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Introduction

The work item on Enhancements of NR Multicast and Broadcast services has been agreed in [2]. This RAN3 scope matches the ongoing discussions in SA2 concerning release 18 key issue 2.
SA2 has further concluded on the following solutions:

-
The AF may provide Associated Session ID (e.g. SSM used by AF) additionally to the NG-RAN nodes via 5GC so that the shared NG-RAN nodes can determine that the multiple broadcast MBS sessions are transmitting same content for the same MBS service (i.e., Soln#2 and Soln#7 SSM option), or  
-
The association of MBS session identifiers may be configured in NG-RAN, where there is no requirement on AF to provide associated session identifier.
At last RAN3#118, the following was agreed:

· The gNB-CU provides the MBS RAN Sharing efficiency Information received from CN (if received) to the gNB-DU in F1AP: BROADCAST CONTEXT SETUP REQUEST message. The name and details of "MBS RAN Sharing efficiency Information" are FFS.
· "MBS RAN sharing efficiency information" == "information enabling the gNB to identify the MBS sessions among which resource efficiency for MBS reception in RAN sharing scenarios can be applied"
· In case of RAN Sharing with multiple cell-ID broadcast, each logical gNB-DU will receive within the F1AP: BROADCAST CONTEXT SETUP REQUEST message the MBS RAN Sharing efficiency Information received from CN (if received).
And the following was left as open issue:

· Option 1: the gNB-CU sends multiple F1AP: BROADCAST CONTEXT SETUP REQUEST messages with different TMGIs and same MBS RAN Sharing efficiency Information. 
· Option 2: the gNB-CU sends in a single F1AP: BROADCAST CONTEXT SETUP/MODIFICATION REQUEST message includes a list of TMGIs and an MBS RAN Sharing efficiency Information
This paper looks at the signaling impact on F1 interface related to this agreement and proposes some TP.

Discussion
There are two deployment scenarios possible for the split gNB: shared CU or shared DU.

In what follows, an example with three sharing partners is shown, for ease of understanding.

1. Signaling for shared CU case
In signaling option, SA2 has agreed that Associated Session ID will be provided over the NG interface to identify the Broadcast sessions with shared service. 

In shared CU deployment, the shared CU receives the Associated Session ID from the three 5GC nodes in NG Broadcast Setup Request message. If the QoS received are different, it was agreed at RAN3#118 that gNB can select the one to use, implementation dependent. gNB can report success to 5GC and then configure the MRB PTM for the broadcast as gNB-CU decides. In split gNB, the gNB-CU-CP will configure correspondingly the CU-UP with suitable MRB PDCP configuration and send F1 Broadcast Setup Request with selected QoS to the DU for DU to configure lower layers.
One open issue left for the shared CU case is number of messages to send:

· Option 1: the gNB-CU sends multiple F1AP: BROADCAST CONTEXT SETUP REQUEST messages with different TMGIs and same MBS RAN Sharing efficiency Information. 

· Option 2: the gNB-CU sends in a single F1AP: BROADCAST CONTEXT SETUP/MODIFICATION REQUEST message includes a list of TMGIs and an MBS RAN Sharing efficiency Information

We think option 2 is simpler and has less impact. It will also align with agreed shared DU option. 
Proposal 1: for shared CU case, the gNB-CU sends a single F1AP: BROADCAST CONTEXT SETUP/MODIFICATION REQUEST message including a list of TMGIs and Associated Session ID.

2. Signaling for shared DU case
Over F1 interface, in order to correlate the three Broadcast Session Request messages, each CU-CP should send the Associated Session ID to the shared-DU. This is illustrated in figure 1 below:
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Figure 1: Deployment Scenario – DU-shared, CU-not-shared, Multiple native TMGIs

Proposal 2: for shared DU, the CU-CP sends the Associated Session ID to gNB-DU in the F1 Broadcast Setup Request message.  Add the Associated Session ID in the F1 Broadcast Setup request messages.
In shared DU deployment, each non-shared gNB-CU-CP receives an NG Broadcast Setup Request message including possibly different QoS information. Each gNB-CU may derive different PDCP configuration out of it. This may lead to inconsistency. Even if same QoS is received, it cannot be guaranteed 100% that each CU-CP derives the same MRB PDCP configuration when receiving the NG Broadcast Setup Request message.

