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Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall	indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should	indicates a recommendation to do something
should not	indicates a recommendation not to do something
may	indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can	indicates that something is possible
cannot	indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will	indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not	indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc93486471][bookmark: _Toc97108966][bookmark: _Toc100782779][bookmark: _Toc100983153]
1	Scope
[bookmark: references][bookmark: _Toc93486472]The scope of the TR is to investigate further 5GC/EPC enhancements to support satellite access using the work done in Release 17 as baseline with the following 5GC/EPC areas for study:
-	Possible enhancements to support of Discontinuous coverage with the following areas of focus:
-	Architectural enhancements to support discontinuous coverage for mobility enhancement (e.g. paging enhancement).
-	Architectural enhancements considering prediction, awareness and notification of UE wake-up time, power saving optimizations.
[bookmark: _Toc97108967][bookmark: _Toc100782780][bookmark: _Toc100983154]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G system, Stage 2".
[4]	3GPP TS 23.503: "Policy and Charging Control Framework for the 5G System".
[bookmark: definitions][bookmark: _Toc93486473][5]	3GPP TS 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN) access".
[bookmark: _Toc97108968][bookmark: _Toc100782781][6]	3GPP TS 23.682: "Architecture enhancements to facilitate communications with packet data networks and applications".
[7]	3GPP TS 24.301: "Non-Access-Stratum (NAS) protocol for Evolved Packet System (EPS); Stage 3".
[8]	3GPP TS 24.008: "Mobile radio interface Layer 3 specification; Core network protocols; Stage 3".
[bookmark: _Toc100983155]3	Definitions of terms and abbreviations
[bookmark: _Toc93486474][bookmark: _Toc97108969][bookmark: _Toc100782782][bookmark: _Toc100983156]3.1	Terms
[bookmark: _Toc93486475]For the purposes of the present document, the terms given in TR 21.905 [1], in TS 23.501 [2] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1] or in TS 23.501 [2].

[bookmark: _Toc97108970][bookmark: _Toc100782783][bookmark: _Toc100983157]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1], in TS 23.501 [2] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1] or in TS 23.501 [2].
<ABBREVIATION>	<Expansion>

[bookmark: clause4][bookmark: _Toc93486476][bookmark: _Toc97108971][bookmark: _Toc100782784][bookmark: _Toc100983158]4	Architecture assumptions and Principles
Discontinuous satellite coverage for satellite access in the context of this study is characterized by the fact that Uu interface is available for the UE less than 100% of the time, due to predictable patterns of satellite coverage.
The architecture for satellite access to 5GC as defined in TS 23.501 [2] is used as a baseline.
The architecture for satellite access to EPC as defined in TS 23.401 [5] is used as a baseline.
The solution defined for support of discontinuous coverage in EPC as defined in TS 23.401 [5] could be used as a baseline.
Solutions should be applicable to both EPS and 5GS. Discontinuous satellite coverage under EPC and 5GC interworking is not considered.
Solutions shall minimize the impact on 5GS and EPS system protocols.
[bookmark: _Toc97108972][bookmark: _Toc100782785][bookmark: _Toc100983159]5	Key Issues
[bookmark: _Toc97108973][bookmark: _Toc100782786][bookmark: _Toc100983160]5.1	Key Issue #1: Mobility Management enhancement with discontinuous satellite coverage
[bookmark: _Toc96677243][bookmark: _Toc97108974][bookmark: _Toc100782787][bookmark: _Toc100983161]5.1.1	General description
In Rel-17, Tracking Area and therefore RAT specific MME configuration has been introduced in EPS in order to allow support for discontinuous coverage for satellite access in EPS.
The key issue intends to study the essential issues for mobility management related to discontinuous coverage modelling. At least the following aspects need to be further studied:
-	Identify gaps in rel.17 solution designed in EPS (e.g. concerning minimizing a period of no coverage and/or minimizing power consumption), considering at least below aspects:
a)	Study how 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.
NOTE:	Consider dependencies with RAN2 and CT1 since inter-RAT selection and PLMN selection related specifications are in control of RAN2 and CT1.
b)	Study how to 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.
-	Propose solution to resolve these gaps.
