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Abstract of the contribution: This contribution proposes an evaluation and interim conclusions for KI#1. 
1. 
Discussion 
1.1 
KI#1 sub-topics:

Key Issue #1 concerns the deployments of gNB/eNB on-board satellite with the core network located on the ground. The solutions proposed for KI#1 addresses issues related to the RAN-CN interface and other aspects of having a gNB/eNB located on a LEO satellite moving around the earth. The issues are summarized below with an associated review of the solutions for each particular topic, as well as an evaluation and a way forward proposal.

-
Sub-topic A: Satellite "setting and "raising", i.e. a satellite leaving ("setting") the coverage area of a CN and later returning ("raising") to the coverage area of that CN after having circulated the earth. The gNB/eNB is typically away for a significant time (multiple hours). 

- 
Sub-topic B: Satellite is switching from one feeder link to another feeder link while it is still serving the same CN. This issue is somewhat similar to a "cable" between terrestrial RAN and CN being re-connected, potentially resulting in that the gNB/eNB gets a new TNL IP address. Both "soft" and "hard" feeder link switch are considered.

- 
Sub-topic C: Handling of earth-fixed TAIs when the gNB/eNBs are moving. The gNB/eNB may need to change the TAIs it serves over time, resulting in that a specific earth-fixed TAI (and corresponding geo area) is served by different gNB/eNBs over time. 

- 
Sub-topic D: Handling of mapped Cell IDs when different gNB/eNBs serving a specific geo area over time. This topic is related to how Cell IDs are used over the RAN-CN interface and by the AMF/MME, e.g. in paging, WUS, and PWS procedures. 

- 
Sub-topic E: Other aspects, such as QoS aspects, etc.
In the next clause we summarize the solutions proposed for sub-topics A-D.

1.2 Solutions per sub-topic
1.2.1 
Sub-topic A
Satellite leaving and later returning.

	Option 
	Solution summary
	Proposed in Sol#
	System impacts
	RAN dependency
	Evaluation

	A1
	N2/S1 is disconnected when satellite is leaving. 

When later returning, a N2/S1 SETUP is executed to establish N2/S1. 
	1
	New N2/S1 procedure (disconnect)
	Yes (RAN3)
	Allows an explicit and controlled removal of the N2/S1 interface. 

It can be noted that a similar procedure already exists for Xn/X2 (XN/X2 REMOVAL).

	A2
	N2/S1 explicit suspend and resume. 

When a satellite is leaving, gNB/eNB triggers a N2/S1 suspend procedure. gNB/eNB and AMF/MME stores the N2/S1 application context. When later returning, gNB/eNB triggers a N2/S1 resume procedure. The SCTP association is dormant (heartbeat disabled). 
	2,4
	New N2/S1 procedures (suspend, resume)
	Yes (RAN3)
	Does not save NGAP/S1AP signalling compared to A1. May save SCTP signalling. 

Only works if the gNB/eNB has the same TNL IP address when returning. This likely requires that the satellite use a single ground station when connecting to a certain AMF/MME, i.e. feeder link switch not supported. 

Suspend/resume consumes storage on gNB/eNB on-board. May be critical if the gNB/eNB serves multiple PLMNs and many AMFs/MMEs while it circulates the earth. 

	A3
	N2/S1 implicit suspend and resume. 

In N2/S1 SETUP, the gNB/eNB provides a "feeder link available time". The gNB/eNB and AMF/MME suspends and resumes the N2/S1 connection based on the timetable. The SCTP association is dormant (heartbeat disabled).
	3
	New IEs on N2/S1 (feeder link available time") and associated logic in N2/S1 endpoints
	Yes (RAN3)
	Reduces the NGAP/S1AP signalling needed.

Solution is not robust against shifts in the feeder link connectivity times.

Only works if the gNB/eNB has the same TNL IP address when returning. This likely requires that the satellite use a single ground station when connecting to a certain AMF/MME. 

Suspend/resume consumes storage on gNB/eNB on-board. May be critical if the gNB/eNB serves multiple PLMNs and many AMFs/MMEs while it circulates the earth.

	A4
	New NF introduced that is perceived by 5GC as a static gNB/eNB. 
Hides aspects cause by moving gNB/eNBs
	9, 10
	New NF and new interface (N2'/S1'). 

