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Abstract of the contribution: This contribution proposes update to solution#2 to address the 5GC Individual MBS traffic delivery when needed and to address the ENs.
Discussion
#1 5GC Individual MBS traffic delivery may be beneficial for some use cases (e.g. MCPTT etc) when there is no homogenous 5MBS support in NG-RAN and the UE moves between cells of support and non-support for 5MBS. It’s proposed to update solution#2 to support 5GC Individual MBS traffic delivery, thus the 5GC Switching (i.e. switching between the individual MBS traffic delivery and shared MBS traffic delivery) can be supported using Architecture captured in Annex A.2 when needed.

[Proposal-1] It’s proposed to update solution#2 for Architecture in Annex A.2 to allow5GC Individual MBS traffic delivery.
#2 In our view, 5GC Individual MBS traffic delivery may have drawbacks for some use cases (e.g., smart TV although it will be studied later) compared to the unicast delivery (i.e. data delivered between UE and application server using UE’s IP address), e.g.

-
5MBS traffic must be sent over UDP, therefore from application protocol perspective, the 5MBS traffic delivery) is less reliable compared with TCP applied in unicast delivery, unless additional reliability solution (e.g. AL-FEC or RTP retransmissions) is available;
-
To ensure the reliable delivery of 5MBS traffic (which is over UDP), more overhead (e.g. AL-FEC or retransmission is needed (see also the 1st bullet). In 5GC Shared MBS traffic delivery mode, multiple UEs within the same RAN share the overhead or retransmitted data, however, in 5GC Individual MBS traffic delivery mode, the overhead or retransmitted data will be applied to each UE’s PDU Session, resulting in much more overhead or retransmitted data in total.
-
Mechanism (e.g. adaptive streaming in smart TV) can be applied at congestion for unicast delivery but such mechanism is not available for 5GC Individual MBS traffic delivery mode, which may negatively affect the user experience because there is no possibility for the UE to take action (e.g. switching to stream(s) requiring lower bandwidth) to keep the smooth rendering.
Based on the above, it’s proposed to support 5GC Individual MBS traffic delivery as an optional feature, and it should be possible to disable the feature if it does not fit for some applications.
[Proposal-2] It’s proposed to introduce the 5GC switching as an optional feature, and it shall be possible for the 5MBS application to disable 5GC Individual MBS traffic delivery.
#3 In Solution#2, there are following ENs:
EN#1: Editor's note:
Support of unicast transport on N3 is FFS
EN#2: Editor's note:
It is FFS if an authorization of the UE to join the MB session is needed.

EN#3: Editor's note:
If a user plane based join procedure is needed and how to handle it is FFS.

For EN#1: Editor's note: Support of unicast transport on N3 is FFS
if point-to-point tunnel is required between NG-RAN and MB-UPF, it means NG-RAN need to provide its tunnel entity to the MB-SMF. In our view, this is dependent on RAN study. 
[Proposal-3] it’s proposed to update the EN to capture the RAN dependency.
For EN#2: Editor's note: It is FFS if an authorization of the UE to join the MB session is needed. 
in our view, the authorization done on the application layer is sufficient, and it’s proposed to remove EN#2. 

If strong need to have additional authorization in 5GC is identified later, then solution e.g. the AF provisions the UDR (maybe via NEF) with the necessary info and UDR provides such info to the UDM as subscription data for AMF to check.
[Propose-4] It’s proposed to remove EN#2 and add a note that solution as above can be used if there is strong need later.  
For EN#3 “Editor's note: If a user plane based join procedure is needed and how to handle it is FFS” 
-
in our view, user plane based join procedure is intended for the IPTV solution specified in TS 23.316 and expected to be enhanced in 5MBS. If the IPTV use case is to be supported in 5MBS, we believe that the UE (i.e. 5G-RG) will have to be upgraded in order to support 5MBS over NR.
-
Our understanding from TS 23.216 is that multiple STBs share the same PDU Session, which implies that the 5G-RG will have to “snoop” the IGMP JOIN from an STB, and then report it to 5GC. In our view, using NAS JOIN from 5G-RG to 5GC is a natural choice, which means that user plane based join procedure is not really needed or at least it should be optional. 
[Propose-5] It’s proposed to remove EN#3 without mandating user plane join and add a new subclause to briefly capture the solution. See also S2-2004972 for proposal to make user plane JOIN optional.
Proposal

