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Introduction
In the latest IoT NTN WID RP-223519 [1], the objective of further enhancement to discontinuous coverage is listed below:
-	Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study FS_5GSAT_Ph2.  [RAN2, RAN3].
For enhancements on discontinuous coverage, SA2 has finished their study on Integration of satellite components in the 5G architecture (Phase 2) and 23 solutions have been adopted in the TR 23.700-28 V18.0.0 [2]. Under the new WID proposed in SA2#154AH meeting [3], SA2 has already started the normative work from SA2#154AH meeting on January, 2023. Meanwhile, RAN3 has had initial discussion on the RAN3 impacts of some solutions.
In this document, we will have initial discussion on the possible RAN2 impacts which are from some of SA2 solutions on mobility management enhancements and power saving enhancements for discontinuous coverage.
Discussion
Background
SA2 summary on the solutions in [2] has been quoted in the Annex. According to the summary, most of the solutions [#1, #2, #3, #4, #5, #6, #8, #9, #10, #11, #15, #16, #19, #20, #21 and #22] focus on the mobility management enhancements and power saving enhancements for discontinuous coverage. Meanwhile, a few other solutions [#7, #14, #16, #23] are mainly to reduce the impact to target RAT or system due to large number of UEs triggering signaling load on the target RAT or system when back to coverage and to receive normal service. Solutions [#12, #13] describe alternative RAT/PLMN selection.
Till now, SA2 has agreed the following CRs during its normative work on satellite access (Phase 2). RAN3 has also achieved a few agreements accordingly:
	WG
	Tdoc Num
	Main changes

	SA2
	S2-2300982r21
	In TS 23.501 v18.0.0:
· To add new section “5.4.X.1 Mobility Management and Power Saving Optimization” under the section of “5.4.X Support of discontinuous network coverage for satellite access”. It mainly describe that UE can either request MICO mode parameters, extended DRX in CM-IDLE parameters, or other NAS timers taking the UE out-of-coverage period into account using the relevant procedures or UE can just inform the network of its UE out-of-coverage period. Meanwhile, it's also possible for AMF to determine timers (e.g. Periodic Registration Update timer), extended DRX in CM-IDLE, MICO mode configuration and Estimated Maximum Wait Time based on the UE out-of-coverage period, Expected UE behaviour (e.g. Stationary Indication, Expected UE moving trajectory), the UE current location and operator configuration and provide UE with these information.
· To extend the section "5.31.8 High latency communication" to cover the case when the UE is using a satellite access with discontinuous coverage.

	
	S2-2300934r02
	In TS 23.501 v18.0.0:
· To add new section "5.4.X.y Overload control" under the section of “5.4.X Support of discontinuous network coverage for satellite access”. It mainly describe that AMF may determine Disco wait range based on network configuration and send the Disco wait range information to the UE during the Registration procedure or UE Configuration Update procedure. UE determines the value for the Disco wait timer by selecting a random value between 0 and Disco wait range value. The UE uses this Disco wait timer to delay returning to coverage after being out of coverage on the same RAT Type and PLMN. 
· By such UE distribution with sufficient randomization, the issue that UEs may simultaneously initiate the registration update procedure when they recover to be in coverage can be alleviated.

	
	S2-2300693r06
	In TS 23.501 v18.0.0:
· To add new section "5.4.x.y Paging" under the section of “5.4.X Support of discontinuous network coverage for satellite access”. It mainly describe that AMF requests RAN to report UE location based on unreachability period (e.g., at or before the AN release due to the discontinuous coverage). And AMF will page the UE firstly with the UE location as received before AN release.

	
	S2-2300647r12
	In TS 23.501 v18.0.0:
· To add new section "5.4.X.Y UE coverage information provisioning to the UE". It mainly describe that a UE may use satellite coverage information for satellite access to support discontinuous coverage operations and coverage information can be provided to a UE by an external server by user plane or control plane in case NIDD is used.
· To add new section "5.4.X.Z UE Coverage information provisioning to the AMF". It mainly describe that the AMF may use UE satellite coverage information to support satellite access by UEs with discontinuous coverage operation and coverage information may be provisioned to the AMF by O&M or by AF.

	
	S2-2300649r03
	In TR 23.700-28:
· With reference to the response LS from CT1, to remove a remaining Editor's Note and extend clause 8.1 to state that satellite coverage data may be transferred to a UE from an external server or an AF over user plane or, e.g. for NB-IoT, using “data over NAS”.