Potentially standardization work to define N2'/S1' or alternatively leave it proprietary. 
	Yes (RAN3)
	If the KI#1 issues can be solved by reasonable updates to existing protocols and procedures, it seems that requiring a new "IWK" function is not justified. Such a function would add CP+UP footprint, CAPEX and OPEX. In case the interface between gNB/eNB on-board and the IWK function is not standardized, it would also require proprietary solutions This will also put additional burden on NTN RAN, which would be expected to provide such an IWK in order to interoperate with a 3rd party core network, thereby negating the benefits of standardized, open interfaces like N2/S1. with associated vendor lock-ins. 

	A5
	AMF informs SMF that the gNB/eNB has left the serving area, so that SMF can treat GTP-U error notifications correctly
	36
	New indication from AMF to SMF that gNB/eNB has disconnected. 
	Yes (RAN3)
	In general, the NTN RAN should ensure that the UEs are handed over to a raising gNB/eNB before a setting gNB/eNB disappears. In the general case there are thus no UEs on the setting gNB/eNB, and if there are, the AMF/MME will move those UEs to IDLE state and notify the SMF to remove the user plane, e.g. based on solutions A1, A2 or A3 above. It is therefore not clear that a separate/new indication from AMF to SMF is needed. 

	A6
	New NF (AMF agent) introduced to support AMF discovery by gNB
	34
	New NF to support AMF discover
	Yes (RAN3)
	The gNB on-board anyway needs to be configured with a lot of information related to the ephemeris (cell handling, TA information, etc etc). Configuring gNB with sufficient information to take into account its movement would be addressed by SA5. AMF discovery information would be a small part of that. 


Solutions A2 and A3 relies on the assumption that the gNB/eNB will have the same IP address every time it returns after circulating the earth. This likely requires that one and only one ground station is used (feeder link switches will not be supported). A2/A3 also consume memory resources on-board which is an issue if the gNB/eNB serves multiple PLMNs and many AMFs/MMEs during the time it circulates the earth. Solution A1 is more robust, simpler and also aligned with similar existing functionality for Xn/X2. A4, A5 and A6 do not seem to be required as analysed above. 
Proposal: Support A1. 
1.2.2 
Sub-topic B 
Satellite is switching from one feeder link to another feeder link while it is still serving the same geographic area and still connected to the same CN.
	Option 
	Solution summary
	Proposed in Sol#
	System impacts
	RAN dependency
	Analysis

	B1
	RAN indicates to UE (via broadcast) when there is an upcoming feeder link switch and this triggers the UE to initiate a TAU in order to move the connection to the new MME. 
	4
	New Registration/TAU trigger in UE. New cell broadcast indication from RAN to UE.
	Yes (RAN2, RAN3?)
	Making the UE explicitly aware of backhaul (feeder link) events is a questionable design since the UE should ideally be unaware of backhaul aspects. Other solutions should be sought to handle MME change at feeder link events. The same result can be achieved by gNB/eNB changing the TAI.

	B2
	MME/AMF load balancing procedure to move UEs to another MME/AMF at feeder link events. RAN or MME/AMF releases the UE when there is an upcoming feeder link switch, and UE triggers a TAU/Registration without TMSI/GUAMI
	6
	New trigger to activate load balancing procedures
	Yes (RAN3)
	Existing load balancing solutions can always be used. However, the intent with load balancing solutions is that UEs are moved gradually, i.e. should not release all UEs in one go but rather wait until UEs go to IDLE due to inactivity (23.401, 4.3.7.3). 

	B3
	RAN notifies AMF when there is an upcoming feeder link switch. AMF notifies SMF to start buffering DL packets. After the switch, RAN triggers a path switch.
	7
	New trigger for buffering of DL traffic
	Yes (RAN3)
	Starting buffering when there is an upcoming feeder link switch will cause a lot of signalling and it is not clear that it will scale. Also, the problem can be avoided in several different ways. For example, soft feeder link switch could be deployed. Alternatively, a cell planning where feeder link switch is only taking place when a gNB/eNB starts serving new cells can void this issue. Should avoid 5GS system impacts to solve TNL deployment issues. 

