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Abstract of the contribution: This contribution proposes updates to complete solution #2 by addressing editor’s note and provide self-evaluation. 
Discussion 
There are three editor’s notes in solution #2. This paper proposes a resolution to that ENs and provides solution evaluation.
Proposal

It is proposed to update TR 23.700-28 as follows:
**** First Change ****

6.2
Solution #2: predictive Power Saving Mode

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), through interfacing with external specialized server, can determine if a given position will be under coverage at a given time. External specialized server, aware of the motion of the satellites of the constellation and of all necessary characteristics (antenna, beams, status …), 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

-
Knowledge of the ephemeris for the serving and for neighbouring satellites is not sufficient to ensure the effective future coverage of an area. It is not enough for a UE to be in view and footprint of a satellite to connect to it. To verify this, it is necessary to know the antenna characteristics, the link budget, the orientation of the beams and their footprint on the ground, and to integrate maintenance operations and the management of faults and errors. Only the network, in collaboration with the satellite management system, can produce reliable and complete information to verify future coverage for a UE. In general these information could be used directly by network or transmitted to the UE. Thus in the solution, MME has access to a service able to verify future coverage for a UE, taking into account all parameters as above. 
-
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 MME is  a signed 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. For example if UE is requesting timer value of 24h and if the network foresees that the UE will be in coverage in 24h and 30mn, the network will return positive offset of 30mn (unit=10 minutes, value=3 as per GPRS Timer 3 coding). 
Editor's note:
The final choice for correction time value type and coding is for CT1 decision.
-
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).
Editor's note:
The choice for interfacing external coverage server through SCEF trusted northbound API is let for normative phase.
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:

-
 Signed offset on timer extension value, with same or similar coding as defined by GPRS timer 3 in TS 24.008 [8].


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: provides to external server given positions for given future time and retrieve extrapolated coverage information (yes, no, closest coverage date) for this future time and positions
-
Configure the power saving parameters based on the coverage information for the UE.

6.2.4
Solution evaluation
The solution is based on existing EPS power saving solutions and protocols and has therefore small impact to Rel-17.

The main interest of this solution is to take into account the motion of the UE, when it can be known, to predict and adapt PSM timer values on the network side, based on the trajectory prediction done by the UE.
The solution enables to take into account the motion of the UE independently of NW capabilities to predict UE trajectory. 
This solution is tailored for IoT NTN tracking use case, where UE are GNSS equipped and are supposed to evolve on a predictable trajectory. 
**** End of Changes ****
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