	RAN3
	R3-226924 Endorsed as BL CR
	In TS 36.413 v17.2.0 (for Rel-18, Cat. B):
· To add a new cause value for indicating the UE context release due to discontinuous coverage.

	
	R3-226925  Agreed
	In TS 36.300 v17.2.0 (for Rel-18, Cat. B):
· To add Stage-2 description that if the eNB detects that the UE is out of coverage due to discontinuous coverage, it may initiate a UE Context Release Request procedure towards the serving MME.



Potential RAN2 impacts for idle mode UEs
In R17 IoT NTN, due to the limited time, we have done very little specification work on UE behavior during discontinuous coverage. RAN2 mainly agreed that the behavior not to perform any idle mode tasks is up to UE implementation, for example, when UE is out of coverage, the UE is not required to perform any cell search and may deactivate its AS functions to reduce the power consumption. 
In R18, more enhancements need to be specified. From RAN2 perspective, we understand that SA2 has discussed the enhancements in the following aspects for idle mode UEs:
· The existing PSM, eDRX or MICO procedures would be re-used to cause the MME/AMF to treat the UE as unavailable during periods of no coverage. The MME/AMF don’t need to distinguish whether the UE requests PSM or eDRX related parameters for reason of out of coverage or just for power saving. Either UE or core network nodes can determine these parameters.
· In order that UE or core network nodes can determine the PSM or eDRX related parameters as accurately as possible, the concept of UE out-of-coverage period or unreachability period need to be taken into account. We understand this means UE and core network nodes should firstly try to keep a consistent understanding/prediction on the start and stop of the out-of-coverage.
· Either UE or core network nodes can determine such UE out-of-coverage period or unreachability period based on the information they can obtain, e.g., satellite coverage information (satellite constellation, satellite orbit data etc.) and/or UE location/mobility/trajectory information etc. The determined out-of-coverage period or unreachability period information also needs to be notified to the peer node (e.g., via NAS signalling), In most of the solutions, there is no need of RAN node involvement.
· During the out-of-coverage period, the network knows the UE coverage and therefore can avoid paging the UE. When there is available network coverage, the UE can wake up according to the eDRX/PSM parameters and the network can page the UE as usual. There are some enhancements for paging, for example, enhancement on the paging area. SA2 has specified that AMF requests RAN to report UE location (e.g., at or before the AN release due to the discontinuous coverage). And after back to coverage, AMF will page the UE firstly with the UE location as received before AN release. 
Observation 1: The PSM, eDRX or MICO schemes would be reused to support the discontinuous coverage.
Observation 2: For determining the PSM or eDRX related parameters as accurately as possible, the out-of-coverage period or unreachability period need to be taken into account. Either UE or core network nodes can determine the out-of-coverage period or unreachability period based on the information they can obtain. After determination, such unreachability period information also needs to be notified to the peer node (e.g., via NAS signalling).
Even no RAN impacts are identified about PSM or eDRX negotiation according to above observations, one issue about start of PTW is identified. In current RAN2 specifications for idle mode UE, the starting time of PTW is mainly determined by UE ID. That may make it not easy to align the time period of outside PTW with the out-of-coverage period or unreachability period. Therefore, it can be considered to introduce a configurable offset to shift the starting time of PTW. 
Proposal 1: If legacy eDRX is used for keeping alignment between UE and NW during discontinuous coverage, in order to align the starting time of PTW with the out-of-coverage period or unreachability period, it’s suggested to introduce a configurable offset to shift the starting time of PTW. 
With observation 2, it can be seen that the out-of-coverage period or unreachability period at least would be shared between UE and core network nodes. If proposal 2 can be agreed, the RAN node also needs to know this out-of-coverage period or unreachability period so that it can shift the starting time of PTW to align with the unreachability period.
Proposal 2: The out-of-coverage period or unreachability period should also be informed to RAN node, e.g., from UE or core network nodes.
Furthermore, we understand similar issue may also exist for T3412 in PSM if PSM is used for keeping alignment between UE and NW during discontinuous coverage. This can be handled by UE and core network nodes.
Potential RAN2 impacts for connected mode UEs
In some SA2 solutions [2], for example, Solution #1, it mentions that when UE detects it is about to leave network coverage, it may use an existing AS procedures to request release from RRC_CONNECTED. Meanwhile, another possible way is that, if the RAN detects that the UE in CM-CONNECTED is about to be out of network coverage based on the coverage information or if it receives the release request, the (R)AN may trigger the AN release procedure to move UE into CM-IDLE state before entering the non-coverage area. Accordingly, RAN3 has introduced a new cause value for indicating the UE context release due to discontinuous coverage.
From RAN2 perspective, when such RRC release procedure is triggered by eNB, it can be seen as a passive RRC release which is already allowed by eNB implementation. With the new-introduced release cause, NW nodes can also be aware of the real reason for such release. However, following legacy release procedure in Uu interface, UE cannot know whether this release is a normal release or a special one due to that coverage is about to stop. On one hand, when UE back to idle, AS layer in UE may still perform the normal processes, e.g, paging monitoring or measurement. On the other hand, NAS may trigger another connection setup procedure if it keeps receiving the data from application layer (this may be highly possible as the connection is just interrupted by NW). In the case of discontinuous coverage, it’s obvious these AS or NAS layer processes are useless as the current coverage is coming to an end soon. 

