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1	Introduction
Last RAN Plenary agreed Rel-19 NR NTN WID to support regenerative payload with following objective:
Support of regenerative payload [RAN3, RAN2, RAN4]
-	Specify the support of gNB on board in TS 38.300
-	Specify, if needed, any necessary enhancements related to the intra and inter-gNB mobility, especially for Xn interface over feeder link or over ISL. [RAN3]
Note: if any additional necessary stage-3 specifications impact for e.g. NGAP is identified, RAN3 will handle it.
This contribution analyses the issues and the impact to RAN3. RAN3 also received a LS ([3]) from SA2 on security of IP transport over satellite transport links, this contribution also proposes a way forward.
2	Management of NG interface
A NTN system based on NGSO may have thousands of satellites or tens of thousands of satellites. For example, Starlink has launched ~5400 satellites, and plan to expand the number of satellites to 12000. Due to earth rotation, every satellite in a NGSO system can visit a specific geographical area but at different time. Similar to terrestrial network, an AMF in NTN serving UEs in specific areas. For example, an AMF deployed in USA may only serve the UEs that are located in the USA. For every satellite to serve USA, it needs to have setup NG with the AMF in the USA. Currently, there is no method to remove an established NG interface. This means an AMF need to maintain a very large number of NG interfaces (including IPSec, TNL connection), e.g. NG interface with every satellite in NGSO system. 
On the other hand, at any specific timing duration (e.g. 1-hour), only a limited number of satellites pass USA and need to setup NG (or have “active” NG) with the AMF in USA. 
It is very inefficient for AMF to manage a very large number of NG interfaces, while only a very small number of NG interfaces are “active” at any timing duration. 
Observation 1-1: considering the potential very large number of satellites in NGSO, it is inefficient for an AMF to manage the NG with all satellites in a NGSO system.
It is similar situation to the gNB. There can be many (tens of AMFs or hundreds of AMFs) around the world, a NGSO satellite need to setup NG with AMFs around the world. At any specific timing duration (e.g. 1-hour), the gNB only need to have one or a few “active” NG interfaces with the AMFs in that specific geographical area. It is also not efficient for a NGSO satellite to maintain NG with an AMF when it does not serve the AMF’s serving area for a long duration (e.g. 12-hour).
Observation 1-2: considering the large number of AMFs around the world, it is inefficient for a gNB to manage the NG with all AMFs around the world.
To reduce the complexity in both gNB and AMF, there is no need to keep the NG when the NG is “not active” for a long period of time. Up to the implementation/configuration, the gNB may decide to remove the NG when it moves out of the serving area of the AMF. By removing the NG, both gNB and AMF does not need to maintain the NGAP application level data, and no need to maintain the NG TNL connection (i.e. IPSec tunnel, SCTP association)
Observation 1-3: It can reduce the complexity to both gNB and AMF if NG interface can be removed.
One may argue that the NG connection with the old AMF may be suspended when the satellite/gNB leaves, and be resumed when the satellite/gNB re-visit the area. However, there is no benefit for the NG suspend/resume. First, the argument for introducing the NG suspend/resume is to keep the NG application level configuration data when the gNB left. But it does not save the NG signaling (i.e. initiate a NG Setup procedure vs. initiate a NG Resume procedure). Second, the saved configuration data may be useless, especially in NSGO. This is due to two reasons: 1) The application level data (e.g. TACs) saved during suspend procedure is useless when the gNB resumes NG. For example, the last geo-area that satellites serves before it leaves USA is New York, but the first geo-area that the satellite serves for its next visit may be start from San Francisco. So the saved TACs in AMF during suspend is useless when the satellite start to serve USA from San Franciso in its next pass.  2) Due to the earth rotation, the geo-area that a NGSO satellite visit in each pass is different. This also causes the saved application level data useless.
Observation 1-4: there is no benefit to introduce NG suspend/resume procedure. 
Based on above analysis, we propose to introduce a NG Removal procedure to reduce the complexity in both gNB and AMF. 
Proposal 1: introduce a NG Removal procedure.
A draft NGAP TP can be found in Annex B – TP for TS 38.413
3	Feeder Link Switch Over
In Regenerative architecture, the TNL address of a satellite/gNB is anchored in the NTN GW, which ensures the DL NG-C/U IP packet with destination set to the gNB’s TNL address is routed to the correct NTN GW. The FLSO causes the changes of the gNB’s TNL address, i.e. from the old TNL address anchored in old NTN GW to the new TNL address anchored in the new NTN GW. The FLSO may also cause the change of the UE’s AMF. There are two scenarios:
· Scenario 1: FLSO without relocation of 5GC 
After the FLSO, the gNB need to setup TNL association by using the TNL address. The NG between the gNB and the AMF is maintained. 
· In case Soft FLSO is performed, the gNB can connect with the new NTN GW, while the connection with the old NTN GW is maintained during the transition period. After the gNB receives the new TNL address anchored in the new NTN GW, the gNB can reuse the existing multiple TLNA mechanism, i.e. the mechanism defined in TS 38.412 (copied as below)

** TS 38.412 **
When the configuration with multiple SCTP endpoints per NG-RAN node is supported and the NG-RAN node wants to add additional SCTP endpoints, the RAN configuration update procedure shall be the first NGAP procedure triggered on an additional TNLA of an already setup NG-C interface instance after the TNL association has become operational, and the AMF shall associate the TNLA to the NG-C interface instance using the included Global RAN node ID.
** TS 38.412 **

An example call flow is shown below:


