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1. Introduction
The paper is to provide an analysis on the impact on the existing N4 interface (between a SMF and a UPF) to support 5G Multicast services.
NOTE: there is no impact on N4 to support 5G Broadcast service. 
2. Description
2.1 Requirements 
The impact on the N4 is to support 5GC Individual MBS traffic delivery method, see below. 
5GC Individual MBS traffic delivery method: This method is only applied for multicast MBS session. 5GC 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, hence for each such UE one PDU session is required to be associated with a multicast session.


Figure 6.7‑1: Schematic showing user plane data transmission
In order to support 5GC Individual MBS traffic delivery method, the N4 signaling interaction between the SMF and the UPF is included in several procedures for a multicast MBS session, e.g.  "Multicast session join and session establishment" and "MBS session Leave" as specified in clauses 7.2.1.2 and 7.2.2.2 of 3GPP TS 23.247. (See also the following figures)



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



Figure 7.2.2.2-1: UE initiated multicast MBS session leave
2.2 Analysis the impact
The following figure illustrates a network setup for Individual MBS traffic delivery (via PDU Sessions) for a MBS Session where several UEs are served by two different SMFs (SMF1 and SMF2) on the control plane and are connected to different UPFs (UPF1 and UPF2) on the user plane. 
It is assumed:
· For a given MBS session, there will be only one MB-SMF and one MB-UPF;
· For a given MBS session, only a single copy of MBS Session data will be delivered from the MB-UPF to the UPF, the UPF will allocate only one N19mb downlink tunnel to receive MBS Session data if unicast transport over N19mb applies in the UPF, or send IGMP JOIN to get MBS session data.
When a UE joins a multicast session, if it is the first UE joining the MBS session in the SMF, so at that moment, the SMF has no N19mb DL Tunnel information available for the MBS session, e.g. UE1 in the SMF1, the SMF1 will retrieve MBS session information from the MB-SMF, where the MBS session information includes the multicast transport information (i.e. Common TEID and the source IP address provided by the MB-UPF for the MBS session during MBS session configuration procedure), and then the SMF needs instruct the UPF1:
1. to receive MBS session data over N19mb interface from MB-UPF, where the UPF will:
a) either allocate a N19mb DL Tunnel and report this tunnel ID back to the SMF, so that the SMF can inform the MB-SMF, then the MB-SMF can inform the MB-UPF to send a copy of MBS Session data to the UPF;
b) or the UPF will send IGMP JOIN via user plane to the MB-UPF (i.e.C-TEID, source IP address, multicast address) to pull a copy of MBS Session data from the MB-UPF, and in this case, the SMF may need not to communicate to the MB-SMF. 
2. to replicate the received MBS Session data and send a copy of such data to the UE via the existing N3/N9 tunnel, with requested QoS requirement for the MBS session data. 
For any subsequent UE/PDU sessions be connected to the UPF1, e.g. for UE2, the SMF will have N19mb DL Tunnel available (from the UPF1) so it is able to provision it in the relevant PDR in the PFCP Session for the PDU Session of UE2.
While for UE4, which is connected via the UPF2, though it is not the first UE for this MBS session for SMF1 but the SMF1 has no N19mb related information for UPF2.  
The SMF2 will do the same, e.g. for UE3, if it is the first UE from the SMF2. The only difference is that the UPF1 will inform SMF1 the same N19mb DL Tunnel ID and indicates that MB-UPF has already known the tunnel. 
When the UE3 leaves the MBS session, even it is the last UE in the SMF2 for this MBS session, the UPF1 will retain the N19mb DL Tunnel as more PDU Sessions to receive that MBS Session data.


There may be two alternatives as far as the PFCP session is concerned. 
Alternative 1: SMF requests UPF to allocate shared N19mb tunnel using the PFCP Session for the PDU Session. 
Alternative 2: SMF requests UPF to allocate shared N19mb tunnel using a dedicated PFCP Session for the MBS Session
Alternative 1: SMF requests UPF to allocate shared N19mb tunnel using the PFCP Session for the PDU Session.
When a UE/PDU session determines to join a MBS session, for the PFCP session corresponding to the PDU session:
1) The SMF sends a PFCP Session Modification Request message to the UPF, which includes:
a) Multicast transport information, i.e. the Common TEID together with the source IP address, Multicast address allocated by the MB-UPF for the MBS session;
b) a MBS session identification, which is used by the UPF to determine if to allocate a new N19mb DL tunnel or reuse the existing one, or to send a new IGMP JOIN the multicast tree for a new MBS session; 
NOTE 1: The Multicast transport information and the MBS session identification can be included in a new IE MBS Session Control Information which also indicates the PFCP Session is now subject to receive MBS Session data.

c) a new DL PDR identifying MBS session data which is received at a local "N19mb DL TEID" at the UPF where the existing IE "Local F-TEID" the existing IE "Local F-TEID" in the PDI IE or Create Traffic Endpoint IE will enable the SMF to request the UPF to allocate N19mb DL Tunnel ID if the SMF has no such information available, otherwise the SMF will provide the stored N19mb DL Tunnel ID); 
NOTE 2: The MBS Session Identification will enable the UPF to allocate the SAME N19mb DL Tunnel ID if multiple UEs are joining at the same time. 

d) the new PDR is associated with a Forwarding Action Rule to forward the received MBS session data to the UE via existing downlink N3/N9 tunnel.

