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Introduction
An objective for Rel-19 NR non-terrestrial networks (NTN) is to provide enhanced signaling support for multicast/broadcast services (MBS). MBS 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, requiring enhancements to notify the service area of a Broadcast service.
Detailed objectives from the WID [1] are as follows:
	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]



This contribution discusses necessary enhancements to support broadcast service in non-terrestrial networks, specifically the impact of NTN characteristics on broadcast services such as cell size and cell movement.
Discussion
Impact of NTN cell size on broadcast service area
Multicast/Broadcast Service (MBS) is a point-to-multipoint service in which data is transmitted from a single source entity to multiple recipients either via broadcast or multicast transmission. For broadcast communication service, the same service and content data are provided simultaneously to all UEs in an MBS service area, which are defined via a cell ID list or Tracking area ID (TAI) list. Since terrestrial cells are fixed and the coverage area is relatively limited, a geographical area or civic address information can be readily translated into a list of cells (performed by the NEF/MBSF, see TS 23.247 [2]). 
Alternatively, NTN cell sizes range from 100km to 3500km diameter and can cover multiple countries. Defining a geographic location in terms of cells is therefore unsuitable since it is likely at least some portion of a cell will cover a region where data from certain MBS session cannot be transmitted/received (e.g., due to regulatory requirements). 
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Figure 2.1: An MBS session area in terrestrial networks (left) vs non-terrestrial networks (right).
Observation 1:	Defining a broadcast service area via cell ID list or TAI ID list may not be suitable in NTN due to much larger cell sizes (e.g., 100 km to 3500 km diameter).
A service area may instead be defined via an explicit geographic description. Possible options may be, for example, a reference point and radius (e.g., like TN coverage areas description) or set of reference points which describe a polygonal shape. 
Proposal 1:	A broadcast service area can be defined via explicit geographic description. FFS details
Although, describing a service area geographically means that even though a serving cell ID belongs to a service area, the UE may not be located in the right area of the cell to access the service (e.g., if the cell footprint covers a larger area than the service area). 
Observation 2:	Describing a service area geographically means that even though a serving cell ID belongs to a service area, the UE may not be located in the right area of the cell to access the service.
This may raise two possible issues:
1. UE location information is needed to determine which service area(s) apply to the UE; and 
2. UE location may need to be verified by the network. 
To access service content, the UE may first acquire updated location information to determine whether it is within a particular service area or area(s). Additional restrictions may be specified to ensure the UE only receives content if it is located within the service area outlined by the geographic description. The UE may also need to successfully complete the network verified UE location procedure (e.g., to ensure the reliability of the reported location information) prior to accessing the service content. 
Observation 3:	Defining service area(s) within a cell may require updated UE location information to be acquired and/or verified to determine which service area(s) are applicable for the UE.
UEs with unverified location or locations outside of the service area can be prevented from accessing service content by using multicast communication service, which is used when not all UEs in the MBS service area are authorized to receive the data. The gNB may deliver MBS multicast data packets using the following methods:
· PTP Transmission: gNB individually delivers separate copies of MBS data packets to each UEs independently, i.e., gNB uses UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI.
· PTM Transmission: gNB delivers a single copy of MBS data packets to a set of UEs, e.g., gNB uses group-common PDCCH with CRC scrambled by group-common RNTI (G-RNTI) to schedule group-common PDSCH which is scrambled with the same G-RNTI
Considering the number of UEs and possible size of an NTN-provided service area, PTP transmission may not always be suitable considering the signaling overhead constraints. PTM services should be suitable, however additional specification work may be needed to incorporate the NW verified UE location procedure into the MBS procedure (e.g., prior to providing a G-RNTI).
Proposal 2:	Clarify whether existing procedures are sufficient to prevent a UE outside of a service area, but within cell coverage, from accessing service content.
Impact of NTN cell movement on broadcast service areas
The WID objective states to “specify signalling of the intended service area of a broadcast service via NR NTN”, however no distinction is made whether the objective applies to a particular NTN deployment scenario (e.g., GSO vs. NGSO, quasi-earth fixed vs. earth moving beams etc.). It should therefore be assumed enhancements to support signalling the service area should apply to all supported NTN deployment scenarios.
Observation 4:	Since there is no explicit restriction, RAN2 shall assume that the WID objective applies to both GSO and NGSO satellites, and to both quasi-earth-fixed and earth moving beams.
Supporting NGSO satellites requires consideration that the cells move continuously relative to earth. For example, a cell within the boundaries of a country at time T1 may cross into a region where the MBS session is not applicable at time T2. This means that the cells which make up an MBS session area will change over time due to satellite movement, requiring methods to dynamically update the MBS session area.
Observation 5:	Satellite movement in NSGO deployments could cause the cell(s) serving a service area to constantly change.
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Figure 2.2: Due to satellite movement, the cells within a session area will change over time. 
When designing the signaling, RAN2 should therefore consider the possibility of frequent and continuous cell change for which cell (s) serve the service area.
Proposal 3:	Frequent cell change (e.g., due to NGSO satellite movement) is considered when designing service area signaling.
Conclusion
In this contribution the following observations and proposals are made regarding support for MBS
Observation 1:	Defining a broadcast service area via cell ID list or TAI list may not be suitable in NTN due to much larger cell sizes (e.g., 100 km to 3500 km diameter).
Observation 2:	Describing a service area geographically means that even though a serving cell ID belongs to a service area, the UE may not be located in the right area of the cell to access the service.
Observation 3:	Defining service area(s) within a cell may require updated UE location information to be acquired and/or verified to determine which service area(s) are applicable for the UE.
Observation 4:	Since there is no explicit restriction, RAN2 shall assume that the WID objective applies to both GSO and NGSO satellites, and to both quasi-earth-fixed and earth moving beams.
Observation 5:	Satellite movement in NSGO deployments could cause the cell(s) serving a service area to constantly change.
Proposal 1:	A broadcast service area can be defined via explicit geographic description. FFS details
Proposal 2:	Clarify whether existing procedures are sufficient to prevent a UE outside of a service area, but within cell coverage, from accessing service content.
Proposal 3:	Frequent cell change (e.g., due to NGSO satellite movement) is considered when designing service area signaling.
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