMGI (the first UE in the cell for this group may be served by a different AMF), the AMF selects an MB‑SMF for the TMGI by querying the NRF. A MB Session Request (TMGI, AMF ID) message is sent to the MB‑SMF to announce the AMF’s interest in the MB Session. When the MB-SMF has returned a MB Session Response (active) message, the AMF creates a MB Session Ctx in 'active' state for the TMGI. 

3.
The AMF stores the TMGI and the NG‑RAN ID of the originating node of the N2 message in step 6 in the AMF MB Session Ctx. The AMF creates a DL NAS MB Session Join Response () message and piggy backs that on an N2 MB Session Join (NGAP ID, TMGI) message. The NG-RAN stores the TMGI in the UE context in NG‑RAN. 
4.
NG-RAN determines that it has an MB Session Ctx in active state for the TMGI. Therefore NG-RAN establishes PTM or PTP DL resources for the the UE.  
5.
The transmission of the DL media stream to the UE commences.
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 Figure 6.2.2.4-2: MCPTT: Ongoing Group Call – First UE in a cell
0-3-
Corresponds to step 0-3 in figure 6.2.2.4-1.
4.
When the NG-RAN has received the N2: MB Session Join (NGAP ID, TMGI) message, the NG-RAN determines that it does not have any MB Session Ctx (in active state) for the TMGI. However, after having sent the N2 MB Session Join message to NG-RAN, the AMF determines that the MB Session is in active state and that AMF has not already requested NG-RAN to setup resources for the MB Session. Therefore, AMF sends an MB Session Resource Setup Request (TMGI, LL MC, 5G Authorized QoS Profile) message to the NG-RAN node. If a NG‑RAN node receives multiple MB Session Resource Setup Request messages for the same TMGI (e.g. for an MB Session Ctx in active state), the NG-RAN only performs the resource setup once.
5-6.
Corresponds to step 11 & 12 in Session Start procedure in clause 6.2.2.2. Note, after step 6, the AMF does not send any MB Session Start Ack to MB-SMF (like in clause 6.2.2.2).
7.
Corresponds to step 17 in Session Start procedure in clause 6.2.2.2.

6.2.2.5
Session Leave 
The Session Join procedure is used by UEs to inform the 3GPP network that the UE interest in an MB Session has ceased. During the Session Leave procedure, the distribution area of the multicast session is adjusted if needed. This enables a dynamic and efficient use of radio resources.
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Figure 6.2.2.5-1: Session Leave 
0.
Potential decision on application level for UE to leave the group.
1.
There may be a media stream before the UE has left. UE receives the media by PTM or PTP.

2.
The UE sends a UL NAS MB Session Leave Request (TMGI) message to the AMF. The AMF removes the TMGI from the UE Context. 

3.
The AMF creates a DL NAS MB Session Leave Response () message and piggy backs that on an N2 MB Session Leave (NGAP ID, TMGI) message. The NG-RAN removes the TMGI from the UE context in NG-RAN.

4.
The NG-RAN adjusts the PTM/PTP transmission if necessary.
5.
If this UE is the last UE in this NG-RAN using the MB Session, the NG-RAN sends a Leave message (LL MC addr) to stop the media stream to this NG-RAN node and then deletes the MB Session Ctx.
6.
If this UE is the last UE in this AMF being part of the MB Session, the AMF sends an MB Session Release Request (TMGI, AMF ID) to the MB-SMF, for AMF to unsubscribe to the MB Session. The MB-SMF removes the AMF in the MB-SMF MB Session Ctx.

7.
The MB-SMF sends an MB Session Release Response message to the AMF. AMF deletes its MB Session Ctx. 
6.2.2.6
Session Stop
The Session Stop is used to stop media delivery for a MB Session i.e. to all UEs in a group defined by a TMGI. Afterwards the MB Session will still remain, and the Session can later be restarted again with limited amount of signalling. The resources in the NG-RAN are however released and the NG-RAN MB Session Ctx is deleted. The MB Session Ctx in AMF, MB-SMF and NEF/MBSF are kept but set to inactive state. This preserves the MBS distribution tree, and reduces the response time to restart the MB Session if needed. The Session Stop procedure is intended for MB Sessions in active state, using it on an inactive MB Session does not change anything. 
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Figure 6.2.2.6-1: Session Stop 
0. 
Decision on application level for the Session to be stopped.
1.
The AF may stop the media stream before sending the Deactivate MBS Bearer Request (TMGI) message to the 3GPP network.