[bookmark: _Toc97108975][bookmark: _Toc100782788][bookmark: _Toc100983162]5.2	Key Issue #2: Power saving enhancement for UE in discontinuous coverage
[bookmark: _Toc96677245][bookmark: _Toc97108976][bookmark: _Toc100782789][bookmark: _Toc100983163]5.2.1	General description
For a UE using a NG-RAN that provides discontinuous coverage (e.g. for satellite access with discontinuous coverage), the UE may be out of network coverage at a certain time. The UE may then attempt to scan for available cell due to the UL traffic or NAS layer signalling, e.g. Periodic Registration. In Rel-17, the UE in EPS may deactivate the access stratum when there is no network coverage, however there might still be some additional issues, e.g. whether de-registration occurs due to any inconsistency of CM states between UE and CN and, the usage of eDRX in CM-IDLE state, etc.
Therefore, for power saving mechanisms, like MICO mode and eDRX in CM-IDLE state, how to apply the power saving mechanism to ensure that the UE does not attempt PLMN access when there is no coverage still needs to be studied.
The key issue intends to study architectural enhancement for UE in discontinuous coverage.
At least the following aspects need to be investigated:
-	Based on the coverage information of the UE:
-	whether and how to enhance the power saving mechanisms, e.g. PSM, MICO mode and eDRX in CM-IDLE state, in order to make sure that the UE:
-	does not attempt PLMN access when there is no network coverage; and
-	when there is network coverage the UE attempts PLMN access as needed e.g. to transfer signalling, transfer data or receive paging, etc.
NOTE:	Network coverage can be provided by any RAT supported by the UE.
[bookmark: _Toc97108977][bookmark: _Toc100782790][bookmark: _Toc100983164]6	Solutions
[bookmark: _Toc97108978][bookmark: _Toc100782791][bookmark: _Toc100983165]6.0	Mapping of solutions to key issues
Editor's note:	This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping of solutions to key issues
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[bookmark: _Toc97108979][bookmark: _Toc100782792][bookmark: _Toc100983166]6.1	Solution #1: Power Saving based on AMF awareness of coverage information
[bookmark: _Toc96677249][bookmark: _Toc97108980][bookmark: _Toc100782793][bookmark: _Toc100983167]6.1.1	Description
This solution resolves Key Issue #2 about the power saving enhancements for UE in discontinuous coverage.
In order to make sure the UE is kept in power saving mode without any uplink MO signalling request, this solution enhances the AMF to derive power saving parameters, e.g. eDRX parameters, periodic registration timer and the active time for MICO mode, based on the coverage information. Then only when UE is within the network coverage, the periodic registration update request would be initiated or the UE would wake up to monitor the paging occasion.
As the discontinuous coverage information it taken into account when determining the parameters for eDRX, MICO mode the existing procedures for reachability (including exposure), MT data buffering, etc can be reused.
The available eDRX cycles may not match the timing of the coverage for a UE. Then this occurs the network can provide the UE with an eDRX cycle that is a divisor of the coverage time. For example, if there is coverage in 60 mins time, and the available eDRX cycles would be 20mins, 40min, 80min, then the 20min cycle should be selected (example is for illustration and is not using actual eDRX cycle time values). When combined with the UEs knowledge of when there is no network coverage the UE will avoid waking up. 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 parameters and the network can page the UE as usual.
[bookmark: _Toc96677250][bookmark: _Toc97108981][bookmark: _Toc100782794][bookmark: _Toc100983168]6.1.2	Procedures
[bookmark: _Toc100782795][bookmark: _Toc100983169]6.1.2.1	Power saving enhancement for 5GS
Before moving the UE to CM-IDLE state, the NG-RAN or AMF may decide to trigger the AN release procedure based on the coverage information.
Editor's note:	Whether it is RAN, the AMF or either that triggers AN/S1 release based on coverage information is FFS.


Figure 6.1.2.1-1: high-level procedure for power saving enhancement in 5GS
0.	When UE detects it is about to leave network coverage, it may use an existing AS procedures to request release from RRC_CONNECTED.
1.	If the RAN detects that the UE 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.
2.	The RAN may send an N2 UE Context Release Request message to the AMF.
3.	If the AMF detects that the UE is about to leave the current network coverage based on the coverage information, the AMF may trigger the AN release procedure to move UE into CM-IDLE state when the UE is still within the network coverage.
