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Abstract of the contribution: Add new Solution for mode switch between multicast and unicast. 
1. Introduction
In TR 23.757, the key issue #7 about reliable delivery mode switching between unicast and multicast are agreed as follows:
This key issue aims at providing support for dynamic delivery mode switching in the 5GS. Depending on the number of devices receiving a specific content, their location, and RAN considerations, it may be necessary to support reliable and efficient delivery mode switching between unicast and multicast modes, i.e., to be able to dynamically transfer a unicast session to multicast delivery mode and vice versa. In addition, when a UE is receiving a multicast session, it may move across NG-RAN nodes and it is possible that the UE moves from a NG-RAN node that supports MBS to one that does not support MBS, or vice versa. 
The following aspects will be studied:
-	Triggers for delivery mode switching in 5GS.
-	How delivery mode switching between unicast and multicast modes is performed in the 5GS (including the UE) while supporting service continuity.
NOTE:	During the study of this key issue, RAN WGs, SA4 and SA6 will be involved, if needed.
In order to support mode switch, it is necessary to discuss the triggers, NF functions and signalling procedures.
The triggers for mode switching maybe include but not limited to the following factors:
· # of devices receiving the specific content.
· # of devices in a location area.
· Measurement of multicast signalling strength.
The first factor may be collected and monitored by AF or by 5GC. The second factor may be collected and monitored by 5GC or by RAN node. The last factor is monitored by UE.
When the AF transmits the service data using IP multicast address, the network may use individual delivery method or shared delivery method to transmit the service data. 
There are some condition for the 5GS to determine mode switch based on, e.g., number of user for the service, target RAN node capability during mobility, replication load of RAN node, etc. The UE may choose to stay in multicast mode with delivery method change between "shared" and "individual". 
2. Proposal
It is proposed to include following new solution for mode switch between unicast and multicast into TR 23.757.
FIRST CHANGE (NEW TEXT)
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6.X.1.1 General
This solution addresses KI#7 "Reliable delivery mode switching between unicast and multicast". The architecture of this solution is based on both architecture alternatives (see Annex A).
[bookmark: _Toc500949101][bookmark: _Toc22552200][bookmark: _Toc22930373][bookmark: _Toc22987243][bookmark: _Toc23256829][bookmark: _Toc25353556][bookmark: _Toc25918802][bookmark: _Toc500949102][bookmark: _Toc22552201][bookmark: _Toc22930374][bookmark: _Toc22987244][bookmark: _Toc23256830][bookmark: _Toc25353557][bookmark: _Toc25918803]The content delivery mode may be unicast instead of multicast due to the number of the user is too limited or the multicast signalling is weak. When users successively join into the service, the number of user may be above a threshold for the service and trigger mode switch for the service, e.g. from unicast mode to multicast mode or vice versa. When users successively leave the service, it also may trigger mode switch for the service, e.g. from shared mode to dedicated mode. 
When the service data is transferred using multicast mode, individual or shared delivery method may be used. There are some conditions for the 5GS to determine mode switch based on, e.g., number of user for the service, target RAN node capability during mobility, replication load of RAN node, etc. The UE may choose to stay in multicast mode with delivery method change between "shared" and "individual". 
6.X.1.2 Potential triggers for mode switch
The triggers for mode switch maybe include but not limited to the following factors:
- Number of devices receiving the specific content.
- Number of devices in a specific location area related to the specific content.
- Measurement of multicast signalling strength.
The first factor may be collected and monitored by AF or by 5GC. The second factor may be collected and monitored by 5GC or by RAN node. The last factor is monitored by UE.
6.X.2	Procedures
6.X.2.1 Multicast to unicast mode switch triggered by AF
Figure 6.X.2.1-1 shows the procedure of switch from multicast mode to unicast mode triggered by AF, which has a precondition that the AF has used IP multicast address to deliver multicast service data to users. 


Figure 6.X.2.1-1: Multicast to unicast mode switch triggered by AF
1.	The UE has interacted with the AF for service data transmission. The AF is using IP multicast address to deliver multicast service data. The AF decides to perform mode switch to unicast mode based on, e.g., the number of user for the multicast service, service requirement update, etc.
2.	The AF requests mode switch to unicast mode using IP multicast address as destination over application layer, e.g. GC1 interface. 
3.	The UE may initiate PDU Session Establishment / Modification procedure or Service Request procedure to activate the unicast path with a certain QoS for receiving service content from the AF.
4.	The UE responses the mode switch request over application layer via the unicast path to the AF, e.g., GC1 interface. After receiving the response from a user, the AF stars replicating the service content that forwards to the user using the IP address of the user.
5.	The UE starts receiving service data via unicast mode. The UE, based on local configuration, uses break-before-make style, i.e. stops receiving service data via multicast before starts receiving service data via unicast path, or uses make-before-break style, i.e. starts receiving service data via multicast and unicast path simultaneously and then stops receiving service data via multicast.
6.	The AF, after a specific time, determines to stop the multicast service data delivery using IP multicast address based on, e.g. the number of the response received.
6.X.2.2	Multicast to unicast mode switch triggered by UE
Figure 6.X.2.2-1 shows the procedure of switch from multicast mode to unicast mode triggered by UE, which has a precondition that the AF has used IP multicast address to deliver multicast service data to users. 


