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Abstract: A solution combining aspects of other solutions to manage coverage/reachability of the UE in static, predictable mobility and new in this combination unpredictable mobility.
1. Introduction/Discussion
Multiple solutions to KI#2 have a comment theme to prevent paging while the UE is out of coverage. Each of the solutions can address different scenarios of mobility and network knowledge of where the UE will be in the future and when.
This solution brings together the different threads of the solutions and accounts for the case where mobility is unknown.
2. Text Proposal
[bookmark: _Toc519004414]It is proposed to capture the following changes vs. TR 23.700-28.
* * * * First change * * * *
[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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* * * * Second change (All new) * * * *
[bookmark: _Toc100782814][bookmark: _Toc100983192]6.X	Solution #X: Combined UE Management Architecture
[bookmark: _Toc97108983][bookmark: _Toc100782815][bookmark: _Toc100983193]6.X.1	Description
This is a solution for Key Issue #1: Mobility Management enhancement with discontinuous satellite coverage and Key Issue #2: Power saving enhancement for UE in discontinuous coverage.
When the UE is out of coverage, a UE is unreachable and any paging from the network will not succeed. The UE mobility patterns may be known to either the UE, network, both the UE and network or neither.
This solution combines proposed solutions for different cases of mobility and a solution for when the mobility pattern is not known therefore providing a complete solution for UE power saving and reachability management.
The solution has 2 phases. 1st phase when the UE is released, either at the end of a coverage window by the CN or the requested by the UE, or during a coverage period when the UE is not expected to return to CONNECTED during a coverage window. The 2nd phase is when the UE returns to coverage and the actions the UE takes when it returns to coverage.
Throughout the solution it is expected that the UE is aware of the coverage available from satellites and the UE, if it knows there is no coverage at a time, chooses not to attempt to activate its AS and initiate a connection or attempt to receive paging from the network.
If at any point between coverage periods, if the UE needs to connect to the network (e.g. for MO traffic or signalling) can detect coverage using a TN or NTN it can choose to initiate a connection, otherwise it is expected the UE will disable its AS procedures. Whether and how the UE choose to deactivate its AS when it is not required to receive paging or initiate a connection to the network is up to the UE implementation or maybe addressed by other solutions.
The UE maybe in RRC_CONNECTED at the end of a coverage period, or at any point during a coverage period and transitioning from RRC_CONNECTED to RRC_IDLE. If the UE is in RRC_CONNCETED the UE may send a Registration Request to the network to transfer its understanding of its mobility pattern before the UE is released. If the UE is in RRC_IDLE or RRC_CONNECTED at the end of a coverage period, the UE may send a Registration Request to the to notifying the network it is leaving network coverage. In both cases, after the Registration procedure the UE is released.
The UE sends a Registration Request to inform the network about 4 different cases related to discontinuous coverage:
1. 	The UE believes itself to be stationary or moving on a predictable trajectory.
2. 	The UE understands it mobility and can predict a location it will be in the future and/or the time it will return to coverage at a location.
3. 	The UE does not have an understanding of its mobility because it is not predictable.
4.	The UE is about to leave network coverage or has returned to network coverage and the UE has been requested to notify the network about its leaving network and returning to coverage in an earlier Registration procedure.
The network may use additional information to help determine the UE mobility in addition to the indications from the UE. This can include interactions with the NWDAF or other mobility information, for example mobility patterns provisioned by an AF to the network or other sources of information.
Taking into account the UEs indication about its mobility state, the network can combine it with information it holds and respond to the UE.
The response to the UE can be to:
1. 	Provide the UE with an eDRX cycle the UE should follow, if there is no satellite coverage available to the UE at a specific location
2. 	Enable MICO/PSM mode for the UE, providing a periodic registration timer to the UE that coincides with coverage in the future so that the UE performs Periodic Registration or TAU when it returns to coverage.
3.	Provide an indication that the UE should inform the CN when it leaves and subsequently returns to coverage in the future at an unpredictable time and use MICO/PSM mode until the UE returns to coverage. The CN should provide a periodic registration timer to the UE that covers the longest expected period out of coverage.
If the UE is provided with an eDRX cycle, the CN may take into account the coverage at the predicted position when paging the UE. This may mean that some PTWs are skipped and this should be taken into account when responding to requests or providing a reachability time for the UE.
Editor’s note: Whether MICO/PSM mode or a different indication of unreachability in the AMF/CN is FFS.