4.	AMF may determine the power saving parameters for the UE based on the discontinuous coverage information. The coverage information may be derived by the AMF based on the satellite assistance information from RAN, e.g. satellite id, satellite ephemeris. The power saving parameters can be periodic registration timer, active time for MICO mode and the eDRX parameters. This is to make sure the UE is kept in power saving mode without initiating  any MO signalling requests when it is out of network coverage. The active time may be used to keep UE reachable before the UE moves outside of coverage.
NOTE 1:	It is assumed the UE is in a fixed location, mobile in limited area or mobile with known/predictable trajectories. Based on the known mobility pattern, including the time it covers, and coverage information of the UE, the AMF can help to derive the power saving parameters.
NOTE 2:	The periodic registration timer may also be the Strictly Periodic Registration Timer.
5.	AMF may trigger the UE Configuration Update procedure to update the power saving parameters.
6.	The AMF sends an N2 UE Context Release Command to the (R)AN.
7.	The RAN requests the UE to release the (R)AN connection. Upon receiving (R)AN connection release confirmation from the UE, the (R)AN deletes the UE's context.
8.	The (R)AN confirms the N2 Release by returning an N2 UE Context Release Complete (List of PDU Session ID(s) with active N3 user plane, User Location Information, Age of Location Information) message to the AMF.
9.	[Conditional] AMF to SMF: For each of the PDU Sessions in the N2 UE Context Release Complete, the AMF invokes Nsmf_PDUSession_UpdateSMContext Request in order to release N3 resources as defined in clause 4.2.6 of TS 23.502 [3].
NOTE 3:	The UE may deactivate the AS layer and/or withhold sending MO traffic when there is no network coverage for power saving.
[bookmark: _Toc100782796][bookmark: _Toc100983170]6.1.2.2	Power saving enhancement for EPS
Before moving outside network coverage, the UE triggers the Tracking Area Update procedure for power saving parameters update.
NOTE 1:	A similar mechanism can also be applied for 5GS where the UE uses the Registration procedure instead.


Figure 6.1.2.2-1: high-level procedure for power saving enhancement in EPS
0.	Based on coverage information, the UE may determine that it is about to move outside network coverage and trigger the TAU procedure towards the MME.
1.	The UE sends the TAU request message to the MME to request an update of the power saving parameters.
2.	The MME may determine the power saving parameters for the UE based on the discontinuous coverage information. The coverage information may be derived by the MME based on the satellite assistance information from RAN, e.g. satellite id, satellite ephemeris. The power saving parameters can be periodic TAU timer, active time for PSM and the eDRX parameters. This is to make sure the UE is kept in power saving mode without initiating any MO signalling requests when it is out of network coverage. The active time may be used to keep UE reachable before the UE moves outside the coverage.
NOTE 2:	It is assumed the UE is in a fixed location, mobile in limited area.
3.	The MME returns the TAU Accept message with the updated power saving parameters to the UE.
[bookmark: _Toc23317651][bookmark: _Toc92987390][bookmark: _Toc100983171]6.1.3	Impacts on services, entities and interfaces
RAN:
-	Trigger AN release based on the coverage information for the UE or request from the UE.
-	Send satellite assistance information to AMF/MME.
AMF:
-	Trigger AN release based on the coverage information for the UE.
-	Configure the power saving parameters based on the coverage information for the UE.
-	derive the coverage information based on the satellite assistance information and UE location.
MME:
-	Configure the power saving parameters based on the coverage information for the UE.
-	Derive the coverage information based on the satellite assistance information and UE location.
UE:
-	Trigger the Tracking Area Update procedure or AN release when it is about to leave outside the network coverage.
[bookmark: _Toc100782797][bookmark: _Toc27894718][bookmark: _Toc36191785][bookmark: _Toc45192871][bookmark: _Toc47592503][bookmark: _Toc51834584][bookmark: _Toc91153606][bookmark: _Toc97108982][bookmark: _Toc100983172]6.2	Solution #2: predictive Power Saving Mode
[bookmark: _Toc100782798][bookmark: _Toc100983173]6.2.1	Description
This solution resolves Key Issue #2 about the power saving enhancements for UE in discontinuous coverage.