Figure 6.X.2.2-1: Multicast to unicast mode switch triggered by UE
1.	The UE has on-going group communications with the AF and is receiving service data by multicast mode. The UE detects that it is about to move out the multicast radio area. 
2.	The UE may initiate PDU Session Establishment / Modification procedure or Service Request procedure to activate the unicast path with the AF. 
3.	The UE requests to receive data with unicast mode from the AF over application layer, e.g., GC1 interface. The AF sends the service data to the UE with unicast mode.
4.	The AF, after a specific time, may determine to stop service data delivery using IP multicast address, e.g. when all user registered in the service have changed to use unicast mode.
5.	The UE starts receiving service data via unicast mode with break-before-make style or make-before-break style.
6.X.2.3 Multicast to unicast mode switch triggered by SMF
Figure 6.X.2.3-1 shows the procedure of switch from multicast mode to unicast mode triggered by SMF, which has a precondition that the AF has used IP multicast address to deliver multicast service data to users.


Figure 6.X.2.3-1: Multicast to unicast mode switch triggered by SMF
1.	The UE has on-going group communications with the AF and is receiving service data by multicast mode. The SMF decides to perform switch from multicast mode to unicast mode based on, e.g. the service configuration provisioned by the AF, the number of user for the multicast service, or the number of user in a location area. The SMF identifies the users need to perform mode switch. 
The following steps 2~6 are performed for each identified user.
2.	The SMF may get the AMF ID from UDM for the identified user if needed. 
3.	The SMF generates a N1 MB message (TMGI/IP multicast address) for mode switch instruction and invokes Namf_Communication_N1N2MessageTransfer (SUPI, N1 MB message) service operation towards the AMF.
4.	The AMF forwards the N1 MB message to the user.
5.	The UE decides to use unicast mode. The UE may initiate PDU Session Establishment / Modification procedure or Service Request procedure to activate the unicast path with the AF. 
6.	The UE requests to receive data with unicast mode from the AF over application layer, e.g., GC1 interface. The AF may update the service to trigger the UE to activate a unicast path. The AF sends the service data to the UE with unicast mode.
7.	The UE starts receiving service data via unicast mode with break-before-make style or make-before-break style.
8.	The AF, after a specific time, may determine to stop service data delivery using IP multicast address, e.g. when all user registered in the service have changed to use unicast mode.
6.X.2.4 Multicast to unicast mode switch triggered by RAN
Figure 6.X.2.4-1 shows the procedure of switch from multicast mode to unicast mode triggered by RAN, which has a precondition that the AF has used IP multicast address to deliver multicast service data to users. 


Figure 6.X.2.4-1: Multicast to unicast mode switch triggered by RAN
1.	The UE has on-going group communications with the AF and is receiving service data by multicast mode. The RAN node decides to perform mode switch based on, e.g., the number of interesting user for the multicast service. 
2.	The UEs are in RRC_CONNECTED state, e.g. for counting. The RAN node sends an AN message (List of TMGI) to the UE. 
3.	The UE decides to use unicast mode. The UE may initiate PDU Session Establishment / Modification procedure or Service Request procedure to activate the unicast path with the AF. 
4.	The UE requests to receive data with unicast mode from the AF over application layer, e.g., GC1 interface. The AF sends the service data to the UE with unicast mode.
5.	The UE starts receiving service data via unicast mode with break-before-make style or make-before-break style.
6.	The AF, after a specific time, may determine to stop service data delivery using IP multicast address, e.g. when all user registered in the service have changed to use unicast mode.
6.X.2.5 Unicast to multicast mode switch triggered by AF
Figure 6.X.2.5-1 shows the procedure of switch from unicast mode to multicast mode triggered by AF, which has a precondition that the AF has used unicast mode to deliver service data to users.