	B4
	New "IWK" function introduced that is perceived by 5GC as a static gNB/eNB. Hides any aspects cause by moving gNB/eNBs
	9, 10
	New NF and new interface (N2'/S1'). Potentially standardization work to define N2'/S1' or leave it proprietary.
	Yes (at least RAN3)
	If the KI#1 issues can be solved by reasonable updates to existing protocols and procedures, it seems that requiring a new "IWK" function is not justified. Such a function would add CP+UP footprint, CAPEX and OPEX. In case the interface between gNB/eNB on-board and the IWK function is not standardized, it would also require proprietary solutions This will also put additional burden on NTN RAN, which would be expected to provide such an IWK in order to interoperate with a 3rd party core network, thereby negating the benefits of standardized, open interfaces like N2/S1. with associated vendor lock-ins.

	B5
	Existing N2/S1 procedures are used to handle TNL address changes at feeder link switch
	
	New triggers for using existing N2/S1 procedures. 
	Possibly
	The solution shows that existing N2/S1 interface can handle the basic feeder link switch events. 


Observation: B1 impacts the UE to handle TNL aspects which does not seem to be a good system design. Similarly, B3 is causing a lot of system level impacts to address TNL issues that can be avoided with a proper deployment of the network. B5 is based on the principle that the gNB/eNB can address the feeder link switch using existing procedures and is thus preferred. B3 and B4 are more complex and do not seem required.
Proposal: Support B5. 
1.2.3 
Sub-topic C
Handling of earth-fixed TAIs when the gNB/eNBs are moving and need to change the TAIs it serves over time.
	Option 
	Solution summary
	Proposed in Sol#
	System impacts
	RAN dependency
	Analysis

	C1
	A TAI "timetable" is configured in AMF/MME per RAN node ID. In this way the AMF/MME knows when a certain TAI is active in a given gNB/eNB 
	2, 4
	New configuration in AMF/MME and associated functionality
	No
	The solution requires that each RAN node (gNB/eNB) is configured in AMF/MME. This is a significant change from terrestrial networks where AMF/MME is unaware of gNB/eNB until the N2/S1 SETUP message arrives, i.e. O&M configuration of RAN nodes in AMF/MME is not needed. 

	C2
	gNB/eNB provides a TAI timetable in the N2/S1 SETUP and CONFIGURATION UPDATE messages
	4
	New information elements in N2/S1 SETUP and CONFIGURATION UPDATE messages
	Yes (RAN3)
	Reduces the number of RAN Configuration Updates and also avoids the need to configure RAN node information in AMF/MME.

	C3
	AMF/MME can request gNB/eNB to provide the latest TAI list with time information. 
	4
	N2/S1 signalling to request RAN to provide current TAI list.
	Yes (RAN3)
	It is not clear why AMF/MME needs to request gNB/eNB to provide TAI+timetable information if the AMF/MME is anyway provisioned with such info (as is also proposed in Sol#4). What is the trigger for such request? 

	C4
	gNB/eNB informs the AMF/MME about the TAIs currently supported using the existing CONFIGURATION UPDATE messages (i.e. no time information provided)
	?
	New trigger in RAN to send CONFIGURATION UPDATE. No protocol or AMF/MME impacts. 
	No
	This solution seems not to be explicitly proposed by any solution in the TR, but it is an option that exists in the current specifications. If the TAI changes frequently then this option will cause additional load on the feeder link. It is deployment specific whether the additional load is significant in the total load. 

	C5
	New "IWK" function introduced that is perceived by 5GC as a static gNB/eNB. Hides any aspects cause by moving gNB/eNBs
	9, 10
	New NF and new interface (N2'/S1'). Potentially standardization work to define N2'/S1' or leave it proprietary.
	Yes
	The property of this solution depends on how the new interface is defined. It may be based on similar principles as proposed in other solutions above. 


Sol#4 proposes that all of C1, C2 and C3 are supported, but it is not clear why we need all options and it is not clear why AMF/MME would need to request the TAI timetable form RAN. Both AMF/MME and RAN knowledge about the TAI timetable is based on configuration from O&M. Why would RAN config be better than AMF config? Ephemeris changes are known/planned in advance and provided to gNB/eNB and AMF/MME and gNB will not on its own “detect” that it has to use a new TAI timetable. Therefore, it seems that we may go with either Alt C1 or C2 but not both, and we don't need C3 or C5. It can be noted that alt C4 is already supported. 

