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Abstract: This paper proposes new use cases to be captured in TR 22.841 v.0.0.0.
Note: NTN refers to LTE/NR-based satellite radio access technology, constellations based on any of these orbits (GEO/MEO/LEO), as well as - HAPS  
5.1
Use Case – Vehicle/UAV UE connecting to TN+NTN access networks
5.1.1
Description
In the service areas where multiple 3GPP access networks & services are available, we can utilize the FS_DUAL_STEER  feature for extending the benefits of dual access paths to the UE on a vehicle / on a UAV.  In this use case, a 4G/5G dual radio capable UE equipped with 3GPP SIM card connects to two access networks paths - TN + NTN. There will be a multi-Access PDU session possible using FS_DUAL_STEER providing benefits like - network aggregation, fault tolerance and capacity. This is possible by using multi-path 3GPP access and Upper Layer Traffic splitting/steering/switching network feature.
When the vehicle/ UAV UE is in motion / travelling, it can benefit further by having seamless / un-interrupted 4G/5G service as at least one access path can remain active all the time.
TN / Terrestrial Network 4G/5G service is provided by the radio tower on the ground (PLMN1) 

NTN radio network service is provided by satellite/HAPS.(PLMN2)
Multi-Access path combination for Vehicle/UE: –TN+NTN, across PLMN1 and PLMN2
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   Figure 5.1.1: Illustration of the Vehicle/ UAV UE using TN+NTN access paths 
    * Vehicle/UE is only for the illustration purpose, any generic UE can be used
5.1.2
Pre-conditions

· NTN 4G/5G service – Satellite constellation service area
· Overlapping 4G/5G TN+NTN coverage area.
· 5G UE with dual radio and has PLMN1or PLMN2  subscription)
· Both PLMN1 and PLMN2 are managed by same service provider 

· 4G/5G Core - MNO control/policy, to provide flexible user plane traffic aggregation, steering and switching
· General multi-path traffic routing policy: Secure FTP File Transfers / Video Streaming and Web Browsing can use concurrent data connections, one on each 3GPP access path, and can also be aggregated over both paths
5.1.3
Service Flows

· Scope - Secure FTP File Transfers / Video Streaming and Web Browsing or other user application - both  concurrent data connections, one on each 3GPP access path
· User registers on TN 4G/5G network – PLMN1, APN1/DNN1 – A secure connection is setup for file transfers
· UE Capability confirms to the network that UE has dual radios and FS_DUAL_STEER capability

· The user also registers on available NTN 4G/5G network – PLMN2, APN2/DNN2 – a web browsing session is setup
· Network will provide required traffic splitting, steering for both concurrent data session policies to User plane network elements and also to the UE
· Data session can be switched back and forth between single and dual PDU connections depending on service condition, multi-path policies and/or user preference.
5.1.4
Post-conditions

UE has established two concurrent data sessions across two PLMNs and using two 3GPP access networks. 
5.1.5
Existing features partly or fully covering the use case functionality
See ATSSS,  3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900 , including the potential applicability of existing multi-NW requirements (e.g. from TS 22.261 sec. 6.1, 6.3, 6.18, 6.41).
5.1.6
Potential New Requirements needed to support the use case
Use Case Specific Requirements:

When the UE is on a UAV, its three dimensional trajectory should be accounted for. 
Common to all use cases requirements:

The 5G system shall be able to support upper layer functionality to the Core network and the UE in order to provide two access paths (NTN and TN) either/or LTE/NR service, based on MNO traffic routing policies.
When both access paths are established, the 3GPP network/system is able to continue the data call irrespective of variation of the single access path status e.g. sudden impairment of radio conditions / QoS degradation on one of the access paths. The Network must make sure the “steering” function directs the data to single access path and can resume again on dual access paths, when the impairment is non-existent – dual access conditions as per MNO/NW traffic policies are satisfied - again
Both 3GPP access paths provide – secured and fully managed service, which can be administered by KPI by the service provider. Once both access paths are established, standard 4G/5G security framework must continue to exist and both data sessions must be fully manageable – just like usual / regular / standard TN single access service.
Network alerts UE when it is ready to switch over to dual access, specifying which data session is taking place over which access network, unless both are same type.