Observation 1: different or inconsistent MRB PDCP configuration may be derived by each CU-CP at Broadcast Setup.

If the MRB PDCP configurations sent by the CU-CPs are different, the DU cannot transmit one unified configuration or data over the air that is received by UEs of all PLMNs, and this fails the objective of this work item. 
In order to solve this, either the CU-CPs need to coordinate in advance, or the gNB-DU needs to arbitrate between different CU-CP configurations received. We think that the second option is more reasonable.
Proposal 3: the shared DU arbitrates if different MRB PDCP configurations are received from the different CU-CPs.
How the gNB-DU can arbitrate needs to be discussed. There are a priori two types of solutions:

Configuration solution

The gNB-DU is pre-configured with policy rules to determine which CU-CP x configuration it will take into account and also configured that CU-CP of any sharing partner can accept the choice of shared DU and consider it as compatible, i.e., PLMN A accepts that DU takes the configuration decided by CU-CP B and conversely PLMN B accept that DU takes the configuration of CU-CP A. In this case the gNB-DU simply selects the configuration from, e.g., CU-CP A. We assume that even if agreed, CU-CP B and CU-CP C should be notified that:

· Optimized shared radio delivery is successful,
· But will use a different configuration as the one requested by CU-CP B.
In this scenario gNB-DU should respond with F1 Broadcast Setup Response and include CU-CP A configuration back to CU-CP B. Without knowing the exact applied configuration, any performance analysis that CU-CP B makes would be inconsistent.
NOTE: In this solution, it is up to network implementation how the different CU CP x are coordinated for the acceptance of MRB PDCP configuration.
Signaling solution

The gNB-DU decides to use the MRB PDCP of CU-CP A (because first received or because it decides so). Without pre-configuration, the gNB-DU needs to fail the broadcast setup with CU-CP B in the absence of agreement of PLMN B. The gNB-DU can include in the Broadcast Setup Failure message the MRB PDCP of CU-CP A as reason for failure. The CU-CP B can then have two options:
· option1: CU-CP B can accept to share the broadcast using the configuration of CU-CP A and withdraw its own proposal: it re-sends a F1 Broadcast Setup Request message including the MRB PDCP configuration of CU-CP A. The shared DU can do the optimized RAN sharing over the air for PLMN B.

· option 2: CU-CP B re-sends the F1 Broadcast Setup Request message including the MRB PDCP configuration of CU-CP B without the Associated Session ID (e.g.SSM): in this case gNB-DU will deliver the broadcast of CU-CP B without using the optimized R18 RAN sharing over the air feature i.e. with different transmission for UEs of PLMN B over the air.

Option 1: 
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Figure 2: gNB-CU-B can accept MRB/PDCP configuration of CU-A
Option 2
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Figure 3: gNB-CU-B cannot accept MRB/PDCP configuration of CU-A
Proposal 4: RAN3 to discuss whether configuration solution or signaling solution should be chosen for the shared gNB-DU to arbitrate between different configurations of CU-CPs.

3. Handling of different S-NSSAI

Another open issue from last RAN3#118 concerns the handling of different S-NSSAI received from 5GC for PLMN A, B and C. This scenario is possible because SA2 has not assumed any coordination to take place between 5GC nodes. The receiving gNB has RRM policy associated with each of the received slice. Similar to handling QoS, we assume that gNB can decide which RRM policy to select between the RRM policies of PLMN-A, B and C.
Similar holds for a split gNB (i.e., CU/DU can decide which RRM policy to select, independently).

Proposal 5: It is left to gNB implementation how to handle receiving different S-NSSAI(s) from different 5GCs in MOCN scenario correlated by the Associated Session ID (e.g. SSM) for shared broadcast service.
4. One or multiple NG-U/F1-U tunnels
Another open issue from last RAN3#118 meeting

· Option 1: establish the NG-U tunnels for each session for different PLMNs.

