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1. Introduction
As most of solutions are related with both KI#1 (mobility management enhancement with discontinuous satellite coverage) and KI#2 (power saving enhancement for UE in discontinuous coverage), this proposal makes an evaluation and conclusions on KI#1 and KI#2.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-28.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change (all new) * * * *
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7.1 	Overview
There are 16 candidate solutions proposed and many of the solutions apply to both KI#1 Mobility Management enhancement with discontinuous satellite coverage and KI#2 Power saving enhancement for UE in discontinuous coverage. The evaluation of candidate solutions for KI#1 and KI#2 is based on the sub-issues they resolve. All the solutions can be categorized into three kinds:
-	general mobility management and/or power saving.
-	overload impacts to target RAT/PLMN
-	alternative RAT/PLMN selection
The following clauses provides detailed evaluation on each category.
[bookmark: _Toc104439756]7.2	Evaluation on general mobility management and/or power saving
7.2.1	Overview
Solutions#1, #2, #3, #4, #5, #6, #8, #9, #10, #11(combined solution), #15, #16(mobility management and/or power saving part of this solution) solve how to configure mobility management and/or power saving parameters, e.g. periodic MRU/TAU timer, active time, eDRX, sub-area paging.
Based on who determines the mobility management and/or power saving parameters, the 12 solutions can be categorized into three types as Table 7.1-1:
Table 7.1‑1 Candidate Solutions
	Solution
	CN determines, UE follows
	UE suggests, CN checks
	UE determines, CN follows

	#1: Power Saving based on AMF awareness of coverage information
	X
	
	

	#2: predictive Power Saving Mode
	
	X
	

	#3: Power Saving based on UE awareness of coverage information
	
	X
	

	#4: Mobility Management enhancement based on coverage information and UE location
	X
	
	

	#5: Power Saving based on updating parameters before releasing signalling connection
	X
	
	

	#6: Discontinuous coverage architecture
	
	X
	

	#8: Leaving Coverage Notification
	
	
	X

	#9: Modification of Timers when in or out of Coverage
	X
	
	

	#10: UE Reachability Events with Expected in Coverage Time
	X
	
	

	#11: Combined UE Management Architecture
	X
	X
	

	#15: Solution to support Provision of Coverage Data to a UE
#16: Solution to support a UE Triggered Generalized Unavailability Period
	