It is proposed to include the following update in TR 23.757.
* * * Start of change* * * 

4.4
MBS Traffic delivery methods

MBS traffic needs to be delivered from a single data source (Application Service Provider) to multiple UEs. Depending on many factors, multiple delivery methods may be used to deliver MBS traffic in the 5GS. For clarity, delivery methods are not referred to as unicast/multicast/broadcast but as described below.

From the view point of 5G CN, two delivery methods are possible:

-
5GC Individual MBS traffic delivery method: 5G CN receives a single copy of MBS data packets and delivers separate copies of those MBS data packets to individual UEs via per-UE PDU sessions.


-
5GC Shared MBS traffic delivery method: 5G CN receives a single copy of MBS data packets and delivers a single copy of those MBS packets packet to a RAN node, which then delivers them to one or multiple UEs

If 5GC Individual MBS traffic delivery method is supported, a same received single copy of MBS data packets by the CN may be delivered via both 5GC Individual MBS traffic delivery method for some UE(s) and 5GC Shared MBS traffic delivery method for other UEs.

From the viewpoint of RAN, (in the case of the shared delivery) two delivery methods are available for the transmission of MBS packet flows over radio:

-
Point-to-Point (PTP) delivery method: a RAN node delivers separate copies of MBS data packet over radio to individual UE.

-
Point-to-Multipoint (PTM) delivery method: a RAN node delivers a single copy of MBS data packets over radio to a set of UEs.

A RAN node may use a combination of PTP/PTM to deliver an MBS packet to UEs.

NOTE 1: The PTP and PTM delivery methods are defined in RAN WGs and they are listed here for reference only.

As depicted in the following figure, Shared PTP or PTM delivery method and Individual delivery method may be used at the same time for a 5G MBS session depending on selected solution.
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Figure 4.4‑1: Schematic showing delivery methods
* * * Second 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,

-
When no MBS Session context exists in AMF for an MBS service:

-
If a UE is interested in an MBS service, the UE notifies AMF of the interested MBS service. An AMF may also become aware of a new MBS service when a UE using an MBS service is moved from an old serving AMF to a new serving AMF;

-
For the first UE initiating the MBS service, the (new) AMF notifies the MB-SMF for MBS service be able to later receive to initiation of the MBS Session.

-
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), NG‑RAN releases its resources for the MBS service.

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. 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.


[image: image2]
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 6.2.1-2: Architecture 
If the 5GC Individual MBS traffic delivery is not disabled for the 5MBS application, and the 5GC determines to apply 5GC Individual MBS traffic delivery, then:
-
the AMF will request the UE to establish PDU Session if not already established towards the same DNN and slice;

-
then the AMF informs SMF of the LL MC and Source host addresses of MB-UPF so that the PSA-UPF can join the multicast tree of MB-UPF (like NG-RAN) and receive MBS session data from MB-UPF;
Figure 6.2.1-3 below illustrates the association between the PDU Session and MBS Session to apply 5GC Individual MBS traffic delivery (note that not all NFs are shown):
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Figure 6.2.1-3: MBS data injected into PDU Session
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.

When the multicast transport is described below, source specific multicasting is assumed. That is, the parameter "LL MC Address" is assumed to be accompanied by a "Source host address" parameter in the descriptions below.
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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 [5]). 

NOTE 1:
If a PDU session is used for application level signalling in step 0 and 5, it is managed independently from the MB Session. That is, the PDU Session does for example not need to be maintained while the UE is receiving multicast content.

1.
AF sends Allocate TMGI Request () message to NEF/MBSF to request allocation of a TMGI to identify a new group. 

Optionally TMGIs may be pre-allocated in the AF and the 5GC. When a pre-allocated TMGI is used, the pre-allocated TMGI shall be included in the Allocate TMGI Request (TMGI) message. 