Proposal: Support Alt C1 or C2 and C4 (existing)
1.2.4 
Sub-topic D
Handling of mapped Cell IDs when different gNB/eNBs serving a specific geo area over time.
	Option 
	Solution summary
	Proposed in Sol#
	System impacts
	RAN dependency
	Analysis

	D1
	The mapped cell ID reported from the RAN node on board to the AMF/MME is decoupled with RAN node ID, i.e. only corresponding to geographic area (The format of the mapped cell ID reported from the RAN node on board to the AMF/MME is FFS)
	2
	Not clear since the solution description is too brief
	Yes
	The description is brief, so it is not fully clear how this solution works. The solution also seems to imply a new Cell ID format

	D2
	New "IWK" function introduced that is perceived by 5GC as a static gNB/eNB. Hides any aspects cause by moving gNB/eNBs
	9, 10
	New NF and new interface (N2'/S1'). Potentially standardization work to define N2'/S1' or leave it proprietary.
	Yes
	In this option the "IWK function" acts as a gNB/eNB and can perform mapping of Cell IDs towards on-board gNBs/eNBs. 

Requires configuration of mapping of Mapped Cell IDs in addition of what is needed in the on-board gNB/eNB

	D3
	Mapping between Mapped Cell IDs and geographical areas is configured in each on-board gNB/eNB irrespective of gNB/eNB ID.

(proposed in S2-2402314 but not handled)
	?
	TBD
	Yes
	Solution avoids impacts to 5GC/EPC.


Currently RAN derives the mapped Cell ID based on a configured mapping between geographical areas and Mapped Cell IDs. If it can be assumed that the RAN can handle the mapping between Mapped Cell IDs and geographical areas independent of what gNB/eNB ID that is part of the Mapped Cell ID, then Mapped Cell IDs can be used without further re-mapping in the AMF/MME. For example, the gNB/eNB may send as part of N2 release, in a UE Context Release Complete message, Information on Recommended Cells and RAN Nodes / eNBs for Paging. Later when the AMF/MME wants to page the UE, the AMF/MME sends a Paging request to gNB(s)/eNB(s) currently supporting the TAI(s) and includes Assistance Data for Paging with the Mapped Cell IDs received earlier, even if new gNBs/eNBs now serve the TAI(s). The Mapped Cell IDs are thus provided to a gNB/eNB irrespective of the gNB/eNB ID contained in the Cell ID parameters. The gNB/eNB then determines the physical cells corresponding to the Mapped Cell IDs contained in the Assistance Data for Paging.
Therefore, with the assumptions that each gNB/eNB is able to receive Mapped Cell IDs via N2/S1 (irrespective of the gNB/eNB ID that is part of the Cell ID) and map the Mapped Cell IDs to physical cells or geographical area, sub-topic D can be supported without impacts to SA2 standards.
Proposal: Support D3 where the mapping between Mapped Cell IDs and geographical areas is indpendent of the gNB/eNB that generated the Mapped Cell ID. With this there are no impacts to SA2 standards. (This should also correspond to D1, but with the assumption that no new Cell ID format is needed). This assumption would need to be verified and discussed in RAN3. 
1.2.3 
Sub-topic E

Editor's note: Evaluation of the associated solutions is FFS
2. 
Summary of findings / Way forward

It is clear from the above evaluation that there are solutions that are feasible and that can solve the identified issues. All solutions however have RAN dependencies, either because the feasibility of the solution needs to be discussed in RAN WGs (e.g. Sol#9, 10) or that N2/S1 impacts are proposed that will need to be analysed and specified by RAN3. 
Our view is that the identified issues can be solved by a small set of enhancements to N2/S1 and corresponding conclusions are proposed for KI#1. With this it should be possible to hand over KI#1 to RAN WGs.
3. 
Proposal

It is proposed to update TR 23.700-29 as follows:
**** First Change ****
7
Overall Evaluation

Editor's note:
This clause will provide evaluation of different solutions.
7.1 
KI#1 evaluation
7.1.1 
General

Key Issue #1 concerns the deployments of gNB/eNB on-board satellite with the core network located on the ground. The solutions proposed for KI#1 addresses issues related to the RAN-CN interface and other aspects of having a gNB/eNB located on a LEO satellite moving around the earth. The issues are summarized below with an associated evaluation of the solutions for each particular topic.

-
Sub-topic A: Satellite "setting and "raising", i.e. a satellite leaving ("setting") the coverage area of a CN and later returning ("raising") to the coverage area of that CN after having circulated the earth. The gNB/eNB is typically away for a significant time (multiple hours). 