[bookmark: _CRFigureD_31]Figure 1: Soft FLSO without changing 5GC
Step 2: The gNB setup the new TNL by using the new TNL address.
Step 3 and 4: The gNB send a RAN CONFIGURATION UPDATE message over the new TNL. The AMF can know the new TNL association is available in the gNB. 
Step 5: The gNB needs to inform the UPF for the change of TNL address in the DL F-TEID for all connected UEs. This can be performed by the gNB initiating the PDU Session Resource Modify Indication procedure for each UE. During the soft switch period, it is possible that the DL NG-U packets for some UEs are still sent to old NTN GW while the DL NG-U packets for other UEs are sent to new NTN GW. 
Step 7 and 8: After the TNL address of the DL F-TEID is updated, the gNB can initiate a RAN Configuration Update procedure to remove the old TNL address.
Proposal 2-1: the soft FLSO can be supported by reusing existing multiple SCTP association, i.e. gNB setup new SCTP association with AMF by using the new TNL address anchored in new NTN Gateway, in addition to the existing SCTP association established with AMF by using the old TNL address anchored in old NTN Gateway. 

· In case Hard FLSO is performed, the gNB only connect with the new NTN GW after the FLSO. Since 5GC does not know the hard FLSO, the 5GC may continue sending the DL NG-C/U packet to the old NTN GW. The old NTN GW has no way to deliver it to the gNB or forward it to the new NTN GW. This causes packet loss. It may be better to inform the 5GC before the hard FLSO, so the 5GC can suspend the DL NG-C/U. To reduce the interruption, it is also necessary to reduce the time for the path switch procedure (i.e. from the old transport path via old NTN GW to the new transport path via the new NTN GW). It may be many UEs connected with the gNB before the FLSO, performing the per-UE PDU Session Resource Modification Indication procedure may cause signaling storm and be inefficient. 

It is worthy to note that there is similar issue discussed and concluded for mobile IAB in Rel-18. After the mobile IAB performed partial migration and received a new TNL address, the mobile IAB need to inform the gNB-CU-UP to use the new TNL address for DL F1-U. RAN3 agreed a new non-UE associated F1AP IAB UP Configuration Update procedure to update the DL TNL address for F1-U tunnels of all connected UEs. It is beneficial to introduce a similar mechanism in NG, e.g. introduce a non-UE associated NGAP procedure to update the DL TNL address for NG-U tunnels of all connected UEs.  This procedure can also be used in Soft FLSO. 

Proposal 2-2: introduce a new non-UE associated NGAP procedure to update the DL TNL address for NG-U tunnels of all connected UEs. 

An example call flow is shown as below. 


Figure 2: Hard FLSO without changing 5GC
Step 1: before the hard FLSO, the gNB informs the 5GC about the hard FLSO, so the 5GC can suspend DL NG-C/U transmission. It is possible to enhance the RAN Configuration Update procedure.
Step 2: The gNB disconnect from old NTN Gateway, and connect with new NTN Gateway. The gNB receives a new TNL address anchored in the new NTN Gateway.
Step 3: The gNB setup the new TNL by using the new TNL address.
Step 4 and 5: The gNB send a RAN CONFIGURATION UPDATE message over the new TNL. The AMF can know the new TNL association is available in the gNB. 
Step 6: The gNB request the 5GC (e.g. UPF) to use the new TNL address in DL-F-TEID for all connected UEs.  It is possible to reuse the RAN Configuration Update procedure performed in Step 4 for this purpose. 
Step 7 and 8: After the TNL address of the DL F-TEID is updated, the gNB can initiate a RAN Configuration Update procedure to remove the old TNL address.
· Scenario 2: FLSO with relocation of 5GC 
This scenario may be considered as low priority scenario. For a stationary UE, its serving 5GC should remains unchanged. So the FLSO should not cause the relocation of 5GC.  In case the 5GC is changed, it may cause frequent 5GC relocation, e.g. when the next satellites move in.

In case the 5GC relocation during FLSO is required, Scenario 2 requires additional procedures to be performed to relocate the UE’s AMF after FLSO, in additional to the procedures performed in Scenario 1. 
· In case Soft FLSO is performed, NG-HO need to be performed in order to change the UE’s AMF. This is similar to Transparent architecture as defined in TS 38.300:
For an RRC_CONNECTED UE, when the gNB is configured to ensure that the UE connects to an AMF that serves the country in which the UE is located, if the gNB detects that the UE is in a different country to that served by the serving AMF, then it should perform an NG handover to change to an appropriate AMF.

In order to perform the NG handover, the satellite need to host two logical gNBs, i.e. source gNB connected with the source AMF via old NTN GW, and target gNB connected with target AMF via new NTN GW. This is also similar to Rel-18 mobile IAB that a mobile IAB hosting two logical IAB-DUs in order to perform IAB-DU migration. By using two logical gNBs in the same satellite, existing NG-Handover procedure can be reused. 



Figure 3: AMF relocation
So in case of soft FLSO with AMF relocation, existing NG-HO procedure can be performed by using two logical gNBs on the same satellite

· In case Hard FLSO is performed, it is still possible to reuse above procedure to perform NG-HO by using two logical gNBs on the same satellite. After the hard FLSO is completed, both source gNB and target gNB uses the new TNL address anchored in the new NTN GW for NG connection. 

In a summary, the relocation of the AMF can be supported by NG-HO with two logical gNBs embarked on the same satellite. 

Proposal 2-3: in case 5GC relocation is needed, the relocation of the AMF can be supported by NG-HO with two logical gNBs embarked on the same satellite.
Stage-2 TP for FLSO can be found in Annex A – TP for TS 38.300
Proposal 2-4: Agree the Stage-2 TP.

