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1
Introduction

This proposal presents a solution to Key Issue #7 making use of Baseline Architecture #1, as described in TR 23.757.

In this solution, switching between unicast and multicast is divided into two scenarios: single RAN and dual RANs. The former means the delivery mode switching involves one RAN. The latter means the switching involves two RANs.

In the scenario of single RAN, the delivery mode switching may be triggered in the following cases:

· Triggered by UE, e.g. UE modifies the subscription. 

· Triggered by SMF, e.g. the number of UEs requesting the same content in a specific area exceeds the threshold. 

In the scenario of dual RANs, the delivery mode switching is divided into two cases according to the type of RAN handover: 

· Xn based handover. 

· N2 based handover. 
RAN handover and delivery mode switching are achieved throughout the process. 
2
Proposal

The following changes are proposed to TR 23.757:

* * * * First change * * * *

6
Solutions

6.0
Mapping of solutions to key issues

Editor's note:
This clause describes the mapping between solutions and key issues.

Table 6.0-1: Mapping of solutions to key issues

	
	Key Issues

	Solutions
	1

MBS session management
	2

Service levels definition
	3

Levels of authorization for MC
	4

QoS for MC and BC
	5

BC TV and Radio services
	6

Local MBS
	7

MC-UC delivery mode switch
	8

BC-UC delivery method switch
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* * * * Second change (all new text) * * * *

6.X
Solution #X: Reliable delivery mode switching within single RAN/dual RANs
6.X.1 Functional Description
This solution addresses KI#7 "Reliable delivery method switching between unicast and multicast" based on the architecture 1in Annex A.1.

According to KI#7 Note 1, unicast delivery and multicast delivery may have two meanings depending on which part of the 5G system a solution is referring to. In order to determine the delivery mode of the data obtained by UE, this solution mainly discusses the delivery mode switching between RAN and UE. 
There are two scenarios in regard to the switching between unicast and multicast: single RAN and dual RANs. The former means the delivery mode switching involves one RAN. The latter means the switching involves two RANs.
In the scenario of single RAN, the delivery mode switching may be triggered in the following cases:

· Triggered by UE, e.g. UE modifies the subscription. The details are described in 6.X.2.1.1. 

· Triggered by SMF, e.g. the number of UEs requesting the same content in a specific area exceeds the threshold. The details are described in 6.X.2.1.2.

In the scenario of dual RANs, the delivery mode switching is divided into two cases according to the type of RAN handover: 

· Xn based handover. The details are described in 6.X.2.2.1. 

· N2 based handover. The details are described in 6.X.2.2.2.
RAN handover and delivery mode switching are achieved throughout the process. The make-before-break style is used.
For clarity, the SMF for multicast session is written as (MB-)SMF and UPF for multicast session is indicated by (MB-)UPF, the SMF and UPF are used specifically for unicast sessions
6.X.2 Procedure
6.X.2.1 Delivery mode switching between unicast and multicast within single RAN
When the RAN connected to the UE does not change, the switching may be triggered by the UE or the SMF.
6.X.2.1.1 Triggered by UE
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Figure 6.X.2.1.1-1:Unicast to multicast mode switching triggered by UE within single RAN

The figure depicts unicast to multicast switching procedure triggered by UE within single RAN as follows.

0. Initially, the UE has ongoing communications with the AF and is receiving service data by unicast mode.
1. The UE finds that the trigger condition is met, which decides to switch mode to multicast, and generates PDU Session Modification Request.

Note: Trigger conditions include, but are not limited to UE moving into the multicast area, users’ preference (because unicast and multicast traffic may lead to different cost), subscription modification or QoS issue.

2. The UE sends the PDU Session Modification Request to the AMF. The request includes the reason for switching to multicast, unicast session ID and SUPI. 

3. The AMF receives the request from the UE and forwards it to the SMF by invoking the Nsmf_PDUSession_UpdateSMContext.

4. After receiving the request, the SMF provides the unicast session related information to the (MB-)SMF.

5. The SMF configures the UPF because the unicast session is about to end.
6a. Unicast and multicast have different charging rules. The (MB-)SMF informs the PCF that the UE delivery mode will be switched by invoking the Npcf_SMPolicyControl_Update Request(including SM Policy Association ID), so that the PCF can update the policy.