In the proposed solution:
-	The CN (MME or AMF) is aware of the motion of the satellites of the constellation and is able to extrapolate the position of the different satellites of the constellation, as well as the period of time during which the satellites are visible at a given terrestrial location.
Editor's note:	How the AMF / MME can obtain the satellite ephemeris is FFS.
-	The UE is capable of PSM operation, and as per R17 assumption for NTN access, is equipped with GNSS receiver.
-	The UE, when requesting periodic update timer value and active time, indicates its current position and may also indicate its extrapolated position at the time of the next expected periodic update. e.g.: UE located in latitude/longitude (t0) request 3hours and indicates latitude/longitude (t0+3h).
-	In MME response, if PSM is accepted, the network may indicate periodic update timer value different from the requested timer to accommodate with the satellites movement, for the UE to be under coverage for the next periodic tracking area update.
-	If no coverage is foreseen by the MME at the time and the extrapolation position requested by the UE, the MME may perform linear extrapolation on UE position to find the closest possible coverage time.
-	The periodic update timer value provided by AMF is either a new full timer value or an offset on the value of requested timer, to coincide next TAU with when the UE will be in coverage, according MME hypothesis and knowledge on UE and satellites movements.
Editor's note:	The final choice for correction time value type and coding is FFS either in SA2 or RAN2 due to its signalling relation.
-	Note that specifying an offset value, with different possible unit values, may enable more accurate time than providing absolute timer value. (For example, the GPRS timer 3 format currently used implies a granularity of 1 hour if the assigned timer period is larger than ~5 hours).
[bookmark: _Toc100782799][bookmark: _Toc100983174]6.2.2	Procedures
In the existing PSM procedure, as stated in specifications (TS 23.682 [6], TS 24.301 [7], and TS 24.008 [8]):
UE requests the PSM by including a timer with the desired value in the ATTACH REQUEST, or TAU REQUEST. By the way the UE reports how often and for how long it needs to be active in order to transmit and receive data. However, the final values are determined by the network.
In the proposed solution, ATTACH REQUEST, or TAU REQUEST are complemented by the following IEs, if PSM is requested by the UE:
-	UE current position (mandatory in case of satellite access).
-	UE position extrapolated at the end of requested sleep time (optional).
MME makes assumption of linear UE movement based on above information and compares UE future trajectory with prediction of satellites coverage in the zone. The value returned as extension timer correspond to the closest point to UE extrapolated position where UE will find coverage.
ATTACH ACCEPT, or TAU ACCEPT is complemented by the following IEs, if PSM is accepted by the network:
-	New timer extension value or Offset on timer extension value, with same or similar coding as defined by GPRS timer 3 in TS 24.008 [8].
Editor's note:	The final choice for correction time value type and coding is FFS either in SA WG2 or RAN WG2 due to its signalling relation.
[bookmark: _Toc100983175]6.2.3	Impacts on services, entities and interfaces
UE:
-	Computes its current and extrapolated location depending on its local PSM configuration.
RAN:
-	None.
MME:
-	Obtain information on future coverage given satellites motion.
-	Configure the power saving parameters based on the coverage information for the UE.
[bookmark: _Toc100782800][bookmark: _Toc100983176]6.3	Solution #3: Power Saving based on UE awareness of coverage information
[bookmark: _Toc100782801][bookmark: _Toc100983177]6.3.1	Description
General
This solution addresses Key Issue #2 about the power saving enhancements for UE in discontinuous coverage.
The solution is based on the Rel-17 approach agreed in TS 23.401 [5] and clarifies how it works with PSM and MICO. It is based on the following existing pre-rel-18 features and functionalities:
-	The UE is aware of its location and the satellite coverage information
-	In the case of Power Saving Mode (PSM), the UE can request an Active Time value and Periodic TAU Timer value in the TAU Request. The MME takes the UE requested values into account and assigns an Active Time value and Periodic TAU Timer value in the TAU Accept.
-	In the case of MICO mode with Active Time, the UE can request an Active Time value during the Registration procedure. The AMF takes the UE requested values into and assigns the Active Time value in the Registration Accept.