4	INACTIVE UE
In Regenerative architecture, a UE may transition to RRC INACTIVE via Satellite1/gNB1, then resume in another Satellite4/gNB4. The Xn may only exist between the neighboring gNBs/Satellites. There may be no Xn between gNB1 and gNB4. This can cause the failure of Retrieve UE context. Since the satellite’s trajectory is predictable. It can be predicted on which satellite will serve the UE’s geographical area in the future. One possible solution is to proactively push the UE context with updated AS security context to the next satellite via Xn interface at the time of satellite switch. 
Proposal 3: RAN3 study how to support RRC INACTIVE UE in Regenerative architecture.

5	Discussion on SA2 LS R3-243023/S2-2405836
RAN3 received a SA2 LS ([3]) about the security of IP transport over satellite transport links. The SA2 LS is a reply LS to SA3:
SA3 is studying security and privacy aspects of 5G Satellite Access Phase 3 in Rel-19. 5G NTN regenerative payload on-board orbiting satellite communication is IP based. Feeder link and Inter-Satellite Link (ISL) are satellite transport links. The satellite transport links are not in scope of 3GPP. However, the IP transport allowing on-board 5G NTN payload to communicate with ground-based 3GPP network passes through these satellite transport links. 
The regenerative NTN payload on-board orbiting satellite in a constellation operates in a dynamic environment due to satellite movement. SA3 is considering reusing network domain security as defined in TS 33.210 as a baseline to protect 3GPP system interfaces. However, fit for purpose effective security protection at the transport layer (e.g., DTLS) and at the network layer (e.g., IPsec) rely on underlying IP connectivity. 
SA3 would like to seek feedback from SA2 on the architectural assumptions related to persistency, reliability, and availability of IP connectivity from satellite hosted 3GPP systems to ground-based 3GPP network in generic regenerative and UE-satellite-UE use cases.
SA2 replies: 
SA2 would also like to point out that signalling transport and layer 1 specifications of N2 and S1 (including TSs 38.412 and 36.412) are in the scope of RAN3. SA2 would therefore like to give RAN3 the opportunity to provide feedback on SA3's LS.  
From RAN3 perspective, the NGAP/XnAP uses the IP transport network. The Feeder Link or Inter-Satellite Link (ISL) is a segment of the IP transport network. In terrestrial network, the transport network connection between the NG-RAN node and the CN for the NG (or between the NG-RAN nodes for Xn) may also include a segment using wireless connection, e.g. a microwave backhaul. So there is no difference for the transport network including Feeder Link or ISL, vs. a group transport network including a wireless backhaul. So it is proposed to reply SA2/SA3 that the transport network including a feeder link or ISL is similar to a ground transport network including a wireless backhaul. 
Proposal 4: reply SA2/SA3 that the transport network including a feeder link or ISL is similar to a ground transport network including a wireless backhaul.

6	Conclusion
In this contribution, we discussed the issues to support regenerative architecture. Our proposals are:
Observation 1-1: considering the potential very large number of satellites in NGSO, it is inefficient for an AMF to manage the NG with all satellites in a NGSO system.
Observation 1-2: considering the large number of AMFs around the world, it is inefficient for a gNB to manage the NG with all AMFs around the world.
Observation 1-3: It can reduce the complexity to both gNB and AMF if NG interface can be removed.
Observation 1-4: there is no benefit to introduce NG suspend/resume procedure. 
Proposal 1: introduce a NG Removal procedure.
A draft NGAP CR can be found TP can be found in Annex B – TP for TS 38.413

Proposal 2-1: the soft FLSO can be supported by reusing existing multiple SCTP assocaition, i.e. gNB setup new SCTP association with AMF by using the new TNL address anchored in new NTN Gateway, in addition to the existing SCTP association established with AMF by using the old TNL address anchored in old NTN Gateway. 
Proposal 2-2: introduce a new non-UE associated NGAP procedure to update the DL TNL address for NG-U tunnels of all connected UEs. 
Proposal 2-3: the relocation of the AMF can be supported by NG-HO with two logical gNBs embarked on the same satellite.
Stage-2 TP for FLSO can be found in Annex A – TP for TS 38.300
Proposal 2-4: Agree the Stage-2 TP.