- 
Sub-topic B: Satellite is switching from one feeder link to another feeder link while it is still serving the same CN. This issue is somewhat similar to a "cable" between terrestrial RAN and CN being re-connected, potentially resulting in that the gNB/eNB gets a new TNL IP address. Both "soft" and "hard" feeder link switch are considered.

- 
Sub-topic C: Handling of earth-fixed TAIs when the gNB/eNBs are moving. The gNB/eNB may need to change the TAIs it serves over time, resulting in that a specific earth-fixed TAI (and corresponding geo area) is served by different gNB/eNBs over time. 

- 
Sub-topic D: Handling of mapped Cell IDs when different gNB/eNBs serving a specific geo area over time. This topic is related to how Cell IDs are used over the RAN-CN interface and by the AMF/MME, e.g. in paging, WUS, and PWS procedures. 

- 
Sub-topic E: Other aspects, such as QoS aspects, etc.

In the next clause we summarize the solutions proposed for sub-topics A-D.

7.1.2 
Sub-topic A
Satellite leaving and later returning.

	Option 
	Solution summary
	Proposed in Sol#
	System impacts
	RAN dependency
	Evaluation

	A1
	N2/S1 is disconnected when satellite is leaving. 

When later returning, a N2/S1 SETUP is executed to establish N2/S1. 
	1
	New N2/S1 procedure (disconnect)
	Yes (RAN3)
	Allows an explicit and controlled removal of the N2/S1 interface. 

It can be noted that a similar procedure already exists for Xn/X2 (XN/X2 REMOVAL).

	A2
	N2/S1 explicit suspend and resume. 

When a satellite is leaving, gNB/eNB triggers a N2/S1 suspend procedure. gNB/eNB and AMF/MME stores the N2/S1 application context. When later returning, gNB/eNB triggers a N2/S1 resume procedure. The SCTP association is dormant (heartbeat disabled). 
	2,4
	New N2/S1 procedures (suspend, resume)
	Yes (RAN3)
	Does not save NGAP/S1AP signalling compared to A1. May save SCTP signalling. 

Only works if the gNB/eNB has the same TNL IP address when returning. This likely requires that the satellite use a single ground station when connecting to a certain AMF/MME, i.e. feeder link switch not supported. 

Suspend/resume consumes storage on gNB/eNB on-board. May be critical if the gNB/eNB serves multiple PLMNs and many AMFs/MMEs while it circulates the earth. 

	A3
	N2/S1 implicit suspend and resume. 

In N2/S1 SETUP, the gNB/eNB provides a "feeder link available time". The gNB/eNB and AMF/MME suspends and resumes the N2/S1 connection based on the timetable. The SCTP association is dormant (heartbeat disabled).
	3
	New IEs on N2/S1 (feeder link available time") and associated logic in N2/S1 endpoints
	Yes (RAN3)
	Reduces the NGAP/S1AP signalling needed.

Solution is not robust against shifts in the feeder link connectivity times.

Only works if the gNB/eNB has the same TNL IP address when returning. This likely requires that the satellite use a single ground station when connecting to a certain AMF/MME. 

Suspend/resume consumes storage on gNB/eNB on-board. May be critical if the gNB/eNB serves multiple PLMNs and many AMFs/MMEs while it circulates the earth.

	A4
	New NF introduced that is perceived by 5GC as a static gNB/eNB. 
Hides aspects cause by moving gNB/eNBs
	9, 10
	New NF and new interface (N2'/S1'). 

Potentially standardization work to define N2'/S1' or alternatively leave it proprietary. 
	Yes (RAN3)
	If the KI#1 issues can be solved by reasonable updates to existing protocols and procedures, it seems that requiring a new "IWK" function is not justified. Such a function would add CP+UP footprint, CAPEX and OPEX. In case the interface between gNB/eNB on-board and the IWK function is not standardized, it would also require proprietary solutions This will also put additional burden on NTN RAN, which would be expected to provide such an IWK in order to interoperate with a 3rd party core network, thereby negating the benefits of standardized, open interfaces like N2/S1. with associated vendor lock-ins. 

