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1	Introduction
One of the objectives for Rel-19 NTN WI is the Support of Broadcast service over NTN and is mentioned below.  

Specify signaling of the intended service area of a broadcast service (e.g. MBS broadcast) via NR NTN [RAN2, RAN3]
· Specify SIB signaling to indicate the intended service area in case the satellite footprint covers a larger area. [RAN2]
· Specify the necessary signaling between CN and NG-RAN. [RAN3]

During RAN2 #125 bis meeting we had discussions on the Support of Broadcast service and made the following agreements.  
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 document, we discuss potential solutions taking the above agreements into account.
2	Discussion
2.1	Scenario support
For supporting MBS broadcast service over NTN, it is already agreed that at least the intended area could be defined as a portion of a Uu Cell. 
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Figure 1. MBS service area covering a portion of a cell

During RAN 2 #125 bis meeting, RAN2 discussed the following 3 scenarios which were proposed in [1] and are shown in Figure 2:
Scenario 1 (S1): The service area is a portion of an NTN cell, and the content of the broadcast service can only be received within the service area (e.g. broadcast via a dedicated beam(s));
Scenario 2 (S2): The service area is a portion of an NTN cell, but the content of the broadcast service can be received within the whole cell (even outside the service area);
Scenario 3 (S3): The intended service area consists of a list of NTN cell(s)/tracking area(s);


Figure 2. Potential scenarios to be supported for broadcast service via NR NTN
In S1, the cell only provides certain MBS broadcast services in a given area. A UE outside of the area would not be receiving any of the irrelevant MBS broadcast data. In our understanding scenario S1 is useful and should be supported. Existing mechanisms already support the association between SSB and MTCH transmission occasion and it is possible to allow MTCH transmission only on a subset of SSBs.
	TS 38.331 Clause 6.3.6:
	MTCH-SSB-MappingWindowList field descriptions

	MTCH-SSB-MappingWindowCycleOffset
Indicates the cycle and offset for MTCH PDCCH ocassions to SSB mapping. Values in unit of ms. ms10 corresponds to cycle of 10 ms with corresponding offset between 0 and 9 ms, value ms20 corresponds to cycle of 20 ms with corresponding offset between 0 and 19 ms, and so on. The mapping window starts at a subframe in a SFN where [(SFN number × 10) + subframe number] modulo (cycle) = offset.
PDCCH monitoring occasions for MTCH in a mapping window which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered starting from 1 in the maping window. The [x×N+K]th PDCCH monitoring occasion for MTCH in this mapping window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in MTCH to SSB mapping transmission window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes.






In S2, a UE may receive a broadcast service which is not supposed to be received by this UE or is irrelevant to it. For instance, if the cell coverage includes two countries while the service area is expected to be only in one of those two countries. In such a case, UEs outside of the service area need to be informed to avoid receiving irrelevant MBS content data. 
S3 is already supported when the service area is a list of cells or TAIs, there is no specification impact.
[bookmark: _Toc165908834][bookmark: _Toc165910804]RAN 2 should study all of the above three scenarios and discuss specification impacts of scenarios S1 and S2 
Proposal 1: Agree to support the S1, S2 and S3 scenarios and discuss the RAN2 impact of S1 and S2.
2.2	Format of intended service area
In R17 MBS, SA2 has introduced local MBS service and location dependent MBS service. The MBS service area can be provided to the gNB and the UE respectively as defined in TS 23.247:
[bookmark: _CRTable6_9_11]Table 6.9.1-1: Multicast MBS Session Context
	Parameter
	Description
	NG-RAN
	AMF
	SMF
	MB-SMF

	State
	State of MBS session ('Active' or 'Inactive' or 'Configured')
	X
(note 2)
	
	X
(note 2)
	X

	SSM (source specific IP multicast address)
	IP multicast address identifying the MBS session.
	
	
	X
(note 1)
	X
(note 1)

	TMGI
	Temporary Mobile Group Identity allocated to the MBS Session.
	X
	X
	x
	X

	Area Session Identifier
	Used for MBS session with location dependent content. When present, the Area Session Identifier together with the TMGI uniquely identify the MBS Session in a specific MBS service area.
	X
(note 1)
	X
	X
(note 1)
	X
(note 1)

	MB-SMF
	The MB-SMF that handles the MBS session.
	
	X
	X
	

	QoS information
	QoS information of the MBS session.
	X
	
	X
	X

	MBS Service Area
	Area over which the MBS session data is distributed (i.e. Cell ID list or TAI list).
	X
(note 1)
	
	X
(note 1)
	X
(note 1)

	<unrelated parts omitted>



	TS 23.247 Clause 6.11:
For local MBS service, the Service Announcement may include the MBS service area. The MBS service area used by AF can be Cell ID list, TAI list, geographical area information or civic address information. Amongst them, Cell ID list and TAI list shall only be used by AFs who reside in trust domain, and when the AFs are aware of such information.


