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1	Introduction
[bookmark: _Ref178064866]The approved work item justifications and objectives for NR NTN Evolution in Rel-19 [1] emphasizes:
	
3) MBS feature provides an important add-value for NR NTN system, leveraging the large coverage of the NTN compared to TN. Terrestrial MBS features are equally available for NR NTN in the 5G specifications, but for some cases the intended service area is expected to be smaller than the coverage of a Uu cell, some enhancements need to be done to notify the service area of a Broadcast service.




	3. 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]




In this paper, we seek to clarify use cases targeted for Rel-19 NTN MBS enhancement and a baseline solution for the signaling of the intended service area of a broadcast service.
2	Discussion
Use cases
Non-terrestrial networks are well suited to support Multicast and Broadcast Services (MBS). Such services can take advantages of the large satellite footprint on Earth and low energy consumption to deliver efficiently the same content to a large number of terminals. Considering the wide area coverage offered by the satellite constellations, the Space ecosystem foresees the 5G MBS very useful to be adopted within the satellite constellations. Especially, GEO satellite are historically a preferred solution to deliver television shows on a country-wide scale since the footprint is large and latency due to the large 35.786 km is not an issue for this type of service. For these reasons, some satellite companies seek to include the MBS in the 5G NR NTN standard [2].
For the terrestrial mobile network, the 3GPP had included in the MBS, enhancements for linear and non-linear media content for broadcast (point-to-multipoint) and multicast (point-to-group). The standardization activity can be divided into 2 technical evolutions:
· The « 5G broadcast » for the terrestrial diffusion with a LTE-based 5G terrestrial broadcast as defined in the LTE Rel-16
· The « 5G Mobile broadband » related to developments after the Rel-16 based on NR technology and the 5GC that are deployed in mobile networks.

[image: ]
Figure 1 - Example of 5G-MAG distribution platform
An example of 5G MBS distribution platform is given in Figure 1. It shows how the 5G system is able to provide a distribution service to a wide range of content provider such as linear media (e.g. television, radio), on-demand (e.g. video streaming), metadata,… However, even if the standard support this service, it does not mean it is deployed in the real networks. The cost to deploy such infrastructure compared to the business opportunity is important. Another limitation to the deployment comes from the mobile of the users. While the broadcast is pretty straightforward when both base station and terminal are statics (the broadcast could be performed at the Tracking Area level (TA)), the system becomes complex when the user are moving, especially for multicast.
Then it comes the NR Non-Terrestrial Networks (NTN). NTN was introduced in Rel-17 for different scenario: NGSO and GSO (Geostationary Orbit). The MBS was not considered in the firsts releases of NTN, i.e. Rel-17, Rel-18. NTN might be the solution for a world-wide deployment of 5G MBS. A straightforward scenario should be the GEO satellite with fixed or mobile VSAT for broadcast. In fact, it exists already satellite operators that provide such services using a DVB radio technology. The advantage for these operators is to support a new kind of 3GPP compatible devices without modifying their already-in-service satellites. The gNB would be deployed on the ground and the GEO satellite transparently relays the 5G NR signal.
An important use case for MBS service in NR NTN is the GSO for media content broadcast
Focus on the MBS broadcast service in GSO use case for the definition of the intended broadcast service area and how to handle it
The LEO constellations are less interesting for MBS. They do not benefit from a large footprint of Earth that can have a GEO satellite while it is more difficult to provide content to a fixed geographical area compared to terrestrial networks as the satellites are moving fast. However, LEO constellations are interesting to palliate to a TN failures during an emergency situation to broadcast Global Public Warning Systems (GPWS). A NTN (both NGSO and GSO) shall be able to broadcast emergency message to UEs within an identified area.
NTN shall be able to broadcast emergency message in geographical area when TN may be unavailable
Discuss to support emergency messaging broadcast in an identified area in both GSO and NGSO
Geographical Area
While the features enabling the provision of MBS have been defined in the previous releases of terrestrial mobile network, the provision of MBS over NGSO NTN would require additional features and enhancements:
· Addressing NTN moving radio nodes (NGSO) causing the need to ensure service continuity over a given area when the gNB and/or the cell coverage areas are moving
· User group dependent MBS services: Enabling wide area MBS services addressing a specific user group over a large geographic area and different regulatory regions
· Service subscription with SIM-card less support for MBS services with broadcast service provider subscriptions from broadcast provides, different from MNO services
· MBS could also be provisioned over a dual connectivity (joint TN and NTN MBS reception).
· Location dependent MBS service: Enabling distribution of different content data to different MBS service areas
The WID [1] suggests to study the last bullet point. The location dependent MBS requires a fixed geographical area information and mapping.
[image: ]
Figure 2 - Current geographically-related identities in the specs
The question of the fixed geographical area on Earth was already treated during study and standardization phases to handle for instance the regulatory requirements. The UE location needs to be known by the network to perform the correct AMF selection and provide geographically-associated services. In the Figure above, we can see in a scenario with a GEO SAT the following geographically-related identities:
· Satellite beam: a beam created by Satellite Active Antenna System. A satellite beam may not be identified by the UE
· Physical NR Cell: known at the RAN level and corresponds to a beam or a group of beams footprint on Earth
· Mapped Cell: indicated by the gNB to the Core Network as part of the User Location Information and used for the PWS, the Area of Interest, paging optimization. Note that it is not broadcasted to the UE and used only by the network operator.
· Tracking Area: corresponds to a fixed geographical area used for paging and keep record location of the UE in IDLE mode at the larger granularity than cell level
For the case of GEO satellite, the satellite beam footprint defined in [38.821] is 250 km (band-S) or 110 km (band-L) with a satellite footprint of approximately one third of the Earth surface.
The objective given by the WID is to define an intended broadcast service area, fixed on Earth where a broadcast content is available for connected UE (handheld or VSAT). The [3]-§6.2.3 describes for terrestrial networks the Location dependent MBS service using Area Session ID associated to a MBS service area. The area session ID is defined at the cell level in the specifications (i.e. should be defined at the “mapped cell” level in the NTN). The mapped cells can be considered for location dependent MBS service area signaling. Note that mapped cells grid is defined by the RAN operator, thus, the mapped cell can be designed to cover pre-determined coherent geographical area (e.g. countries). However, the mapped cell grid can also be designed by the network operator to correspond to characteristics of the satellite. For instance, the size of the mapped cell corresponds to the size of a satellite beam. It is reasonable to have this kind of implementation for the GEO satellite where the cells are large and fixed to the Earth. In this case, the intended service area size could be smaller than a mapped cell ID as illustrated in Figure 2.
The intended service area for MBS broadcast could be smaller than of a mapped cell depending on the network operator configurations
Regarding to the observation above, it is necessary to define a new type of fixed-to-ground geographical area to signal a service area for MBS broadcast.
Define a new fixed geographical area to represent the intended service area
The service area is very similar to what was already defined for PWS (Public Warning System) where an emergency alert can be broadcasted within certain geographical areas down to the size of a single TN cell through SIB8 in TN. The emergency messaging broadcasting is also a targeted service for MBS broadcast service. Especially, the warningAreaCoordinatesSegment IE [4]-§9.3.63 can be reused as an efficient way to define a new MBSGeofilteringAreaCoordinates IE.
Re-use as much as possible existing procedures and messages to address the issue of service area for broadcast service.
Consider PWS geographical area coordinates as a baseline to the new fixed geographical area to be defined for broadcast service
As discussed in [2], the broadcast service should benefits of a joint TN/NTN deployment. The usage of dedicated geographical area for MBS geofiltering could then be used also in TN, avoiding multiple definitions.
The definition of a dedicated geographical service area for broadcast service in NTN is compatible for a usage of a joint TN/NTN deployment in a future Release.