Proposal 3: RAN3 study how to support RRC INACTIVE UE in Regenerative architecture.
For the SA2 LS, 
Proposal 4: reply SA2/SA3 that the transport network including a feeder link or ISL is similar to a ground transport network including a wireless backhaul.
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[bookmark: _Toc163030318]16.14.4	Switchover
[bookmark: _Toc163030319]16.14.4.1	Definitions
A feeder link switchover is the procedure where the feeder link is changed from a source NTN Gateway to a target NTN Gateway for a specific NTN payload. In Transparent NTN payload, the feeder link switchover is a Transport Network Layer procedure. In Regenerative NTN payload, the feeder link switchover causes the change of the TNL address of the gNB, i.e. from the old TNL address anchored in the old NTN Gateway to the new TNL address anchored in the new NTN Gateway.
Service link switch refers to a change of the serving NTN payload.
Both hard and soft feeder link switchover are supported in NTN.
[bookmark: _Toc163030320]16.14.4.2	Assumptions
A feeder link switch over may result in transferring the established connection for the affected UEs between two gNBs.
For soft feeder link switch over, an NTN payload is able to connect to more than one NTN Gateway during a given period, i.e. a temporary overlap can be ensured during the transition between the feeder links.
For hard feeder link switch over, an NTN payload connects to only one NTN Gateway at any given time, i.e. a radio link interruption may occur during the transition between the feeder links.
[bookmark: _Toc163030321]16.14.4.3	Procedures
In Transparent NTN payload, tThe NTN Control function (see Annex B.4) determines the point in time when the feeder link switch over between two gNBs is performed. The transfer of the affected UE(s)' context between the two gNBs at feeder link switch over is performed by means of either NG based or Xn based handover, and it depends on the gNBs' implementation and configuration information provided to the gNBs by the NTN Control function.
In Regenerative NTN payload, the NTN Control function (see Annex B.4) determines the point in time when the feeder link switch over is performed.
-	In case of soft feeder link switch without relocation of the AMF, the gNB can setup the additional new TNL association with the AMF by using the new TNL address. The gNB initiates the NGAP procedure over the new TNL association to inform the 5GC about the update of the gNB’s TNL address. After the 5GC has completed the update, the gNB initiates the RAN node configuration Update procedure to remove the TNL association using the old TNL address and disconnect from the old NTN Gateway. 
-	In case of hard feeder link switch over without relocation of the AMF, the gNB may inform the AMF about the hard FLSO is to be performed. After the gNB receive the new TNL address anchored in the new NTN Gateway, the gNB setup the new TNL association with the AMF by using the new TNL address. The gNB initiates the NGAP procedure over the new TNL association to inform the 5GC about the update of the gNB’s TNL address. After the 5GC has completed the update, the gNB initiates the RAN node configuration Update procedure to remove the TNL association using the old TNL address. 	
-	The feeder link switch over may cause the relocation of the AMF. The Regenerative NTN payload concurrently supports two logical gNBs. The source logical gNB have NG connection with the source AMF. The target gNB have the NG connection with target AMF. The source logical gNB initiates the NG handover to target logical gNB for the connected UE. In case of soft FLSO, the re-location is performed during the transition between the feeder links. The source NG connection uses the TNL address anchored in the old NTN Gateway, and the target NG connection uses the TNL address anchored in the new NTN Gateway. In case of hard FLSO, the re-location is performed after FLSO. Both source NG connection and target NG connection use the TNL address anchored in the new NTN Gateway. 
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In the following tables, all EPs are divided into Class 1 and Class 2 EPs (see subclause 3.1 for explanation of the different classes):
Table 8.1-1: Class 1 procedures
	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	AMF Configuration Update
	AMF CONFIGURATION UPDATE
	AMF CONFIGURATION UPDATE ACKNOWLEDGE
	AMF CONFIGURATION UPDATE FAILURE

	RAN Configuration Update
	RAN CONFIGURATION UPDATE
	RAN CONFIGURATION UPDATE ACKNOWLEDGE
	RAN CONFIGURATION UPDATE FAILURE

	Handover Cancellation
	HANDOVER CANCEL
	HANDOVER CANCEL ACKNOWLEDGE
	

	Handover Preparation
	HANDOVER REQUIRED
	HANDOVER COMMAND
	HANDOVER PREPARATION FAILURE

	Handover Resource Allocation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER FAILURE

	Initial Context Setup
	INITIAL CONTEXT SETUP REQUEST
	INITIAL CONTEXT SETUP RESPONSE
	INITIAL CONTEXT SETUP FAILURE

	NG Reset
	NG RESET
	NG RESET ACKNOWLEDGE
	

	NG Setup
	NG SETUP REQUEST
	NG SETUP RESPONSE
	NG SETUP FAILURE

	Path Switch Request
	PATH SWITCH REQUEST
	PATH SWITCH REQUEST ACKNOWLEDGE
	PATH SWITCH REQUEST FAILURE

	PDU Session Resource Modify
	PDU SESSION RESOURCE MODIFY REQUEST
	PDU SESSION RESOURCE MODIFY RESPONSE
	

	PDU Session Resource Modify Indication
	PDU SESSION RESOURCE MODIFY INDICATION
	PDU SESSION RESOURCE MODIFY CONFIRM
	

	PDU Session Resource Release
	PDU SESSION RESOURCE RELEASE COMMAND
	PDU SESSION RESOURCE RELEASE RESPONSE
	

	PDU Session Resource Setup
	PDU SESSION RESOURCE SETUP REQUEST
	PDU SESSION RESOURCE SETUP RESPONSE
	

	UE Context Modification
	UE CONTEXT MODIFICATION REQUEST
	UE CONTEXT MODIFICATION RESPONSE
	UE CONTEXT MODIFICATION FAILURE

	UE Context Release
	UE CONTEXT RELEASE COMMAND
	UE CONTEXT RELEASE COMPLETE
	

	Write-Replace Warning 
	WRITE-REPLACE WARNING REQUEST
	WRITE-REPLACE WARNING RESPONSE
	

	PWS Cancel
	PWS CANCEL REQUEST
	PWS CANCEL RESPONSE
	

	UE Radio Capability Check
	UE RADIO CAPABILITY CHECK REQUEST
	UE RADIO CAPABILITY CHECK RESPONSE
	

	UE Context Suspend
	UE CONTEXT SUSPEND REQUEST
	UE CONTEXT SUSPEND RESPONSE
	UE CONTEXT SUSPEND FAILURE

	UE Context Resume
	UE CONTEXT RESUME REQUEST
	UE CONTEXT RESUME RESPONSE
	UE CONTEXT RESUME FAILURE

	UE Radio Capability ID Mapping
	UE RADIO CAPABILITY ID MAPPING REQUEST
	UE RADIO CAPABILITY ID MAPPING RESPONSE
	

