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Introduction
In last RAN2 #125bis meeting, there were some discussions on support of broadcast service and some agreements were achieved as follows [1]: 
Agreements:
1. For MBS broadcast service we don’t restrict the work to any satellite constellation type
2. We prioritize working on a solution for MBS broadcast but we don’t preclude other broadcast services, namely ETWS
3. We will cover at least the case where the indicated intended service area covers a portion of a NTN cell
4. The intended service area can cover the area of more than one NTN cells (or portions thereof)
5. Can discuss next time whether the broadcast transmission can be limited to the intended service area only (i.e. no transmission happens outside of the intended serive area)
6. At least the following geographical area formats to model service area can be further considered (the signalling of other information than the geographical information can be considered):
	- Circles (like for TN coverage)
	- Geographical area information, e.g. via polygons, to better approximate the intended shape of service area
In this contribution, we would like to provide some further considerations on the MBS broadcast service for NTN system.
[bookmark: _Hlk41985036]Discussion
2.1 Use case
In last meeting we discussed the following 3 scenarios for MBS broadcast over NTN:
S1: The service area is a portion of an NTN cell, and the Content of the service can only be received within the service area (e.g. broadcast via a dedicated beam(s) ).
S2: The service area is a portion of an NTN cell, but the content of the service can be received within the whole cell.
S3: The intended service area consists of a list of NTN cell(s)/tracking area(s).
And achieved agreements as follows:
	We will cover at least the case where the indicated intended service area covers a portion of a NTN cell
The intended service area can cover the area of more than one NTN cells (or portions thereof)


Whether the broadcast transmission can be limited to the intended service area only (i.e. no transmission happens outside of the intended service area) is postponed due to that some companies have concern about implementation complexity and even think it is impossible. From our point of view, the intended service area may not be exactly equal to the coverage of the satellite footprint, especially the case that the service area is smaller than the satellite footprint (as shown in figure 1 and figure 2 for single satellite beam and multiple satellite beams respectively), it is not feasible to only provide service in the actual intended service area based on broadcast manner. Therefore we could consider that the smallest granularity of broadcast transmission is the coverage of a satellite beam.


           
Figure 1 Single beam case                               Figure 2 Multiple beams case
Proposal 1: It is proposed that the smallest granularity of broadcast transmission is the coverage of a satellite beam.

2.2 Service area indication
Regarding the service area indication, we agreed that at least the following geographical area formats to model service area can be further considered:
- Circles (like for TN coverage)
- Geographical area information, e.g. via polygons, to better approximate the intended shape of service area
The option 1 (circles) is a simple and similar scheme to TN coverage information introduced in NTN R18 to assist TN neighbour cell measurements. For service area indication, we could consider to introduce a new IE (e.g. IntendedServiceAreaInfo-r19) as follows to provide intended service area ID, service area reference location and distance radius information to UE. Then UE receive the broadcast service based on whether in the service area or whether interested in the service.
IntendedServiceAreaInfo-r19 ::=       SEQUENCE {
    intendedServiceAreaId-r19                  IntendedServiceAreaId-r19,
    intendedServiceArea-ReferenceLocation-r19       ReferenceLocation-r17,
    intendedServiceArea-DistanceRadius-r19          INTEGER(0..65536)
Option 2 (Geographical area information, e.g. via polygons, to better approximate the intended shape of service area) could provide a more precise service area than option 1. However, the overhead is obviously higher than option 1. For example, polygon shape description needs a list of coordinate locations, the more location, the more accurate, which would introduce larger overhead.
Observation 1: Option 2 has overhead issue due to multiple location points for geographical area information (e.g. polygon).
Proposal 2: Option 1 (circles) seems to be a simple solution to provide service area information. And a new IE (e.g. IntendedServiceAreaInfo-r19) is introduced as following:
IntendedServiceAreaInfo-r19 ::=       SEQUENCE {
    intendedServiceAreaId-r19                  IntendedServiceAreaId-r19,
    intendedServiceArea-ReferenceLocation-r19       ReferenceLocation-r17,
    intendedServiceArea-DistanceRadius-r19          INTEGER(0..65536)

