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[bookmark: _Ref488331639]Introduction
[bookmark: _Int_wNJ8UBRS]Thanks to their wide area coverage, Non-Terrestrial Networks (NTN) can efficiently address large numbers of UE (User Equipment) devices. The support of Multicast and Broadcast Services (MBS) can provide substantial improvements, especially regarding efficient resource usage to distribute content, such as software updates, media content for example. It can complement unidirectional link services. 
[bookmark: _Int_qcrb9Isf][bookmark: _Int_K6Vdujyl]These MBS services for NTN are applicable to all types of Non-Terrestrial Networks (GSO and NGSO) operating in all frequency bands. The usage of a SIM-Card Less NTN link as a Broadcast channel to complement a terrestrial TN connected UE is considered a compelling use case that allows exploiting the benefits of both network segments ideally TN and NTN. 
[bookmark: _Int_cmMe5Dos]Deployment perspectives: Broadcast services constitute more than 50% of the revenue of satellite operators today based on classical DVB systems. A migration to 5G NTN technology shall enable MBS services to be available to allow a smooth evolution of the satellite operator’s broadcast services. MBS has the potential to complement the TN and NTN networks with an efficient means to multicast and broadcast content to the end users. Another important point to be highlighted is the TN/NTN joint network deployment (as proposed in [1]) where the MNO can take advantage of the large geographical coverage of satellite networks, unloading the multicast/broadcast traffic on the Terrestrial Network Infrastructure of the MNO. 
In last SA1#105 meeting, the following objectives and use cases were included in the SID for the “Study on Satellite Access -Phase 4” [2]:
-	to identify the gaps and potential new service requirements related to enhanced support for emergency communications and mission critical services using satellite access 
· regulatory requirements if applicable should be considered e.g., geographical area aspect
-	to study new use cases and identify new potential requirements for 5G system, related to: 
· multi-orbits satellite access for multiple services
Note: Simultaneous UE connections with multi-orbits are out of scope
· ability to notify the user that a mobile terminated communication (e.g. MMTel call) had failed when the UE was unreachable in satellite access.
-	to identify the gaps and potential service requirements to support IMS voice calls using GEO satellite access
· regulatory requirements if applicable should be considered. 

From the Broadcast service perspective, the emergency messaging broadcast service will be addressed by the objective related to “Enhanced Support for emergency communications and mission critical services using satellite access”. (A use case on emergency messaging broadcast service will be provided as part of the study)

However, the Satellite and broadcast industry believe there are still 2 use cases related to MBS NTN which should be addressed in 5G-Advanced Release 20:
· Reliable multicast in Joint TN/NTN deployments
· Enhanced Support for SIM-Card Less Broadcast services with Satellite Access System

The objective of this document is to propose to revise the SID “Study on Satellite Access -Phase 4” to include those 2 use cases as part of the objective of the study.
Discussion
In this paper, we are attempting to classify and describe the main use cases for NTN MBS that should be used as a baseline for the study item.
For classification purpose of the different use cases, the following list of criteria is the one selected (which can be improved to some extent):
· MBS User services: Audio/Video AV Live and Non-Live Streaming services, Generic File download services, Carousel Service,  
· Media Type: text, still image, video, speech, mono/stereo audio
· Mode of operation: SIM-card less support (Unregistered UE), SIM-Card support
· Service area: Cells, Region, Network wide
· Content Frequency of provisioning: Rare, Recurrent, Permanent
· [bookmark: _Int_tJGP4NJG]Density of Users likely to require the content simultaneously: High density, Medium density, Low density 
· Type of User Equipment: Mobile Handset, Gateway device with built-in antenna or Gateway device connected to separate satellite antenna. 
· User profile: Mobile User in large vehicle (Train, Vessel, Cruise), Mobile User in medium vehicle (for example: Bus, Tramway, Metro), Mobile User in small vehicle (for example: Cars), Mobile User outdoor, Fixed User indoor.
· Application Bit Rate
· Packet Error Rate
	Service Example
	Media
	MBMS User Service Classification
	Application Bit rate
	Packet error rate
	Broadcast Area
	Content's Frequency Provisioning
	User Density likely to require the content
	Type of User Equipment
	User Profile
	Mode of operation