Therefore, in order to avoid UE’s attempt for any legacy AS or NAS layer processes after it was deliberately released by the network due to discontinuous coverage, it’s needed to let eNB indicate a special release reason to UE in RRC release message, e.g., a same reason ‘Release due to discontinuous coverage’ as that introduced in RAN3. Based on this new release reason, UE could stop the subsequent AS layer processes for power saving after back to idle mode.
Proposal 3: A new release reason, e.g., ‘Release due to discontinuous coverage’ as that introduced in RAN3, can be introduced in RRC release message for indicating UE to stop the subsequent AS layer processes after it is released to idle mode.
Moreover, as this new release reason can only be received by AS layer, in order to also stop the procedures which possibly occur in NAS layer, an AS-NAS interaction (e.g., an indication from AS to NAS) also needs to be introduced.
Proposal 4: An AS-NAS interaction (e.g., an indication from AS to NAS) also needs to be introduced for indicating UE to stop the subsequent NAS layer processes after it is released to idle mode.
For stopping NAS layer processes, another legacy way can also be considered, e.g., eNB could implicitly indicate to UE the duration of coverage discontinuity via the legacy IE extendedWaitTime. However, the current value of the wait time may be not enough to match the duration of out-of-coverage period, for example, extendedWaitTime-r10 can be INTEGER (1..1800). So RAN2 needs to discuss whether and how to extend the value of wait time.
[bookmark: OLE_LINK2]Proposal 5: The legacy IE extendedWaitTime can be reused to stop the subsequent NAS layer processes after UE is released to idle mode due to discontinuous coverage. The extension to the value range of extendedWaitTime needs to be discussed. 
[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations and proposals were made: 
Observation 1: The PSM, eDRX or MICO schemes would be reused to support the discontinuous coverage.
Observation 2: For determining the PSM or eDRX related parameters as accurately as possible, the out-of-coverage period or unreachability period need to be taken into account. Either UE or core network nodes can determine the out-of-coverage period or unreachability period based on the information they can obtain. After determination, such unreachability period information also needs to be notified to the peer node (e.g., via NAS signalling).

[bookmark: _GoBack]Proposal 1: If legacy eDRX is used for keeping alignment between UE and NW during discontinuous coverage, in order to align the starting time of PTW with the out-of-coverage period or unreachability period, it’s suggested to introduce a configurable offset to shift the starting time of PTW. 
Proposal 2: The out-of-coverage period or unreachability period should also be informed to RAN node, e.g., from UE or core network nodes.

Proposal 3: A new release reason, e.g., ‘Release due to discontinuous coverage’ as that introduced in RAN3, can be introduced in RRC release message for indicating UE to stop the subsequent AS layer processes after it is released to idle mode.
Proposal 4: An AS-NAS interaction (e.g., an indication from AS to NAS) also needs to be introduced for indicating UE to stop the subsequent NAS layer processes after it is released to idle mode.
Proposal 5: The legacy IE extendedWaitTime can be reused to stop the subsequent NAS layer processes after UE is released to idle mode due to discontinuous coverage. The extension to the value range of extendedWaitTime needs to be discussed. 
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Annex
TR 23.700-28 V18.0.0 
[bookmark: _Toc97108972][bookmark: _Toc100782785][bookmark: _Toc100983159][bookmark: _Toc104439671][bookmark: _Toc112688986][bookmark: _Toc112689281][bookmark: _Toc112774603][bookmark: _Toc113357187][bookmark: _Toc116639114][bookmark: _Toc122506018][bookmark: _Toc97108973][bookmark: _Toc100782786][bookmark: _Toc100983160][bookmark: _Toc104439672][bookmark: _Toc112688987][bookmark: _Toc112689282][bookmark: _Toc112774604][bookmark: _Toc113357188][bookmark: _Toc116639115][bookmark: _Toc122506019]5       Key Issues
5.1 Key Issue #1: Mobility Management enhancement with discontinuous satellite coverage
[bookmark: _Toc97108975][bookmark: _Toc100782788][bookmark: _Toc100983162][bookmark: _Toc104439674][bookmark: _Toc112688989][bookmark: _Toc112689284][bookmark: _Toc112774606][bookmark: _Toc113357190][bookmark: _Toc116639117][bookmark: _Toc122506021]5.2 Key Issue #2: Power saving enhancement for UE in discontinuous coverage