2.
The AF sends a Deactivate MBS Bearer Request (TMGI) message to the NEF/MBSF. 

3.
The NEF/MBSF sends a MB Session Stop Request (TMGI) message to the MB-SMF(s) that has been involved in the MB Session. The NEF/MBSF sets its MB Session Ctx to inactive state.
4.
MB-SMF sends a MB Session Stop Request (TMGI) message to the AMF(s) that has been involved in the MB Session. The MB-SMF sets its MB Session Ctx to inactive state. The N6 Tunnel is kept.
5.
The AMF sends a MB Session Resource Release Request (TMGI) message to all RAN nodes where CM‑CONNECTED UEs that has joined the TMGI resides. If a NG‑RAN node receives multiple MB Session Resource Release Request messages for the same TMGI (e.g. from several AMFs the NG-RAN is connected to), NG-RAN only performs step 6 once. The AMF sets its MB Session Ctx to inactive state.
6.
The NG-RAN stops the PTM/PTP transmission. The NG-RAN sends a Leave message (LL MC addr) to stop the media stream to this NG-RAN node. NG-RAN deletes its MB Session Ctx.

7.
The NG-RAN reports successful release of resources for the MB Session by sending MB Session Resource Release Response (TMGI) message(s) to the AMF(s).

8.
The AMF sends MB Session Stop Response (TMGI) to the MB-SMF.

NOTE:
The AMF may send a response message for each response it receives from NG-RAN nodes (e.g. useful for small MCPTT areas). That is, steps 8 to 10 may be repeated multiple times (once for each involved NG‑RAN node). The AMF may also use an upper limit for the number of Responses sent and fallback to aggregated responses if # RAN responses go beyond the limit (to reduce signaling load). That is, collect status from all or a number of downstream nodes (with time out) and then make an aggregated report.
9.
The MB-SMF sends the MB Session Stop Response (TMGI) message to the NEF/MBSF. 
10.
The NEF/MBSF sends a Deactivate MBS Bearer Response (TMGI) to the AF.
6.2.2.7
Session Delete 
The Session Delete is used to stop media delivery for a MB Session and to delete all resources including MB Session Ctxs in NG-RAN and in 5GC for the MB Session. The MB Session Ctxs are deleted from all nodes, the distribution tree removed and the TMGI is deallocated. The MB Session cannot be restarted (i.e. using the Session Start procedure). The Session Delete procedure can be used both on active (ongoing) Sessions and on inactive (stopped) Sessions.
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Figure 6.2.2.7-1: Session Delete 
0.
Decision on application level to dissolve a group and deallocate the group TMGI.

1.
The AF sends a Deallocate TMGI Request (TMGI) message to the NEF/MBSF. 
2.
The NEF/MBSF sends a Deallocate TMGI Request (TMGI) message to the MB-SMF(s) that has been involved in the MB Session. If it was MBSF that made the TMGI allocation, MBMS releases the TMGI, otherwise MB‑SMF releases the TMGI. The NEF/MBSF sets its MB Session Ctx to deleted state (for delayed deletion to when procedure ought to be terminated).
3.-4.
MB-SMF request the MB-UPF to release the resources allocated for the MB Session (e.g. designated by the TMGI), including the N6 tunnel. The MB-UPF responds to the MB-SMF when resources are released.
5.
MB-SMF sends a MB Session Delete Request (TMGI) message to the AMF(s) that has been involved in the MB Session. The MB-SMF sets its MB Session Ctx to deleted state.

