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Abstract of the contribution: This paper proposes a new MBS architecture and some procedures based on the proposed MBS architecture into TR 23.757.
1. Discussion
This paper proposes a new MBS architecture by introducing MBSF (MBS Function) that supports control plane functionality for 5G MBS.
This paper also proposes some procedures based on the proposed MBSF based MBS architecture.
2. Proposal
It is proposed to agree the following changes into TR 23.757.
* * * * Start of Changes * * * * 

All texts are NEW!!
Annex A:
MBS Architecture variants

A.y
Alternative#y: MBSF based MBS architecture reference model
A.y.1
General description
Architecture reference models defined in TS 23.501 [2] clause 4.2 are used as the baseline architecture for supporting multicast and broadcast services. Compared to the architecture reference models defined in TS 23.501 [2] clause 4.2, a new network function called MBSF (MBS Function) is introduced in this MBS architecture proposal.

Figure A.y.1-1 depicts the MBS architecture.
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Figure A.y.1-1: MBS architecture

Figure A.y.1-2 depicts the MBS architecture using the reference point representation.

[image: image2.emf]UE NG-RAN UPF

MBSF

AF

AMF

SMF

Uu

N2

N6

N11

N3

N1

N4

Content 

Provider

N9

N6

Nxx

Nxy/MB2-C /xMB-C


Figure A.y.1-2: MBS architecture using the reference point representation
Editor's note: It is FFS whether the MBSF needs to support MB2-C and xMB-C.
A.y.2
New functional entity and new interfaces

A.y.2.1
New functional entity
The Multicast/Broadcast Service function (MBSF) supports control plane functionality for MBS and includes the following functionality.

-
Support of interaction with SMF

-
Support of interaction with AF

-
Control of MBS broadcast session

-
Control of MBS multicast session
A.y.2.2
New interfaces

The following new service-based interface is introduced for the MBS architecture.
Nmbsf:
Service-based interface exhibited by MBSF.

The following new reference points are introduced for the MBS architecture.

Nxx:
Reference point between the MBSF and the SMF.

Nxy:
Reference point between the MBSF and the AF.
A.y.3
Impact on existing entities and interfaces

The following new functionality is added to the existing 5GS NFs, NG-RAN and UE.
-
SMF
-
Support of interaction with MBSF

-
Support of configuring UPF for MBS broadcast/multicast based on the information provided by MBSF

-
Support of configuring NG-RAN for MBS broadcast/multicast based on the information provided by MBSF

-
Support of configuring UE for MBS multicast based on the information provided by MBSF
-
UPF

-
Support of delivering MBS broadcast/multicast data

-
Handling of the IGMP and MLD Join message
-
AMF

-
Support of new service operation for MBS broadcast (e.g. Namf_Communication_N2MBSMessageTransfer)
-
Transmission of MBS session control messages towards multiple NG-RAN nodes for MBS broadcast
-
NG-RAN

-
Reception of MBS broadcast/multicast data from UPF

-
Support of delivering MBS broadcast/multicast data to UEs
-
UE
-
Support of MBS broadcast/multicast data reception

-
Support of operation for MBS multicast

-
Exchange of application layer signalling with AF
-
AF
-
Support of interaction with MBSF

-
Exchange of application layer signalling with UE
A.y.4
Architecture to support local MBS service

To support local MBS services, the following architecture options based on the MBS architecture described in clause A.y.1 can be considered.

-
To locate the user plane of MBS CN functions (i.e. UPF) closer to the NG-RAN.
-
To locate the the user plane of MBS CN functions (i.e. UPF) as well as the control plane of MBS CN functions (e.g. MBSF, SMF) closer to the NG-RAN.
* * * * Start of Next Change * * * * 
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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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All texts are NEW!!
6.N
Solution #N: Procedures based on the MBSF based architecture

6.N.1
Functional description
This solution provides the following MBS procedures based on the MBSF based architecture described in Annex A.y.

-
Broadcast related procedures

-
Broadcast session start procedure for Content Provider

-
Broadcast session start procedure for AF, e.g. GCS AS, V2X AS

-
Procedure for switching from broadcast delivery to unicast delivery by AF
-
Procedure for switching from unicast delivery to broadcast delivery by AF
-
Multicast related procedures
-
Multicast service activation procedure for Content Provider
-
Multicast service activation procedure for AF
6.N.2
Procedures

6.N.2.1
Broadcast session start procedure
The procedures in this clause address Key Issue #1 (MBS session management).
Editor's note: The impact on RAN in the procedures in this clause is to be analyzed by and coordinated with the relevant RAN WGs.

Figure 6.N.2.1-1 shows the procedure for broadcast session start procedure for Content Provider.
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Figure 6.N.2.1-1: Broadcast session start procedure for Content Provider

1.
MBSF invokes the Nsmf_MBSSession_CreateSMContext Request to indicate the impending start of the transmission and to provide the session related parameters to the SMF(s).