	Broadcast Session Setup
	BROADCAST SESSION SETUP REQUEST
	BROADCAST SESSION SETUP RESPONSE
	BROADCAST SESSION SETUP FAILURE

	Broadcast Session Modification
	BROADCAST SESSION MODIFICATION REQUEST
	BROADCAST SESSION MODIFICATION RESPONSE
	BROADCAST SESSION MODIFICATION FAILURE

	Broadcast Session Release
	BROADCAST SESSION RELEASE REQUEST
	BROADCAST SESSION RELEASE RESPONSE
	

	Distribution Setup
	DISTRIBUTION SETUP REQUEST
	DISTRIBUTION SETUP RESPONSE
	DISTRIBUTION SETUP FAILURE

	Distribution Release
	DISTRIBUTION RELEASE REQUEST
	DISTRIBUTION RELEASE RESPONSE
	

	Multicast Session Activation
	MULTICAST SESSION ACTIVATION REQUEST 
	MULTICAST SESSION ACTIVATION RESPONSE
	MULTICAST SESSION ACTIVATION FAILURE

	Multicast Session Deactivation
	MULTICAST SESSION DEACTIVATION REQUEST
	MULTICAST SESSION DEACTIVATION RESPONSE
	

	Multicast Session Update
	MULTICAST SESSION UPDATE REQUEST
	MULTICAST SESSION UPDATE RESPONSE
	MULTICAST SESSION UPDATE FAILURE

	Timing Synchronisation Status
	TIMING SYNCHRONISATION STATUS REQUEST
	TIMING SYNCHRONISATION STATUS RESPONSE
	TIMING SYNCHRONISATION STATUS FAILURE

	MT Communication Handling
	MT COMMUNICATION HANDLING REQUEST
	MT COMMUNICATION HANDLING RESPONSE
	MT COMMUNICATION HANDLING FAILURE

	Broadcast Session Transport
	BROADCAST SESSION TRANSPORT REQUEST
	BROADCAST SESSION TRANSPORT RESPONSE
	BROADCAST SESSION TRANSPORT FAILURE

	NG Removal
	NG REMOVAL REQUEST
	NG REMOVAL RESPONSE
	NG REMOVAL FAILURE



Table 8.1-2: Class 2 procedures
	Elementary Procedure
	Message

	Downlink RAN Configuration Transfer
	DOWNLINK RAN CONFIGURATION TRANSFER

	Downlink RAN Status Transfer
	DOWNLINK RAN STATUS TRANSFER

	Downlink NAS Transport
	DOWNLINK NAS TRANSPORT

	Error Indication
	ERROR INDICATION

	Uplink RAN Configuration Transfer
	UPLINK RAN CONFIGURATION TRANSFER

	Uplink RAN Status Transfer
	UPLINK RAN STATUS TRANSFER

	Handover Notification
	HANDOVER NOTIFY

	Initial UE Message
	INITIAL UE MESSAGE

	NAS Non Delivery Indication
	NAS NON DELIVERY INDICATION

	Paging
	PAGING

	PDU Session Resource Notify
	PDU SESSION RESOURCE NOTIFY

	Reroute NAS Request
	REROUTE NAS REQUEST

	UE Context Release Request
	UE CONTEXT RELEASE REQUEST

	Uplink NAS Transport
	UPLINK NAS TRANSPORT

	AMF Status Indication
	AMF STATUS INDICATION

	PWS Restart Indication
	PWS RESTART INDICATION

	PWS Failure Indication
	PWS FAILURE INDICATION

	Downlink UE Associated NRPPa Transport
	DOWNLINK UE ASSOCIATED NRPPA TRANSPORT

	Uplink UE Associated NRPPa Transport
	UPLINK UE ASSOCIATED NRPPA TRANSPORT

	Downlink Non UE Associated NRPPa Transport
	DOWNLINK NON UE ASSOCIATED NRPPA TRANSPORT

	Uplink Non UE Associated NRPPa Transport
	UPLINK NON UE ASSOCIATED NRPPA TRANSPORT

