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Abstract: A solution for support of UE in discontinuous coverage is presented. 
1. Introduction/Discussion
In Rel-18 FS_5GSAT_Ph2 study item, it is proposed to study the support of the UE in discontinuous coverage as shown below:
· 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. 
The proposed solution is an enhancement of existing PSM procedures, for both EPS and 5GS, to take into account discontinuous coverage, together with satellites and UE motion.
It is also an enhancement compared to R17 solution (S2-2109199), because UE cannot always be considered as fixed. For the example of the UE being in coverage for 20 minutes every 10 hours, if we consider the use case of a tracked tracking a sipped container, the boat – in the example- a vessel can cover move over a significant distance in 10 hours (e.g: 15knotsnd x 10h = 277.8km) and then the possible connection time opportunity with next satellite will change accordingly
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-28.
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6.X.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 appearance or disappearance of satellites, in the time window corresponding to power saving mode periods 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 doing PSM operation, and as per R17 assumption for NTN access, is equipped with GNSS receiver.
· Subsequently the The UE, when requesting periodic update timer value and active time, indicates its current position and may also indicate its its extrapolated position at  current time+ requested timerthe time of the next expected periodic update. e.g.: UE located in latitude/longitude (t0) request 3hours and indicates latitude/longitude (t0+3h). 
· In network MME response, if PSM is accepted, the network may indicates periodic update timer value value different from the requested timer to a correction to be applied onto requested timer to accommodate fit with the satellites constellation movementmotion, 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 correction (provided value) is either a new timer value or an offset a delta on the value of GPRS Timer 3requested timer., 
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 with same coding as defined in TS 24.008 and subsequen
· t. Note that specifying a delta value, with different possible unit values, will may enable to be 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).
· In addition, the network may indicate in the response the parameters that will shorten the UE Access Stratum reactivation on the next UE wake up.

6.X.2	Procedures 
In the existing PSM procedure, as stated in ad-hoc specifications (TS 23.682, TS 24.301, TSand TS 24.008):
UE requests the PSM by including a timer with the desired value in the ATTACH REQUEST, or TAU REQUEST or ROUTING AREA UPDATE. 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 or ROUTING AREA UPDATE REQUEST are complemented by with 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 or ROUTING AREA UPDATE ACCEPT are complemented with by the following IEs, if PSM is accepted by the network:
- New timer extension value or Offset on timer extension valueDelta on GPRS timer 3, with same or similar coding as defined by GPRS timer 3 in TS 24.008.
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

[bookmark: _Toc23317651][bookmark: _Toc92987390]6.X.3	Impacts on services, entities and interfaces
UE:
-	Computes its current and extrapolated location depending on its local PSM configuration.
RAN:
-	none
AMF/MME:
-	Obtain information on future coverage given satellites motion. 
-  Configure the power saving parameters based on the coverage information for the UE.
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