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Abstract: Solution evaluation for Solution #1.
1. Introduction/Discussion
During SA2#151e it was determined that each solution in the FS_5GSAT_Ph2 TR 23.700-28 should have an individual self-evaluation. This is the individual self-evaluation for Solution #1.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-28.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc104439678][bookmark: _Toc100983166][bookmark: _Toc100782792][bookmark: _Toc97108979]6.1	Solution #1: Power Saving based on AMF awareness of coverage information
[bookmark: _Toc104439679][bookmark: _Toc100983167][bookmark: _Toc100782793][bookmark: _Toc97108980][bookmark: _Toc96677249]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: _Toc104439680][bookmark: _Toc100983168][bookmark: _Toc100782794][bookmark: _Toc97108981][bookmark: _Toc96677250]6.1.2	Procedures
[bookmark: _Toc104439681][bookmark: _Toc100983169][bookmark: _Toc100782795]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.


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 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.
2.	The RAN may send an N2 UE Context Release Request message to the AMF.
3.	If the AMF detects that the UE in CM-CONNECTED 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.	During the AN release procedure, 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: _Toc104439682][bookmark: _Toc100983170][bookmark: _Toc100782796]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.
NOTE 1:	The TAU request may not only be triggered by coverage information, e.g. periodic TAU timer.
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 UE location and 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 or mobile in limited area.
3.	The MME returns the TAU Accept message with the updated power saving parameters to the UE.
[bookmark: _Toc23317651][bookmark: _Toc104439683][bookmark: _Toc100983171][bookmark: _Toc92987390]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.
6.1.4	Solution evaluation
The solution is based on existing EPS/5GS power saving solutions and protocols, enhances the AMF/MME with additional behaviour and has therefore minimal impact to Rel-17.
The CN is aware of the satellite ephemeris and therefore the expected coverage for a UE in the future and replies the UE being stationary, moving with a predictable trajectory or being in an expected location in the future. The solution does not rely on the UE being aware of its mobility patterns.
When the UE in CONNECTED mode is about to leave coverage, the AN release is triggered and the AMF can use UCU procedure to provide the UE with power saving parameters (MICO and/or eDRX) that match the expected remaining time until the next coverage window (eDRX/Periodic registration timer) and the time before the UE is released to IDLE (Active Time).
The solution also support EPS using the same procedures, but the UE uses TAU to be provided with power saving parameters (PSM and/or eDRX) that match the expected coverage.
The reuse of existing procedures results in minimal impact for both EPS and 5GS.
The solution allows the UE to take into account the coverage information from RAN when determining when to wake-up as well as the assigned eDRX cycle, which may not match the expected coverage from RAN. The UE is reachable during the DRX PTWs that coincide with the expected coverage for the UE, if eDRX is used. If eDRX is not used the UE is unreachable until it connects to the network (e.g. for MO traffic or TAU/periodic registration).
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