NOTE 2:
A combined TMGI allocation and Session start on an N33 API is assumed to use Allocate TMGI Request/Response + MB Session Start messages on the N29 interface.
The AF may include a new indication DisableIndividualDelivery to indicate if 5GC Individual MBS traffic delivery should not be applied for a specific MB Session e.g. due to application characteristics.
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 Context 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.

Optionally TMGIs may be pre-allocated in the AF and the 5GC e.g. based on SLA. When a pre-allocated TMGI is used, the pre-allocated TMGI shall be included in the Allocate TMGI Request (TMGI) message. The MB‑SMF or optionally the MBSF shall after local checks (e.g. that it is allowed for pre-allocation and has not already been used) use the provided TMGI if present, and proceed as normal (i.e. store it in the MB Session Context, etc.).
NEF/MBSF pass the indication DisableIndividualDelivery (if received) to the MB-SMF. 

3.
MB-SMF allocates a TMGI (optionally pre-allocated TMGI may be used, see step 2), a Lower Layer Multicast IP Address (LL MC address) for N3, and N6 tunnel information and stores the information in a new MB Session Context 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. allocate a TMGI from a pre-configured TMGI range.

NOTE 3:
For large networks or for redundancy reasons, the NEF/MBSF might use multiple MB-SMFs (and MB-UPFs).

Editor's note:
Support of unicast transport on N3 depends on RAN study.

NOTE 4: 
Since the N3 LL MC address is used for 5GS internal transport, it is considered sufficient to allocate the N3 LL MC address at Session Start i.e. when resources for the MB Session is allocated in different nodes. A one-to-one relationship between N3 LL MC Address and MB Session is used. 

4.
The NEF/MBSF establishes a new MB Session Context 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 [5]). The AF informs the members in the group of various group info e.g. TMGI, HL MC Address. The HL MC address 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.

NOTE 5:
The UE always joins the MB Session as such. For an MB Session (i.e. a TMGI) that has several media streams, the UE may choose to process and present all or a selected set of media streams. 

NOTE 6:
This solution does for the moment not use AF based authorization of UE at Session Join (e.g. in step 7). Such authorization could potentially cause heavy signalling in the system without being motivated from a security point of view. 
NOTE 7: 
For the moment, it is unclear whether authorization of UE to join the MB session in 5GC is needed. Authorization on the application layer is considered sufficient. If the requirement to have additional authorization in 5GC becomes clear in the future, then a solution can be proposed, e.g. the AF provisions the UDR with the necessary info and UDR provides such info to the UDM as subscription data for AMF to check.


7.
If the AMF does not already have a MB Session Context 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 Context in 'inactive' state for the TMGI.
7a. If the AMF knows that the NG-RAN does not support 5MBS, and in step 2 the AMF has not received DisableIndividualDelivery from the AF, the AMF may decide to apply 5GC Individual MBS traffic delivery when the MBS Session is started later.
NOTE 8:
The AMF can know if NG-RAN supports 5MBS based on the configuration.  
If the AMF determines that 5GC Individual MBS traffic delivery should not be applied to the MBS session, and NG-RAN does not support 5MBS, the AMF will reject the UE Session Join request. In this case, N2 MB Session Join message in step 8 will be skipped.
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 Context. 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 7:
NG-RAN does only keep active MB Session Contexts, i.e. created during Session Start procedures.

NOTE 8:
The primary purpose of the MB Session Context 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.

When the multicast transport is described below, source specific multicasting is assumed. That is, the parameter "LL MC address" is assumed to be accompanied by a "Source host address" parameter in the descriptions below.
This section assumes that 5MBS is supported by NG-RAN. For NG-RAN not supporting 5MBS, 5GC Individual MBS traffic delivery may be applied for the MBS session, please refer to section 6.2.2.2a.
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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 Address, Service Requirement) message to the NEF/MBSF. AF has allocated a Higher Layer IP Multicast Address (HL MC Address). Service Requirement for the MB Session may be included.  
NOTE 1:
A combined TMGI allocation and Session start on an N33 API is assumed to use Allocate TMGI Request/Response + MB Session Start messages on the N29 interface.