-	HLCOM can be applied while the UE is in PSM/MICO mode to buffer data in the network, or notify the AF about UE reachability, as applicable.
-	Tracking Area or RAT specific MME configuration of implicit deregistration timer can be used to ensure that the UE is not deregistered in case the UE is out of coverage when the Periodic TAU Timer expires.
Power Saving Mode (PSM)
The UE determines based on its knowledge of its location and the satellite ephemeris data when it will have coverage and when it will not have coverage.
In this solution the UE enters PSM based on current specification. The UE leaves PSM based on the existing specification triggers i.e. when it is during the active time or due to an MO event but only when it has coverage (based on the coverage information) and there is a need to contact the network.
As per existing standard, the network will not try to page the UE while it is in PSM. The only time the network may page the UE is during the Active Time for the period of Active Time directly after the UE has moved to IDLE state. During other times, the NW will wait for the UE to initiate connectivity with the network, using e.g. TAU or SR procedures.
When the UE uses PSM, the UE requests an Active Time and may request a Periodic TAU Timer value in the TAU Request. In this solution the UE can take the coverage information into account when requesting these values. Since these timers start when the UE moves to IDLE mode, if the UE is in CONNECTED state the UE will need to take into account an expected time for how long the UE will remain in CONNECTED state. For example, if there is 15 more minutes until the UE loses coverage, and 4 hours of out-of-coverage after that, the UE could select an Active Time value of 10 minutes and Periodic TAU Timer value of 4h20min. Normally a PSM UE may chose a shorter Active Time in order to move back to PSM as fast as possible.
When the UE again has coverage, the UE may access the PLMN and initiate signalling as per existing standard e.g., a TAU or SR, e.g. if there is UL data or the periodic TAU timer has expired. The UE could then request new Active Time and Periodic TAU Timer values based on coverage information as described above. The UE may also trigger a TAU specifically to request new Active Time value and Periodic TAU Timer value, as described in clause 5.5.3.2.2, bullet w of TS 24.301 [7]. The UE could trigger such request when it enters coverage or is about to lose coverage.
MICO
MICO mode is very similar to PSM with the difference that the use of Active Time is optional and that the UE cannot request a Periodic Registration Timer value.
In this solution the UE enters MICO mode based on current specification. The UE can initiate transition to CM-CONNECTED based on existing specification but only when it has coverage (based on the coverage information) and there is a need to contact the network.
As per existing standard, the network will not try to page the UE while it is in MICO mode. The only time the network may page the UE is when Active Time is used, and in that case for the period of Active Time directly after the UE has moved to IDLE state. During other times, the NW will wait for the UE to initiate connectivity with the network, using Registration or SR procedures.
In case MICO with Active Time is used, the UE can take the coverage information into account when requesting Active Time value. Similar to PSM mode, the UE may need to use an expected time for how long the UE will remain in CONNECTED state when determining a suitable Active Time based on coverage information.
Common to PSM and MICO
The solution does not guarantee that the UE cannot lose coverage while the UE is in CONNECTED state or while the Active Time timer is running. For example, if the UE loses coverage during the Active Time timer is running, the AMF/MME may page the UE without getting a reply. The UE may also not have coverage when the TAU timer expires e.g. in case the UE has moved to a new location during the out-of-coverage period. However, as in rel-17, the solution is stable to handle such cases. TAI or RAT specific MME configuration is used to ensure that the UE is not deregistered in those cases and HLCOM can be used to buffer DL packets in the network or to notify the AF about reachability status. Also, by using UE-provided Active Time and Periodic TAU Timer values based on coverage information, the risk for such failed paging or missed Periodic TAU Timers is reduced.
eDRX
Editor's note:	How to handle eDRX in case of discontinuous coverage is FFS.
[bookmark: _Toc100782802][bookmark: _Toc100983178]6.3.2	Procedures
The call flow below illustrates an example for PSM. The handling of MICO mode is similar. All signalling is based on existing procedures and protocols.


Figure 6.3.1-1: Example of PSM usage in case of discontinuous coverage
[bookmark: _Toc100782803][bookmark: _Toc100983179]6.3.3	Impacts on existing nodes and functionalities
The solution has no protocol impacts.