Figure 6.X.2.5-1: Unicast to multicast mode switch triggered by AF
1.	The UE has interacted with the AF for service data transmission. The AF is using unicast mode to deliver service content to UEs, and then decides to perform mode switch based on, e.g., the number of user for the service.
2.	The AF requests the UEs to switch from unicast mode to multicast mode over application layer, e.g. GC1 interface.
3.	The UE tries to establish multicast session for reserving transmission resources for the service data delivery, e.g. initiates User Multicast Session Join procedure using solution 4 as described in clause 6.4.
4.	The UE starts receiving service data via multicast mode with break-before-make style or make-before-break style.
5	The UE responses the indication of receiving data via multicast mode to the AF over application layer, e.g., GC1 interface. The UE may send the response before or after receiving service data using multicast mode. The UE may de-activate the PDU Session for receiving service data via unicast mode. 
6	After receiving the response from a user, the AF stops the service content delivery via unicast mode to the user. 
6.X.2.6	Unicast to multicast mode switch triggered by UE
Figure 6.X.2.6-1 shows the procedure of switch from unicast mode to multicast mode triggered by UE, which has a precondition that UEs has on-going unicast communication with the AF.


Figure 6.X.2.6-1: Unicast to multicast mode switch triggered by UE
1.	The UE has interacted with the AF for service data transmission. The UE detects it has entered the multicast radio area, e.g., detects SAI/TMGI in the SIB.
2.	If the transmission resource information for the TMGI is not detected, the UE establishes multicast session for reserving transmission resources for the service data delivery, e.g. initiates User Multicast Session Join procedure using solution 4 as described in clause 6.4. If the transmission resource information for the TMGI is detected, the UE starts receiving service data via multicast mode with break-before-make style or make-before-break style.
3.	After receiving service data using multicast mode, the UE notifies the indication of receiving data via multicast mode to the AF over application layer, e.g., GC1 interface. The UE may send the notification before or after receiving service data using multicast mode. The AF stops sending service data over unicast path for the UE after receiving the notification.
6.X.2.71	Individual to shared delivery method change triggered by UE
Figure 6.X.2.71-1 shows the procedure of mode switch with delivery method change from "individual" to "shared" triggered by UE.


Figure 6.X.2.71-1: Individual to shared delivery method triggered by UE
1.	The UE detects it has entered into multicast radio area, e.g., detects the SAI/TMGI in the SIB. The individual leg may be handed over from other gNB to the gNB. The UE decides to switch mode and chose to stay in multicast mode with delivery method changed.
2.	If the transmission resource information for the TMGI cannot be detected, e.g. in the SIB, the UE performs multicast operation to update the multicast session for transmission resource reservation for the shared delivery method, e.g. initiates User Multicast Session Join / User Multicast Context Update procedure in solution 4 as described in clause 6.4. If different delivery method is selected, the 5GS will update the PDU Session to de-activate the individual leg.
3	If the UE detects transmission resource information for the TMGI, e.g. in the SIB, the UE starts receiving multicast data using shared mode with break-before-make style or make-before-break style.
4.	If step 2 is not performed, the UE updates the multicast session to de-activate the individual leg, e.g. initiates User Multicast Context Update / User Multicast Session Leave procedure in solution 4 as described in clause 6.4. 
6.X.2.82 Individual to shared delivery method change triggered by SMF
Figure 6.X.2.82-1 shows the procedure of mode switch with delivery method change from "individual" to "shared" triggered by SMF.


Figure 6.X.2.82-1: Individual to shared delivery method triggered by SMF
1.	The UE has on-going group communications with the AF and is receiving service data by multicast mode. The 5GS is using individual delivery method to deliver multicast service data. The SMF decides to perform mode switch based on, e.g., the service configuration update provisioned by the AF, the number of user for the multicast service, or the number of user in a location area. The SMF identifies the member users that need to perform mode switch. 
The following steps 2~6 are performed for each identified user.
2.	The SMF may get the AMF ID from UDM for the identified user if needed. 
3.	The SMF generates a N1 MB message (TMGI/IP multicast address) for mode switch instruction and invokes Namf_Communication_N1N2MessageTransfer (SUPI, N1 MB message) service operation towards the AMF. The N1 MB message may indicate delivery method.
4.	The AMF forwards the N1 MB message to the user.
5.	The UE decides to switch mode and chose to stay in multicast mode with delivery method changed. If the transmission resource information for the TMGI cannot be detected, e.g. in the SIB, the UE performs multicast operation to update the multicast session for transmission resource reservation for the shared delivery method, e.g. initiates User Multicast Session Join / User Multicast Context Update procedure in solution 4 as described in clause 6.4. The 5GS will update the PDU Session to de-activate the individual leg
6.	The UE starts receiving multicast data using multicast radio technology with break-before-make style or make-before-break style.
[bookmark: _Toc31011440][bookmark: _Toc31176953]6.X.2.93 Individual to shared delivery method change triggered by RAN
Figure 6.X.2.93-1 shows the procedure of mode switch with delivery method change from "individual" to "shared" triggered by RAN, which has a precondition that the serving RAN node knows the mapping between TMGI and the individual path. 