· Option 2: establish only one NG-U tunnel for multiple session from different PLMNs.

· Option 3: establish one primary NG-U tunnel and one backup NG-U tunnel for multiple session from different PLMNs.

· Option 4: NG-RAN node implementation decision on how many NG-U tunnels to be set up.

Option 1 leads to huge redundancy with redundant data sent over all the NG-U interfaces. In contrast option 1 is risky.
Option 4 seems a good compromise. Option 4 simply requires that gNB is able to trigger NG Broadcast Transport Setup procedure to setup N3 for the broadcast case but this is acceptable. 

Proposal 6: agree for the flexibility of option 4: NG-RAN node implementation decision on how many NG-U tunnels to be set up.
Similar question would apply to select the F1U tunnel in the shared DU deployment scenario. Shared DU has the choice between setting up:

· Option 1: F1-U tunnel with all CU UPA, CU UPB, CU UP C

· Option 2: only one F1-U tunnel 

· Option 3: one primary F1U and one backup F1-U

· Shared DU node implementation decision on how many F1-U tunnels to be set up.

One difference though is that one CU e.g. CU CP A could also serve non-shared DU. In that case it is preferred that F1-U tunnel with CU UP A is setup because the NG-U tunnel is already setup for CU UP A.

In order for DU to pick up the right F1-U tunnel is it useful if CU CP X can indicate to the shared DU if they also manage non-shared DUs.

Proposal 7: the CU CP indicates in broadcast setup request whether it also serve non-shared DUs and it is left to  shared DU implementation to decide how many F1-U tunnels to be setup.
5. Need of additional identifiers for location dependent shared broadcast sessions

For a location dependent MBS service, different content is provided in different service areas. The information about the location dependent sessions will be provided separately from each CN participating in network sharing towards RAN nodes. Service areas are defined by the AFs creating the location dependent MBS sessions.

However, resource sharing across broadcast MBS Sessions in network sharing comes from providing the same content in a radio cell only one time. Also, from a service perspective there is no reason why service areas in a shared RAN area should depend on the PLMN. But service areas may also include non-shared RAN cells and can differ with respect to those cells between PLMNs (even if they cover the same geographical area).

Therefore, for location dependent MBS sessions subject to resource sharing across broadcast MBS Sessions during network sharing, AFs that create the location dependent MBS sessions towards the participating PLMNs shall supply service areas that contain the same shared radio cells (but may contain different non-shared radio cells).
In each participating PLMN, for a location dependent Broadcast Service, MB-SMF allocates an Area Session ID for each service area, and provides the service area and Area Session ID to NG RAN nodes. Thus, the same service area within a shared MBS session will obtain a different Area Session ID in each PLMN, and the NG-RAN node cannot use the Area Session ID to identify the area sessions with the same content within the MBS session.

However, for each area session the RAN node also obtains the service area within the MBS session start procedure. Based on the service area, the RAN node can select for each cell the appropriate content and area session ID for each PLMN. Shared MBS sessions can be identified as agreed for non-location dependent services via the same Associated Session ID – e.g. SSMs - (applicable for all area sessions) or via configured mapping of TMGIs in the RAN.

At the last meeting, it was suggested to extend the associated session ID with a separate second area session ID allocated by the AF for each area session. This seems not required and would complicate the procedures with extra signalling and complexity for the AF. It would also mean that location-dependent services cannot be supported if configured mapping of TMGIs in the RAN is applied.
Annex: Example of location dependent session during RAN sharing
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Proposal 8: For location dependent MBS sessions subject to resource sharing across broadcast MBS sessions during network sharing, the service areas of the participating PLMNs shall contain the same shared radio cells but may contain different non-shared radio cells. As for non-location dependent services, the RAN node identifies the MBS sessions based on associated session ID or configured TMGI mapping and for each cell selects the content based on the service areas obtained from the core network participating in RAN sharing. It applies area session IDs only for the interactions with the core networks, i.e., different Area session IDs may be used by the different core networks for the same service area. There is no need of additional identifier.
Conclusion and Proposals
This paper has investigated the F1 impacts of the SA2 decision to use Associated Session ID (e.g. SSM) to correlate MBS session of same MBS service and makes the following proposals depending on shared CU or shared DU:

