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Abstract of the contribution: Describes a new solution for support of a UE triggered generalized unavailability period.
1. Introduction
[bookmark: _Toc510607461]The SID agreed for Study on satellite access Phase 2 in SP-211651 includes the following objective:
	The study item aims at investigating on further 5GC/EPC enhancements to support satellite access based on the R17 5GSAT_ARCH achievements with the following 5GC/EPC areas for study: 
· WT#1: Discontinuous coverage 
WT#1.1: Architectural enhancements to support discontinuous coverage for mobility enhancement (e.g. paging enhancement) 
WT#1.2: Architectural enhancements considering prediction, awareness & notification of UE wake-up time, power saving optimizations.



TR 23.700-28 contains the following objectives for KI#1:
	-	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.



TR 23.700-28 contains the following objectives for KI#2:
	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.



The solution described here enables a UE to determine a period of unavailability due to a gap (or a sequence of gaps) in satellite coverage. The UE then indicates the period of unavailability to the network (e.g. AMF or MME) using a TAU (MME) or Registration Update (AMF). The indication of the unavailability period is generalized to also support UE unavailability for other unavoidable events such as a UE SW upgrade, UE power savings in certain conditions, or a user initiated “do not disturb” event. The solution addresses objectives for the SID and KI#1 and KI#2 as highlighted above.
2. Text Proposal
The following text is proposed to be applied to TR 23.700-28.
[bookmark: _Toc97108978][bookmark: _Toc100782791][bookmark: _Toc100983165]*** First Change ***
[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][5]	3GPP TS 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN) access".
[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".
[aa]	3GPP TR 23.700-61 ”Study on Seamless UE context recovery”.
*** Next Change ***

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
	
	Key Issues

	Solutions
	1
	2
	
	

	X
	x
	x
	
	



[bookmark: _Toc100700472][bookmark: _Toc26520138][bookmark: _Toc26530876][bookmark: _Toc26530926][bookmark: _Toc26530975][bookmark: _Toc30685082][bookmark: _Toc31014357][bookmark: _Toc31109398][bookmark: _Toc31109468][bookmark: _Toc31109559][bookmark: _Toc43819872][bookmark: _Toc43882354][bookmark: _Toc49966751][bookmark: _Toc50390310][bookmark: _Toc50450148][bookmark: _Toc50450360][bookmark: _Toc50451582][bookmark: _Toc50451794][bookmark: _Toc50464474][bookmark: _Toc54378872][bookmark: _Toc54776462][bookmark: _Toc57373207][bookmark: _Toc73524089][bookmark: _Toc75324070]*** Next Change (all new text) ***
[bookmark: _Toc100782814][bookmark: _Toc100983192]6.X	Solution #X: Solution to support a UE Triggered Generalized Unavailability Period
[bookmark: _Toc97108983][bookmark: _Toc100782815][bookmark: _Toc100983193]6.X.1	Description
This solution supports portions of KI#1 and KI#2. The solution is based on “Solution #2: UE provided Unavailability Period” in clause 6.2 of TR 23.700-61 [aa] where an unavailability period for an event that is unavoidable is indicated by a UE to a serving AMF using a Registration Update. In that solution, the events that may be supported currently include:
a)	Silent reset at Modem;
b)	Security patch updates;
c)	OS upgrade;
d)	Modem SW updates; and
e)	Device reboot upon Modem setting changes via OMA-DM.
This solution though can be generalized to indicate UE unavailability for other events that are unavoidable such as satellite discontinuous coverage or UE power savings combined with satellite discontinuous coverage.
NOTE 1:	UE power savings combined with satellite discontinuous coverage refers to a period of power savings for a UE that includes one or more periods of (expected) no satellite coverage. The UE can then determine a preferred period of unavailability that starts at or before a first period of no satellite coverage and ends after this period and possibly subsequent periods of no satellite coverage have ended and thus during a period of satellite coverage. The network (AMF or MME) then does not need to know the details of the one or more periods of no satellite coverage and can just support a single overall period of UE unavailability. If the UE were to instead indicate unavailability for each separate period of no satellite coverage, the UE power savings could be much less and the network (AMF or MME) might need to process a much larger number of separate unavailability periods. 
The principles of the solution are as follows and are aligned with principles described in clause 6.2.1 in TR 23.700-61 [aa].
(a)	The UE determines a period of impending unavailability based on one or more of: data on satellite coverage availability, power savings requirements, SW upgrade, patching or reboot of the UE, and possibly other unavoidable events.
NOTE 2:	The solution depends on UE access to data on satellite coverage availability which may be supported as in Release 17 or by some other new solution in Release 18.
(b)	The UE indicates the period of unavailability to an AMF in a Registration Update or to an MME in a TAU. The UE could also indicate the events or events causing the unavailability.
NOTE 3:	The event(s) may be useful for data analytics though may not affect support by an AMF or MME.
(c)	The AMF or MME may set the periodic registration or TAU timer to a value equal to or slightly larger than the unavailability period provided by the UE. During this unavailability period the AMF or MME maintains the UE context in CM-IDLE or ECM-IDLE, and considers the UE unreachable. Functions for High latency Communication (HLCom) may be used to buffer incoming data or functions applicable to MICO mode may be used (e.g. for very long periods of unavailability).
(d)	When the period of unavailability ends or if the UE becomes available before the unavailability is expected to end (e.g. if the UE obtains satellite access or access using a TN RAT before a satellite coverage gap is expected to end), the UE triggers a registration update or TAU and does not provide an indication of an unavailability period. The AMF or MME may then provide the UE with a normal periodic registration or TAU timer. If the UE is now using a different RAT, the context in the previous AMF or MME will be transferred.
(e)	When the period of unavailability ends at the expected time and is due to an unavoidable event common to many UEs (e.g. discontinuous satellite coverage), the UE, if requested by the MME or AMF, can delay sending of the registration update or TAU for bullet (d) by a time delay indicated by the MME or AMF.
NOTE 4:	The time delay in bullet (e) may need to be small (e.g. 1 minute or less in the case of discontinuous satellite coverage) and can avoid a large number of UEs sending a registration update or TAU at the same time which might otherwise congest the network.
[bookmark: _Toc97108984][bookmark: _Toc100782816][bookmark: _Toc100983194]6.X.2	Procedure for UE Triggered Generalized Unavailability Period
Figure 6.X.2-1 shows a procedure performed by a UE and AMF to support a Generalized UE Unavailability Period for NR satellite access. A procedure for LTE or NB-IoT satellite access would be similar. The procedure is based on the procedure in clause 6.2.3 of TR 23.700-61 [aa]. A similar procedure to the one shown in Figure 6.X.2-1 would be used for EPS with initial Registration replaced by an initial Attach and Registration for unavailability replaced by a TAU.