The existing MBS service area information is in the form of cell ID list or TAI list, hence it cannot be used for supporting MBS service in a portion of a cell. One possible solution is to enhance the MBS service area information in TS 23.247 to include geographic area information. Such information could be defined in the form of centre of the coverage area and coverage diameter. However, this is in SA2 scope and has no RAN2 impacts.
An alternative is to provide information in the Uu interface, as already hinted by the WI objective. The TMGI in pre-Rel-19 specifications already contains PLMN information, and its MCC (Mobile Country Code) can indicate a coarse area information, i.e. a country. If finer granularity of area is desired, some new signalling in the Uu interface is needed. In RAN2#125bis meeting, RAN2 has agreed to consider circles (like for TN coverage) and other geographical area information (e.g. via polygons).
From our point of view, the formats to model the sevice area should at least include circles, similarly to TN coverage. In addition, the geo-fencing model of CMAS could be used for MBS i.e., the geographical coordinates representing the intended service area. The existing “Warning Area Coordinates” in TS 38.413 can be reused, similarly to CMAS in SIB8:
	TS 38.331 Clause 6.11:
SIB8 ::=                        SEQUENCE {
    messageIdentifier               BIT STRING (SIZE (16)),
    serialNumber                    BIT STRING (SIZE (16)),
    warningMessageSegmentType       ENUMERATED {notLastSegment, lastSegment},
    warningMessageSegmentNumber     INTEGER (0..63),
    warningMessageSegment           OCTET STRING,
    dataCodingScheme                OCTET STRING (SIZE (1))                         OPTIONAL,   -- Cond Segment1
    warningAreaCoordinatesSegment   OCTET STRING                                    OPTIONAL,   -- Need R
    lateNonCriticalExtension        OCTET STRING                                    OPTIONAL,
    ...
}
...
	warningAreaCoordinatesSegment
If present, carries a segment, with one or more octets, of the geographical area where the CMAS warning message is valid as defined in [28]. The first octet of the first warningAreaCoordinatesSegment is equivalent to the first octet of Warning Area Coordinates IE defined in and encoded according to TS 23.041 [29] and so on.



TS 38.413 Clause 6.11:
[bookmark: _Toc162973660][bookmark: _Toc112756835][bookmark: _Toc107409646][bookmark: _Toc106109188][bookmark: _Toc105174190][bookmark: _Toc105152384][bookmark: _Toc99662317][bookmark: _Toc99123512][bookmark: _Toc97891369][bookmark: _Toc88652326][bookmark: _Toc73982237][bookmark: _Toc64446367][bookmark: _Toc51746103][bookmark: _Toc45897899][bookmark: _Toc45798510][bookmark: _Toc45720630][bookmark: _Toc45658810][bookmark: _Toc45652378][bookmark: _Toc36555066][bookmark: _Toc36553339][bookmark: _Toc29504893][bookmark: _Toc29504309][bookmark: _Toc29503725][bookmark: _Toc20955276]9.3.1.112	Warning Area Coordinates
[bookmark: _Hlk516148179]This IE contains the affected alert area coordinates of a warning message, and will be broadcast over the radio interface.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Warning Area Coordinates
	M
	
	OCTET STRING (SIZE(1..1024))
	