	A5
	AMF informs SMF that the gNB/eNB has left the serving area, so that SMF can treat GTP-U error notifications correctly
	36
	New indication from AMF to SMF that gNB/eNB has disconnected. 
	Yes (RAN3)
	In general, the NTN RAN should ensure that the UEs are handed over to a raising gNB/eNB before a setting gNB/eNB disappears. In the general case there are thus no UEs on the setting gNB/eNB, and if there are, the AMF/MME will move those UEs to IDLE state and notify the SMF to remove the user plane, e.g. based on solutions A1, A2 or A3 above. It is therefore not clear that a separate/new indication from AMF to SMF is needed. 

	A6
	New NF (AMF agent) introduced to support AMF discovery by gNB
	34
	New NF to support AMF discover
	Yes (RAN3)
	The gNB on-board anyway needs to be configured with a lot of information related to the ephemeris (cell handling, TA information, etc etc). Configuring gNB with sufficient information to take into account its movement would be addressed by SA5. AMF discovery information would be a small part of that. 


7.2.2 
Sub-topic B 
Satellite is switching from one feeder link to another feeder link while it is still serving the same geographic area and still connected to the same CN.
	Option 
	Solution summary
	Proposed in Sol#
	System impacts
	RAN dependency
	Analysis

	B1
	RAN indicates to UE (via broadcast) when there is an upcoming feeder link switch and this triggers the UE to initiate a TAU in order to move the connection to the new MME. 
	4
	New Registration/TAU trigger in UE. New cell broadcast indication from RAN to UE.
	Yes (RAN2, RAN3?)
	Making the UE explicitly aware of backhaul (feeder link) events is a questionable design since the UE should ideally be unaware of backhaul aspects. Other solutions should be sought to handle MME change at feeder link events. The same result can be achieved by gNB/eNB changing the TAI.

	B2
	MME/AMF load balancing procedure to move UEs to another MME/AMF at feeder link events. RAN or MME/AMF releases the UE when there is an upcoming feeder link switch, and UE triggers a TAU/Registration without TMSI/GUAMI
	6
	New trigger to activate load balancing procedures
	Yes (RAN3)
	Existing load balancing solutions can always be used. However, the intent with load balancing solutions is that UEs are moved gradually, i.e. should not release all UEs in one go but rather wait until UEs go to IDLE due to inactivity (23.401, 4.3.7.3). 

	B3
	RAN notifies AMF when there is an upcoming feeder link switch. AMF notifies SMF to start buffering DL packets. After the switch, RAN triggers a path switch.
	7
	New trigger for buffering of DL traffic
	Yes (RAN3)
	Starting buffering when there is an upcoming feeder link switch will cause a lot of signalling and it is not clear that it will scale. Also, the problem can be avoided in several different ways. For example, soft feeder link switch could be deployed. Alternatively, a cell planning where feeder link switch is only taking place when a gNB/eNB starts serving new cells can void this issue. Should avoid 5GS system impacts to solve TNL deployment issues. 

	B4
	New "IWK" function introduced that is perceived by 5GC as a static gNB/eNB. Hides any aspects cause by moving gNB/eNBs
	9, 10
	New NF and new interface (N2'/S1'). Potentially standardization work to define N2'/S1' or leave it proprietary.
	Yes (at least RAN3)
	If the KI#1 issues can be solved by reasonable updates to existing protocols and procedures, it seems that requiring a new "IWK" function is not justified. Such a function would add CP+UP footprint, CAPEX and OPEX. In case the interface between gNB/eNB on-board and the IWK function is not standardized, it would also require proprietary solutions This will also put additional burden on NTN RAN, which would be expected to provide such an IWK in order to interoperate with a 3rd party core network, thereby negating the benefits of standardized, open interfaces like N2/S1. with associated vendor lock-ins.

	B5
	Existing N2/S1 procedures are used to handle TNL address changes at feeder link switch
	
	New triggers for using existing N2/S1 procedures. 
	Possibly
	The solution shows that existing N2/S1 interface can handle the basic feeder link switch events. 


7.2.3 
Sub-topic C
Handling of earth-fixed TAIs when the gNB/eNBs are moving and need to change the TAIs it serves over time.
	Option 
	Solution summary
	Proposed in Sol#
	System impacts
	RAN dependency
	Analysis

	C1
	A TAI "timetable" is configured in AMF/MME per RAN node ID. In this way the AMF/MME knows when a certain TAI is active in a given gNB/eNB 
	2, 4
	New configuration in AMF/MME and associated functionality
	No
	The solution requires that each RAN node (gNB/eNB) is configured in AMF/MME. This is a significant change from terrestrial networks where AMF/MME is unaware of gNB/eNB until the N2/S1 SETUP message arrives, i.e. O&M configuration of RAN nodes in AMF/MME is not needed. 