1. Signaling for shared CU case

Proposal 1: for shared CU case, the gNB-CU sends a single F1AP: BROADCAST CONTEXT SETUP/MODIFICATION REQUEST message including a list of TMGIs and Associated Session ID (e.g. SSM).

2. Signaling for shared DU case

Proposal 2: for shared DU, the CU-CP sends the Associated Session ID to gNB-DU in the F1 Broadcast Setup Request message.  Add the Associated Session ID (e.g. SSM) in the F1 Broadcast Setup request messages. 
Observation 1: different or inconsistent MRB PDCP configuration may be derived by each CU-CP at broadcast setup.

Proposal 3: the shared DU arbitrates in case different MRB PDCP configurations are received from the different CU-CPs.

Proposal 4: For shared DU, RAN3 to discuss whether a configuration solution or a signaling solution should be chosen for the gNB-DU to arbitrate between different configurations of CU-CPs. 
3. Handling of different S-NSSAIs
Proposal 5: It is left to gNB-CU/gNB-DU implementation how to handle receiving different S-NSSAI(s) from different 5GCs in MOCN scenario correlated by the Associated Session ID (e.g. SSM) for shared broadcast service, 

4. One or multiple NG-U/F1-U Tunnels
Proposal 6: for NG-U, agree for the flexibility of option 4: it is left to NG-RAN node implementation to decide on how many NG-U tunnels to be set up.

Proposal 7: For F1-U, the CU CP indicates in broadcast setup request whether it also serve non-shared DUs and it is left to shared DU implementation to decide how many F1-U tunnels to be setup.

5. Need of additional identifiers for location dependent shared broadcast sessions

Proposal 8: For location dependent MBS sessions subject to Resource sharing across broadcast MBS Sessions during network sharing, the service areas of the participating PLMNs shall contain the same shared radio cells but may contain different non-shared radio cells. As for non-location dependent services, the RAN node identifies the MBS sessions based on associated session ID or configured TMGI mapping and for each cell selects the content based on the service areas obtained from the core network participating in RAN sharing. It applies area session IDs only for the interactions with the core networks i.e. different Area session IDs may be used by the different core networks for the same service area. There is no need of additional identifier.
Besides, a TP for draft CR for TS 38.300 for release 18 stage 2 is presented below to capture agreements for the baseline CR.
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Resource Sharing across multiple Broadcast MBS sessions in RAN Sharing Scenario
Editor’s Note: Support for Enhancement to improve the resource efficiency for broadcast reception in RAN sharing scenarios to be covered here. 

A Resource sharing efficient scheme may be used for broadcast delivery in RAN sharing when enabling the gNB to identify that the same MBS service is delivered from different PLMNs. 
The identification may be based on Associated Session ID (e.g. SSM) provided by the 5GC or based on an appropriate configuration of the MBS session identifiers or range of MBS session identifiers which are to be considered associated.
If the MBS Broadcast Setup is received with Associated Session ID (e.g. SSM), the gNB uses it to determine if radio resources are to be allocated depending on whether there are other broadcast sessions based on same Associated Session ID (e.g. SSM) for which resources are already allocated.

If the MBS Broadcast Release is received with Associated Session ID (e.g. SSM), the gNB uses it to determine if radio resources are to be released depending on whether there are other broadcast sessions still ongoing based on the same Associated Session ID (e.g.SSM).

The shared PLMNs may start and stop the broadcast session at the same time or at different times. 
FFS if for location dependent broadcast service, the gNB needs to recognize the same area with different MBS area session ID based on corresponding cell list/TAI list.

FFS on number of N3mb tunnels setup between NG-RAN and 5GC.