In addition to the above 2 options, we could also consider to taking advantage of mapped cell ID introduced in NTN R17. As existing mechanism, UE in RRC_CONNECTED state may send MBS Interest Indication to the gNB, consisting of the following information [2]:
- List of MBS frequencies UE is receiving or interested to receive, sorted in decreasing order of interest;
- Priority between the reception of all listed MBS frequencies and the reception of any unicast bearer and multicast MRB;
- List of MBS broadcast services the UE is receiving or interested to receive, in case SIB20 is provided for PCell or SCell.
Explicitly, the MBS Interest Indication is related to frequency level, which may not be applied in NTN system well. In R17 NTN, we introduced mapped cell ID, gNB is responsible for constructing the Mapped Cell ID based on the UE location information received from the UE, if available. The mapping may be pre-configured (e.g., up to operator's policy) or up to implementation. We could leverage the mapped cell ID to indicate intended service area in NTN. Specifically, network broadcast mapped cell ID and the corresponding area information, and provide association between mapped cell ID and service area, and maybe a new SIB needed due to information size. Then this option is also beneficial for subsequent MBS Interest Indication reporting with mapped cell granularity from UE side.


Figure 3 Association between Mapped cell and service area
Proposal 3: In order to provide service area information, taking advantage of mapped cell ID introduced in NTN R17 could also be discussed. Specifically, network broadcast mapped cell ID and the corresponding area information, and provide association between mapped cell ID and service area.

2.3 Which SIB to include the service area information
Then we need to discuss which SIB to include the service area information, the existing SIB1 (scheduling other SI) or SIB20/SIB21 containing information for MBS broadcast or SIB19 including satellite assistance information for NTN access could be considered. Considering that we agreed to prioritize working on a solution for MBS broadcast but don’t preclude other broadcast services, namely ETWS (Earthquake and Tsunami Warning System). If supported ETWS, SIB6 (ETWS primary notification) or SIB7 (ETWS secondary notification) could be considered to provide service area information. Further considering that a new SIB25 is introduced to support TN coverage information in R18, a new SIBx could also be discussed to include the service area information for MBS broadcast. Then if multiple broadcast service types are supported, SIB1 or a new SIBx may be more reasonable considering the signaling overhead.
Proposal 4:The following options could be discussed to include the service information:
Option 1: SIB1
Option 2: SIB20/SIB21 (containing information for MBS broadcast)
Option 3: SIB6/SIB7 (including ETWS notification)
Option 4: SIB19 (including satellite assistance information for NTN access)
Option 5: a new SIBx

2.4 Country information
Per the discussion, some companies indicate that one intended service area may cross several country border, different country information need to be taken into account. However, the existing TMGI (Temporary Mobile Group Identity) used within MBMS to uniquely identify Multicast and Broadcast bearer services and the structure of TMGI is shown in the following figure:


Figure 15.2.1: Structure of TMGI [3]
And the SAI is constituted by Service Area Code (SAC) together with the PLMN-Id and the LAC (Location Area Code):
-	SAI = PLMN-Id || LAC || SAC [3]
Based on above, current TMGI and SAI have already contained MCC or PLMN ID respectively, it may be enough to represent different country and no further enhancements is needed.
Proposal 5: Current TMGI and SAI have already contained MCC or PLMN ID respectively, it may be enough to cover different country information.
Conclusion
Based on the discussions mentioned above, in this contribution we provide some discussions on MBS broadcast enhancements for NTN and have the following proposals:
Proposal 1: It is proposed that the smallest granularity of broadcast transmission is the coverage of a satellite beam.
Observation 1: Option 2 has overhead issue due to multiple location points for geographical area information (e.g. polygon).
Proposal 2: Option 1 (circles) seems to be a simple solution to provide service area information. And a new IE (e.g. IntendedServiceAreaInfo-r19) is introduced as following:
IntendedServiceAreaInfo-r19 ::=       SEQUENCE {
    intendedServiceAreaId-r19                  IntendedServiceAreaId-r19,
    intendedServiceArea-ReferenceLocation-r19       ReferenceLocation-r17,
    intendedServiceArea-DistanceRadius-r19          INTEGER(0..65536)
Proposal 3: In order to provide service area information, taking advantage of mapped cell ID introduced in NTN R17 could also be discussed. Specifically, network broadcast mapped cell ID and the corresponding area information, and provide association between mapped cell ID and service area.
Proposal 4:The following options could be discussed to include the service information:
Option 1: SIB1
Option 2: SIB20/SIB21 (containing information for MBS broadcast)
Option 3: SIB6/SIB7 (including ETWS notification)
Option 4: SIB19 (including satellite assistance information for NTN access)
Option 5: a new SIBx
Proposal 5: Current TMGI and SAI have already contained MCC or PLMN ID respectively, it may be enough to cover different country information.
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