[bookmark: _Toc112689410][bookmark: _Toc112774750][bookmark: _Toc113357339][bookmark: _Toc116639261][bookmark: _Toc122506165]7.3 Requirements, Impacts and System Assumptions
KI#1 and KI#2 identify the following requirements (denoted R1 to R6) related to mobility management with discontinuous coverage.
-	R1: KI#1 "minimizing a period of no coverage"
-	R2: KI#1 "minimizing power consumption"
-	R3: KI#1 "UE determines that it has to remain with no service or it has to attempt to register on available different RAT's/ PLMNs to receive the normal service during discontinuous coverage in current NTN RAT"
-	R4: KI#1 "reduce the impact to target RAT or system due to large number of UEs triggering signalling load on the target RAT or system to receive normal service"
-	R5: KI#2 "UE does not attempt PLMN access when there is no network coverage"
-	R6: KI#2 "when there is network coverage the UE attempts PLMN access as needed e.g. to transfer signalling, transfer data or receive paging, etc."
Solutions may also have one of more of the following impacts. These refer to new impacts and not impacts already defined in Release 17 with the exception of impacts for the solution in Release 17 for discontinuous coverage which are considered as new impacts because the other solutions in the TR may avoid all or some of these impacts.
-	I1: New impact to UE to obtain coverage information and determine periods of coverage and no coverage.
-	I2: New impact to UE to support mobility management.
-	I3: New impact to CN (e.g. MME or AMF) to obtain coverage information and determine periods of coverage and no coverage for UEs.
-	I4: New impact to CN (e.g. MME or AMF) to support mobility management.
-	I5: New impact to RAN to support mobility management.
-	I6: Other impacts not listed.
Each solution is based on system assumptions.
The following system assumptions, with corresponding justification, are provided:
-	A1: Satellite service coverage is determined by the NW.
-	Justification:
-	More complete information on satellite constellation due to connection with Satellite Network Centre.
-	No UE resources required to determine satellite coverage.
-	A2: Satellite service coverage is determined by the UE.
-	Justification:
-	UE can always know its location - NW can only assume or predict UE location.
-	A3: For non-static UEs, the UE mobility is known or predicated by the UE.
-	A4: For non-static UEs, the UE mobility is known or predicated by the network
-	Justification for A3 and A4:
-	If movement is predictable, the parameter adaptation will better correspond to reality
-	A5: The solution applies to 5GC.
-	A6: The solution applies to EPC.
-	Justification for A5 and A6:
-	Reuse concepts and avoid procedure divergence.

[bookmark: _Toc112689414][bookmark: _Toc112774754][bookmark: _Toc113357343][bookmark: _Toc116639266][bookmark: _Toc122506170]7.5 KI Requirements Solution Evaluations
[bookmark: _Toc112689115][bookmark: _Toc112689415][bookmark: _Toc112774755][bookmark: _Toc113357344][bookmark: _Toc116639267][bookmark: _Toc122506171]7.5.1 Solution Mapping to Requirements and Impacts
Table 7.5-1 shows the requirements that are applicable to mobility management that each solution supports. Note that Table 7.5-1 does not show how well the requirements can be supported or the magnitude of the impacts, only that requirements can or cannot be supported to a degree and that there is or is not some types of impact.
Table 7.5-1: Support of Mobility Management Requirements for KI#1 and KI#2
	Solutions
	Requirements
	Impacts

	
	R1
	R2
	R3
	R4
	R5
	R6
	I1
	I2
	I3
	I4
	I5
	I6

	Solution #1: Power Saving based on AMF awareness of coverage information
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	