The User / UE should have a control/selection on dual access feature which will allow (if and when needed) to use single access even when all other dual access conditions are satisfied.

5.2 Use Case - Vehicle/UE connecting to NTN+NTN access networks
5.2.1
Description
In the service areas where multiple 3GPP access networks & services are available, we can utilize the FS_DUAL_STEER  feature for extending the benefits of dual access paths to the UE on a vehicle / on a UAV.  In this use case, a 4G/5G dual radio capable UE equipped with 3GPP SIM card connects to two access networks paths - TN + NTN. There will be a multi-Access PDU session possible using FS_DUAL_STEER providing benefits like - network aggregation, fault tolerance and capacity. This is possible by using multi-path 3GPP access and Upper Layer Traffic splitting/steering/switching network feature.

When the vehicle/ UAV UE is in motion / travelling, it can benefit further by having seamless / un-interrupted 4G/5G service as at least one access path can remain active all the time.

NTN radio network service is provided by LEO satellite constellation.(PLMN1)

NTN radio network service is provided by GEO satellite constellation.(PLMN2)

NTN radio network service is provided by HAPS.(PLMN3)

Multi-Access path combination for Vehicle/UE: –NTN+NTN, across either combination of any two PLMNs  
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Figure 5.4.1: Illustration of the UE on a Vehicle using NTN+NTN access paths 

* Vehicle/UE is only for the illustration purpose, any generic UE can be used
5.2.2
Pre-conditions

· Overlapping PLMN1-TN and PLMN2-NTN coverage area.

· 5G UE with dual radio (NTN+NTN) capability

· UE with either PLMN(USIM) subscription 

· PLMN1, PLMN2 and PLMN3 are managed by same service provider 

· MNO control/policy provides flexible user plane traffic aggregation, steering and switching
· General multi-path traffic routing policy: Secure FTP File Transfers / Video Streaming and Web Browsing can use concurrent data connections, one on each 3GPP access path, and can also be aggregated over both paths.
5.2.3
Service Flows

· Scope - Secure FTP file transfers + Web Browsing , both concurrent data sessions, one on each 3GPP access path
· User registers on PLMN1 NTN network. A secure connection is setup for file transfers (APN1/DNN1)

· UE capability indicates to the network that UE has dual radios and is capable of dual 3GPP access connectivity

· The user also registers on available PLMN2 NTN network. A web browsing session is setup (APN2/DNN2)

· Network will provide required policies to User plane network elements and also to the UE

· Data session can be switched back and forth between single and dual PDU connections depending on service condition, multi-path policies and/or user preference.
5.2.4
Post-conditions

UE can have two concurrent data session using two 3GPP access networks. 

If needed can switch back and forth between single and dual PDU connections depending on service condition as well as user choice.
5.2.5
Existing features partly or fully covering the use case functionality
See ATSSS,  3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900 , including the potential applicability of existing multi-NW requirements (e.g. from TS 22.261 sec. 6.1, 6.3, 6.18, 6.41).
5.2.6
Potential New Requirements needed to support the use case
Use Case Specific Requirements:

Extra Territorial requirements due to multiple NTN service should be accounted for.
Common to all use cases requirements:
The 5G system shall be able to support upper layer functionality to the Core network and the UE in order to provide two access paths (NTN and TN) either/or LTE/NR service, based on MNO traffic routing policies.

When both access paths are established, the 3GPP network/system is able to continue the data call irrespective of variation of the single access path status e.g. sudden impairment of radio conditions / QoS degradation on one of the access paths. The Network must make sure the “steering” function directs the data to single access path and can resume again on dual access paths, when the impairment is non-existent – dual access conditions as per MNO/NW traffic policies are satisfied - again

Both 3GPP access paths provide – secured and fully managed service, which can be administered by KPI by the service provider. Once both access paths are established, standard 4G/5G security framework must continue to exist and both data sessions must be fully manageable – just like usual / regular / standard TN single access service.

Network alerts UE when it is ready to switch over to dual access, specifying which data session is taking place over which access network, unless both are same type.

The User / UE should have a control/selection on dual access feature which will allow (if and when needed) to use single access even when all other dual access conditions are satisfied.

