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 Introduction

In RAN3 111-e meeting, MBS service area had been gone through an email discussion. Although there were no on line discussion time for it, there were still a few left over issues other than some easily agreeable agreements:

1.The following proposal which can be agreeable:

Proposal: On NG-C interface, multicast service area info (e.g. a list of cell IDs) is provided by 5GC at least for local multicast session.
2.A new issue for further confirmation:

It is FFS that a gNB-DU can schedule the multicast traffic among multiple cells using a same G-RNTI and radio resources among these cells. 

3.There is no consensus on the FFSs identified in previous meetings:

FFS: whether to introduce the concept of "MBS transmission area" in RAN; 

FFS whether CU or DU determines the MBS transmission area. 
In this paper, we will focus on the following issues or FFS:

service area identity, what ID to use to identify the service area
Local multicast service, how local multicast service is defined in SA2, and the potential impacts to RAN
area specific PTM configuration
CU or DU determines the service area
 Discussions
 service area identity

During RAN3 110-e meeting, it was identified that the service area will be part of the session resource signaling from 5GC:
RAN3 110-e

Broadcast session is associated with Broadcast service area which is provided by 5GC.

On NG-C interface, Broadcast service area info (e.g. a list of cell IDs) is indicated in the NGAP MBS session resource signaling, for broadcast sessions. FFS for multicast session

In legacy techniques, the service area is identified by Service Area Identity (SAI), and optionally the cell list.

the SAI is a frequency agnostic region ID, which is used per PLMN to uniquely identify a specific region or area. It is efficient (e.g., with less signaling overhead) to identify a semi-static region compared to using gNB IDs or cell lists.
cell list. It was in Rel-13 cell list was introduced to identify a specific broadcast region for SC-PTM in MCPTT scenarios. In cases of pursuing small and dynamic broadcast region, network is able to locate the service area with high precision, less overhead, and better flexibility.
Above two categories of IDs to identify the service area can be used in different scenarios. Network shall be able to choose the right ID for the right case. Therefore we suggest following the legacy design to have both IDs to identify the service area.

SAI list, together with cell list can be both used to identify the MBS area.
 Local MBS service

For local MBS service, SA2 has the following conclusion. 

The following agreements to support local MBS services apply as baseline for normative work:

-
It shall be possible to support MBS session where the content is not location-dependent, but the distribution is limited to a certain area, and MBS sessions where the content is location-dependent.
There are two kinds of local MBS services:

case 1. content is not location-dependent but the MBS service is only available in certain area. It can be used to restrict the Multicast area by notifying RAN node the location information.
case 2. content is location-dependent. Together with the Area Session identifier, network is able to delivery different content but same TMGI to different locations.
For the first case, where the content is not location-dependent but only available in certain area, UE won't be able to apply for that Multicast service or continue the reception of the Multicast service.
-
For the case that the multicast service is only available within a limited area, the UE shall be able to obtain service area information of the multicast service, to enable the UE to trigger the session join procedure only within the location area.

-
The UE shall be able to obtain service area information of the local multicast service via NAS signalling or via MBS service announcement.

-
For providing service area information of the local multicast service (i.e. Cell ID list or TAI list) to the UE via NAS signalling, it shall be possible to support the following operation.

-
Local multicast service area provided in a Join Reject message (e.g. PDU Session Modification Reject) together with the reject reason (outside of local service area).

For Multicast, area information is used to restrict the availability of Multicast services, i.e., the Multicast service is only available in one specific area, in case of UE has moved out of such area, the service continuity won't be guaranteed.

As in section 2.1, to identify the area, SAI and cell list can be used depending on the scenarios, e.g., SAI might be more signaling efficient while cell list can be more precise. Both can be used for Multicast to identify the Local MBS information for Multicast service.
For Multicast, the area information can be SAI list, cell list, or both.

For the second case, solutions similar to Flow ID based is inherited in SA2, e.g., Area Session identifier is used to identify the location for the same MBS service. And the Area Session identifiers allocated by different MB-SMFs will not overlap for a multicast session.
-
For the case that the MB service content is location-dependent (The content of the same MB service delivered to different sub-areas is different), it shall be possible that the UE is not aware of each sub-area in the available area information of the MB service.

-
To support different location-dependent content, an additional Area Session Identifier shall be assigned for each location area and used in combination with the multicast session ID in network internal signalling to identify a location dependent part of the multicast session.

-
Information about the location dependent multicast service may be provided by an AF, or may be configured.

NOTE 2:
Alignment based on progress/decision in RAN WGs will be performed as part of the normative phase.

-
For location dependent MB service, the MB-SMF allocates the Area Session identifier. The Area Session identifiers allocated by different MB-SMFs shall not overlap for a multicast session.