	Trace Start
	TRACE START

	Trace Failure Indication
	TRACE FAILURE INDICATION

	Deactivate Trace
	DEACTIVATE TRACE

	Cell Traffic Trace
	CELL TRAFFIC TRACE

	Location Reporting Control
	LOCATION REPORTING CONTROL

	Location Reporting Failure Indication
	LOCATION REPORTING FAILURE INDICATION

	Location Report
	LOCATION REPORT

	UE TNLA Binding Release
	UE TNLA BINDING RELEASE REQUEST

	UE Radio Capability Info Indication
	UE RADIO CAPABILITY INFO INDICATION

	RRC Inactive Transition Report
	RRC INACTIVE TRANSITION REPORT

	Overload Start
	OVERLOAD START

	Overload Stop
	OVERLOAD STOP

	Secondary RAT Data Usage Report
	SECONDARY RAT DATA USAGE REPORT

	Uplink RIM Information Transfer
	UPLINK RIM INFORMATION TRANSFER

	Downlink RIM Information Transfer
	DOWNLINK RIM INFORMATION TRANSFER

	Retrieve UE Information
	RETRIEVE UE INFORMATION

	UE Information Transfer
	UE INFORMATION TRANSFER

	RAN CP Relocation Indication
	RAN CP RELOCATION INDICATION

	Connection Establishment Indication
	CONNECTION ESTABLISHMENT INDICATION

	AMF CP Relocation Indication
	AMF CP RELOCATION INDICATION

	Handover Success
	HANDOVER SUCCESS

	Uplink RAN Early Status Transfer
	UPLINK RAN EARLY STATUS TRANSFER

	Downlink RAN Early Status Transfer
	DOWNLINK RAN EARLY STATUS TRANSFER

	Multicast Group Paging
	MULTICAST GROUP PAGING

	Broadcast Session Release Required
	BROADCAST SESSION RELEASE REQUIRED

	Timing Synchronisation Status Report
	TIMING SYNCHRONISATION STATUS REPORT

	RAN Paging Request
	RAN PAGING REQUEST
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8.7.X	NG Removal
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The purpose of the NG Removal procedure is to remove the NG interface instance between the NG-RAN node and the AMF in a controlled manner. If successful, this procedure erases any existing application level configuration data in the two nodes.
The procedure uses non UE-associated signaling.
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[bookmark: _CRFigure8_4_6_21]Figure 8.7.x.2-1: NG Removal, successful operation
The NG-RAN node initiates the procedure by sending the NG REMOVAL REQUEST message to the AMF. Upon reception of the NG REMOVAL REQUEST message the AMF shall reply with the NG REMOVAL RESPONSE message. After receiving the NG REMOVAL RESPONSE message, the NG-RAN node shall initiate removal of the TNL association towards the AMF and may remove all resources associated with the NG interface. The AMF may then remove all resources associated with the NG interface.
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[bookmark: _CRFigure8_4_6_31]Figure 8.7.x.3-1: NG Removal, unsuccessful operation
If the AMF cannot accept to remove the NG interface, it shall respond with an NG REMOVAL FAILURE message with an appropriate cause value.
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Void.
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This message is sent by a NG-RAN node to an AMF to initiate the removal of the NG interface.
Direction: NG-RAN node ® AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Global RAN Node ID
	M
	
	9.3.1.5
	
	YES
	reject
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This message is sent by the AMF to a NG-RAN node to acknowledge the initiation of removal of the NG interface.
Direction: AMF ® NG-RAN node
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Global RAN Node ID
	M
	
	9.3.1.5
	
	YES
	reject

	Criticality Diagnostics
	O
	
	9.3.1.3 
	
	YES
	ignore
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This message is sent by the AMF to indicate that removing the NG interface cannot be accepted.
Direction: AMF ® NG-RAN node
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Cause
	M
	
	9.3.1.2 
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.3.1.3 
	
	YES
	ignore
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-- ASN1START
-- **************************************************************
--
-- Elementary Procedure definitions
--
-- **************************************************************

NGAP-PDU-Descriptions  { 
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
ngran-Access (22) modules (3) ngap (1) version1 (1) ngap-PDU-Descriptions (0)}

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

-- **************************************************************
--
-- IE parameter types from other modules.
--
-- **************************************************************

IMPORTS

	Criticality,
	ProcedureCode
FROM NGAP-CommonDataTypes

	AMFConfigurationUpdate,
	AMFConfigurationUpdateAcknowledge,
	AMFConfigurationUpdateFailure,
	AMFCPRelocationIndication,
	AMFStatusIndication,
	<<<<<<<<<<<<<<<<<<<< Unaffected part is skipped >>>>>>>>>>>>>>>>>>>>
	WriteReplaceWarningRequest,
	WriteReplaceWarningResponse,
	UplinkRIMInformationTransfer,
[bookmark: _Hlk44353707]	DownlinkRIMInformationTransfer,
	NGRemovalRequest,
	NGRemovalResponse,
	NGRemovalFailure


FROM NGAP-PDU-Contents

	id-AMFConfigurationUpdate,
	id-AMFCPRelocationIndication,
	id-AMFStatusIndication,
	<<<<<<<<<<<<<<<<<<<< Unaffected part is skipped >>>>>>>>>>>>>>>>>>>>
	id-UplinkRIMInformationTransfer,
	id-UplinkUEAssociatedNRPPaTransport,
	id-WriteReplaceWarning,
	id-NGRemoval

[bookmark: _Hlk44353831]

FROM NGAP-Constants;

-- **************************************************************
--
-- Interface Elementary Procedure Class
--
-- **************************************************************

NGAP-ELEMENTARY-PROCEDURE ::= CLASS {
	&InitiatingMessage				,
	&SuccessfulOutcome							OPTIONAL,
	&UnsuccessfulOutcome						OPTIONAL,
	&procedureCode				ProcedureCode	UNIQUE,
	&criticality				Criticality	DEFAULT ignore
}

WITH SYNTAX {
	INITIATING MESSAGE			&InitiatingMessage
	[SUCCESSFUL OUTCOME			&SuccessfulOutcome]
	[UNSUCCESSFUL OUTCOME		&UnsuccessfulOutcome]
	PROCEDURE CODE				&procedureCode
	[CRITICALITY				&criticality]
}

-- **************************************************************
--
-- Interface PDU Definition
--
-- **************************************************************

NGAP-PDU ::= CHOICE {
	initiatingMessage			InitiatingMessage,
	successfulOutcome			SuccessfulOutcome,
	unsuccessfulOutcome			UnsuccessfulOutcome,
	...
}

InitiatingMessage ::= SEQUENCE {
	procedureCode	NGAP-ELEMENTARY-PROCEDURE.&procedureCode		({NGAP-ELEMENTARY-PROCEDURES}),
	criticality		NGAP-ELEMENTARY-PROCEDURE.&criticality			({NGAP-ELEMENTARY-PROCEDURES}{@procedureCode}),
	value			NGAP-ELEMENTARY-PROCEDURE.&InitiatingMessage	({NGAP-ELEMENTARY-PROCEDURES}{@procedureCode})
}