6b. The PCF responds to the (MB-)SMF about the delivery mode switching notification.

7. The (MB-)SMF configures the (MB-)UPF.

8-9. The (MB-)SMF sends the unicast session ID, SUPI and the indication/information about the new delivery mode(e.g. TMGI, (MB-)UPF) in the N2 Message to the NG-RAN via the AMF through Namf_Communication_N1N2MessageTransfer. The NG-RAN confirms to the AMF that the switching can be made.

10. Based on the N2 Message sent by the SMF, the NG-RAN establishes or modifies the AN resources for the MBS session according to the selected delivery mode.
11-12. The UE requests to receive data with multicast mode from the AF over application layer. The AF updates the service and sends the service data to the (MB-)UPF. The (MB-)UPF forwards the data to the NG-RAN. The Target NG-RAN transmits data to the UE by multicast mode.
13. The UE requests the UPF to stop transmitting the unicast data.
When the UE moves out of the multicast area, it may request to establish a dedicated unicast session. Switching from multicast to unicast is easier to guarantee service continuity than switching from unicast to multicast. 
Editor´s Note: It is ffs how the applicable multicast session and related MB-SMF are determined by SMF
6.X.2.1.2 Triggered by SMF
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Figure 6.X.2.1.2-1:Unicast to multicast mode switching triggered by SMF within single RAN

The figure depicts unicast to multicast switching procedure triggered by SMF within single RAN as follows.

0. Initially, the UE has ongoing communications with the AF and is receiving service data by unicast mode.

1. The AMF can obtain N1 Message such as the location of UE in RAN node; obtain N2 Message such as the RAN’s congestion status; send the information to the SMF by invoking the Nsmf_PDUSession_UpdateSMContext.

Note: The information includes but is not limited to unicast session ID, SUPI, the mapping relationship between UE and RAN node, the communication capability of RAN, and the availability of wireless resources.

2. The SMF is able to collect and predict the demand of each content. According to the information sent by the AMF, if the number of unicast sessions carrying the same content exceeds the transmission capacity of the RAN or the predicted range of the SMF, the SMF triggers the switching from unicast to multicast delivery mode.
Editor´s Note: It is ffs how the SMF determines that several UEs receive the same contents via unicast. The case where users receiving the same contents are served by different SMFs is also ffs.
3. The SMF provides the unicast session related information to the (MB-)SMF.
4. The SMF configures the UPF because the unicast session is about to end.

5. The (MB-)SMF configures the (MB-)UPF.

6a-7a. The (MB-)SMF sends the unicast session ID, SUPI and the indication/information about the new delivery mode(e.g. TMGI, (MB-)UPF) in the N2 Message to the NG-RAN via the AMF through Namf_Communication_N1N2MessageTransfer.
8. Based on the N2 Message sent by the SMF, the NG-RAN establishes or modifies the AN resources for the MBS session according to the selected delivery mode.
7b-6b. The NG-RAN confirms to the AMF that the switching can be made and the AMF also confirms to the (MB-)SMF.
Since the delivery mode switching is triggered by the SMF, it is important to check the UEs’ intentions and count their numbers. If there are some new UEs requesting for the same content, they can join the multicast session directly and the number will increase.
9a-10a. The (MB-)SMF sends the information about the new delivery mode(e.g. TMGI, (MB-)UPF) in the N1 Message to the UEs via the AMF through Namf_Communication_N1N2MessageTransfer.
10b-9b. Some UEs would like to change the delivery mode and some may not. The UEs respond to the (MB-)SMF.

11a. After checking the number of respective UEs, the (MB-)SMF informs the PCF that the corresponding UEs’ delivery mode will be switched by invoking the Npcf_SMPolicyControl_Update Request (including SM Policy Association ID), so that the PCF can update the policy.

11b. The PCF responds to the (MB-)SMF about the delivery mode switching notification.

12-13. The UE requests to receive data with multicast mode from the AF over application layer. The AF updates the service and sends the service data to the (MB-)UPF. The (MB-)UPF forwards the data to the NG-RAN. The Target NG-RAN transmits data to the UE by multicast mode.
14. The UE requests the UPF to stop transmitting the unicast data.

