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Abstract: This document proposes a use case on Reliable multicast in Joint TN/NTN deployments and potential requirements for TR22.887 v0.0.0 (FS_5GSAT_ph4) with the assumption it would be agreed by SA#106 to revise the objective of the SID “Study on satellite access - Phase 4” to integrate this use case 
x.1	Use case on Reliable multicast in Joint TN/NTN deployments
[bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101]x.1.1	Description
Multicasting and broadcasting can serve as essential functionality to efficiently distribute content among a group of users and it is therefore essential feature to ensure efficient and sustainable use of spectrum resources.
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.
Reliable multicast ensures that content is transmitted integrally even as 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.

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 Satellite Network and can be handed over to a Terrestrial Network multicast link as required by coverage and link conditions.
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.
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. 
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 satellite network coverage service area. This message can be a text message, voice or data for applications for a group of UE terminals, some connected via Satellite Network, and some connected via Terrestrial Network. A group voice call can be initiated between UEs in a wider area connected via Satellite Network or Terrestrial Network in a joint group call.
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Figure 5.x.1-1: Illustration of multicast service environment of Satellite Network and Terrestrial Network serving a rural and a suburban coverage area. Different Multicast Group (UEs outdoor, UEs in a moving platform, a Group of Cars as end users)
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Figure 5.x.1-2: Handover (with same PLMN between 2 RATs) or Roaming (with different PLMNs between 2 RATs) for a Multicast Group when moving from Terrestrial Access to Satellite Access Coverage.

[bookmark: _Toc355779205][bookmark: _Toc354586743][bookmark: _Toc354590102]x.1.2	Pre-conditions
[bookmark: _Toc355779206][bookmark: _Toc354586744][bookmark: _Toc354590103]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 Satellite Network and some via Terrestrial Network and this connection may change during the multicast service. In Satellite Network NGSO, some UE of the multicast group could experience bad link qualities due to their edge position with the satellite motion, those 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 a relay antenna (or antenna gateway) in that vehicle.
· UE Profile 3 (corresponds to Group C): The reliable multicast service could be integrated in 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.
NOTEote: this use case is a global use case and can be applied to the software update
x.1.3	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 or a relay Antenna, the UEs from Group B will be able to receive the multicast stream from the Satellite Network Operator. The UEs use 5G System from end-to-end to keep homogeneity in both QoS management and multicast session management.
Using their Satellite Antenna, the UE cars from Group C will be able to receive the multicast stream from the Satellite Network Operator.

[bookmark: _Toc355779207][bookmark: _Toc354586745][bookmark: _Toc354590104]x.1.4	Post-conditions
[bookmark: _Toc355779209][bookmark: _Toc354586747][bookmark: _Toc354590106]All the content is distributed to end user caches at the UEs. All content is available at the UE cache. 
x.1.5	Existing features partly or fully covering the use case functionality
< Highlight existing features in the existing set of normative specifications that partly or fully cover this use case.>
x.1.6	Potential New Requirements needed to support the use case
[PR x.1.6-001] A 5G System supporting both Satellite Access and Terrestrial Access, shall be able to localize all the UEs associated to a given multicast services. 
[PR x.1.6-002] 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).
[PR x.1.6-003] 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.
[PR x.1.6-004] 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 by the means of a Mobile Base Station Relay (MBSR).
[PR x.1.6-005] 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 UEs moves from an MNO to a SNO with same PLMN.
[PR x.1.6-006] A 5G System supporting both Satellite Access and Terrestrial Access, shall be able to offer multicast services while a Group of Home UEs moves from an MNO to a SNO with different PLMNs. It is expected that the UEs can experience some service interruption during the roaming procedure of the multicast session, but the content from application layer shall be fully delivered.
[PR x.1.6-007] 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. 
NOTE: This applies particularly to NGSO deployments 
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Figure 1: Illustration of multicast service environment of Satellite Network and Terrestrial Network serving a rural and a suburban coverage area. Different Multicast Group (UEs outdoor, UEs in a moving platform, a Group of Cars as end users)
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Figure 2: Handover (with same PLMN between 2 RATs) or Roaming (with different PLMNs between 2 RATs) for a Multicast Group when moving from Terrestrial Access to Satellite Access Coverage.
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