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Abstract of the contribution: Base on TS 38.331,satellite ephemeris can be signalled to UE via SIB, related EN can be removed from solution #6.
1.
Introduction/Discussion

TS 38.331 has the following status:
	SIB19 field descriptions

	distanceThresh

Distance from the serving cell reference location and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]. Each step represents 50m.

	ntn-Config

Provides parameters needed for the UE to access NR via NTN access such as Ephemeris data, common TA parameters, k_offset, validity duration for UL sync information and epoch. The validity duration, ntn-UlSyncValidityDuration, is mandatory present.

	ntn-NeighCellConfigList

Provides a list of NTN neighbour cells including their ntn-Config, carrier frequency and PhysCellId.

	referenceLocation

Reference location of the serving cell provided via NTN quasi-Earth fixed system and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE, as defined in TS 38.304 [20]..

	t-Service

Indicates the time information on when a cell provided via NTN quasi-Earth fixed system is going to stop serving the area it is currently covering. The field indicates a time in multiples of 10 ms after 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900). This field is excluded when determining changes in system information, i.e. changes of t-Service should neither result in system information change notifications nor in a modification of valueTag in SIB1. The exact stop time is between the time indicated by the value of this field minus 1 and the time indicated by the value of this field.


Ephemeris data can be signalled via SIB19.
The Editor’s note “It is TBD by RAN WG2 whether the ephemeris can be signalled in SIB.” can be removed.
2.
Text Proposal

It is proposed to capture the following update within TR 23.700-28-030.
*** Start of the changes ***
6.6
Solution #6: Discontinuous coverage architecture

6.6.1
Description
The solution applies especially on LEO and MEO satellites, as the coverage area of GEO satellite is typically static projection on the Earth surface and thus the coverage area can be handled the same way as in terrestrial networks.

Both UE and the network are expected be aware of out-of-coverage times under discontinuous satellite coverage. UE needs this information to optimise its power budget and to know when it needs to listen to paging. The network needs the same knowledge in order to avoid paging the UE that is known to be not reachable. The same unreachability information is also shared by the AMF to any NF that might have subscribed to UE reachability monitoring information. If the network supports HLcom, then core network buffering of DL data can be triggered when DL packet targeted towards unreachable UE is received in the CN.

NWDAF may be used as a possible optimisation to improve the accuracy of the UE Unreachability Period in those cases when the network has got sufficient information on the UE mobility to predict its trajectory. Since the satellite ephemeris data is assumed to be broadcast via SIB, the capacity limitations might not allow the distribution of the full satellite constellation information. Consequently, the UE might only receive information of a few selected satellite neighbours from NG-RAN. For static UE, that might be sufficient, but for moving UE it is possible to improve the accuracy of the UE reachability prediction if the properties of the whole satellite constellation and the observed UE trajectory is taken into account. This is the task where the NWDAF can help by providing the AMF with more accurate estimate than the one received from the UE that determines the Unreachability Period based on limited amount of data on the available satellites.
6.6.2
High level architecture principles

Figure 6.6.2-1 shows the call flow for the AN to inform the UE of satellite ephemeris. The UE uses this information to negotiate with the AMF in NAS signalling Unreachability Period that is thus known by both the UE and the AMF.

The AMF uses the negotiated information to determine when the UE would be reachable and when it is not reachable.
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Figure 6.6.2-1: UE negotiates Unreachability Period with the AMF using satellite ephemeris information
Procedure for NG-RAN to inform the UE of satellite ephemeris and the UE to negotiate unreachability period with the AMF.

1.
NG-RAN informs the UE of the satellite ephemeris of the serving cell in RRC signalling. The UE determines how long the UE is still covered by the serving cell.


2.
UE includes Unreachability Period in its Registration Request. The Unreachability Period tells the AMF the foreseen unreachability period caused by discontinuous satellite coverage in the UE location.

NOTE:
The encoding of the unreachability period in terms of start and end time or start time and duration is left for stage 3 specifications.

3.
The AMF may request for UE Unreachability Period estimate from the NWDAF. If the NWDAF has got sufficient history of UE trajectory and the ephemeris of the satellite constellation, it returns UE Unreachability Period estimate to the AMF.

Editor's note:
NWDAF information to be used for the service gap estimate is TBD.
4.
AMF stores the Unreachability Period as part of the UE context in AMF and considers the UE as "not reachable" during that period. The AMF echoes back the UE requested Unreachability Period to acknowledge it has taken notice of it.


Any procedures that apply on UE that is not reachable due to e.g. MICO mode or eDRX, apply also during Unreachability Period, so that the AMF does not page the UE, notifies the UE reachability as "unreachable" to those NFs that have subscribed to UE reachability notifications. Extended DL data buffering in the CN applies if it is supported in the network.


The AMF assigns a Periodic Update Timer that allows the UE to omit periodic updates until the next foreseen connectivity period.

5.
UE is not reachable due to coverage gap caused by discontinuous coverage. If the UE finds coverage before the end of Unreachability Period, it may initiate UL signalling or send UL data. The UE may initiate an additional registration update procedure if it finds unpredicted coverage before the end of Unreachability Period.

6.
DL data targeted for the UE arrives while the UE is not reachable due to discontinuous coverage.

7.
Upon receiving DL Data Notification, the SMF requests DL data transfer from the AMF

8.
The AMF knows based on Unreachability Period received from the UE in step 2 in the previous registration procedure that the UE is not reachable. The AMF includes the corresponding Estimated Maximum Wait time as specified in clause 4.2.3.3 of TS 23.502 [3].

9.
If extended DL data buffering is supported in the SMF, then the SMF initiates data DL data buffering as specified in TS 23.502 [3]

6.6.3
Impacts on services, entities and interfaces
This solution impacts the following system entities.

AN:

-
Capability to send satellite ephemeris to the UE.

Remote UE:

-
Capability to determine Unreachability Period based on the satellite ephemeris information.

-
Capability to indicate the Unreachability Period in Registration Request.

AMF:

-
Capability to consider UE as unreachable after negotiating Unreachability Period.

-
Optionally, acquiring better UE reachability estimate from NWDAF.

NWDAF:

-
Capability to determine UE unreachability period based on satellite constellation and whatever UE history information might be available.

*** End of the changes ***
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