2
The NEF/MBSF checks if the input parameters e.g. HL MC address are valid. NEF/MBSF sets the MB Session Context 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. 

Editor's note:
Support of unicast transport on N3 depends on RAN study. 
Optionally Media reception in MB-UPF is un-tunnelled, in which case the MB-SMF also provides the HL MC Address so that the MB-UPF can send IGMP/MLD join and receive the (un-tunnelled) IP Multicast Media stream.

If N6 tunnelling 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 Context.
5.
MB-SMF sets the MB Session Context to active and sends MB Session Start (TMGI, LL MC Address, 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 Context 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 (i.e. any CM-IDLE UE with the specific TMGI of a MB Session in stored in the UE Context of the AMF), 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.

Editor's note:
How to handle group paging and how to efficiently listen for both unicast paging and group paging etc. are to be studied by RAN WGs. 

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 Context (if it not already exists), sets it to 'active' state, stores the TMGI, the QoS Profile and a list of AMF IDs in the MB Session Context. 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) (and even if the LL MCs are different in case of multiple MB-UPFs), NG-RAN stores each sender AMF ID in the MB Session Context, but only performs step 11 once (instead continues at step 12). 

11.
The NG-RAN joins the multicast group (i.e. LL MC Address) 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 [10]).

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 fall-back to aggregated Acks if the number of RAN Acks go beyond the limit (to reduce signalling load). That is, collect status from all or a number of downstream nodes (with time out) and then make an aggregated report. An MCPTT server may want to start an MCPTT call (i.e. to transmit media) as soon as possible, e.g. already when a few members of a group can successfully receive the media. In such cases it is reasonable to be able to send intermediate and multiple acknowledgements to the AF.

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 un-tunnelled i.e. as an IP multicast stream using the HL MC address. 

17.
The NG-RAN transmits the received DL media stream using DL PTM or PTP resources.
6.2.2.2a
Session Start with NG-RAN not supporting 5MBS and 5GC Individual MBS traffic delivery applied to the MBS session
This section assumes NG-RAN does not support 5MBS, and the AMF decides to apply 5GC Individual MBS traffic delivery for the MBS session.
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Figure 6.2.2.2a-1: Session Start with 5GC Individual MBS traffic delivery applied
1.
MBS session is started as in steps 1-15 in clause 6.2.2.2.
2.
Either step 2a or step 2b applies below:

2a.
This step applies if UE joins the MBS session before MBS session is started. The AMF determines that 5GC Individual MBS traffic delivery is to be applied as described in step 7a of clause 6.2.2.1.
2b.
This step applies if the UE joins the MBS session after the MBS session is started as in step 7 of clause 6.2.2.2 and the AMF determines that 5GC Individual MBS traffic delivery is to be applied.
3.
The AMF completes the MBS Session start procedure as in steps 13-15 of clause 6.2.2.2.
4.
AMF request the SMF to apply 5GC individual MBS traffic delivery by providing MB-UPF the LL MC and Source host address and the MBS QoS profile.
5.
SMF instructs the PSA-UPF to join the multicast tree of MB-UPF (like NG-RAN joining the multicast tree of MB-UPF). The PSA-UPF sends a IGMP/MLD Join unless this has already been done (e.g. for other UE).
6.
Depending on the MBS QoS profile, the SMF may trigger PDU Session modification to create additional QoS Flow for the MBS stream.