When the number of UEs requesting for the multicast service is small, and the SMF may decide to transmit the content to the remaining UEs using unicast sessions. Switching from multicast to unicast is easier to guarantee service continuity than switching from unicast to multicast. 
6.X.2.2 Delivery mode switching between unicast and multicast within dual RANs
There is also one possibility that unicast and multicast switching is achieved through RAN handover. The reasons for the RAN handover include but are not limited to: 1. The signal strength provided by the new RAN at the current UE location is stronger than that of the original RAN. 2. The load of the original RAN is high, so load balancing is needed. 3. The UE moves out of the coverage of the original RAN. Because of the RAN handover, all services are migrated from source RAN to target RAN. There are four possibilities in terms of the delivery mode switching: unicast to multicast, multicast to unicast, unicast to unicast and multicast to multicast. Only the first two of them fall within our scope. For the sake of brevity, we only discuss the services that meet the criteria. The RAN handover procedure is referenced to TS 23.502.
6.X.2.2.1 Xn based handover
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Figure 6.X.2.2.1-1: Multicast to unicast mode switching based on Xn handover within dual RANs

The figure depicts multicast to unicast switching procedure based on Xn handover within dual RANs as follows.
0. Initially, the UE has ongoing communications with the AF and is receiving service data from the source NG-RAN by multicast mode.
1-5. Due to the UE’s mobility or some other reasons, the RAN handover is needed. Because there is a Xn connection between the Source NG-RAN and the Target NG-RAN, the forward tunnel is available. The Target NG-RAN establishes the associated AN resources for the UE’s current PDU session. The Source NG-RAN instructs the UE to access the Target NG-RAN. The Target NG-RAN transmit the data by PTP mode.
6. The Target NG-RAN sends N2 Path Switch Request to the AMF, including SUPI, multicast session ID, TMGI, UE location information.
7. The AMF forwards the request and the information of Target NG-RAN and Source NG-RAN to the (MB-)SMF by invoking the Nsmf_PDUSession_UpdateSMContext.
8. The (MB-)SMF finds that there is no multicast session transmitting the same content in the Target NG-RAN, so it provides the multicast session related information to the SMF.

9. The SMF configures the UPF because the unicast session will start.

NOTE: Since the multicast session will continue, the (MB-)SMF does not need to configure the (MB-)UPF.

10a. Unicast and multicast have different charging rules. The SMF informs the PCF of the delivery mode switching by invoking the Npcf_SMPolicyControl_Update Request (including SM Policy Association ID), so that the PCF can update the policy.
10b. The PCF responds to the SMF about the delivery mode switching.
11-12. The SMF confirms to the Target NG-RAN and a unicast session will begin.
13-14. The UE requests to receive data with unicast mode from the AF over application layer. The AF updates the service and sends the service data to the UPF. The UPF forwards the data to the Target NG-RAN. The Target NG-RAN transmits data to the UE by unicast mode.

15. The Target NG-RAN releases the forwarding tunnel with the Source NG-RAN.
NOTE：If the Source NG-RAN uses unicast delivery mode and the Target NG-RAN supports multicast service but without the multicast session of the same content, the procedure conforms to the single RAN scenario. The UE will firstly establish a unicast session in the Target NG-RAN. Whether to switch the delivery mode in the target NG-RAN has no relation to the Source NG-RAN. If the Target NG-RAN has established a multicast session, it merely needs to append the UE to the user list of the multicast session.
6.X.2.2.2 N2 based handover
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Figure 6.X.2.2.2-1: Multicast to unicast mode switching based on N2 handover within dual RANs

The figure depicts unicast to multicast switching procedure based on N2 handover within dual RANs as follows.
0. Initially, the UE has ongoing communications with the AF and is receiving service data from the source NG-RAN by multicast mode.
1. Due to the UE may move out of the coverage of the Source NG-RAN or some other reasons, the RAN handover is needed. The Source NG-RAN can collect some information about the UE.
2. Because there is no Xn connection between the Source NG-RAN and the Target NG-RAN, the Source NG-RAN first sends Handover request to the Source AMF, including Target ID, Source to Target transparent container, SM N2 info list, multicast session ID. 

