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[bookmark: _Hlk155712223]Abstract: A new solution to enable regenerative payload as satellite access regarding the RAT types and satellite backhaul types. 
1. Introduction
This solution addresses Key Issue #1 about the support of regenerative payload as satellite access. 
	[bookmark: _Toc151176053][bookmark: _Toc151176193]5.1	Key Issue #1: Support of Regenerative-based satellite access
[bookmark: _Toc151176054][bookmark: _Toc151176194]5.1.1	Description
The deployment of an eNB or an gNB on a satellite for regenerative based satellite access for LEO/MEO deployment is to be studied. The aspects to be studied include:
-	Identify and study whether there is any impact on 5GS and EPS to support an gNB/eNB embedded on a satellite.
-	any impact of RAN nodes changing for any given 5GC/EPC and for a given area in the case of RAN nodes moving.



Generally, RAT type and backhaul serves different purposes regarding the satellite access. RAT type mainly includes:
· AMF Utilization: The AMF employs RAT Type for mobility procedures requiring awareness, such as RAT Restrictions.
· Policy Control and Charging: The SMF needs to handle the new RAT Type to determine which QoS values to exclude. Charging mechanisms also require awareness of the new RAT Type for the application of specific charging policies, especially in satellite access scenarios.
The backhaul system plays a crucial role in the following scenarios:
· End-to-End Latency: Backhaul significantly impacts end-to-end latency, potentially affecting NAS times and user plane latency.
· AN QoS Management and CN QoS Management: The backhaul system is integral to ensuring QoS in both the Access Network and Core Network for the user plane.
In the context of satellite access, R17 introduces 4 new RAT types categorizing satellites as NR access, and 12 new RAT types categorizing satellites as IoT access. Furthermore, R18 introduces 8 satellite backhaul categories. Regenerative payload calls RAN onboard, which is different with transparent mode as defined in R17 and R18. It is proposed to implement these new RAT types and backhaul categories when the RAN is onboard.
It is proposed to capture the following changes to TR 23.700-29.

[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc22214906][bookmark: _Toc23254039][bookmark: _Toc146636839][bookmark: _Toc148441191][bookmark: _Toc151176057][bookmark: _Toc151176199]6	Solutions
[bookmark: _Toc22214907][bookmark: _Toc23254040][bookmark: _Toc146636840][bookmark: _Toc148441192][bookmark: _Toc151176058][bookmark: _Toc151176200]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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* * * * Second change * * * *
[bookmark: _Toc500949097][bookmark: _Toc22214908][bookmark: _Toc23254041][bookmark: _Toc146636841][bookmark: _Toc148441193][bookmark: _Toc151176059][bookmark: _Toc151176201]6.X	Solution #X: Addition of new RAT types and backhaul types
[bookmark: _Toc500949099][bookmark: _Toc22214909][bookmark: _Toc23254042][bookmark: _Toc146636842][bookmark: _Toc148441194][bookmark: _Toc151176060][bookmark: _Toc151176202]6.X.1	Description
[bookmark: _Toc500949101][bookmark: _Toc22214910]This solution applies to Key Issue #1: Support of Regenerative-based satellite access.
[image: ]
In R17, four new RAT types were introduced specifically for transparent payload in satellite access scenarios. These RAT types play a crucial role in implementing mobility restrictions (RAT restrictions), as well as in policy control and charging mechanisms. Notably, when the gNB is onboard and in motion, the architecture undergoes changes, leading to variations in mobility restrictions. This shift also necessitates unique cooperation agreements between satellite operators and terrestrial operators concerning charging policies. Considering the KI is restricted to the MEO and LEO, it is proposed to introduce 2 new RAT types for the scenarios of regenerative payload:
· REGENERATIVE_MEO;
· REGENERATIVE _LEO;
The determination of RAT type and reporting of RAT type to SMF mechanism can be reused. 
[image: A black background with a black square

