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1. Introduction
Rel-18 version of 3GPP TS 23.247 introduces radio resource optimization in MOCN network sharing scenario while delivering MBS broadcast service. When the AF creates multiple broadcast MBS sessions via multiple CNs to deliver the same content, the shared NG-RAN allocates radio resource for one of broadcast MBS Sessions instead of allocating radio resource for all the broadcast MBS Sessions. 
Such optimization can be extended to N3mb too, whereby shared RAN node may decide to not setup N3mb transport path if it is already receiving downlink stream via another network sharing partner's core network.
However, no such optimization is defined for N6mb. We may end up ingesting data on N6mb even if discarded later on N3mb. This paper explores why and how the optimizations can be extended to N6mb interface.
2. Problem Description
FIG 2.1 shows an NG-RAN node shared among MOCN Operator 1 and MOCN Operator 2, each with its own core-network. AF/AS provides content to be broadcasted to subscribers of the two operators.
When the AF needs to broadcast data, it sets up delivery paths, independently, by communicating with the MB-SMFs of both the operators. This results in, for the same content, setup of duplicate delivery paths from AF towards the two MB-UPFs on N6mb interfaces, and then towards the shared NG-RAN on the N3mb interfaces. On an air interface (Uu), the NG-RAN only sets up a single shared radio bearer towards the UEs due to optimizations proposed in the Release-18.
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FIG 2.1: Uu/N3mb optimization in MOCN Network Sharing Scenario
Depending on NG-RAN implementation, the NG-RAN may ignore the data coming-in from one of the MB-UPF. Alternatively, the NG-RAN may not setup the delivery path towards one of the MB-UPF. This way, the transport network bandwidth between the NG-RAN and the MB-UPF of, e.g. the 'MOCN Operator 2' is not unnecessarily utilized (as data is anyway going to be dropped) if it already exists via the 'MOCN Operator 1'. Additionally, data processing is avoided at the NG-RAN, the MB-UPF and the transport network in between.
However, no such option exists for the N6mb interface. Receiving content on the N6mb interface of the 'MOCN Operator 2' cannot be avoided when the content is already being received via the 'MOCN Operator 1'. Thus, all the data will be transported, processed and then probably ignored at the MB-UPF of Operator-2 as NG-RAN may not have setup data-delivery path towards it. This is wastage of both transport bandwidth and the processing power.
If an MB-STF is involved between AF/AS and MB-UPF, the wastage extends to it too.
Lastly, the network between AF/AS and MB-UPF may consist of a number of routers/switches. The wastage of transport bandwidth and processing power will extend to all these intermediate nodes.
It may be useful to enable the MB-UPF of 'MOCN Operator 2' to avoid setting up delivery path towards Content Provider if no NG-RAN has setup a corresponding delivery path over N3mb.
3. Discussion
Let's consider 4 deployment scenarios:
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Scenario 1: Shown in FIG. 3(a), when multicast transport applies over N3mb as well as N6mb, MBS Session creation procedure works as following:

a) 3GPP TS 23.247 Clause 7.1.1.2:
i)  Step #8: AF/AS provides SSM for use over N6mb during session creation 
ii) Step #14: MB-SMF requests MB-UPF to join the multicast tree over N6mb. Additionally, MB-SMF requests MB-UPF to allocate SSM for use over N3mb.  
b) 3GPP TS 23.247 Clause 7.3.1/7.3.1a 
i) Step #2, 3: MB-SMF, AMF provide the SSM provided by MB-UPF in a(ii) to NG-RAN
ii) Step #5a: NG-RAN may join the multicast tree on N3mb.

Thus, MB-UPF may have set up data-delivery path over N6mb, even before it receives an indication from NG-RAN whether it wants to ingest data from the core-network of network-sharing partner.

Scenario 2: Shown in FIG. 3(b), when unicast transport applies over N3mb and multicast transport applies over N6mb, MBS Session creation procedure works as following:

a) 3GPP TS 23.247 Clause 7.1.1.2:
i)  Step #8: AF/AS provides SSM for use over N6mb during session creation 
ii) Step #14: MB-SMF requests MB-UPF to join the multicast tree over N6mb.  
b) 3GPP TS 23.247 Clause 7.3.1/7.3.1a
i) Step #6: NG-RAN may provide the N3mb DL Tunnel Info to send the broadcast data to.
ii) Step #8, 12: MB-SMF sends PFCP Session Modification to MB-UPF to provide the NG-RAN DL Tunnel info.

Thus, MB-UPF may have set up data-delivery path over N6mb, even before it receives an indication from NG-RAN whether it wants to ingest data from the core-network of network-sharing partner.