	Broadcasting Television, Video Content Distribution (Live TV Streaming, News)
	Video & supplementary data (e.g. text, still images)
	AV Live and Non-Live Streaming 
	Up to 20 Mbps/service
	10-3
	Network wide
	Permanent
	High User Density
	Gateway device with built-in antenna, Gateway device connected to separate satellite antenna
	Fixed User Indoor, Mobile User in small/medium/large vehicle
	SIM-card less (Unregistered UE) complementary to two-way mode

	Broadcasting Audio streaming (AM/FM Radio Channels, Traffic Information)
	Stereo Audio
	AV Live Streaming
	Up to 192 kbps
	10-3
	Network Wide, Region
	Permanent
	Medium to High User Density
	Gateway device with built-in antenna, Gateway device connected to separate satellite antenna
	Mobile User in small/medium vehicle
	SIM-card less (Unregistered UE) complementary to two-way mode

	Regional Broadcasting (Shopping Information with current offers, Tourist Information, News alerts, Gate/platform announcements for public transports/airports, stock market financial indices, weather alerts)
	Text, Still Image, Audio, Video
	Generic File Download, Carousel
	from 10 kbps up to 20 Mbps
	10-4
	Region
	Recurrent
	Low to medium density
	All: Mobile Handset, Gateway device with built-in antenna, Gateway device connected to separate satellite antenna
	Mobile User Outdoor in small/medium vehicle
	SIM-card less (Unregistered UE) complementary to two-way mode

	Multicasting Secure Data Download (software update)
	File; eg UE type specific and/or application specific software
	Generic File Download, Carousel
	from 10 kbps up to 10 Mbps
	10-6
	Network Wide
	Rare
	High User Density
	All: Mobile Handset, Gateway device with built-in antenna, Gateway device connected to separate satellite antenna
	All: Fixed and Mobile User
	 Two-way mode (SIM-Card Support)

	Multicasting for automotive industry (driving assistance, autonomous diving, safety traffic accident)
	File, Text, Still Images
	Generic File Download, Carousel
	from 10 kbps up to 10 Mbps
	10-6 to 10-8
	Network Wide
	Recurrent
	Medium to High User Density
	Gateway device with built-in antenna, Gateway device connected to separate satellite antenna
	All: Mobile User Outdoor in small/medium/large vehicle
	Two-way mode
(SIM-Card Support)

	Reliable content distribution to edge caches (CDN, content pre-positioning)
	File, Video & supplementary data (e.g. text, still images)
	Generic File Download
	from 20 Mbps up to 85 Mbps
	10-6
	Network Wide
	Recurrent
	Low Density User
	Gateway device with built-in antenna, Gateway device connected to separate satellite antenna
	Fixed User, Mobile User Outdoor in small/medium/large vehicle
	Two-way mode
(SIM-Card Support)




Table 1 : Typical services envisaged for Reliable Multicast Services and SIM-Card Less (Unregistered UE) Broadcast Services over Satellite Access  

As one can notice in the table above, most of satellite access for Public Media Broadcast services are designed today in a SIM-Card Less Mode, this is a key requirement for satellite operator to decide massive deployment of 5G/5G-Advanced for broadcast services over their existing and coming constellations.
A second key takeaway from the above table is that the main usage of Multicast Services expected to be delivered from Satellite Access requires reliability (meaning that all the Multicast Content Shall be fully received by each member of the Multicast Group where reliability is provided by ACK/NACK feedbacks).  