[bookmark: _Toc165908835][bookmark: _Toc165910805]Proposal 2: The intended service area information is provided to the UE via the Uu interface in the form of circles or geographical coordinates (reusing Warning Area Coordinates in CMAS).
2.3	SIB/MCCH for carrying intended service area
MBS has been standardized in previous releases. The goal of the feature is to deliver the same service and the same data contents simultaneously to all UEs via Broadcast service and to a set of UEs via Multicast service. For the broadcast service, a UE (regardless of the RRC state) can receive the MBS configuration for broadcast session via MCCH. Before reception of the MCCH, the UE needs to acquire system information providing information tor monitor the MCCH.
To support MBS service, system information and MCCH can be utilised as described below:
· SIB20 is used to convey the MCCH/MTCH configuration information (the frequency resource for MCCH and MTCH, the time resource for MCCH). If the serving cell sends SIB20, the UE will receive the MCCH of this cell.
· SIB21 is used to convey the MBS Frequency Selection Area Identities of the current/ neighbour frequencies to help the UE to perform cell reselection for the purpose of MBS broadcast service continuity. If the MBS broadcast capable UE is receiving or interested in receiving one or more MBS broadcast service(s) and can only receive these MBS broadcast service(s) by camping on a given frequency , the UE may consider that frequency to be the highest priority for cell reselection.
· the MBSBroadcastConfiguration message (provided via MCCH) is used to convey the control information for ongoing MBS sessions (including MRB configurations, PDSCH configuration per MBS session, and neighbor cells that are also broadcasting the MBS sessions). The UE will receive the MTCH for the MBS session of interest.
There are several options for including the target area information, including new SIB/ SIB19/ SIB20/ SIB21/ MBSBroadcastConfiguration:
· SIB19/ new SIB: It was proposed by some companies to add the intended area information in SIB19 and to group all the NTN-related information together. In our understanding, if the area information is included in SIB19, the network needs to also broadcast the associated TMGI information (or broadcast the MBS frequency information, and the UE uses frequency-TMGI association information in SIB21 to obtain the TMGI information, or the FSA-TMGI-frequency information provided via USD). The same issue exists for new SIBs i.e., TMGI information or MBS frequency information needs to be additionally broadcast to associate with the area information.
· SIB21: If included in SIB21, there is existing MBS frequency information, but such information was only used for cell reselection. If not performing cell reselection, the UE does not need to acquire frequency information when receiving MBS broadcast, it only needs to know whether it supports the on-going MBS services provided by the serving cell. If the TMGI can be provided by other means, the UE does not need to acquire SIB21. 
· SIB20: SIB20 can indicate whether this cell supports MBS, but SIB20 is mainly used to provide MCCH/MTCH configuration information, it does not contain MBS session information.
· [bookmark: _Hlk166251167]MBSBroadcastConfiguration: If included in MBSBroadcastConfiguration, the UE can know whether it needs to receive the MBS service per MBS session ID. The existing TMGI information can be reused. We think that it is the suitable place to include target area information.
[bookmark: _Toc165908836][bookmark: _Toc165910806]Proposal 3: Among the candidates for including intended service area information (new SIB/ SIB19/ SIB20/ SIB21/ MBSBroadcastConfiguration), MBSBroadcastConfiguration is the most appropriate since the TMGI information can be reused for association with the area information.
2.4	UE behaviour
[bookmark: _Hlk166094711]The broadcasted area information serves as assistance information for the UE so it is not possible to determine whether the UE strictly follows the intended service area information.
The area information helps the UE to receive the MBS service of interest and also helps the UE for cell reselection. In existing specifications, if the MBS-broadcast-capable UE is receiving or interested to receive an MBS broadcast service(s) and can only receive this MBS broadcast service(s) by camping on a frequency on which it is provided, the UE may consider that frequency to be the highest priority for cell reselection, as captured in TS 38.304:
	TS 38.304 Clause 5.2.4.1:
If the MBS broadcast capable UE is receiving or interested to receive an MBS broadcast service(s) and can only receive this MBS broadcast service(s) by camping on a frequency on which it is provided, the UE may consider that frequency to be the highest priority during the MBS broadcast session as specified in TS 38.300 [2] as long as the two following conditions are fulfilled:
1)	SIB1 scheduling information of the cell reselected by the UE due to frequency prioritization for MBS contains SIB20;
2)	Either:
-	One or more MBS FSAI(s) of that frequency is indicated in SIB21 of the serving cell and the same MBS FSAI(s) is also indicated for this MBS broadcast service in MBS User Service Description (USD) as specified in TS 26.346 [20], or
-	SIB21 is not provided in the serving cell and that frequency is included in the USD of this service, or
-	SIB21 is provided in the serving cell but does not provide the frequency mapping for the concerned service, and that frequency is included in the USD of this service.
NOTE 0g: It is up to UE implementation which frequency to select, when the USD provides multiple frequencies for the service the UE is interested in.


As an NTN cell can have a large coverage area, the UE may not be located in the intended service area even though it is in the coverage of the MBS frequency. Therefore, the intended service area information can be considered before prioritising any MBS frequency for cell reselection.
[image: ]
Proposal 4: Based on the UE location and on the the intended service area information of the MBS service(s) of interest, the UE decides whether to receive MCCH/MTCH and considerss the MBS frequency providing the service(s) of interest as having the highest priority for cell reselection.
3	Conclusion
In this paper we discuss the support of broadcast service via NR NTN, and propose the following:
Proposal 1: Agree to support the S1, S2 and S3 scenarios and discuss the RAN2 impact of S1 and S2.
Proposal 2: The intended service area information is provided to the UE via the Uu interface in the form of circles or geographical coordinates (reusing Warning Area Coordinates in CMAS).
Proposal 3: Among the candidates for including intended service area information (new SIB/ SIB19/ SIB20/ SIB21/ MBSBroadcastConfiguration), MBSBroadcastConfiguration is the most appropriate since the TMGI information can be reused for association with the area information.
Proposal 4: Based on the UE location and on the the intended service area information of the MBS service(s) of interest, the UE decides whether to receive MCCH/MTCH and considerss the MBS frequency providing the service(s) of interest as having the highest priority for cell reselection.
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