Description automatically generated with medium confidence]
Meanwhile, R18 has defined 8 new satellite backhaul categories when a transparent payload satellite is acting as a backhaul between AN and CN, and requires to report the satellite backhaul category to SMF as described in clause 5.34.4 of TS23.501[2] for the PDU session establishment. If dynamic Satellite Backhaul is used, the QoS monitoring may be used as well as described in clause 5.34.5 of TS23.501[2]. 
In R19, the presence of a gNB on board is mandated for regenerative payload, distinguishing it from the transparent payload scenario where the gNB is situated on ground (e.g, the CN PDB via feeder link is different with CN PDB via both service link and feeder link, and with CN PDN via fixed/fiber). Additionally, considering the potential inclusion of  ISL as part of the backhaul, the concept of dynamic satellite backhaul is also extended to cover regenerative payload configurations.
Therefore, it is proposed to introduce 4 new satellite backhaul categories for the scenarios of regenerative payload:
· REGENERATIVE_MEO;
· REGENERATIVE_LEO;
· DYNAMIC_ REGENERATIVE_MEO;
· DYNAMIC_ REGENERATIVE _LEO;
The determination of satellite backhaul category e,g. (based on Global RAN Node IDs associated with satellite backhaul), reporting of satellite backhaul category to SMF mechanisms can be reused.
[bookmark: _Toc23254043][bookmark: _Toc146636843][bookmark: _Toc148441195][bookmark: _Toc151176061][bookmark: _Toc151176203]6.X.2	Procedures
For the registration procedures, general Registration in clause 4.2.2.2.2 of TS 23.502[3] is used as baseline with following adaptations 
· In step 3, AMF determines the RAT type for regenerative payload received from the RAN, i.e.,
-	REGENERATIVE_MEO;
-	REGENERATIVE_LEO;
For the service request procedure, UE Triggered Service Request in clause 4.2.2.2.2 of TS23.502[3] is used as baseline with following adaptations:
· In step 4 and 15, AMF determines the RAT type for regenerative payload and provides it to SMF.
For the PDU session establishment, the UE Requested PDU Session Establishment procedure as defined in TS23.502[3] clause 4.3.2.2 can be reused as baseline for the regenerative payload with following adaptations:
-	In step 3, AMF determines the RAT type for regenerative payload and provides it to SMF in Nsmf_PDUSession_UpdateSMContext Request message
-	In step 3, AMF determines the satellite backhaul category for regenerative payload and provides it to SMF in the Nsmf_PDUSession_CreateSMContext message to determine e.g., the CN PDB or dynamic CN PDB, i.e.,
-	REGENERATIVE_MEO;
-	REGENERATIVE _LEO;
-	DYNAMIC_ REGENERATIVE_MEO;
-	DYNAMIC_ REGENERATIVE _LEO.
NOTE:	AMF can determine the Satellite backhaul category for the notification to the SMF based on local configuration, e.g. based on Global RAN Node IDs associated with satellite backhaul regenerative payload.
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc22214911]For the SM Policy Association Establishment, the SM Policy Association Establishment procedure in TS23.502[3] clause 4.16.4 can be reused as baseline for the regenerative payload with following adaptations:
· In step3, in the Npcf_SMPolicyControl_Create Request from SMF to PCF, the SMF sends the satellite backhaul category for regenerative payload to PCF for SM policy determination for Regenerative-based satellite access, e.g., the QoS paraments for Regenerative-based satellite access.
For the UE Policy Association Establishment, the UE Policy Association Establishment procedure in TS23.502[3] clause 4.16.11 can be reused as baseline for the regenerative payload with following adaptations:
· In step2, in Npcf_UEPolicyControl Create Request, the Satellite Backhaul Category is set to satellite backhaul category for regenerative payload to PCF for e.g., the URSP determination.
[bookmark: _Toc23254044][bookmark: _Toc146636844][bookmark: _Toc148441196][bookmark: _Toc151176062][bookmark: _Toc151176204]6.X.3	Impacts to Services, Entities and Interfaces
AMF:
· Determination of RAT type for the regenerative payload 
· Determination of new satellite backhaul category for the regenerative payload
SMF:
· CN PDB calculation based on satellite backhaul category for the regenerative payload
PCF:
· Dynamic PCC rules regarding satellite backhaul category for the regenerative payload
· Determine the UE policy with satellite backhaul category for regenerative payload consideration.
NG-RAN:
· Report RAT type for the regenerative payload to AMF

* * * * End of changes * * * *
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