2.1 Reliable multicast in Joint TN/NTN deployments
2.1.1 Problem statement and justification
In the transition from 5G to 5G-Advanced, the demand for network capabilities in terms of capacity and availability is increasing significantly, along with the need to reduce the costs of the provided services. This growth in demand is not feasible to be sustained by systems that only leverage unicast transmissions, the spectrum becomes a crucial resource in the network.
This has already become clear today, where multicasting and broadcasting have gained increasing attention, but places multicasting as a cornerstone technology for 5G systems based Satellite Access when it comes to complement 5G systems based Terrestrial Access by offering availability, survivability and scalability.
Multicast services play a crucial role in satellite access where resources are very limited by offering the following aspects:
1. Efficient Spectrum Utilization:
1. Multicast allows a single transmission to be received by multiple users simultaneously. In satellite systems, where spectrum is limited, multicast helps optimize bandwidth usage.
2. Instead of sending separate unicast streams to each user, a single multicast stream can serve a group of users with similar content needs. This reduces redundancy and conserves spectrum resources.
2. Energy Efficiency:
1. Satellites operate on limited power, and efficient energy usage is essential.
2. Multicast minimizes the need for redundant transmissions, leading to energy savings. Transmitting the same data once to a group of users is more energy-efficient than individual unicast transmissions.
3. Reduced Processing Overhead:
1. In multicast, the satellite sends data to a predefined group of receivers. This simplifies routing and reduces processing overhead compared to dynamically establishing point-to-point connections for unicast.
2. Fewer control messages and less complex routing algorithms contribute to resource efficiency.
4. Scalability:
1. Multicast enhances system robustness. If one user experiences interference or signal degradation, others in the same multicast group can still receive the data. 
2. Scalability is improved because adding new users to a multicast group doesn’t significantly impact system resources.
5. Content Delivery Optimization:
1. Multicast is ideal for scenarios like video streaming, software updates, or distributing large files to multiple users.
2. By efficiently delivering content to a group, satellite networks can optimize data distribution and reduce latency.
Many bandwidth-intensive applications (e.g., IPTV, video conferencing, distance education, online gaming) and emerging services such as the Internet of Things (IoT) and Vehicle Networks apply the multicast technology.
Some packets may be lost when crossing the links between multicast source and receivers. Conventional multicast systems using the only follow best-effort services and cannot ensure that all multicast data is delivered to each group member reliably and orderly, which may result in a serious performance decline of the application. However, many multicast applications (e.g., remote control of vehicles, media content distribution to moving vehicles, distributing operating system patches or antivirus updates over the network) require that the data must be completely delivered. It can be seen that the reliable multicast transmission is of great significance and is essential for improving the performance of multicast applications.

2.1.2 Description
Media type: File transfer multicast content 
In the use case of distributing content to user edge caches, which are subscribed to a service or multicast channel, the update of files at user terminal cache is a common multicast scenario. The content distribution must be reliable and addressing a group of end user terminals. A multicast service works reliably over NTN and can be handed over to a TN multicast link as required by coverage and link conditions.
A.) Reliable multicast for Software Update
An example of this use case is the software update. A file transfer special use case can be considered as the common software update.
[bookmark: _Int_KnSWrVWg]A scheduled software update system is a mechanism that allows updates of software/firmware that are scheduled rather than downloaded at the time of request. This allows operators, for example, to perform non-time critical broadcasting (e.g. distribution of a software update) during off-peak times when more resources can be allocated to MBS without negatively affecting unicast traffic.
[bookmark: _Int_QIRnx4zB][bookmark: _Int_sYxEg2H2]One crucial point on MBS based software update is that it has to align with the typical software update workflow. In the Android or iOS application update scenarios, the 5G MBS software update must work with common application management systems, such as for example Google Playstore and Apple Appstore workflow, having the apps authenticated and the app update initiated by the end-user.
[bookmark: _Int_l0SsL2Ll]In the context of IoT devices or connected cars the software update mechanism may be specifically designed to allow software updates that are pushed over-the-air.
B.) Reliable multicast for multimedia content distribution
Another use case for reliable multicast is the distribution of content to edge caches, which may be included on mobile platforms, such as cars, boats, planes, or other moving platforms. 
C.) Reliable multicast for group delivery and calling (messaging, voice, data)
A multicast message is delivered to a selected group of end user UEs within the NTN coverage service area. This message can be a text message, voice or data for applications for a group of UE terminals, some connected via NTN and some connected via TN. A group voice call can be initiated between UEs in a wider area connected via NTN or TN in a joint group call.

