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Abstract of the contribution: The contribution proposes a solution to KI#2: Support of Store and Forward Satellite operation
Introduction
This contribution proposes a solution for UE reachability estimation and re-estimation for KI#2: Support of Store and Forward Satellite operation.
Discussion
The proposed solution defines a new network element in the EPC, “UE Reachability Estimator” (URE). URE abstracts all details related to UE reachability and its calculation from Terrestrial Network Elements and provides on demand UE reachability information to terrestrial network elements. The provided UE reachability information includes the candidate satellite, which can store the DL data and forward to the UE in shortest possible time along with time window, UE location information etc.
Proposal
A solution is proposed for KI#2 for incorporation in the FS_5GSAT_ARCH_Ph3 TR23.700-29.

*** Start of changes (all new text) ***
6.X	Solution #X: UE reachability estimation
[bookmark: _Toc97036719][bookmark: _Toc101526146][bookmark: _Toc104882844][bookmark: _Toc113425992][bookmark: _Toc117496417][bookmark: _Toc122517639]6.X.1	Key Issue mapping
This solution aims to the resolve the Key Issue #2, " Support of Store and Forward Satellite operation ".
[bookmark: _Toc97036720][bookmark: _Toc101526147][bookmark: _Toc104882845][bookmark: _Toc113425993][bookmark: _Toc117496418][bookmark: _Toc122517640]6.X.2	Description
The URE is a new network element located on ground responsible for estimating which non-terrestrial network element can reach the UE in shortest amount of time possible. The following figure shows a possible architecture, including the URE.


Figure 6.X.2-1: Architecture of EPC including UE Reachability Estimator
[bookmark: _Toc101526149][bookmark: _Toc104882847][bookmark: _Toc113425995][bookmark: _Toc117496420][bookmark: _Toc122517642]6.X.3.1	UE Reachability Estimation (Satellite Location/Coverage Information)
6.X.3.1.1 UE reachability estimation 
The UE reachability is a function of both:
1. UE location (and optionally trajectory and velocity, if available), and 
2. Satellite (MME-NT) location, velocity, and ephemeris. This includes when there is a feeder link between the ground and a SAT and when there is Uu radio connectivity between the SAT and the UE
For a static UE, URE estimates reachability based on the satellite’s ephemeris. A precise “Reachability Schedule” (RS) can be calculated. This RS precisely contains the time and duration during which a UE is reachable by the satellite through which the UE is reachable in each time duration and the latest time this satellite has reached the terrestrial core network before covering the UE. 
For UEs in motion, if the trajectory and velocity of the UE are known, the URE takes these into account when constructing the RS. In this case, the RS may include reachability probabilities with each entry. The RS can also be more precisely constructed if the UE trip plan is known to the URE.
6.X.3.1.2 URE and MME-T interaction and use-cases
An MME-T that would like to know when a given UE is reachable interrogates the URE for this UE. The URE responds with the earliest possible “UE Reachability Time”, “UE Reachability Duration” and candidate Satellites (MME-NT). There are several use cases where an MME-T may interrogate the URE, for example:
1. to set a timer for a NAS procedure of a satellite-served UE,
2. to determine when to send messages (signaling, data, SMS) to the UE, or 
3. during NAS procedures, the MME-T may take “UE Reachability Time” into account when assigning the NAS timer values (such as Periodic Update Timer and/or T3510 attach timer).
As a response to a MME-T’s interrogation, the URE replies with the earliest possible “UE Reachability Time” and “UE Reachability Duration”. As an option, more than one alternative might be provided, e.g. “UE Reachability Time 1” and “UE Reachability Duration 1” via satellite 1, “UE Reachability Time 2” and “UE Reachability Duration 2” via satellite 2, etc. 
Based on network configuration/policies and the interrogator MME-T, the URE may include additional information in its response as the SAT-ID and/or the IDs of some or all MME-NTs serving the UE during the provided reachability time and duration.
6.X.3.1.3 Reachability Modes
The information provided in the URE response to the terrestrial network element varies depending on a selected “Reachability Mode” (RM). The RM determines how the UE is reachable; for example, “Same SAT Mode” (SSM), “Any SAT Mode” (ASM) or “Fastest Reachable Mode” (FRM) (via inter-SAT link). 
“Same SAT Mode” (SSM) assumes that the same satellite that has received a request from a UE would be the same satellite to reply to the UE. It can also be assumed that the same satellite through which the UE registered to the network would be the satellite to use for MT signalling or MT data.   
The “Any SAT Mode” (ASM), assumes that the UE will be reached by the first satellite that can cover this UE and that will have a feeder link to the terrestrial core network between the time of interrogation and before the satellite covers the UE.
The “Fastest Reachable Mode” assumes the UE needs to be reached and delivered the message as soon as possible.
Query parameters from MME-T towards URE:
· UE identity
· optional: UE location (e.g. TAI of static UE or UE location coordinates using e.g. GNSS)
· Reachability Mode(s)
· optional: expected UE travel route if available
· optional: satellite constellation ID or satellite operator ID (if not provided, a default constellation (configured) to be assumed)
· Storage quota per constellation/per satellite/geography/PLMN

If the user location is not available in the request to the URE, the URE service needs to determine the user location, e.g. by querying the HSS, 
· the HSS may provide an optional satellite constellation ID or satellite operator Id if the serving MME of the UE has registered this information onto HSS.
· assuming the last known TAI: registration area (set of TAI(s))  and gets also registered in HSS, for UEs registered via a S&F NTN RAT -Radio Access Type-  (this may correspond to UE(s) with specific subscriptions that may benefit from satellite with S&F feature), the URE gets the location information from HSS
Otherwise, the URE may need to fetch location information from MME. This registration area will help in getting constellation/satellite information that is currently covering that region. The MME-T can also provide expected UE behaviour information. URE can take that into consideration to assume UE’s current location.
The URE based on the satellite constellation ID or satellite operator ID, on the UE location (last known TA/ registration area) and on its knowledge of the satellite ephemeris determines
a. The time and duration (time window Tw1) at which MME-NTs are capable of serving a given UE is reachable (contactable via feeder link).
b. A subsequent time window (Tw2) through which the UE is reachable by these MME-NTs (when the UE has satellite coverage).
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688]6.X.4	Impacts on services, entities and interfaces
MME-T:
· New interface towards URE to fetch UE reachability estimates
HSS:
· Optional interface from URE to HSS for retrieving last known location
*** END of changes ***
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