Figure 6.X.2.93-1: Individual to shared delivery method triggered by RAN
1.	The UE has on-going group communications with the AF and is receiving service data by multicast mode. The 5GS is using individual delivery method to deliver multicast service data. The serving RAN node decides to perform mode switch for some multicast groups based on, e.g., the number of individual legs for a multicast group.
Editor's note:	How the RAN node detects multiple individual legs for a multicast group is FFS. 
2.	The RAN node may trigger multicast operation to reserve shared CN tunnel resources for the multicast groups if not exists, e.g. performs steps 2~15 of User Multicast Session Join via AN in solution 4 as described in clause 6.4. 
The following steps 3~5 are performed for each UE.
3.	The serving RAN node sends an AN message (List of TMGI) to the UE receiving the multicast service data for mode switch. 
4.	The UE starts receiving multicast data using shared delivery method with break-before-make style or make-before-break style. 
5.	The UE de-activate the individual leg, e.g. initiates User Multicast Session Leave procedure in solution 4 as described in clause 6.4. 
6.X.2.104	Shared to individual delivery method change triggered by UE
Figure 6.X.2.104-1 shows the procedure of mode switch with delivery method change from "shared" to "individual" triggered by UE.


Figure 6.X.2.104-1: Shared to individual delivery method triggered by UE
1.	The UE has on-going group communications with the AF and is receiving service data by multicast mode. The 5GS is using shared delivery method to deliver multicast service data. The UE detects that it is about to move out the multicast radio area. 
2.	The UE decides to switch mode and chose to stay in multicast mode with delivery method changed. The UE performs multicast operation to update the multicast session for transmission resource reservation for the individual delivery method, e.g. initiates User Multicast Session Join / User Multicast Context Update procedure in solution 4 as described in clause 6.4. If different delivery method is selected, the 5GS will update the PDU Session to activate the individual leg. 
3.	The UE starts receiving service data using individual delivery method with break-before-make style or make-before-break style.
6.X.2.115 Shared to individual delivery method change triggered by SMF
Figure 6.X.2.115-1 shows the procedure of mode switch with delivery method change from "shared" to "individual" triggered by SMF.


Figure 6.X.2.115-1: Shared to individual delivery method triggered by SMF
1.	The UE has on-going group communications with the AF and is receiving service data by multicast mode. The 5GS is using shared delivery method to deliver multicast service data. The SMF decides to perform mode switch based on, e.g., the service configuration update provisioned by the AF, the number of user for the multicast service, or the number of user in a location area. The SMF identifies the member users need to perform mode switch. 
The following steps 2~6 are performed for each identified user.
2.	The SMF may get the AMF ID from UDM for the identified user if needed. 
3.	The SMF generates a N1 MB message (TMGI/IP multicast address) for mode switch instruction and invokes Namf_Communication_N1N2MessageTransfer (SUPI, N1 MB message) service operation towards the AMF. The N1 MB message may indicate delivery method.
4.	The AMF forwards the N1 MB message to the user.
5.	The UE decides to switch mode and chose to stay in multicast mode with delivery method changed. The UE performs multicast operation to update the multicast session for transmission resource reservation for the shared delivery method, e.g. initiates User Multicast Session Join / User Multicast Context Update procedure in solution 4 as described in clause 6.4. The 5GS will update the PDU Session to activate the individual leg
6.	The UE starts receiving multicast data via PDU Session with break-before-make style or make-before-break style. The SMF may command to stop multicast service data forwarding via shared delivery method based on, e.g., the number of UE that has initiated User Multicast Session Join / User Multicast Context Update procedure.
6.X.2.126 Shared to individual delivery method change triggered by RAN
Figure 6.X.2.126-1 shows the procedure of mode switch with delivery method change from "shared" to "individual" triggered by RAN.


Figure 6.X.2.126-1: Shared to individual delivery method triggered by RAN
1.	The UE has on-going group communications with the AF and is receiving service data by multicast mode. The 5GS is using shared delivery method to deliver multicast service data. The serving RAN node decides to perform mode switch based on, e.g. the number of interesting user for the multicast service. 
The following steps 2~4 are performed for each UE.
2.	The UEs are in RRC_CONNECTED state, e.g. for counting. The serving RAN node sends an AN message (List of TMGI) to the UE for mode switch. 
3.	The UE decides to stay in multicast mode with delivery method changed. The UE performs multicast operation to update the multicast session for transmission resource reservation for the individual delivery method, e.g. initiates User Multicast Session Join via CN / User Multicast Context Update procedure in solution 4 as described in clause 6.4. The 5GS will update the PDU Session to activate the individual leg
4.	The UE starts receiving multicast data using individual delivery method with break-before-make style or make-before-break style.
6.X.3	Impacts Analysis
UE:
1. Support receiving mode switch command using NAS or AS message. 
RAN node:
1. Support sending AS mode switch command message. 
SMF:
1. Support sending NAS mode switch command message. 
Editor's Note: This clause describes impacts to existing entities and interfaces.
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