	
	X



7.2.2	CN (AMF/MME) determines mobility management and/or power saving parameters
In solutions #1, #4, #5, #9, #10 and #11 the CN determines mobility management and/or power saving parameters for the UE.
In solutions #1, #9 and #11, the AMF/MME determines the parameters based on satellite assistance information from RAN and mobility pattern of UE. 
-	In solution #1 and #11, UE initiates MRU/TAU when it is about to leave satellite coverage and AMF/MME determines the parameters. In for 5GS the UCU procedure can be also be used to update the UE. Such solutions are simple and can support backward compatible with existing procedures in the maximum extent. They apply to the scenario where the CN is aware of mobility pattern of the UE.
-	In solution #9, during initial registration procedure, AMF/MME determines the parameters for the UE to use when it leaves satellite coverage. When UE leaves the satellite coverage, the UE and the AMF/MME start to use the parameters. This solution reduces the signalling interactions between UE and AMF/MME with the impact on UE.
In solution #4, the AMF obtains UE location and satellite ephemeris from RAN before AN release. The AMF can use the UE location to perform paging optimisation, i.e. sub-area based paging. This can be used in both EPS and 5GS. 
In solution #5, the AMF requests satellite ephemeris from RAN before AN release and updates the parameters to UE via UCU procedure. This solution only applies to 5GS as there is no procedure similar as UCU in EPS and it is not clear what happens in the cases that the Uu interface is released before the UCU procedure starts or completes. In addition, there is no need to update parameters to UE in the case where UE enters CM-IDLE normally, e.g. UE is in the satellite coverage. The UE can use the existing parameters in such case. 
Both solutions #4 and #5 describe the CN obtaining satellite ephemeris from RAN every time before AN release which causes additional signalling overhead between RAN and the CN. This repeated overhead could be avoided as the satellite ephemeris information could be, for example, obtained by the CN from RAN statically. 
In solution #10, the AMF/MME determines expected in coverage time based on satellite assistance information from RAN and sends it to the AF via an NEF/SCEF. The AF uses the expected in coverage time to trigger downlink services or operations on the UE.
7.2.3	CN (AMF/MME) checks information provided by the UE
Solutions #2, #3, #6 and #11(combined solution) describe that the CN checks mobility management and/or power saving parameters sent by a UE. 
One difference among those candidate solutions is which information is provided by UE.
-	In solutions #2 and #11, the UE computes its current and extrapolated location depending on its local knowledge and PSM configuration and sends this information to the AMF/MME. 
-	In solution#3, the UE determines mobility management and/or power saving parameters based on coverage information and sends them to the AMF.
-	In solutions #6 and #11, the UE determines an Unreachability Period and sends it to the AMF using a Registration procedure.
-	Solution#6 has good compatibly with FS_SUECR conclusion defined in TS 23.700-61[x] where a UE may not be reachable due to other reasons, e.g. OS update or device reboot. According to the conclusion of FS_SUECR, a UE provides an unavailability period to AMF and AMF may provide periodic registration update timer based on the unavailability period.
The other differences are how the CN checks information provided by UE.
-	In solutions #2 and #11, the AMF/MME obtains information on future coverage given satellites motion and configures parameters based on the coverage information for UE.
-	In solution#3, the AMF/MME checks the UE requested value when UE is using satellite access based on Tracking Area or RAT specific AMF/MME configuration. The TA or RAT specific AMF/MME configuration can be coarse and may not be able to determine accurate coverage information for UE to check the UE requested value.
-	In solution#6, the AMF determines an Unreachability Period based on input from NWDAF and determines the parameters based on the Unreachability Period. It is not clear how to apply to EPS as there is no NWDAF.
7.2.4	UE determines information and sends it to CN for use
Solutions #8, #11(combined solution) and #16 describe UE determines information and sends it to CN for use. These solutions rely upon the UE knowing its mobility and being able to provide accurate information to the CN.
In solutions #8 and #11, the UE sends a Leaving Coverage Indication when it is about to leave the network coverage if the UE has previously received a Leaving Notification Indication instructing the UE to notify the network when it is leaving the network coverage. The CN considers UE is unreachable until CN receives UL signalling from UE. This solution should only apply to the scenario where both UE and CN don’t know the mobility pattern of UE to avoid the signalling overhead. In such scenario, only UE itself knows when it leaves or back to satellite coverage.
In solution#16, the UE determines an unavailability period based on satellite coverage information and sends the unavailability period to the CN before the unavailability starts, i.e. before UE leaves the satellite coverage. The CN sets parameters based on the unavailability period. 