The Nsmf_MBSSession_CreateSMContext Request includes the following session related parameters.

-
TMGI

-
MBS service area: a list of cell IDs

-
Broadcast QoS Flow information: Broadcast QFI(s), Broadcast QoS Profile(s)
NOTE 1:
Multiple SMFs may be involved according to MBS service area. In this case, MBSF invokes this step for each SMF.
Editor's Note: The additional parameters included in the Nsmf_MBSSession_CreateSMContext Request are FFS.

2.
The SMF sends an N4 Session Establishment Request to the UPF and provides Packet detection, enforcement and reporting rules to be installed on the UPF for this broadcast session.


If the SMF allocates transport network IP Multicast Address, IP address of the multicast source and CN Tunnel Info, the SMF provides these information to the UPF.

3.
The UPF acknowledges by sending an N4 Session Establishment Response.

If the UPF allocates transport network IP Multicast Address, IP address of the multicast source and CN Tunnel Info, the UPF provides these information to the SMF.

4.
The SMF invokes the Namf_Communication_N2MBSMessageTransfer Request including the session related parameters (TMGI, MBS service area, N2 SM information (TMGI, MBS service area, Broadcast QoS Flow information, transport network IP Multicast Address, IP address of the multicast source, CN Tunnel Info)).
Editor's Note: The additional parameters included in the Namf_Communication_N2MBSMessageTransfer Request are FFS.

5.
The AMF sends the session information, i.e. N2 SM information from the SMF to the NG-RAN(s) in the targeted MBS service area.

6.
The NG-RAN establishes the necessary radio resources for the transfer of MBS data to the interested UEs.

7-8.
The NG-RAN responds the SMF to confirm the reception of the session start request.

9.
The SMF responds with an Nsmf_MBSSession_CreateSMContext Response.

Editor's Note: The parameters included in the Nsmf_MBSSession_CreateSMContext Response are FFS.

10.
If the NG-RAN node accepts IP Multicast distribution, it joins the appropriate transport network IP multicast address (including the IP address of the multicast source) received from the SMF, to enable reception of MBS data.

11.
The UPF receives MBS broadcast data according to the configuration in step 2.

12.
The UPF sends the MBS broadcast data using IP multicast distribution towards all joined NG-RANs.

13.
The NG-RAN delivers the MBS broadcast data to the UEs.
Figure 6.N.2.1-2 shows the procedure for broadcast session start procedure for AF, e.g. GCS AS, V2X AS. 
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Figure 6.N.2.1-2: Broadcast session start procedure for AF

1-2.
AF may perform the TMGI Allocation procedure defined in clause 5.1.2.2.2 of TS 23.468 [aa] to request a set of TMGIs to MBSF with the following differences: 
-
The AF and MBSF correspond to the GCS AS and BM-SC, respectively
-
Service operation provided by the MBSF is used for the TMGI allocation.
3.
The AF invokes the Nmbsf_MBSSession_Activate Request to activate an MBS session. 
The Nmbsf_MBSSession_Activate Request includes the following session related parameters.

-
TMGI (optional)

-
MBS service area: a list of cell IDs

-
Broadcast QoS Flow information: Broadcast QFI(s), Broadcast QoS Profile(s)
Editor's Note: The additional parameters included in the Nmbsf_MBSSession_Activate Request are FFS.

If the TMGI is included, the MBSF shall determine whether the AF is authorized to use the TMGI.

4.
Steps 1 to 10 of Figure 6.N.2.1-1 are executed. 

If the TMGI was not included in step 3, the MBSF shall assign an unused value for the TMGI.
5.
The MBSF responds with an Nmbsf_MBSSession_Activate Response to the AF.

The Nmbsf_MBSSession_Activate Response includes the following parameters.

-
IP address and port number for the user-plane

Editor's Note: The additional parameters included in the Nmbsf_MBSSession_Activate Response are FFS.
6-8.
Steps 11 to 13 of Figure 6.N.2.1-1 are executed.

NOTE 2:
The AF that requests activating an MBS session to the MBSF and the AF that the MBS broadcast data generates can be different.
6.N.2.2
Switching between unicast and broadcast delivery methods by AF
The procedures in this clause address Key Issue #8 (Reliable switching between unicast and broadcast delivery methods).

Editor's note: The impact on RAN in the procedures is to be analyzed by and coordinated with the relevant RAN WGs.
Figure 6.N.2.2-1 shows the procedure for switching from broadcast delivery to unicast delivery by AF. 
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Figure 6.N.2.2-1: Switching from broadcast delivery to unicast delivery by AF
1.
The UE is receiving downlink data over MBS broadcast.

2.
The UE detects that it is about to move out from MBS coverage, for the corresponding MBS service, through implementation-specific methods.