2.2.2 Pre-conditions
For reliable multicast, some UEs (Group A) are under the coverage of the MNO while other UEs located in a train (Group B) are on their way to an isolated area, where the terrestrial radio coverage is almost absent but where the NTN coverage can reach. A last (Group C) corresponds to some cars which are subscribed to a Multicast Service (the cars are considered as the end Users). Other UEs to receive multicast within a group may be on cruise ships or other large moving platforms and connected via a local base station to an NTN or TN network.
A main pre-condition is that Users are subscribed to MBS User Service.
For software update, a pre-condition is the need to update/download software in a group of UEs, the Users are subscribed to MBS User Service, Over the Air download is supported in UEs. Some UEs are connected via NTN and some via TN and this connection may change during software download.
For multimedia content distribution, the pre-condition is a UE with storage and multimedia application ready to receive content.
For multicast group delivery, the precondition is the UE in a large service area ready to receive a multicast message as group delivery and calling.
We can also identify 3 UE profiles within the current scenario.
UE Profile 1 (corresponding to Group A): UEs can be outdoor. These UEs will be caching the content on their own application device. Some UEs are connected via NTN and some via TN and this connection may change during the multicast service. In NTN NGSO, some UE of the multicast group could experience bad link qualities due to their edge position with the satellite motion, these UE need to keep receiving the data continuously without service degradation.
UE Profile 2 (corresponding to Group B): UEs can be in a vehicle (moving platform), (there can be a Local Edge Cache) with an antenna gateway in that vehicle.
UE Profile 3 (corresponds to Group C): The reliable multicast service could be related to the vehicle itself, in this case the different cars are equipped with an antenna to receive either from TN system or NTN system. The cars are able to cache the downloaded content.
Note: this use case is a global use case and can be applied to the software update

2.2.3 Service Flows
The operator compiles a list of affected users and sends them the stream using the appropriate delivery mode and the appropriate access.  
Using their handsets, the UEs from Group A will be able to receive the multicast stream from the MNO terrestrial network.
Using a Satellite Antenna with a gateway on-board of the train, the UEs from Group B will be able to receive the multicast stream from the Satellite Network Operator.
Using their Satellite Antenna, the UE cars from Group C will be able to receive the multicast stream from the Satellite Network Operator.
2.2.4 Post-Conditions
All the content is distributed to end user caches at the UEs. All content is available at the UE cache. 






[image: ]
Figure 1: Illustration of a multicast service environment of NTN and TN networks serving a rural and suburban coverage area. Different Multicast Group (UEs outdoor, UEs in a moving platform, a Group of Cars as end users)

[image: ]
Figure 2: Seamless service continuity for a Multicast Group when moving from a Home MNO to a Visited SNO or vice versa.
0. Potential Requirements
· A 5G System supporting both Satellite Access and Terrestrial Access, shall be able to localize all the UEs associated to a given multicast services. 
· A 5G System supporting both Satellite Access and Terrestrial Access, shall be able to reach the UEs associated to a given multicast services using the appropriate Access Network (TN or NTN).
· A 5G System supporting both Satellite Access and Terrestrial Access, shall be able to optimize content delivery to multicast UEs located in a moving platform while ensuring reliability in content delivery.
· A 5G System supporting both Satellite Access and Terrestrial Access, shall be able to offer multicast services with seamless service continuity while a Group of Home UEs moves from an MNO to a SNO (roaming) or vice versa. 
· A 5G System supporting NGSO Satellite Access, shall be able to select the most suitable among Point-To-Multipoint (PTM) or Point-To-Point (PTP) delivery to deliver reliably to all the UEs of a Multicast Group depending on their link conditions due to satellite motion. 