As the UE may not be trusted by CN, any information provided by UE should be checked by the CN. In addition, for the scenario where only CN knows the mobility pattern of UE, the CN should adjust the unavailability period based on UE mobility pattern.
For obtaining satellite coverage information, solution#15 gives two options for UE to obtain satellite coverage data.
-	Option 1: CN (AMF/MME) verifies UE subscription to receive coverage data and provide a URI to a server and temporary ID to the UE using NAS. UE requests and obtains coverage data from a server using HTTPS.
-	Option 2: UE sends an analytics request to a DCAF for coverage data. The DCAF obtains coverage data from NWDAF and sends it to UE.
This is a new way for the UE to determine satellite coverage data and Rel-17 has defined RAN broadcasts satellite ephemeris to UE. The broadcast satellite ephemeris may include only part of the whole satellite ephemeris and the UE may cannot determine an accurate unavailability period. Then the CN can check the unavailability period based on satellite assistance information, UE mobility pattern. In addition, for option 1 it is not clear how the UE establishes the PDU Session to access the server; for option 2, SA4 has not defined the mechanism for UE to obtain coverage data from DCAF. The security aspects need further study from SA3. Whether and how the UE can use the information received this way for RAT/PLMN selection requires conformation and input from RAN2, RAN4 and CT1.
7.3	Evaluation on overload impacts to target RAT/PLMN
Overload may occur when a UEs go out of satellite coverage and alternative satellite coverage or RAT/PLMNs coverage is selected. This may also occur when lots of UEs move into coverage at the same time. Solutions #7, #14 and #16 (overload part of this solution) solve the overload impacts to target RAT/PLMN. 
The scenario where the UEs go out of coverage simultaneously needs clarification, for example, with a beam sweeping/steering the earth not all UEs may return to coverage at the same moment in time considering the speed of the beam, the area of the coverage and how long a UE may take to detect the coverage again. This is different, for example, to MINT scenarios where all the UEs go out of service at the same moment due, e.g. to the cell being absent instantaneously.
In solution #7, UE generates a DCW timer based on an assigned DCW range during registration/UCU and satellite ephemeris data. The UE starts the DCW timer when the UE detects AN release and can only initiate a connection when it expires. The relationship between the DCW Timer and pMRU/pTAU timer is unclear and what happens if the DCW timer is longer, for example. If UE enters CM-IDLE normally, e.g. when UE is in the satellite coverage, there is no need for UE to start the DCW timer. It is assumed the timer applies to all accesses in all PLMNs, as not specific behaviour for changing RAT/PLMN is described.
Solution #14 uses the same mechanism with MINT. A timer is used to prevent access (whether same PLMN and different RAT, or different PLMN is not clear), when the UE goes out of coverage, spreading the load in time on the selected RAT/PLMN when UEs go out of coverage.
In solution #16, UE notifies CN after exiting unavailability and possibly after a small additional time delay assigned by the CN. It is not clear how the delay helps with the overload situation if a fixed delay period is used for all UEs.
7.4	Evaluation on alternative RAT/PLMN selection
Solutions #12, #13 describe alternative RAT/PLMN selection.
Solution #12 describes inter-RAT handover procedure which is supported by current specification.
In solution #13, the UE determines if it can remain in no service or it can trigger registration on alternate RAT or PLMN to receive normal services based on indication from UDM. A UE only deactivate AS functions pertaining to E-UTRAN satellite access when it goes out of coverage, other RAT supported by UE are not impacted and this solution impacts those RATs.
* * * * Second change (all new) * * * *
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8.1	Conclusion on general mobility management and/or power saving
The following interim conclusions for this aspect are:
-	Solution #11 is supported to provide a framework to account for which entities know which information for setting timers by the CN, receiving indications from the UE and providing configuration for the UE, building upon, for example, solutions #1, #2, #3, #5, etc.
-	To assist the AF with information about how long the UE is in coverage should be supported and solution #10 is supported.
Editor’s Note: It is FFS whether optimisations to the above procedures are recommended to be supported to reducing signalling/optimisations, for example solutions #2, #4, #9 etc.
8.2	Conclusion on overload impacts to target RAT/PLMN
[bookmark: _GoBack]The following interim conclusions for this aspect are:
-	FFS
Editor’s Note: The conclusion is FFS, but will be simple, if needed, e.g. solution #14 or #16.
8.3	Conclusion on alternative RAT/PLMN selection
The following interim conclusions for this aspect are:
-	A UE only deactivates its AS functions pertaining to E-UTRAN satellite access, other RATs supported by UE are not impacted. Therefore there no problem for UE selecting an alternative RAT/PLMN and no solution is selected.
Editor’s Note: The conclusion is FFS and may not be required according to the discussion in Rel-17.
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