In both the scenarios, it may be preferable to delay MB-UPF to join the multicast tree over N6mb. This can be achieved as follows:

Proposal 1: MB-SMF explicitly requests MB-UPF to delay joining the multicast tree over N6mb until the occurrence of following events, by including a flag in PFCP Session Establishment Request:

-	it has received a join request from at-least one shared NG-RAN node of the MOCN network when multicast transport applies over N3mb;
-	it has received a PFCP Session Modification Request to update downlink GTP-U F-TEID (i.e. IP address and tunnel endpoint identifier) from at-least one shared NG-RAN node of the MOCN network when unicast transport applies over N3mb.
Proposal 2: MB-UPF, through local configuration, decides to delay joining the multicast tree over N6mb until the occurrence of following events:

-	it has received a join request from at-least one shared NG-RAN node of the MOCN network when multicast transport applies over N3mb;
-	it has received a PFCP Session Modification Request to update downlink GTP-U F-TEID (i.e. IP address and tunnel endpoint identifier) from at-least one shared NG-RAN node of the MOCN network when unicast transport applies over N3mb.
-----------
Scenario 3: Shown in FIG. 3(c), when unicast transport applies over N3mb as well as N6mb, MBS Session creation procedure works as following:

a) 3GPP TS 23.247 Clause 7.1.1.2:
i) Step #14: MB-SMF requests MB-UPF to allocate ingress IP-address/port for use over N6mb.
ii) Step #16: MB-SMF provides the ingress address information to AF/AS. 
b) 3GPP TS 23.247 Clause 7.3.1/7.3.1a
i) Step #6: NG-RAN may provide the N3mb DL Tunnel Info to send the broadcast data to.
ii) Step #8, 12: MB-SMF sends PFCP Session Modification to MB-UPF to provide the NG-RAN DL Tunnel info.

Thus, MB-UPF may have set up data-delivery path over N6mb, even before it receives an indication from NG-RAN whether it wants to ingest data from the core-network of network-sharing partner.

In this scenario, it may be preferable to delay providing ingress address information allocated by MB-UPF to to AF/AS. This can be achieved as follows.

Proposal 3: MB-SMF delays forwarding the ingress address information to AF/AS (a(ii) in Scenario 3) until it receives an indication from AMF (Step #7 or 11 of 3GPP TS 23.247 Clause 7.3.1) that at-least one shared NG-RAN node of the MOCN network has provided its downlink GTP-U F-TEID to receive the MBS session data. This may then require MB-SMF send a new notification to AF/AS using Nmbsmf_MBSSession_StatusNotify service operation.

Observation 1: This solution may, however, be backward incompatible. According to 3GPP TS 29.571, Clause 5.9.4.6, presence of ingressTunAddr is mandatory in the response to MBS Session Creation Request, if the ingress transport address was requested:
Table 5.9.4.6-1: Definition of type MbsSession
	ingressTunAddr
	array(TunnelAddress)
	C
	1..N
	Ingress tunnel address (UDP/IP tunnel).

This IE shall be present in an MBS session creation response if the ingressTunAddrReq IE was present and set to "true" in the corresponding MBS session creation request.
When present, it shall indicate the allocated ingress tunnel address(es).

Read-Only: true
(NOTE 2)



Thus, MB-SMF has to mandatorily provide the received ingress address information to AF/AS and this cannot be delayed.
-----------
Scenario 4: Shown in FIG. 3(d), when multicast transport applies over N3mb and unicast transport applies over N6mb, MBS Session creation procedure works as following:

a) 3GPP TS 23.247 Clause 7.1.1.2:
i) Step #14: MB-SMF requests MB-UPF to allocate ingress IP-address/port for use over N6mb. Additionally, MB-SMF requests MB-UPF to allocate SSM for use over N3mb.
ii) Step #16: MB-SMF provides the ingress address information to AF/AS. 
b) 3GPP TS 23.247 Clause 7.3.1/7.3.1a
i) Step #2, 3: MB-SMF, AMF provide the SSM provided by MB-UPF in a(i) to NG-RAN
ii) Step #5a: NG-RAN may join the multicast tree on N3mb.

Thus, MB-UPF may have set up data-delivery path over N6mb, even before it receives an indication from NG-RAN whether it wants to ingest data from the core-network of network-sharing partner.

In this scenario, it may be preferable to delay providing ingress address information allocated by MB-UPF to AF/AS. This can be achieved as follows.

Proposal 4: MB-SMF requests MB-UPF to inform it when it has received a join request from at-least one shared NG-RAN node of the MOCN network. MB-SMF delays forwarding the ingress address information to AF/AS (a(ii) in Scenario 4) until it receives an indication from MB-UPF that at-least one shared NG-RAN node of the MOCN network has joined the multicast tree over N3mb. This may require MB-SMF send a new notification to AF/AS using Nmbsmf_MBSSession_StatusNotify service operation.

Observation 1 mentioned for Scenario 3 applies here as well.

Thus, both Proposal 3 and Proposal require use of, e.g. feature negotiation mechanism or an indication to delay sending data to MB-STF until notification from MB-SMF.

4. Conclusion
[bookmark: _Hlk61529092][bookmark: _GoBack]For Scenario 1 and 2, authors of this paper believe that both Proposal 1 or 2 are acceptable, but have slight preference to Proposal 1, as it keeps control with MB-SMF. MB-SMF may want to keep a duplicate delivery path for e.g. redundancy reasons. It is proposed to agree to the CR C4-234269 to address the problem.
For Scenario 3 and 4, Samsung seems feedback from the group, and is willing to bring corresponding CRs (29.244, 29.532, and 29.571) in next meeting.  
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