3.
The UE notifies the AF that it may move out of MBS coverage by using application layer signalling (e.g. over GC1 reference point, over V1 reference point) and the AF sets up a unicast flow.

4.
The AF now sends the downlink data over unicast to this UE.

5.
The UE simultaneously receives downlink data over unicast and MBS broadcast.

6.
The UE ceases to receive the downlink data over MBS broadcast but continues receiving data over unicast.

7.
The UE monitors the SIBs in order to detect that it is back in MBS coverage for the MBS service.

Figure 6.N.2.2-2 shows the procedure for switching from unicast delivery to broadcast delivery by AF.
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Figure 6.N.2.2-2: Switching from unicast delivery to broadcast delivery by AF
1.
The UE is receiving downlink data over unicast. The UE has information about the availability of MBS delivery corresponding to the service for the downlink data.

2.
The UE detects it has entered MBS coverage and starts receiving the data over MBS broadcast corresponding to the service.

3.
The UE receives downlink data over MBS broadcast.

4.
The UE simultaneously receives data over unicast and MBS broadcast.

5.
The UE notifies the AF by using application layer signalling (e.g. over GC1 reference point, over V1 reference point) that it is in MBS coverage and receiving the data over MBS. The AF stops sending the data over unicast to this UE. The UE now receives the data only over MBS broadcast.

NOTE:
The UPF for MBS broadcast and the UPF for unicast can be different. Figure 6.N.2.2-1 and Figure 6.N.2.2-2 show same UPF for simplicity.

As shown in Figure 6.N.2.2-1 and Figure 6.N.2.2-2, during the switching process, the UE simultaneously receives data from both unicast and MBS, so there is no service interruption and service continuity is supported.
6.N.2.3
Multicast service activation procedure
The procedures in this clause address Key Issue #1 (MBS session management).

For multicast service, the following principles are applied:

-
One Multicast Session identified by TMGI includes one or more Multicast QoS Flows.

-
The Multicast Session is managed by the MBSF including allocating TMGI, managing the IP multicast tree (i.e. selection of UPFs), managing Multicast QoS Flows.

-
Shared tunnel is used for multiple UEs belonging to the same multicast group.
Editor's note: The impact on RAN in the procedures in this clause is to be analyzed by and coordinated with the relevant RAN WGs.

Figure 6.N.2.3-1 shows the multicast service activation procedure for Content Provider.
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Figure 6.N.2.3-1: Multicast service activation procedure for Content Provider
1.
The availability of multicast service is announced including an IP multicast address of multicast group that UE can join.

2.
The UE sends an IGMP (IPv4) or MLD (IPv6) Join message via the PDU Session user plane to signal its interest in receiving a particular multicast service identified by an IP multicast address. 

3.
The UPF notifies the SMF that the UE is joining to a multicast group, providing the associated IP Multicast Addressing information. The handling of the IGMP and MLD Join message is based on the configuration over N4 reference point.

4.
The SMF invokes the Nmbsf_Authorization Request to seek authorization for the activating UE to receive data.

The Nmbsf_Authorization Request includes the following parameters.

-
SUPI

-
IP multicast address that the UE wants to join

-
UE location information

Editor's Note: The additional parameters included in the Nmbsf_Authorization Request are FFS.

5.
The authorization decision may be based on subscription data in the MBSF. The MBSF sends an Nmbsf_Authorization Response to the SMF to indicate whether the UE is authorized to receive the multicast data. 

The Nmbsf_Authorization Response includes the following parameters.

-
Information whether the UE is authorized to receive the multicast data

-
TMGI
-
Multicast QoS Flow information: Multicast QFI(s), Multicast QoS Profile(s)

-
Multicast tree information: a list of UPFs for the UE to deliver the multicast data

Editor's Note: The additional parameters included in the Nmbsf_Authorization Response are FFS.
The MBSF creates or modifies the IP multicast tree (i.e. a set of UPFs constructing the IP multicast tree) based on e.g. the UE location, UPF deployment, etc. In the Nmbsf_Authorization Response, the MBSF includes the Multicast tree information that is a list of UPFs for the UE to deliver the multicast data (e.g. UPF terminating N6, UPF terminating N3). The Multicast tree information can be same to the whole multicast tree for the multicast group or a subset of the whole multicast tree.

NOTE 1:
UPF(s) serving the PDU Session that the UE used to send the IGMP (IPv4) or MLD (IPv6) Join message in step 2 and UPF(s) used for the multicast can be different.
If the Nmbsf_Authorization Response indicates that the UE is not authorized to receive the multicast data, the process terminates with no additional message exchange.

6a.
The SMF sends an N4 Session Establishment Request to the UPF in the Multicast tree information received in step 5 and provides Packet detection, enforcement and reporting rules to be installed on the UPF for this Multicast Session. 