7.
MBS stream is sent to the MB-UPF.

8.
MBS stream is received by PSA-UPF and forwarded on PDU Session(s) as 5GC Individual MBS traffic delivery.
6.2.2.2b
Session Join using user plane Join

Compared to Session Join using NAS signalling described in clauses 6.2.2.1 and 6.2.2.2, the difference is as follows:

-
UE establishes a PDU Session;

-
UE sends an IGMP/MLD JOIN in the user plane and the PSA-UPF detects it. It’s assumed that the SMF has provided proper packet detection rule based on PCC rule to detect the IGMP/MLD JOIN message.
-
When the PSA-UPF detects a UE join, it notifies the SMF which then forward the request to the AMF. The AMF then continues as in clause 6.2.2.1 and 6.2.2.2.
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.

See also the Session Join and Session Start procedures in clauses 6.2.2.1 and 6.2.2.2
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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 Context 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 Context 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 Context. 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 Context in active state for the TMGI. Therefore NG-RAN establishes PTM or PTP DL resources for 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 Context (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 Context 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 (i.e. the TMGI not stored in any more UE Context in the NG-RAN node), the NG-RAN sends a Leave message (LL MC Address) to stop the media stream to this NG-RAN node and then deletes the MB Session Context.

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 Context.

If 5GC Individual MBS traffic delivery is applied for the UE, the AMF informs the SMF that 5GC Individual MBS traffic delivery for the MBS Session shall be stopped on the PDU Session. The SMF instructs the PSA-UPF to stop forwarding the MBS data stream onto the PDU Session. If this is the last UE for which 5GC Individual MBS traffic delivery was applied in the PSA-UPF, the SMF also instructs the PSA-UPF to leave the multicast tree of the MB-UPF.
7.
The MB-SMF sends an MB Session Release Response message to the AMF. AMF deletes its MB Session Context. 

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 Context is deleted. The MB Session Context 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 Context 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 Context 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 Context to inactive state.

6.
The NG-RAN stops the PTM/PTP transmission. The NG-RAN sends a Leave message (LL MC Address) to stop the media stream to this NG-RAN node. NG-RAN deletes its MB Session Context.

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 fall-back to aggregated responses if # RAN responses go beyond the limit (to reduce signalling load). That is, collect status from all or a number of downstream nodes (with time out) and then make an aggregated report.
If 5GC Individual MBS traffic delivery is applied for any UE in the AMF, the AMF informs the SMF that MBS Session is stopped. The SMF instructs the PSA-UPF to stop forwarding the MBS data stream onto any PDU Session and to leave the multicast tree of the MB-UPF.
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 Contexts in NG-RAN and in 5GC for the MB Session. The MB Session Contexts 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 Context 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 Context to deleted state.

6.
If the MB Session is still ongoing (i.e. if the MB Session Context 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 Context to deleted state.

If the MB Session is not ongoing (i.e., if the MB Session Context 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 Address) to stop the media stream to this NG-RAN node. NG-RAN deletes its MB Session Context.

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 fall-back to aggregated responses if # RAN responses go beyond the limit (to reduce signalling load). That is, collect status from all or a number of downstream nodes (with time out) and then make an aggregated report.

If 5GC Individual MBS traffic delivery is applied for any UE in the AMF, the AMF informs the SMF that MBS Session is deleted. The SMF instructs the PSA-UPF to stop forwarding the MBS data stream onto any PDU Session and to leave the multicast tree of the MB-UPF.
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.
-
For 5GC Individual MBS traffic delivery, the AMF interacts with SMF of PDU Session so that the PSA‑UPF can start/stop receiving 5MBS data from MB-UPF.
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.
-
For 5GC Individual MBS traffic delivery, the SMF (for PDU Session) handles the request from AMF to receive 5MBS data from MB-UPF.
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. 

-
On N3 interface, IP Multicast routing protocol for receiving IGMP/MLD join/leave to the multicast transport IP address ("LL MC"). 

-
Support MBS operations on the N4 interface for MB Session setup and release.
-
For 5GC Individual MBS traffic delivery, the (PSA-)UPF is requested by SMF to forward MBS data stream onto PDU Session and to join or leave the MC tree of the (MB-)UPF source host.
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 tunnelling for AF to UPF transmission of DL MBS media. Support for N6 IP Multicast in the un-tunnelled ditto.
* * * End of changes * * * 
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