5.3 Use Case - UE on Vehicle connecting to NTN+TN access networks (PLMN/NPN)
5.3.1
Description
In the service areas where multiple 3GPP access networks & services are available, including Non-Public network as one of the access paths, we can utilize the FS_DUAL_STEER  feature for extending the benefits of dual access paths to the UE on a vehicle / on a UAV.  In this use case, a 4G/5G dual radio capable UE equipped with 3GPP SIM card connects to two access networks paths - TN + NTN. There will be a multi-Access PDU session possible using FS_DUAL_STEER providing benefits like - network aggregation, fault tolerance and capacity. This is possible by using multi-path 3GPP access and Upper Layer Traffic splitting/steering/switching network feature.

When the vehicle/ UAV UE is in motion / travelling, it can benefit further by having seamless / un-interrupted 4G/5G service as at least one access path can remain active all the time.

TN / Terrestrial Network 4G/5G service is provided by the radio tower on the ground (PLMN1/NPN) 

NTN radio network service is provided by satellite/HAPS.(PLMN2/NPN)

Multi-Access path combination for Vehicle/UE: –TN+NTN, across PLMN1 and PLMN2
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Figure 5.4.1: Illustration of the Vehicle/UE using NTN+TN (with PLMN/NPN) access paths 
* Vehicle/UE is only for the illustration purpose, any generic UE can be used
5.3.2
Pre-conditions

· One or both access network(s) is/are NPN (Private 4G/5G)
· NTN 4G/5G service – Satellite constellation service area
· Overlapping 4G/5G TN+NTN coverage area.

· 5G UE with dual radio and has PLMN1or PLMN2  subscription)

· Both PLMN1 and PLMN2 are managed by same service provider 

· 4G/5G Core - MNO control/policy, to provide flexible user plane traffic aggregation, steering and switching
· General multi-path traffic routing policy: Secure FTP File Transfers / Video Streaming and Web Browsing can use concurrent data connections, one on each 3GPP access path, and can also be aggregated over both paths
5.3.3
Service Flows

· Scope - Secure FTP file transfers + Web / HTTP service , both are concurrent data connections, one on each 3GPP access path
· User registers on TN 4G/5G network – PLMN1/NPN, APN1/DNN1 – A secure connection is setup for file transfers

· UE Capability confirms to the network that UE has dual radios and FS_DUAL_STEER capability

· The user also registers on available NTN 4G/5G network – PLMN2/NPN, APN2/DNN2 – a web browsing session is setup

· Network will provide required traffic splitting, steering for both concurrent data session policies to User plane network elements and also to the UE

· Data session can be switched back and forth between single and dual PDU connections depending on service condition, multi-path policies and/or user preference.
5.3.4
Post-conditions

UE can have two concurrent data session using two 3GPP access networks. 

5.3.5
Existing features partly or fully covering the use case functionality
See ATSSS,  3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900, including the potential applicability of existing multi-NW requirements (e.g. from TS 22.261 sec. 6.1, 6.3, 6.18, 6.41). NPN concepts are covered by TS 23.501
5.3.6
Potential New Requirements needed to support the use case
Use Case Specific Requirements:

PLMN-NPN integration/agreement at the operator / service provider level is in place

Common to all use cases requirements:

The 5G system shall be able to support upper layer functionality to the Core network and the UE in order to provide two access paths (NTN and TN) either/or LTE/NR service, based on MNO traffic routing policies.

When both access paths are established, the 3GPP network/system is able to continue the data call irrespective of variation of the single access path status e.g. sudden impairment of radio conditions / QoS degradation on one of the access paths. The Network must make sure the “steering” function directs the data to single access path and can resume again on dual access paths, when the impairment is non-existent – dual access conditions as per MNO/NW traffic policies are satisfied - again

Both 3GPP access paths provide – secured and fully managed service, which can be administered by KPI by the service provider. Once both access paths are established, standard 4G/5G security framework must continue to exist and both data sessions must be fully manageable – just like usual / regular / standard TN single access service.

Network alerts UE when it is ready to switch over to dual access, specifying which data session is taking place over which access network, unless both are same type.

The User / UE should have a control/selection on dual access feature which will allow (if and when needed) to use single access even when all other dual access conditions are satisfied.
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