The IP multicast address is provided to the UPF. If CN Tunnel Info is allocated by the SMF, the CN Tunnel Info is provided to the UPF.

If there are multiple UPFs in the Multicast tree information received in step 5, the SMF initiates N4 Session Establishment procedure with each UPF of the Multicast Session in this step.

6b.
The UPF acknowledges by sending an N4 Session Establishment Response.


If the UPF already has a context for this Multicast Session including CN Tunnel Info because the configuration was made for other UE that joined this multicast group or if the UPF does not have a context for this Multicast Session but CN Tunnel Info is allocated by the UPF, the UPF provides the CN Tunnel Info to the SMF. If the UPF provides CN Tunnel Info, the SMF shall use the CN Tunnel Info when the SMF sends N2 SM information to the NG-RAN in step 7.

7.
The SMF invokes the Namf_Communication_N1N2MessageTransfer (PDU Session ID, N2 SM information (TMGI, Multicast QoS Flow information, CN Tunnel Info), N1 SM container (MBS Session Activation Command (PDU Session ID, IP multicast address, TMGI))).


The PDU Session ID identifies the PDU Session that the UE used to send the IGMP (IPv4) or MLD (IPv6) Join message in step 2.

8.
The AMF sends the NAS message containing MBS Session Activation Command targeted to the UE and the N2 SM information received from the SMF within the N2 Session Request to the NG-RAN.

9.
The NG-RAN performs necessary access network resource modification such as configuration of MBS bearer.

The NG-RAN forwards the NAS message (N1 SM container (MBS Session Activation Command (PDU Session ID, IP multicast address, TMGI))) provided in step 7 to the UE.

10.
The NG-RAN sends an N2 Session Response. The N2 Session Response may include AN Tunnel Info.

When the NG-RAN receives the N2 Session Request for previously unknown multicast group identified by the TMGI in step 7, the NG-RAN is configured to serve this multicast group. The configuration may include the allocation of downlink tunnel, i.e. AN Tunnel Info if the NG-RAN has to join the multicast group.

11.
The AMF invokes Nsmf_PDUSession_UpdateSMContext service to transfer the response to the SMF.

12.
If the AN Tunnel Info was included in step 10, the SMF sends N4 session modification request to the UPF including the tunnel information.

13.
The UE acknowledges the MBS Session Activation Command by sending a NAS message (PDU Session ID, N1 SM container (MBS Session Activation Command Complete (PDU Session ID, TMGI))) message.

14.
The NG-RAN forwards the NAS message to the AMF.

15.
The AMF forwards the N1 SM container (MBS Session Activation Command Complete) and User Location Information received from the NG-RAN to the SMF via Nsmf_PDUSession_UpdateSMContext service operation. The SMF replies with an Nsmf_PDUSession_UpdateSMContext Response.

16.
The UPF receives MBS multicast data.

17.
The UPF sends the MBS multicast data to the NG-RAN. There is only one tunnel per a multicast group in the NG-RAN.

18.
The NG-RAN delivers the MBS multicast data to the UEs that joined the multicast group.
Figure 6.N.2.3-2 shows the multicast service activation procedure for AF.
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Figure 6.N.2.3-2: Multicast service activation procedure for AF

1.
Step 1 of Figure 6.N.2.3-1 is executed.
2.
Steps 1 to 2 of Figure 6.N.2.1-2 may be executed with the following difference:

-
The AF provides an IP multicast address of multicast group associated with the TMGI allocation request in step 2a.
3.
The AF invokes the Nmbsf_MBSSession_Activate Request to activate an MBS session. 
The Nmbsf_MBSSession_Activate Request includes the following session related parameters.

-
TMGI (optional)

-
Multicast QoS Flow information: Multicast QFI(s), Multicast QoS Profile(s)

Editor's Note: The additional parameters included in the Nmbsf_MBSSession_Activate Request are FFS.
If the TMGI is included, the MBSF shall determine whether the AF is authorized to use the TMGI.
4.
The MBSF responds with an Nmbsf_MBSSession_Activate Response to the AF.

The Nmbsf_MBSSession_Activate Response includes the following parameters.

-
TMGI (optional)

If the TMGI was not included in step 3, the MBSF shall assign an unused value for the TMGI and include the TMGI in the Nmbsf_MBSSession_Activate Response.
Editor's Note: The additional parameters included in the Nmbsf_MBSSession_Activate Response are FFS.
5.
Steps 2 to 15 of Figure 6.N.2.3-1 are executed.

6-8.
Steps 16 to 18 of Figure 6.N.2.3-1 are executed.

NOTE 2:
The AF that requests activating an MBS session to the MBSF and the AF that the MBS multicast data generates can be different.
6.N.3
Impacts Analysis

Editor's note: This clause describes impacts to existing entities and interfaces.

* * * * End of Changes * * * * 
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