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1. Introduction
The paper is to provide an analysis on the impact on the new N4mb interface (between an MB-SMF and an MB-UPF) to support 5G Broadcast and Multicast services.
2. Description
2.1 Requirements 
The N4mb interface is between an MB-SMF and an MB-UPF, where the MB-UPF is instructed by the MB-SMF to perform:
-	General for multicast and broadcast sessions:
-	Packet filtering of incoming downlink packets for multicast and broadcast flows.
-	QoS enforcement (MFBR) and counting/reporting based on existing means.
-	Interaction with MB-SMF for receiving multicast and broadcast data.
-	Delivery of multicast and broadcast data to RAN nodes for 5GC Shared MBS traffic delivery method.
-	Specific for multicast sessions:
-	Delivery of multicast data to UPF for 5GC Individual MBS traffic delivery method.
See following 5G MBS system architecture diagram.
NOTE: When forwarding MBS Session data to NG-RAN over N3mb and/or PSA UPF(s) over N19mb, it is done either via a unicast transport, i.e. sending MBS Session data into a dedicated GTP-U tunnel where the F-TEID of GTP-u tunnel is allocated by the NG-RAN and/or PSA-UPF, or via a multicast transport, i.e. the NG-RAN and PSA UPF(s) join the multicast tree rooted from the MB-UPF for the MBS session.  




















5G MBS system architecture (from 3GPP TS 23.247)






Figure 6.7‑1: Schematic showing user plane data transmission
As specified in clause 7.1.1 of 3GPP TS 23.247, during an MBS Session Configuration procedure (see below), the MB-SMF can instruct the MB-UPF to receive MBS Session data from an AF/AS over N6mb or from an MBSTF over N9mb, and the MBS session data is received:
· either via a unicast transport, e.g. via a UDP/IP tunnel, if so, the MB-UPF is requested to allocate such ingress tunnel and provide to the MB-SMF;
· or via a multicast transport, if so, the MB-UPF is requested to join the multicast tree towards the AF/AS or MBSTF, or content provider.
In addition, the MB-SMF can request MB-UPF to provide the lower layer source specific multicast information to be provided to NG-RAN and/or PSA UPF for a multicast transport delivery for broadcast and multicast communication. 




Figure 7.1.1.1-1: Initial Configuration for MBS Session
11.	The MB-SMF derives the required QoS parameters locally. MB-SMF selects the MB-UPF and requests it to reserve user plane ingress resources. If multicast transport of the MBS data towards RAN nodes is to be used, the MB-SMF also request the MB-UPF to reserve for the outgoing data a tunnel endpoint and the related identifiers (source IP address, source specific multicast address and GTP Tunnel ID) and to forward data received at the user plane ingress resource using that tunnel endpoint.
	If ingress address is not requested, the MB-SMF configure MB-UPF to handle the multicast data distribution and request the MB-UPF to join the multicast tree towards the content provider. MB-UPF can also join the distribution tree of the content provider in the subsequent procedures e.g., session establishment procedure.
12.	If requested, MB-UPF selects an ingress address (IP address and port) and a tunnel endpoint for the outgoing data and provides it to MB-SMF.
For broadcast communication, the MB-SMF continues the procedure towards the AMF and NG-RAN as specified in clause 7.3.1 before steps 13 and 14 are executed.
For a multicast service, to enable MB-UPF to forward the MBS Session Data to NG-RAN and/or PSA UPF with unicast transport, the MB-SMF needs to provide NG-RAN/PSA UPF(s)'s N3mb/N19mb downlink tunnel ID (F-TEID), these are provisioned during the first UE for a NG-RAN or for a PSA UPF requests to join the MBS service. 


Figure 7.2.1.3-1: PDU Session modification for UE joining multicast session

...