2) The UPF responds with a PFCP Session Modification Response message to the SMF, which includes:

a) the allocated "N19mb DL Tunnel ID";
b) an indication indicating if the N19mb DL Tunnel ID is newly allocated or an existing one to allow the SMF to determine if it needs to report this N19mb DL Tunnel ID to the MB-SMF; 
c) an indication indicating it has joined the multicast tree from MB-UPF, so that the N19mb DL Tunnel ID is not present, in this case, the SMF need not communicate to MB-SMF either; 
NOTE 3: a. b and c may be included in a new group IE, preferably called "MBS Session Information" in corresponding to MBS Session Control Information.
3) The SMF will store N19mb DL Tunnel ID for subsequent UE/PDU Sessions which are served by the UPF when they join the MBS session, to use it as part of DL PDR (in the PDI or Create Tunnel Endpoint IE.
When a UE/PDU Session determines to leave the MBS session:
The SMF will send a PFCP Session Modification Request message to remove the PDR to receive the MBS session data. 
The UPF will respond with a PFCP Session Modification Response with following additions:
1. an indication indicating the N19mb DL Tunnel is to be removed when it is the last UE/PDU session leaving the MBS session in the UPF, so to enable the SMF to report this to the MB-SMF, so that the MB-UPF will not send a copy of MBS Session data towards this N19mb DL Tunnel.
Evaluations:
In this alternative, the SMF doesn't create a separate PFCP session to request UPF to allocate a N19mb tunnel to receive the MBS session data from the MB-UPF, which will save some extra PFCP session signalling. 
The SMF need not to know either, if the UPF is configured to setup a N19mb DL tunnel to receive the MBS session data, or to send IGMP Join to join the multicast tree from the MB-UPF. If the UPF can send IGMP JOIN to retrieve MBS Session data, like IPTV solution, there is no need to establish a separate session.
This alternative requires UPF, for unicast delivery, to allocate a N19mb DL Tunnel to receive a single copy of MBS session data, and to replicate a copy for each PFCP session (which has joined the MBS session). 
Alternative 2: SMF requests UPF to allocate shared N19mb tunnel using a dedicated PFCP Session for the MBS Session
When the first UE/PDU session from a SMF request to join a MBS Session, after retrieving MBS Session Information, if the SMF knows the UPF is configured to receive MBS session data via a shared tunnel (i.e. unicast delivery) and the SMF sends a PFCP Session Establishment Request message to the UPF, where it includes:
1) Multicast transport information of the MBS session;
NOTE 4: though there is no need to create a separate PFCP session for multicast delivery (so as the same for IPTV solution), including this information so that the SMF can avoid to know if the UPF to use unicast or multicast to receive MBS session data.

2) a MBS session identification, which is used by the UPF to determine if to allocate a new N19mb DL tunnel or to reuse existing N19mb tunnel ID for that MBS Session; 

3) a new PDR contains a Local F-TEID in the PDI or in the Create Tunnel Endpoint IE to request UPF to allocate a N19mb DL TEID for this MBS Session.

4) a new FAR to forward the MBS session data to a new interface "MBS Internal Interface".

The UPF responds with a PFCP Session Establishment Response with acceptance cause code if the PFCP session is successfully established and includes:
1) the allocated N19mb DL Tunnel ID;
2) an indication indicating if the N19mb DL Tunnel ID is newly allocated or an existing one to allow the SMF to determine if it needs to report this N19mb DL Tunnel ID to the MB-SMF, since multiple SMFs may control a same UPF, while for the same MBS session, there should be only one tunnel between the UPF and MB-UPF, so to deliver only a single copy of the MBS session data from the MB-UPF to the UPF; 
3) an indication to indicate it has joined the multicast tree from MB-UPF, so that the N19mb DL Tunnel ID is not present, in this case, the SMF need not communicate to MB-SMF either; 

NOTE 5: The indications may be included in a new group IE "MBS Session Information".
After the dedicated PFCP session (for N19mb) is established, the SMF will send PFCP session modification request (for the PDU session joining the MBS session) to the UPF with the new PDR identifying the MBS session data from the internal interface " MBS Internal Interface" of the UPF and then forward the data to the UE via an existing FAR.
When the last UE/PDU session from a SMF determines to leave a MBS session, the SMF may decide to release the PFCP session established for N19mb (as described above), if so, the SMF will send a PFCP Session Deletion Request. In the corresponding PFCP Session Deletion Response message, the UPF need to include a new indication if the N19mb DL Tunnel is still used by other UEs served other SMFs, if so, the SMF shall not notify the MB-SMF to stop sending MBS session data to the UPF towards that N19mb tunnel.
Evaluations:
This alternative is like 5G VN solution (as specified in 3GPP TS 29.244, clause 5.23), where a separate PFCP session is established for N19 tunnel. However, for 5G VN, the packets received from N19 tunnel are forwarded to different set of UE(s), e.g. packet1 may be forwarded to UE1, while packet 2 may be forwarded to UE2. While for 5G MBS, all packets received from a given N19mb tunnel are sent towards the SAME set of UEs. This difference makes double packet inspections unnecessary. The double packet inspection will increase processing load in UPF which adds extra latency.
On the other hand, managing a separate PFCP session (for N19mb) increases additional latency for MBS service, since this has to be done before the PFCP session (corresponding to the PDU Session) can be modified to allow to receive MBS session data. 
This alternative will introduce some additional session signalling. 
Conclusions:
Ericsson is in the opinion that alternative 1 should be standardized.

3. Proposal
[bookmark: _Hlk61529092]It is proposed to agree the corresponding CR C4-214179, which specifies the impact on N4 to support 5G Multicast service. 
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