[bookmark: _Toc97108984][bookmark: _Toc100782816][bookmark: _Toc100983194]6.X.2	Procedures
6.x.2.1 	5GS UE Leaving Coverage Procedure
This procedure is used when the UE is leaving coverage. UE
RAN
AMF
NWDAF
1a. N2 Connection Release Request
1b. Registration Request
2. NWDAF Reachability Estimate
3a. UE Configuration Update
3b. Registration Accept
4. Remaining steps Figure 4.2.6-1 in 3GPP TS 23.502
1c. N2 Connection Release Command

[bookmark: _Toc97108985][bookmark: _Toc100782817][bookmark: _Toc100983195]Figure 6.x.2.1-1 UE Leaving Coverage Procedure
1a.	RAN detects the UE is leaving coverage and initiates N2 UE Context Release Request if the UE is in RRC_CONNECTED.
1b.	The UE sends a Registration Request including:
-	[Optional] a time when it expects to return to coverage, and/or 
-	[Optional] where the UE believes it will be when it returns to coverage, and/or 
-	[Optional] an indication that it does not know when or where it will be back in coverage.
-	[Optional] an indication that the UE is leaving 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 UE may be in RRC_IDLE or RRC_CONNECTED when it determines it needs to send the Registration Request.
1c.	If the AMF detects that the UE is about to leave the current network coverage based on the coverage information, the AMF may trigger this procedure to move UE into CM-IDLE state when the UE is still within the network coverage. 
2.	[Optional] The AMF make request predicated mobility and coverage information from the NWDAF.
3.	If the AMF had provided the UE with a Leaving Notification Indication and the UE is indicating that it is leaving coverage then a Registration Accept is sent, otherwise the AMF takes into account the UEs indications in Registration Request about mobility to determine whether to:
-	Provide the UE with an eDRX configuration the UE should follow, if there is no satellite coverage available to the UE at a specific location.
-	Enable MICO/PSM mode for the UE, providing a periodic registration timer to the UE that coincides with coverage in the future so that the UE performs Periodic Registration or TAU when it returns to coverage.
-	Provide the UE with a Leaving Notification Indication so the UE informs the CN when leaves or returns to coverage in the future and use MICO/PSM mode until the UE is out of coverage. The CN should provide a periodic registration timer to the UE that covers the longest expected period out of coverage.
	The AMF uses the UEs indications in the Registration Request, its knowledge of mobility and coverage, if available, and information from the NWDAF, if available, to determine what to indicate to the UE for handling the out of coverage period. The AMF always provides a Periodic Registration Timer value, taking into account the coverage and how the UE will handle the out of coverage period.
	If Registration Request was received in Step 1b, then the AMF responds with Registration Accept (step 3b) otherwise the AMF uses the UE Configuration Update procedure (step 3a).
4.	Steps 2 onwards of the AN Release Procedure as defined in TS 23.502 [3] clause 4.2.6.
6.x.2.2 	EPS UE Leaving Coverage Procedure
For the procedure for a UE leaving coverage in EPS is the same as the 5GS procedure in clause 6.x.2.2. with the following modifications:
-	Throughout: The TAU procedure instead of the Registration Procedure is used.
-	Steps 1b & 3b: The ATTACH procedure may additionally be used.
-	Steps 2 and 3a: The NWDAF and UCU procedure are not available in EPS, so these steps don’t apply.
-	Step 4: S1 UE Context Release Command and the S1 release procedure, see TS 23.401 [5] clause 5.3.5, instead of the N1 UE Context Release Command and the AN Release Procedure is used.
6.x.2.3 	EPS and 5GS UE Returning to Coverage Procedure
This procedure is used when the UE returns to coverage if it was instructed to inform the network during the leaving coverage procedure that it has returned to coverage or e.g. if the time the UE returns to coverage is different from the expected time as determined in the leaving procedure.
If 5GS is used then the Registration procedure as defined in TS 23.502 [3] clause 4.2.2.2 is reused and if EPS is used then Tracking Area Update procedure is used as defined in TS 23.401 [5].
Editor’s note: It is FFS whether enhancements are required based on whether MICO or a different mode is used while the UE is out of coverage.
The triggers the UE uses to detect coverage can be UE implementation dependent or defined by other solutions. The UE may take into account any previously received satellite ephemeris/coverage information from RAN, its expected or known position and time to determine whether to look for coverage. 
6.X.3	Impacts on existing nodes and functionalities
UE:
-	Provide the AMF/MME with indications about its mobility predictability, including extrapolated future location and/or time in coverage, whether it is stationary/predictable mobility or not predictable.
-	Send indications to the AMF/MME when it is leaving coverage/returning to coverage if instructed to do so.
RAN:
-	Trigger AN Release for a UE if it is about to leave coverage.
MME/AMF:
-	Obtain information on future coverage given satellites motion.
-	Trigger AN Release if the UE is about to leave coverage (5GS only).
-	Configure the power saving parameters or Leaving Notification Indication based on the coverage information for the UE, indications from UE, information from the NWDAF (5GS only) and other information the MME/AMF may hold/have been provisioned with.
-	Consider the UE unreachable while out of coverage.

* * * * End of changes * * * *
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