[Conditional]	If shared tunnel has not been established for the MBS session, step 7 is used for establishing 5GC shared MBS traffic delivery. Step 7 is executed separately for each MBS session:
7a.	The NG-RAN sends an N2 MBS Session request message (MBS Session ID, N2 SM information (MBS Session ID, [AN Tunnel Info])) towards AMF. MBS Session ID is included.
	If the NG-RAN node uses a unicast transport for shared delivery, it allocates a downlink tunnel ID for the reception of MBS data and includes the downlink tunnel information as AN Tunnel Info in the request.
7b.	AMF invokes Nmbsmf_Reception_Request (MBS Session ID, RAN Node ID, [AN Tunnel Info]) towards the MB-SMF indicated in step 5.
7c.	If a downlink tunnel information is included in AN Tunnel Info of the Nmbsmf_MBSSession_Create request, MB-SMF configures MB-UPF to transmit the MBS data for multicast session towards NG-RAN using the downlink tunnel information.
	If AN Tunnel Info is not included in the request 7b, and the MB-UPF is not yet configured to forward data for the multicast data using lower layer multicast transport, the MB-SMF request the MB-UPF to allocate a common DL tunnel ID and an Low Layer source specific multicast address (LL SSM) for multicast transport between the MB-UPF and NG-RAN.
7d.	MB-SMF responds to AMF through Nmbsmf_Reception_Requestresponse (multicast QoS flow information, [common DL tunnel ID], [LL SSM]). If AN Tunnel Info is not included in the request 7b, the MB-SMF provides common DL tunnel ID and LL SSM.
...

[Conditional] Step 11 is used for 5GC Individual MBS traffic delivery, e.g. the related NG-RAN does not support multicast .If the shared tunnel between the UPF(PSA) and MB-UPF for individual delivery have not been established, steps 11a to 11e are executed.
11a.	If unicast transport for the multicast data between UPF and MB-UPF is to be used, SMF allocates a downlink tunnel endpoint and configures UPF. Or, SMF requests UPF to allocate a downlink tunnel ID.
11b.	SMF invokes Nmbsmf_Reception_Request request (MBS Session ID, DL tunnel info) towards MB-SMF that includes MBS Session ID and downlink tunnel info of UPF, for establishing the multicast session distribution between MB-UPF and UPF.
11c.	MB-SMF configures MB-UPF to transmit the multicast distribution session towards UPF using the received downlink tunnel ID.
11d.	MB-SMF responds to SMF through Nmbsmf_Reception_Request response. For multicast transport between MB-UPF and UPF, it also indicates in the downlink tunnel information and the transport multicast address for the multicast session.
11e.	For multicast transport between MB-UPF and UPF, SMF configures UPF to receive the multicast distribution session and forwards the data within unicast transport.
...
From above requirements and analysis, it is obvious that the interaction between a MB-SMF and a MB-UPF is per MBS Session. The signalling pattern of N4mb interaction fits also the existing Packet Forwarding Model, where the MB-UPF can be provisioned with:
· a PDR to receive MBS Session data from northbound, i.e. AF/AS or MBSTF;
Since 5G MBS is based on SSM, there is only a single source node for a given MBS Session, and the MBS Session data is received either via unicast transport or multicast transport. 
· and a FAR to forward a copy of the MBS Session data to one or more NG-RAN nodes and/or PSA UPFs. 

2.2 Solution:
Upon a MBS Session configuration procedure, the MB-SMF establishes a PFCP session for the MBS Session in the MB-UPF with the following information: 
a) MBS Session multicast address at message level which includes SSM provided by AF/AS or MB-STF, if no ingress tunnel is requested to be allocated;
b) MBS Session Identification;
c) An indication to provide a lower layer SSM;
d) a PDR with a PDI or Create Tunnel Endpoint containing a new IE "Ingress Tunnel" which works as same as Local F-TEID to request MB-UPF to allocate an ingress tunnel;
e) a FAR with the apply action set to "drop" if no LL SSM is allocated. 

NOTE 1: a) and b) may be included in a new group IE "MBS Session Control Information".
NOTE 2: There are already existing DUPL and DFRT flags to request a UPF to duplicate the packets to more than one downlink tunnel. It is proposed to introduce new Apply Actions for forwarding MBS session data, FSSM for multicast transport, and MBSU for unicast transport, both flags may be set.
The MB-UPF will return the allocated ingress tunnel information in the Created PDR IE and provide the lower layer SSM if requested. 
In the subsequent MBS session establishment procedure, i.e. when a NG-RAN node or a PSA UPF provides a downlink GTP-U tunnel id, the MB-SMF sends PFCP Session Modification request to change the FAR with a new "MBSU" flag in the "Apply Action" IE to instruct MB-UPF to forward MBS Session data to multiple DL tunnels. 
NOTE 3: For multicast transport, as the lower layer SSM has been provided, once the MB-UPF receives MBS Session data from the northbound, it will send the data to that multicast address.

3. Proposal
[bookmark: _Hlk61529092]It is proposed to agree the corresponding CR C4-214178, which specifies the impact on N4mb to support 5G Multicast service. 
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