SuccessfulOutcome ::= SEQUENCE {
	procedureCode	NGAP-ELEMENTARY-PROCEDURE.&procedureCode		({NGAP-ELEMENTARY-PROCEDURES}),
	criticality		NGAP-ELEMENTARY-PROCEDURE.&criticality			({NGAP-ELEMENTARY-PROCEDURES}{@procedureCode}),
	value			NGAP-ELEMENTARY-PROCEDURE.&SuccessfulOutcome	({NGAP-ELEMENTARY-PROCEDURES}{@procedureCode})
}

UnsuccessfulOutcome ::= SEQUENCE {
	procedureCode	NGAP-ELEMENTARY-PROCEDURE.&procedureCode		({NGAP-ELEMENTARY-PROCEDURES}),
	criticality		NGAP-ELEMENTARY-PROCEDURE.&criticality			({NGAP-ELEMENTARY-PROCEDURES}{@procedureCode}),
	value			NGAP-ELEMENTARY-PROCEDURE.&UnsuccessfulOutcome	({NGAP-ELEMENTARY-PROCEDURES}{@procedureCode})
}

-- **************************************************************
--
-- Interface Elementary Procedure List
--
-- **************************************************************

NGAP-ELEMENTARY-PROCEDURES NGAP-ELEMENTARY-PROCEDURE ::= {
	NGAP-ELEMENTARY-PROCEDURES-CLASS-1			|
	NGAP-ELEMENTARY-PROCEDURES-CLASS-2,	
	...
}

[bookmark: _Hlk99625080]NGAP-ELEMENTARY-PROCEDURES-CLASS-1 NGAP-ELEMENTARY-PROCEDURE ::= {
	aMFConfigurationUpdate			|
	broadcastSessionModification	|
	broadcastSessionRelease			|
	broadcastSessionSetup			|
	broadcastSessionTransport					|
	distributionSetup				|
	distributionRelease				|
	handoverCancel					|
	handoverPreparation				|
	handoverResourceAllocation		|
	initialContextSetup				|
	mTCommunicationHandling			|
	multicastSessionActivation					|
	multicastSessionDeactivation				|
	multicastSessionUpdate			|
	nGReset							|
	nGSetup							|
	pathSwitchRequest				|
	pDUSessionResourceModify		|
	pDUSessionResourceModifyIndication			|
	pDUSessionResourceRelease		|
	pDUSessionResourceSetup			|
	pWSCancel						|
	rANConfigurationUpdate			|
	timingSynchronisationStatus		|
	uEContextModification			|
	uEContextRelease				|
	uEContextResume								|
	uEContextSuspend							|
	uERadioCapabilityCheck			|
	uERadioCapabilityIDMapping		|
	writeReplaceWarning							|
	nGRemoval							,
	...
}

	<<<<<<<<<<<<<<<<<<<< Unaffected part is skipped >>>>>>>>>>>>>>>>>>>>

downlinkRIMInformationTransfer NGAP-ELEMENTARY-PROCEDURE ::= {
	INITIATING MESSAGE		DownlinkRIMInformationTransfer
	PROCEDURE CODE			id-DownlinkRIMInformationTransfer
	CRITICALITY				ignore
}


nGRemoval NGAP-ELEMENTARY-PROCEDURE ::= {
	INITIATING MESSAGE		NGRemovalRequest
	SUCCESSFUL OUTCOME		NGRemovalResponse
	UNSUCCESSFUL OUTCOME	NGRemovalFailure
	PROCEDURE CODE			id-NGRemoval
	CRITICALITY				reject
}


END
-- ASN1STOP
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-- ASN1START
-- **************************************************************
--
-- PDU definitions for NGAP.
--
-- **************************************************************

NGAP-PDU-Contents { 
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
ngran-Access (22) modules (3) ngap (1) version1 (1) ngap-PDU-Contents (1) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

	<<<<<<<<<<<<<<<<<<<< Unaffected part is skipped >>>>>>>>>>>>>>>>>>>>
-- **************************************************************
--
-- NG Setup Elementary Procedure
--
-- **************************************************************

-- **************************************************************
--
-- NG SETUP REQUEST
--
-- **************************************************************

NGSetupRequest ::= SEQUENCE {
	protocolIEs		ProtocolIE-Container		{ {NGSetupRequestIEs} },
	...
}

NGSetupRequestIEs NGAP-PROTOCOL-IES ::= {
	{ ID id-GlobalRANNodeID				CRITICALITY reject	TYPE GlobalRANNodeID				PRESENCE mandatory	}|
	{ ID id-RANNodeName					CRITICALITY ignore	TYPE RANNodeName					PRESENCE optional	}|
	{ ID id-SupportedTAList				CRITICALITY reject	TYPE SupportedTAList				PRESENCE mandatory	}|
	{ ID id-DefaultPagingDRX			CRITICALITY ignore	TYPE PagingDRX						PRESENCE mandatory	}|
	{ ID id-UERetentionInformation		CRITICALITY ignore	TYPE UERetentionInformation			PRESENCE optional	}|
	{ ID id-NB-IoT-DefaultPagingDRX		CRITICALITY ignore	TYPE NB-IoT-DefaultPagingDRX		PRESENCE optional	}|
	{ ID id-Extended-RANNodeName		CRITICALITY ignore	TYPE Extended-RANNodeName			PRESENCE optional	},
	...
}

-- **************************************************************
--
-- NG SETUP RESPONSE
--
-- **************************************************************