	C2
	gNB/eNB provides a TAI timetable in the N2/S1 SETUP and CONFIGURATION UPDATE messages
	4
	New information elements in N2/S1 SETUP and CONFIGURATION UPDATE messages
	Yes (RAN3)
	Reduces the number of RAN Configuration Updates and also avoids the need to configure RAN node information in AMF/MME.

	C3
	AMF/MME can request gNB/eNB to provide the latest TAI list with time information. 
	4
	N2/S1 signalling to request RAN to provide current TAI list.
	Yes (RAN3)
	It is not clear why AMF/MME needs to request gNB/eNB to provide TAI+timetable information if the AMF/MME is anyway provisioned with such info (as is also proposed in Sol#4). What is the trigger for such request? 

	C4
	gNB/eNB informs the AMF/MME about the TAIs currently supported using the existing CONFIGURATION UPDATE messages (i.e. no time information provided)
	?
	New trigger in RAN to send CONFIGURATION UPDATE. No protocol or AMF/MME impacts. 
	No
	This solution seems not to be explicitly proposed by any solution in the TR, but it is an option that exists in the current specifications. If the TAI changes frequently then this option will cause additional load on the feeder link. It is deployment specific whether the additional load is significant in the total load. 

	C5
	New "IWK" function introduced that is perceived by 5GC as a static gNB/eNB. Hides any aspects cause by moving gNB/eNBs
	9, 10
	New NF and new interface (N2'/S1'). Potentially standardization work to define N2'/S1' or leave it proprietary.
	Yes
	The property of this solution depends on how the new interface is defined. It may be based on similar principles as proposed in other solutions above. 


7.2.4 
Sub-topic D
Handling of mapped Cell IDs when different gNB/eNBs serving a specific geo area over time.
	Option 
	Solution summary
	Proposed in Sol#
	System impacts
	RAN dependency
	Analysis

	D1
	The mapped cell ID reported from the RAN node on board to the AMF/MME is decoupled with RAN node ID, i.e. only corresponding to geographic area (The format of the mapped cell ID reported from the RAN node on board to the AMF/MME is FFS)
	2
	Not clear since the solution description is too brief
	Yes
	The description is brief, so it is not fully clear how this solution works. The solution also seems to imply a new Cell ID format

	D2
	New "IWK" function introduced that is perceived by 5GC as a static gNB/eNB. Hides any aspects cause by moving gNB/eNBs
	9, 10
	New NF and new interface (N2'/S1'). Potentially standardization work to define N2'/S1' or leave it proprietary.
	Yes
	In this option the "IWK function" acts as a gNB/eNB and can perform mapping of Cell IDs towards on-board gNBs/eNBs. 

Requires configuration of mapping of Mapped Cell IDs in addition of what is needed in the on-board gNB/eNB

	D3
	Mapping between Mapped Cell IDs and geographical areas is configured in each on-board gNB/eNB irrespective of gNB/eNB ID.

(proposed in S2-2402314 but not handled)
	?
	TBD
	Yes
	Solution avoids impacts to 5GC/EPC.


7.2.5 
Sub-topic E

Editor's note: Evaluation of the associated solutions is FFS
**** Next Change ****

8
Conclusions

Editor's note:
This clause will list conclusions that have been agreed during the course of the study item activities.

8.2.X 
Interim conclusions for KI#1
The conclusion for supporting gNB/eNB on-board the satellite is on the following principles:

- 
A procedure to disconnect/remove the N2 and S1 interfaces should be supported

- 
TNL address changes due to feeder link switch can be supported using existing N2 and S1 procedures

- 
The gNB/eNB can provide a timetable of supported TAIs in the N2/S1 Setup and Configuration Update procedures. Alternatively, the AMF/MME can be configured by O&M with the TAI timetable per RAN node ID.

- 
The Mapped Cell IDs are independent of the gNB/eNB that generated them, i.e. the AMF/MME can provide a Mapped Cell ID to a gNB/eNB independent of the gNB/eNB ID in the Mapped Cell ID.

The above interim conclusions need to be discussed and verified by RAN3. 

**** End of Changes ****
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