Conclusion
[bookmark: _Int_ZkslRpJo]Based on the presented MBS services foreseen, we propose to append the following WID as part of “Study on satellite access - Phase 4” within SA1 as a gap analysis to cover the proposed MBS NTN use cases within the 3GPP Release 20.
Enhanced Support for Reliable Multicast Service with Satellite Access System
Justification:
The demand for network capabilities in terms of capacity and availability is increasing significantly. This growth in demand is not feasible to be sustained by systems that only leverage unicast transmissions, the spectrum becomes a crucial resource in the network.
This has already become clear today, where multicasting and broadcasting have gained increasing attention, but places multicasting as a cornerstone technology for satellite access systems when it comes to complement terrestrial access systems by offering availability, survivability and scalability.
For satellite access, multicast plays a crucial role where it optimizes bandwidth usage by allowing a single transmission to serve multiple users simultaneously. It conserves spectrum resources, enhances energy efficiency, reduces processing overhead, and improves system scalability.
However, many multicast applications (e.g., remote control of vehicles, media content distribution to moving vehicles, distributing operating system patches or antivirus updates over the network) require that the data must be completely delivered. It can be seen that the reliable multicast transmission (ensuring that all multicast data is delivered to each group member reliably and orderly) is of great significance and is essential for improving the performance of multicast applications served by satellite access systems. 
Objective:
The objectives of this study are the following:
-	to identify the gaps and potential new service requirements related to enhanced support for emergency communications and mission critical services using satellite access 
· regulatory requirements if applicable should be considered e.g., geographical area aspect
-	to study new use cases and identify new potential requirements for 5G system, related to: 
· multi-orbits satellite access for multiple services
Note: Simultaneous UE connections with multi-orbits are out of scope
· ability to notify the user that a mobile terminated communication (e.g. MMTel call) had failed when the UE was unreachable in satellite access.
-	to identify the gaps and potential service requirements to support IMS voice calls using GEO satellite access
· regulatory requirements if applicable should be considered. 
-	to identify the gaps and potential new service requirements related to enhanced support for the use case of reliable multicast services using satellite access
-	to identify the gaps and potential updates of KPIs related to satellite access


Enhanced Support for SIM-Card Less Broadcast services with Satellite Access System
Justification:
In many countries, distribution of SIM-Card Less public service broadcast (PSB) services ensure that essential content reaches the entire population, regardless of economic status or location. Sim-Card Less mode (Unregistered UE) is a pivotal element for broadcast services in satellite access system: it ensures equitable access to broadcast services, making them available to everyone without barriers. Most of satellite access for Public Media Broadcast services are designed today in a SIM-card less mode (unregistered UE), this is a key requirement for satellite operator to decide massive deployment of 5G/5G-Advanced for broadcast services over their existing and coming constellations. From the UE perspective, Sim-card Less UE mode reduces the complexity of the receiving devices and it allows reducing the power consumption especially for satellite access receiver.

Objective:
The objectives of this study are the following:
-	to identify the gaps and potential new service requirements related to enhanced support for emergency communications and mission critical services using satellite access 
· regulatory requirements if applicable should be considered e.g., geographical area aspect
-	to study new use cases and identify new potential requirements for 5G system, related to: 
· multi-orbits satellite access for multiple services
Note: Simultaneous UE connections with multi-orbits are out of scope
· ability to notify the user that a mobile terminated communication (e.g. MMTel call) had failed when the UE was unreachable in satellite access.
-	to identify the gaps and potential service requirements to support IMS voice calls using GEO satellite access
· regulatory requirements if applicable should be considered. 
-	to identify the gaps and potential new service requirements related to support of the use case of broadcast services with Unregistered UE using satellite access

-	to identify the gaps and potential updates of KPIs related to satellite access
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