UE and AMF/MME functional impacts:
-	The UE to take coverage info into account to 1) stay in PSM/MICO mode while out of coverage and 2) (optionally) request Active Time and Periodic TAU Timer based on coverage info.
-	The MME/AMF to honour the UE requested Active Time value (for MICO and PSM) and Periodic TAU Timer value (for PSM) when using satellite RAT type. This behaviour could be based on Tracking Area or RAT specific MME configuration.
The normative impacts would be to describe the above two bullets.
[bookmark: _Toc100782804][bookmark: _Toc100983180]6.4	Solution #4: Mobility Management enhancement based on coverage information and UE location
[bookmark: _Toc100782805][bookmark: _Toc100983181]6.4.1	Description
This solution attempts to resolve part of the Key Issue #1 about the mobility management enhancements for UE in discontinuous coverage.
In the network with satellite access, the network resource may be scarce and a cell may cover several TAs. To save the network resource for paging, it is proposed that the TA where the UE is geographically located may be regarded as the last known TA for the first paging if the TA where the UE is geographically located is:
-	known by the AMF; and
-	determined in coverage based on information from the RAN when the Paging is needed.
[bookmark: _Toc100782806][bookmark: _Toc100983182]6.4.2	Procedures


Figure 6.4.2-1: high-level procedure for Paging in last known TA
1.	In the case of satellite access, before sending the UE Context Release Command message to the RAN, the AMF may initiate the Location Reporting procedure to ask for the last known location of the UE. The RAN provides all broadcast TAIs for the selected PLMN to the AMF as part of the ULI. The RAN also reports the TA where the UE is geographically located if this TA can be determined. The RAN may also report the coverage information (e.g. ephemeris data) to the AMF in Location Reporting procedure.
Editor's note:	It is FFS what satellites ephemeris (e.g. all or a part of the satellites ephemeris in the RAN) will be provided to CN and whether the satellites ephemeris are available in a given RAN node.
2-4.	The AMF initiates the UE Context Release procedure.
5.	When the Paging is needed and the sub-area based paging (e.g. first page in the last known cell-id or TA and retransmission in all registered TAs) is determined to apply, the TA where the UE is geographically located could be regarded as the last known TA if the TA where the UE is geographically located is
-	Known by the AMF, and
-	Determined in coverage based on the coverage information (e.g. ephemeris data) from the RAN when the Paging is needed.
NOTE:	Whether first page in the TA where the UE is geographically located is up to the AMF implementation.
[bookmark: _Toc100983183]6.4.3	Impacts on services, entities and interfaces
AMF:
-	The TA where the UE is geographically located may be used to determine the last known TA.
-	The coverage information (e.g. ephemeris data) may be used to determine whether a TA is in coverage.
RAN:
-	Provide to the AMF the TA where the UE is geographically located if this TA can be determined.
-	Provide to the AMF the coverage information (e.g. ephemeris data).
[bookmark: _Toc100782807][bookmark: _Toc100983184]6.5	Solution #5: Power Saving based on updating parameters before releasing signalling connection
[bookmark: _Toc100782808][bookmark: _Toc100983185]6.5.1	Description
This solution resolves Key Issue #2 about the power saving enhancements for UE in discontinuous coverage.
To make sure that the UE does not attempt to access the network when there is no coverage, and that the UE is aware of the coverage returning and attempts to access the network as needed, it is proposed that the AMF determine the power saving parameters (e.g. eDRX parameters, periodic registration timer and the active time for MICO mode) based on the coverage information, e.g. the ephemeris data, from RAN, and provide the power saving parameters to the UE before releasing the signalling connection.
[bookmark: _Toc100782809][bookmark: _Toc100983186]6.5.2	Procedures


Figure 6.5.2-1: procedure for updating parameters before releasing signalling connection
1.	The UE is registered in the network.
2.	The RAN may be requested to send coverage information (e.g. the ephemeris data of a satellite access system that the UE is using) to the AMF using the Location Report procedure before the RAN sends the N2 UE CONTEXT RELEASE REQUEST message to the AMF.