NGSetupResponse ::= SEQUENCE {
	protocolIEs		ProtocolIE-Container		{ {NGSetupResponseIEs} },
	...
}

NGSetupResponseIEs NGAP-PROTOCOL-IES ::= {
	{ ID id-AMFName						CRITICALITY reject	TYPE AMFName					PRESENCE mandatory	}|
	{ ID id-ServedGUAMIList				CRITICALITY reject	TYPE ServedGUAMIList			PRESENCE mandatory	}|
	{ ID id-RelativeAMFCapacity			CRITICALITY ignore	TYPE RelativeAMFCapacity		PRESENCE mandatory	}|
	{ ID id-PLMNSupportList				CRITICALITY reject	TYPE PLMNSupportList			PRESENCE mandatory	}|
	{ ID id-CriticalityDiagnostics		CRITICALITY ignore	TYPE CriticalityDiagnostics		PRESENCE optional		}|
	{ ID id-UERetentionInformation		CRITICALITY ignore	TYPE UERetentionInformation		PRESENCE optional		}|
	{ ID id-IAB-Supported				CRITICALITY ignore	TYPE IAB-Supported				PRESENCE optional		}|
	{ ID id-Extended-AMFName			CRITICALITY ignore	TYPE Extended-AMFName			PRESENCE optional		}|
	{ ID id-MobileIAB-Supported			CRITICALITY ignore	TYPE MobileIAB-Supported    	PRESENCE optional		},
	...
}

-- **************************************************************
--
-- NG SETUP FAILURE
--
-- **************************************************************

NGSetupFailure ::= SEQUENCE {
	protocolIEs		ProtocolIE-Container		{ {NGSetupFailureIEs} },
	...
}

NGSetupFailureIEs NGAP-PROTOCOL-IES ::= {
	{ ID id-Cause						CRITICALITY ignore	TYPE Cause						PRESENCE mandatory	}|
	{ ID id-TimeToWait					CRITICALITY ignore	TYPE TimeToWait					PRESENCE optional		}|
	{ ID id-CriticalityDiagnostics		CRITICALITY ignore	TYPE CriticalityDiagnostics		PRESENCE optional		},
	...
}

-- **************************************************************
--
-- NG Removal Elementary Procedure
--
-- **************************************************************

-- **************************************************************
--
-- NG REMOVAL REQUEST
--
-- **************************************************************

NGRemovalSetupRequest ::= SEQUENCE {
	protocolIEs		ProtocolIE-Container		{ {NGRemovalRequestIEs} },
	...
}

NGRemovalRequestIEs NGAP-PROTOCOL-IES ::= {
	{ ID id-GlobalRANNodeID				CRITICALITY reject	TYPE GlobalRANNodeID				PRESENCE mandatory	},
	...
}

-- **************************************************************
--
-- NG REMOVAL RESPONSE
--
-- **************************************************************

NGRemovalResponse ::= SEQUENCE {
	protocolIEs		ProtocolIE-Container		{ {NGRemovalResponseIEs} },
	...
}

NGRemovaleIEs NGAP-PROTOCOL-IES ::= {
	{ ID id-GlobalRANNodeID				CRITICALITY reject	TYPE GlobalRANNodeID				PRESENCE mandatory	}|
	{ ID id-CriticalityDiagnostics		CRITICALITY ignore	TYPE CriticalityDiagnostics			PRESENCE optional		},
	...
}

-- **************************************************************
--
-- NG SETUP FAILURE
--
-- **************************************************************

NGSetupFailure ::= SEQUENCE {
	protocolIEs		ProtocolIE-Container		{ {NGSetupFailureIEs} },
	...
}

NGSetupFailureIEs NGAP-PROTOCOL-IES ::= {
	{ ID id-Cause						CRITICALITY ignore	TYPE Cause						PRESENCE mandatory	}|
	{ ID id-CriticalityDiagnostics		CRITICALITY ignore	TYPE CriticalityDiagnostics		PRESENCE optional		},
	...
}
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-- ASN1START
-- **************************************************************
--
-- Constant definitions
--
-- **************************************************************

NGAP-Constants { 
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
ngran-Access (22) modules (3) ngap (1) version1 (1) ngap-Constants (4) } 

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

-- **************************************************************
--
-- IE parameter types from other modules.
--
-- **************************************************************

IMPORTS

	ProcedureCode,
	ProtocolIE-ID
FROM NGAP-CommonDataTypes;


-- **************************************************************
--
-- Elementary Procedures
--
-- **************************************************************

id-AMFConfigurationUpdate					ProcedureCode ::= 0
id-AMFStatusIndication						ProcedureCode ::= 1
id-CellTrafficTrace							ProcedureCode ::= 2
id-DeactivateTrace							ProcedureCode ::= 3
id-DownlinkNASTransport						ProcedureCode ::= 4
id-DownlinkNonUEAssociatedNRPPaTransport	ProcedureCode ::= 5
id-DownlinkRANConfigurationTransfer			ProcedureCode ::= 6
id-DownlinkRANStatusTransfer				ProcedureCode ::= 7
id-DownlinkUEAssociatedNRPPaTransport		ProcedureCode ::= 8
id-ErrorIndication							ProcedureCode ::= 9
id-HandoverCancel							ProcedureCode ::= 10
id-HandoverNotification						ProcedureCode ::= 11
id-HandoverPreparation						ProcedureCode ::= 12
id-HandoverResourceAllocation				ProcedureCode ::= 13
id-InitialContextSetup						ProcedureCode ::= 14
id-InitialUEMessage							ProcedureCode ::= 15
id-LocationReportingControl					ProcedureCode ::= 16
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