Information broadcast
There is two options to broadcast the intended service area information into the coverage area of the satellite
· By using existing NTN SIB 19 to add an optional IE
· By defining a new SIB for broadcast service in NTN
The SIB 19 is interesting solution but the issue is that it increase the size of the NTN essential SIB even for UE not compatible or interesting by the broadcast services. That is why, such as SIB 25 for TN coverage area information broadcast in NTN and SIB 20 to carry the information required to acquire the MCCH configuration for MBS broadcast, it is interesting to define a new SIB. The new SIB is broadcasted only if a broadcast service is available in a cell.
Define a new SIB for NTN to carry information of broadcast service area
The new SIB is more future proof if the MBS is developed for NTN in future release

Usage of the service area information by the UE
At the UE-side, the information of the service area is used by the UE to determine if it is in the coverage of a broadcast service. If so, the UE while proceed and decode the broadcast channel. For NTN devices, it is interesting to first decode the SIB without decoding the broadcast channel for a question of energy consumption.

3	Conclusion
In the previous sections we made the following observations and proposals:

<Use cases>
1. An important use case for MBS service in NR NTN is the GSO for media content broadcast
1. Focus on the MBS broadcast service in GSO use case for the definition of the intended broadcast service area and how to handle it
1. NTN shall be able to broadcast emergency message in geographical area when TN may be unavailable
Discuss to support emergency messaging broadcast in an identified area in both GSO and NGSO

<Geographical area>
1. The intended service area for MBS broadcast could be smaller than of a mapped cell depending on the network operator configurations
Define a new fixed geographical area to represent the intended service area
Re-use as much as possible existing procedures and messages to address the issue of service area for broadcast service.
Consider PWS geographical area coordinates as a baseline to the new fixed geographical area to be defined for broadcast service
1. The definition of a dedicated geographical service area for broadcast service in NTN is compatible for a usage of a joint TN/NTN deployment in a future Release.

<Information broadcast>
Define a new SIB for NTN to carry information of broadcast service area
1. The new SIB is more future proof if the MBS is developed for NTN in future release
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