Editor's note:	It is FFS what satellites ephemeris (e.g. all or a part of the satellites ephemeris in the RAN) will be provided to CN, whether the satellites ephemeris are available in a given RAN node, and whether the CN can get the satellites ephemeris using ways other than the Location Reporting procedure.
3.	The gNB initiates the AN release procedure by sending the N2 UE CONTEXT RELEASE REQUEST message to the AMF.
4-5.	The AMF may initiate the Location Reporting Control procedure to ask for the coverage information from the RAN.
	Using the coverage information, the AMF determines the power saving parameters (e.g. eDRX parameters, periodic registration timer and the active time for MICO mode) for the UE.
NOTE：	If NWDAF is deployed, the AMF may use predicted information about the UE's mobility provided by NWDAF.
6.	The AMF initiates the UCU procedure to update the power saving parameters in the UE.
7-9.	The AMF initiates AN Release procedures.
10.	Using the received power saving parameters, UE can determine when the UE could not access the network, and when (e.g. the coverage is recovered) could attempt to access the network if needed.
[bookmark: _Toc100983187]6.5.3	Impacts on services, entities and interfaces
RAN:
-	Send coverage information (e.g. the ephemeris data of a satellite access system that the UE is using) to the AMF.
AMF:
-	Ask RAN to send coverage information (e.g. the ephemeris data of a satellite access system that the UE is using) to the AMF.
-	Update the power saving parameters based on the coverage information from the RAN and send the power saving parameters to the UE.
UE:
-	Update the power saving parameters during the UCU procedure
[bookmark: _Toc100782810][bookmark: _Toc100983188]6.6	Solution #6: Discontinuous coverage architecture
[bookmark: _Toc100782811][bookmark: _Toc50130740][bookmark: _Toc50134054][bookmark: _Toc50134394][bookmark: _Toc50557346][bookmark: _Toc50549032][bookmark: _Toc55202341][bookmark: _Toc57209965][bookmark: _Toc57366356][bookmark: _Toc100983189]6.6.1	Description
The solution applies especially on LEO and MEO satellites, as the coverage area of GEO satellite is typically static projection on the Earth surface and thus the coverage area can be handled the same way as in terrestrial networks.
Both UE and the network are expected be aware of out-of-coverage times under discontinuous satellite coverage. UE needs this information to optimise its power budget and to know when it needs to listen to paging. The network needs the same knowledge in order to avoid paging the UE that is known to be not reachable. The same unreachability information is also shared by the AMF to any NF that might have subscribed to UE reachability monitoring information. If the network supports HLcom, then core network buffering of DL data can be triggered when DL packet targeted towards unreachable UE is received in the CN.
NWDAF may be used as a possible optimisation to improve the accuracy of the UE Unreachability Period in those cases when the network has got sufficient information on the UE mobility to predict its trajectory. Since the satellite ephemeris data is assumed to be broadcast via SIB, the capacity limitations might not allow the distribution of the full satellite constellation information. Consequently, the UE might only receive information of a few selected satellite neighbours from NG-RAN. For static UE, that might be sufficient, but for moving UE it is possible to improve the accuracy of the UE reachability prediction if the properties of the whole satellite constellation and the observed UE trajectory is taken into account. This is the task where the NWDAF can help by providing the AMF with more accurate estimate than the one received from the UE that determines the Unreachability Period based on limited amount of data on the available satellites.
[bookmark: _Toc100782812][bookmark: _Toc100983190]6.6.2	High level architecture principles
Figure 6.6.2-1 shows the call flow for the AN to inform the UE of satellite ephemeris. The UE uses this information to negotiate with the AMF in NAS signalling Unreachability Period that is thus known by both the UE and the AMF.
The AMF uses the negotiated information to determine when the UE would be reachable and when it is not reachable.


Figure 6.6.2-1: UE negotiates Unreachability Period with the AMF using satellite ephemeris information
Procedure for NG-RAN to inform the UE of satellite ephemeris and the UE to negotiate unreachability period with the AMF.
1.	NG-RAN informs the UE of the satellite ephemeris of the serving cell in RRC signalling. The UE determines how long the UE is still covered by the serving cell.
Editor's note:	It is TBD by RAN2 whether the ephemeris can be signalled in SIB.