	Solution #2: predictive Power Saving Mode

	N
	Y
	N
	N
	Y
	Y
	N
	Y
	Y
	Y
	N
	

	Solution #3: Power Saving based on UE awareness of coverage information
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	N
	Y
	Y
	

	Solution #4: Mobility Management enhancement based on coverage information and UE location
	N
	N
	N
	N
	N
	Y
	N
	N
	Y
	Y
	Y
	

	Solution #5: Power Saving based on updating parameters before releasing signalling connection
	U
	Y
	N
	N
	Y
	Y
	N
	N
	Y
	Y
	Y
	

	Solution #6: Discontinuous coverage architecture

	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	

	Solution #7: Utilizing discontinuous coverage wait timer for satellite discontinuous coverage scenario
	Y
	U
	N
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	

	Solution #8: Leaving Coverage Notification

	Y
	U
	N
	N
	Y
	Y
	Y
	Y
	N
	Y
	Y
	

	Solution #9: Modification of Timers when in or out of Coverage
	U
	Y
	N
	N
	Y
	Y
	N
	Y
	Y
	Y
	N
	

	Solution #10: UE Reachability Events with Expected in Coverage Time
	This solution is not applicable to mobility management.

	Solution #11: Combined UE Management Architecture

	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	

	Solution #12: Minimize discontinuous coverage by inter-RAT handover processing
	N
	N
	Y
	N
	N
	N
	N
	Y
	N
	Y
	Y
	

	Solution #13: Applicability of no service in discontinuous coverage
	N
	N
	Y
	N
	Y
	N
	N
	Y
	N
	Y
	N
	

	Solution #14: Wait timer for discontinuous coverage

	N
	N
	N
	Y
	N
	N
	N
	Y
	N
	Y
	N
	

	Solution #15: Solution to support Provision of Coverage Data to a UE
	This solution only assists other solutions to support mobility management.

	Solution #16: Solution to support a UE Triggered Generalized Unavailability Period
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	

	Solution #17: Solution with event list coverage information over NAS
	This solution only assists other solutions to support mobility management.

	Solution #18: Response to Nnef_ParameterProvision request containing Maximum Latency
	This solution is not applicable to mobility management.

	Solution #19: AMF/MME awareness of coverage times based on AF parameter provisioning
	Y
	Y
	N
	N
	Y
	Y
	N
	N
	Y
	Y
	N
	

	Solution 20: UE-specific Dynamic Tracking Areas

	N
	N
	N
	N
	N
	N
	N
	Y
	N
	Y
	N
	

	Solution #21: NWDAF assisted power saving mechanism for UE in discontinuous NTN coverage
	Y
	Y
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	N
	

	Solution #22: Coverage data transfer in 5GS and EPS

	Y
	N
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	N
	

	Solution #23: Handling of the UE attempt to Connected mode
	N
	N
	N
	Y
	N
	N
	N
	N
	N
	N
	N
	

	NOTE:	Y = Yes, N = No, U = Unknown (not clarified by the solution), N/A = Not Applicable.



[bookmark: _Toc112689116][bookmark: _Toc112689416][bookmark: _Toc112774756][bookmark: _Toc113357345][bookmark: _Toc116639268][bookmark: _Toc122506172]7.5.2	Solution Categorisation
The 23 solutions can be categorised as following:
-	General mobility management and/or power saving solutions.
	This category corresponding to the requirements of R1, R2, R5 and R6.
	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), #19, #20, #21 and #22 solve how to configure mobility management and/or power saving parameters, e.g. periodic MRU/TAU timer, active time, eDRX, sub-area paging.
-	Alternative RAT/PLMN selection.
	This category corresponding to the requirements of R3.
	Solutions #12 and #13 describe alternative RAT/PLMN selection.
-	Overload impacts to target RAT/PLMN.
	This category corresponding to the requirements of R4.
	Solutions#7, #14, #16, #23 corresponding to the requirements of R4.