6.
If the MB Session is still ongoing (i.e. if the MB Session Ctx in the AMF is still in active state), the AMF sends a MB Session Resource Release Request (TMGI) message to all RAN nodes where CM‑CONNECTED UEs that has joined the TMGI resides. If a NG‑RAN node receives multiple MB Session Resource Release Request messages for the same TMGI (e.g. from several AMFs the NG-RAN is connected to), NG-RAN only performs step 7 once. 
The AMF sets its MB Session Ctx to deleted state.
If the MB Session is not ongoing (i.e. if the MB Session Ctx in the AMF is in inactive state), the procedure skips steps 6 to 8 and the AMF continues with step 9. 

7.
The NG-RAN stops the PTM/PTP transmission. The NG-RAN sends a Leave message (LL MC addr) to stop the media stream to this NG-RAN node. NG-RAN deletes its MB Session Ctx.

8.
The NG-RAN reports successful release of resources for the MB Session by sending MB Session Resource Release Response (TMGI) message(s) to the AMF(s).
9.
The AMF sends MB Session Delete Response (TMGI) to the MB-SMF.

NOTE:
The AMF may send a response message for each response it receives from NG-RAN nodes (e.g. useful for small MCPTT areas). That is, steps 9 to 11 may be repeated multiple times (once for each involved NG‑RAN node). The AMF may also use an upper limit for the number of Responses sent and fallback to aggregated responses if # RAN responses go beyond the limit (to reduce signaling load). That is, collect status from all or a number of downstream nodes (with time out) and then make an aggregated report.
10.
The MB-SMF sends the Deallocate TMGI Response (TMGI) message to the NEF/MBSF. 
11.
The NEF/MBSF sends a Deallocate TMGI Response (TMGI) to the AF.











6.2.3
Impacts on services, entities and interfaces

UE:

-
Reception of multicast data using PTM /PTP in RRC Connected.

-
MBS control client which can exchange Session Join, and Session Leave messages.
NG-RAN:

-
Support for MB Sessions and MBS related signalling on N2 with AMF and on N3 with UPF.

-
Transmission of multicast data using PTM /PTP in RRC Connected.

AMF:
-
MBS control function which can maintain the MBS signalling tree and control MBS resources in NG-RAN.
-
Support selection of SMFs that have MBS capabilities using NRF.
SMF:
-
MBS control function which can maintain the MBS signalling tree and respond to session requests from the NEF/MBSF, PCF and AF including allocation of TMGIs. 
-
Optionally support deployments with SMFs dedicated to MBS services.
NEF:
-
MBS control function (i.e. MBSF) which can maintain the MBS signalling tree and respond to session requests from the AF.
-
Support selection of SMFs that have MBS capabilities and registering selected SMF for an MB Session in NRF.
UPF:

-
MBS user plane function with southbound IP Multicast tunnelling/transport interface and northbound interface with N6 tunnelling of MBS DL media streams. 

-
Support MBS operations on the N4 interface for MB Session setup and release.
PCF:
-
MBS control function with 5G QoS Profiles for MB Sessions. 
GCS Server:
-
Support for using the NEF/MBSF API. The API should be largely equivalent as the eMBMS BM-SC API, but with some 5G enhancements.
N6: 
-
Support for N6 tunneling for AF to UPF transmission of DL MBS media. Support for N6 IP Multicast in the untunnelled ditto.
************************* END OF CHANGES ************************************************************

�TMGI is provided from the AF during MB Session Announcement by application level signalling. See clarifications in the figure and parameter passing in the MB Session Join procedure


�The UE express interest (Join) a MB Service unconditionally, i.e. always and regardless if radio resources have been allocated or not in an area (see the Session Join procedure in clause 6.2.2.1)


�This solution uses NAS signalling for UEs to express their interest in an MB Service


�How the AMF discovers the MB-SMF is described in the Session Join procedure in clause 6.2.2.1 steps 3 and 7.


�This solution depends SIM authentication and application layer control by TMGI dissemination and potential content encryption to control access to a MB service. 


�This procedure is now replaced by the Session Leave, Session Stop and Session Delete procedures in clauses 6.2.2.5, 6.2.2.6 and 6.2.2.7
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