2.	UE includes Unreachability Period in its Registration Request. The Unreachability Period tells the AMF the foreseen unreachability period caused by discontinuous satellite coverage in the UE location.
NOTE:	The encoding of the unreachability period in terms of start and end time or start time and duration is left for stage 3 specifications.
3.	The AMF may request for UE Unreachability Period estimate from the NWDAF. If the NWDAF has got sufficient history of UE trajectory and the ephemeris of the satellite constellation, it returns UE Unreachability Period estimate to the AMF.
Editor's note:	NWDAF information to be used for the service gap estimate is TBD.
4.	AMF stores the Unreachability Period as part of the UE context in AMF and considers the UE as "not reachable" during that period. The AMF echoes back the UE requested Unreachability Period to acknowledge it has taken notice of it.
	Any procedures that apply on UE that is not reachable due to e.g. MICO mode or eDRX, apply also during Unreachability Period, so that the AMF does not page the UE, notifies the UE reachability as "unreachable" to those NFs that have subscribed to UE reachability notifications. Extended DL data buffering in the CN applies if it is supported in the network.
	The AMF assigns a Periodic Update Timer that allows the UE to omit periodic updates until the next foreseen connectivity period.
5.	UE is not reachable due to coverage gap caused by discontinuous coverage. If the UE finds coverage before the end of Unreachability Period, it may initiate UL signalling or send UL data. The UE may initiate an additional registration update procedure if it finds unpredicted coverage before the end of Unreachability Period.
6.	DL data targeted for the UE arrives while the UE is not reachable due to discontinuous coverage.
7.	Upon receiving DL Data Notification, the SMF requests DL data transfer from the AMF
8.	The AMF knows based on Unreachability Period received from the UE in step 2 in the previous registration procedure that the UE is not reachable. The AMF includes the corresponding Estimated Maximum Wait time as specified in clause 4.2.3.3 of TS 23.502 [3].
9.	If extended DL data buffering is supported in the SMF, then the SMF initiates data DL data buffering as specified in TS 23.502 [3]
[bookmark: _Toc100782813][bookmark: _Toc100983191]6.6.3	Impacts on services, entities and interfaces
This solution impacts the following system entities.
AN:
-	Capability to send satellite ephemeris to the UE.
Remote UE:
-	Capability to determine Unreachability Period based on the satellite ephemeris information.
-	Capability to indicate the Unreachability Period in Registration Request.
AMF:
-	Capability to consider UE as unreachable after negotiating Unreachability Period.
-	Optionally, acquiring better UE reachability estimate from NWDAF.
NWDAF:
-	Capability to determine UE unreachability period based on satellite constellation and whatever UE history information might be available.
[bookmark: _Toc100782814][bookmark: _Toc100983192]6.X	Solution #X: <Solution Title>
Editor's note:	This clause describes a solution addressing one or more key issues identified in clause 5. The structure of the clauses can be adjusted. The list of key issues which this solution attempts to resolve should be clearly indicated.
[bookmark: _Toc97108983][bookmark: _Toc100782815][bookmark: _Toc100983193]6.X.1	Description
Editor's note:	This clause will describe the solution principles and architecture assumptions for corresponding key issue(s). (Sub) clause(s) may be added to capture details.

[bookmark: _Toc97108984][bookmark: _Toc100782816][bookmark: _Toc100983194]6.X.2	Procedures
Editor's note:	This clause describes high-level procedures and information flows for the solution.

[bookmark: _Toc97108985][bookmark: _Toc100782817][bookmark: _Toc100983195]6.X.3	Impacts on existing nodes and functionalities
Editor's note:	This clause captures impacts on existing 3GPP nodes and functional elements.

[bookmark: _Toc97108986][bookmark: _Toc100782818][bookmark: _Toc100983196]6.X.4	Solution evaluation
Editor's note:	This clause captures how each solution solves KIs and what other properties it may have.

[bookmark: _Toc97108987][bookmark: _Toc100782819][bookmark: _Toc100983197]7	Overall Evaluation
Editor's note:	This clause provides the evaluations of the solutions of clause 6.

[bookmark: _Toc97108988][bookmark: _Toc100782820][bookmark: _Toc100983198]8	Conclusions
Editor's note:	This clause provides the conclusions for the study.
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