3. When the Source AMF can’t serve the UE anymore, the Source AMF selects the Target AMF as described in clause 6.3.5 on “AMF Selection Function” in TS 23.501.
4. The Source AMF sends N2 information, UE context information (SUPI, Service area restriction, UE Radio Capability Information and so on) to the Target AMF by invoking the Namf_Communication_CreateUEContext Request.

5. The Target AMF sends TMGI, multicast session ID, Target ID, Target AMF ID, N2 SM Information to the (MB-) SMF by invoking the Nsmf_PDUSession_UpdateSMContext.
6. The (MB-)SMF finds that there is no multicast session transmitting the same content through the Target NG-RAN, so it provides the multicast session related information to the SMF.

7. The SMF configures the UPF because the unicast session will start.

8. The SMF responds to the (MB-)SMF with the UPF ID.

9. According to the UPF ID, the (MB-)SMF configures the (MB-)UPF for indirect data forwarding.

10. The SMF confirms to the Target AMF that a unicast session will be made.

11. The Target NG-RAN confirms to the Target AMF that the radio resource is available. The signalling includes transparent container, N2 SM Information list and so on.
12. The Target AMF responds to the Source AMF that the RAN handover will be made and sends related information about indirect data forwarding.
13. The Source AMF sends the Handover Command (Target to Source transparent container, the multicast session to be handed-over with N2 SM information containing information received from the Target AMF and so on) to the Source NG-RAN.
14. The Source NG-RAN sends UE container to the UE.

Then an indirect data forwarding tunnel is built. The Target NG-RAN establishes the associated AN resources for the UE’s current PDU session. The UE accesses the Target NG-RAN. The Target NG-RAN uses PTP mode to transmit the data.
15. When the UE has successfully accessed to the target cell, it sends a Handover Confirm message to the Target NG-RAN.

16. The handover is considered to be successful in the Target NG-RAN.

17. The Target AMF sends Handover Complete indication for multicast session ID, N2 SM information and so on to the SMF.
18a. Since unicast and multicast have different charging rules, the SMF informs the PCF that the UE delivery mode has switched by invoking the Npcf_SMPolicyControl_Update Request (including SM Policy Association ID), so that the PCF can update the policy.
18b. The PCF responds to the SMF about the delivery mode switching.
19. The SMF confirms reception of Handover Complete.

20-21. The UE requests to receive data with unicast mode from the AF over application layer. The AF updates the service and sends the service data to the UPF. The UPF forwards the data to the Target NG-RAN. The Target NG-RAN transmits data to the UE by unicast mode.
22. The original indirect data forwarding tunnel will be released.
In the case that the UE receiving a unicast session in the Source NG-RAN moves to the Target NG-RAN that exists a multicast session with the same content, it will switch the delivery mode from unicast to multicast, and the N3 End Marker is necessary.
For some delay sensitive services like the live video, it is important to improve the speed of processing and transmission. For some services that are not sensitive to time delay like downloading files, there are many technologies that can ensure data integrity like DASH.
6.X.3 Impacts on services, entities and interfaces
UE: Provide the context information to the CN to support the delivery mode switching. Trigger the delivery mode switching due to e.g. the change of user’s service/application preference.

NG-RAN: Upload the NG-RAN information e.g. its capability to the AMF. Receive signalling from the SMF. Execute unicast and multicast switching by establishing or modifying AN resources.

UPF: Receive the configuration information from the SMF.

AMF: Detect the number and location of the UE in the NG-RAN coverage area. Receive information from the UE and NG-RAN and send it to the SMF. Transfer downlink N1 and/or N2 message to the UE and/or the NG-RAN.

SMF: Receive requests or information from the PCF/AMF/UE/NG-RAN/UPF. Trigger delivery mode switching according to local policies, the number of active users in the coverage area, etc. Send signalling to reconfigure the UPF and NG-RAN. Notify the PCF to update the policy.

PCF: Charge the UE for receiving unicast or multicast session data.
* * * * End of changes * * * *
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