Figure 6.X.2-1: UE Triggered Generalized UE Unavailability Period
1.	During an initial Registration procedure, the UE provides an indication of support of "Generalized Unavailability Period" in the Registration Request, and the AMF indicates whether this is supported in the Registration Accept message.
2.	The UE determines a period of impending unavailability based on any of e.g.: satellite coverage unavailability, power savings requirements (when combined with satellite unavailability), SW upgrade or reboot of the UE or some other unavoidable event. The determination  of the unavailability is implementation dependent and assumes the UE has the necessary data (e.g. for satellite coverage in the case of satellite coverage unavailability).
3.	The UE sends a Registration Request sometime before the unavailability starts indicating the Unavailability period and may indicate an event or events causing the unavailability. 
NOTE:	The Registration Request can be a mobility Registration Request or could be left up to CT1 to decide.
4.	The AMF responds with a Registration Accept. The AMF may set the periodic registration timer to a value equal or slightly greater than the unavailability period provided by the UE. For an event common to many UEs (e.g. discontinuous satellite coverage), the AMF may indicate a time delay (e.g. fixed or random) to the UE for re-accessing the PLMN.
5.	The AMF stores the information that the UE is in unavailability period in the UE context, and considers the UE unreachable until the UE performs a registration update again. In this state, all HLCom features apply if supported, e.g. extended data buffering, downlink data buffering status report, etc..
6.	The UE becomes available either due to normal termination of the unavailability period or because the UE became available earlier – e.g. if the UE obtains PLMN access using some NTN or TN RAT before a period of satellite unavailability was expected to end.
7.	The UE triggers a registration update to resume regular service. The UE does not include an unavailability period in the Registration Request. Depending on whether the UE has changed PLMN, TAI or RAT type and whether the periodic registration timer has expired, the Registration may be an initial Registration (e.g. if the UE has changed PLMN), "mobility" or "periodic" Registration. If the UE becomes available due to normal termination of the unavailability period, the UE delays sending of the registration update for the time delay indicated at step 4.
Editor's note:	If the periodic registration timer did not expire and the UE has UL data to send, the UE might send a Service Request instead. This is FFS.
8.	The AMF responds with Registration Accept. The AMF assigns a new periodic registration timer not applicable to an unavailability period. 
[bookmark: _Toc97108985][bookmark: _Toc100782817][bookmark: _Toc100983195]6.X.3	Impacts on existing nodes and functionalities
UE:
-	Determination of a generalized unavailability period.
-	Negotiating and signalling an unavailability period to an AMF (or MME).
-	Notifying an AMF (or MME) after exiting unavailability and possibly after a small time delay.
AMF/MME:
· Support of an unavailability period indication in Registration or TAU procedure.
· Storing unavailability period in UE context.
· Handling of MT data and control plane procedures for an unreachable UE (no new procedures compared to HLCom).
· Assigning a time delay to a UE for re-accessing the PLMN

[bookmark: _Toc97108986][bookmark: _Toc100782818][bookmark: _Toc100983196]6.X.4	Solution evaluation
For EPS, the solution is backward compatible with Release 17. If the UE is Release 18 but the MME is Release 17, the MME will not indicate support for the generalized unavailability period in an Attach Accept. If the UE is Release 17 but the MME is Release 18, the UE will not indicate support for the generalized unavailability period in an Attach Request and TAU Request. In these cases, both entities can use the solution for Release 17.
The solution does not require any support for satellite discontinuous coverage in an MME or AMF – e.g. the AMF or MME does not need to receive data on satellite coverage or determine itself whether and when a UE will have a coverage gap.
The solution is multi-purpose and can support UE unavailability for several different unavoidable types of events and not just for satellite coverage gaps.
The solution can avoid a large number of UEs re-accessing a serving PLMN at the same time after a coverage gap has ended.
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