In LTE Broadcast, the flow ID is not available to RAN node or MCE, please refer to "Table 3: MBMS Bearer Context for EPS (E-UTRAN/UTRAN) broadcast mode only" in TS 23.246. However, it will be SA2's decision that whether Area Session identifiers will be available to RAN node, i.e., CU-CP, to further distinguish location-dependent content delivery for the same MBS in the same gNB.
For Broadcast, whether Area Session identifiers will be available to RAN node will be of SA2 decision.
 need for RAN PTM configuration per area

PTM configuration per area had been discussed in RAN2 with no explicit agreements. PTM configuration per area means the PTM configuration of one MBS session is shared among cells, rather than the configuration  are determined independently as in LTE SC-PTM. The PTM configuration might include:

G-RNTI

time/frequency allocation (DRX, BWP, etc.)

bearer configuration
In such case, for UE in mobility from one cell to neighbouring cell with the same PTM configuration, UE does not have to re-fetch the PTM configuration from the newly camped cell.

However, it might bring huge RAN3 impacts by doing so, as the PTM configuration has to be coordinated among cells or nodes. In cases of intra-DU coordination, it can be implementation based with no spec impacts to network interfaces.
That being said, whether the same PTM configuration can be applied across RAN nodes, RAN3 is suggested wait until RAN2 has defined the content of PTM configuration, and confirmed the need for such an area with same PTM configuration.
Wait for RAN2 progress about the content of PTM configuration, and whether it should be area specific.
 CU or DU determines the service area

As discussed in previous section, upon receiving the broadcast/multicast area info, gNB may determine which UE/cells should be involved in the MBS transmission based on the UEs joined multicast group or local area info from 5GC. For the CU/DU split scenario, gNB-CU need to further determine which gNB-DU should be involved. As shown in Figure 1, DU1 and DU2 connects with CU. DU1 takes charge of cell1, cell 2, cell 3 whereas DU2 takes charge of cell4, cell5 and cell6. Suppose the gNB-CU decides that the multicast broadcast area includes cell1, cell2, cell3 and cell4, it means that both DU1 and DU2 should be involved in the MBS transmission. 

When MBS session starts, CU may initiate the MBS session/context setup procedure towards DU1 and DU2 respectively. The multicast/broadcast area info should be delivered to from CU to involved DU. For example, the MBS session/context setup request message sent from CU to DU1 may include MBS service identifier, a list of cell IDs (i.e. cell 1, cell 2 and cell 3) or UEs, MRB to be setup and corresponding QoS information. Upon receiving the MBS session/context setup request from CU, DU1 performs admission control and determine which cells could support the MRB. Suppose only cell 2 and cell 3 could support the MRB setup, it is necessary for DU1 to send the MBS session/context setup response message which include not only the MRB that that could be setup but also the supported cell list. 
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Figure 1 Illustration of MBS service area in CU/DU split scenario
In addition, F1-U tunnel needs to be setup between CU and DU for MBS data transmission. As we know, F1-U tunnel is setup for each UE DRB. Similarly, the F1-U tunnel could be setup for each MRB. However, this F1-U tunnel may be shared for the same MBS data transmission in different cells. Suppose DU receives the data packet from F1-U tunnel for a given MRB, it may determine the involved cells/UEs associated with the MBS context/session, then DU  deliver the data packet to the MRB of the concerned cell and transmit it via Uu interface. 

For the CU/DU split scenario, gNB-CU needs to determine which gNB-DU should be involved and initiate the MBS session/context setup procedure with gNB-DU.

During MBS session/context setup procedure, CU needs to indicate the MBS area info (a list of cell IDs or UEs) to involved DU. 

The F1-U tunnel may be setup for each MRB between CU and DU. This F1-U tunnel could be shared among multiple cells that support this MRB.

 Conclusion
Based on the analysis provided above, we have the following observations:

Observation 1
For Multicast, area information is used to restrict the availability of Multicast services, i.e., the Multicast service is only available in one specific area, in case of UE has moved out of such area, the service continuity won't be guaranteed.

Based on the analysis provided above, we have the following proposals:

Proposal 1
SAI list, together with cell list can be both used to identify the MBS area.

Proposal 2
For Multicast, the area information can be SAI list, cell list, or both.

Proposal 3
For Broadcast, whether Area Session identifiers will be available to RAN node will be of SA2 decision.

Proposal 4
Wait for RAN2 progress about the content of PTM configuration, and whether it should be area specific.

Proposal 5
For the CU/DU split scenario, gNB-CU needs to determine which gNB-DU should be involved and initiate the MBS session/context setup procedure with gNB-DU.

Proposal 6
During MBS session/context setup procedure, CU needs to indicate the MBS area info (a list of cell IDs or UEs) to involved DU. 

Proposal 7
The F1-U tunnel may be setup for each MRB between CU and DU. This F1-U tunnel could be shared among multiple cells that support this MRB.
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