[bookmark: _Toc112689117][bookmark: _Toc112689417][bookmark: _Toc112774757][bookmark: _Toc113357346][bookmark: _Toc116639269][bookmark: _Toc122506173]7.5.3	Solutions for general mobility management and/or power saving
This clause evaluates whether solutions have any limitations that might restrict their use or cause them to fail.
For Solution #1, if the UE is in RRC CONNECTED state and accessing then 5GS sends an RRC message when it is about to leave coverage (step 0 in Figure 6.1.2.1-1). A UE accessing EPS sends a TAU message when it is about to leave coverage (step 0 in Figure 6.1.2.2-1). The procedures can also be applied at other times before moving the UE to CM-IDLE. The UE will enter CM-CONNECTED (for example to send TAU/Periodic Registration based on the previously provided periodic registration time, or to send UL traffic) while in CM-CONNECTED the parameters can be updated and the Active Timer can be used while in coverage.
For Solution #3, the UE uses existing PSM. eDRX or MICO procedures to cause the MME/AMF to treat the UE as unavailable during periods of no coverage. The MME/AMF is not aware if the UE is requesting PSM, eDRX or MICO procedures out of coverage or for power saving. Therefore, as acknowledged in clause 6.3.3, the AMF/MME needs to honour the UE request and is not able to provide different PSM, eDRX or MICO parameters back to the UE, which is a limitation and also prevents incorrect configuration. That could mean, for example, that when out of coverage occurs rarely, support of PSM, eDRX or MICO the reachability latency may not be perfect from a network perspective.
For Solution #6, the AMF can receive an unreachability period from both the UE (step 2 in Figure 6.6.2-1) and NWDAF (step 3 in Figure 6.6.2-1). ). If the two periods are significantly different (e.g. because the NWDAF unreachability period is based on an assumed UE trajectory not used by the UE, or vice versa), then the AMF will have to resolve this and has chance to correct. Depending upon how the AMF resolves this, Solution #6 may become rather similar to Solution #16 which also uses an unreachability period sent by the UE to an MME or AMF.
For Solution #11, the "5GS UE Leaving Coverage Procedure" in clause 6.11.2.1 has 3 possible triggers: the RAN can detect the UE is about to leave coverage (step 1a), the UE can detect impending out of coverage (step 1b), or the AMF can detect the UE is about to lose coverage (step 1c). This implies the UE, RAN and AMF are aware of the coverage related data and determining when the UE will go out of coverage, which helps with the cases where not one entity knows all the information. Sending the Registration Request some time in advance of leaving coverage should be more efficient if the UE would otherwise be in IDLE state shortly before loss of coverage and is supported. Optionally, NTN MO Backoff Mode and timer are introduced for UE to withhold the UL MO data and signalling for a given time.
For Solution #13, HPLMN UDM configures a DisCoNoserviceapplicability parameter in per PLMN basis to the UE capable of Satellite RAT. With the DisCoNoserviceapplicability parameter, the UE using Satellite RAT can determine whether to negotiate power saving mechanisms, e.g. PSM/MICO/eDRX, for staying at no service in current PLMN before entering no service discontinues NTN coverage, and whether to remain in no service or perform PLMN selection procedure after entering no service discontinuous NTN coverage. Accurate estimation of NTN coverage is needed to achieve more power saving for the UE to initiate negotiation of power saving mechanism before entering no service discontinues NTN coverage.
Solution #16 is similar to other solutions that provide UE awareness of unavailability due to coverage restrictions and requires that the CN follows what the UE has provided as the timings. The solution relies upon the UE knowing its current location and having access to satellite coverage data. The solution does not require knowledge by the UE of future locations because the solution allows the UE to return to coverage sooner or later than originally expected. This occurs as a result of the CN assuming the UE is out of coverage until the UE sends a Registration Request or TAU to indicate that the UE is back in coverage.
The satellite coverage information provided by OAM or 3rd party server has broader scope of the ephemeris data than information obtained by the UE from SIB. It may not be efficient for a UE to frequently update and calculate the satellite coverage information based on SIB ephemeris data. Therefore, AMF/MME could determine mobility management and power saving parameters, and update them to the UE based on the coverage information. However, this would require that an AMF/MME determine coverage for all UEs with NTN access (e.g. thousands or millions of UEs) which is not efficient either. A better solution may thus be provision of satellite coverage maps to a UE and/or AMF/MME which simplifies and reduces calculations.
If the UE initiates UL without knowing that it will be out of coverage soon due to lack of information it has, the UE may fail to communicate when coverage is lost. Therefore, if the network can indicate a timer to the UE, or the UE can determine such a timer, before the UE will be out of coverage, UE can decide not to send any UL data/signalling during the time.
Existing power saving modes (e.g. PSM, eDRX, MICO) do not prevent the UE's MO data and signalling and it is not assumed that the UE will be out of coverage for a long time. A different mode is needed to prevent the UE from sending MO data/signalling while out of coverage for power saving enhancement.
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