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Abstract of the contribution: This contribution proposes in a new solution architectural enhancements in 5GS to enable the UE to implement solutions for Key Issues#1 and KeyIssues#2 of TR 23.700-28
Discussion 
To address Key Issue#1 and Key Issue#2 as defined in TR 23.700-28, several solutions in TR 23.700-28 assume that the UE has knowledge about the satellite constellation motion to anticipate potential discontinuity of coverage. 
In Rel17, this knowledge is based on the broadcast of serving and neighbours satellite ephemeris, with some assistance data, including orbital and satellite footprint parameters. 
Knowledge of such data 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 in footprint area of a satellite to be able 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, for fix and moving cells, and to integrate maintenance operations and the management of faults and errors. The network, in collaboration with the satellite management system, can produce more reliable and complete information to verify future coverage for a UE. 
Rather than broadcasting several parameters and let the UE make its own prediction of discontinuity, which may not be reliable and not optimum in power saving perspective (because UE has to make computation extrapolations), in the solution, the Core Network (AMF) has access to a service able to predict and verify future coverage for a UE. The service is taking into account all parameters as above, and the NAS layer is used between UE and AMF to deliver discontinuity information to the UE, optimized in term of data size, not requesting any additional bearer setup, and compatible to all 5G UEs.  
Proposal

It is proposed to update TR 23.700-28 as follows:
**** First Change ****
6.0
Mapping of solutions to key issues

Editor's note:
This clause describes the mapping between solutions and key issues.
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*** Next Change (all new text) ***

6.X
Solution #X: Solution with event list coverage information over NAS 
6.X.1
Description.
This solution proposes that the UE requests, using existing NAS signalling messages, coverage information from the core network, specifying in the request a trajectory or area of geographical evolution (type of shape), as well as a sampling distance and a study time. The core network will return projections of coverage for sampled positions, with corresponding locations, timing elements, and coverage type information, under the form of coverage event list, for study time duration.   
In 5GS, it is also possible for the UE trajectory forecast to be provided directly to the core network by external server via NEF or via NWDAF. In this hypothesis, the AMF will push coverage information over NAS to the UE supporting the feature. 
It is also possible that coverage information can be provided for any RAT type, not only satellite NG-RAN. 

Following Figure illustrates a simple scenario for providing coverage events over NAS, with following steps:


Figure 6.X.1-1: illustration of the solution for Type of shape = trajectory
At T=T0, the UE, in any NAS request (e.g.: REGISTRATION REQUEST, PDU SESSION ESTAB…) provides its current location P0 and future points in its trajectory or evolution zone P1, P2, P3 … together with a sampling distance, a study period, and an indication of type of shape (trajectory or evolution zone). 
If UE knows it future trajectory, it will indicate type of shape = trajectory and the AMF/MME will define sampled points {Q0, Q1, …, Q6} along this trajectory as illustrated in Figure 6.X.1-1. 
If UE only knows a possible evolution zone, the provided list of points defines a polyhedron and the AMF/MME will sample points in two dimensions inside the polyhedron, considering sampling distance on 2 axis (e.g. X, Y), as illustrated in Figure 6.X.1-2.

Figure 6.X.1-2: illustration of the solution for Type of shape = evolution zone
When receiving the request, the AMF/MME contacts a server to get current coverage information and coverage information forecast for the study period on the sampled {Q0, … , Qn} list of points.  In the simple scenario here, depicted in Figure 6.X.1-1: 
At T=T0, situation is that all sampled positions {Q0, Q1, Q2, Q3, Q5, Q6} are under coverage

At T=T1, forecast is that Q3 and Q4 will lost LEO coverage, respectively cell identifier X and Y 

At T=T2, forecast is that Q4 will recover a LEO coverage, on cell identifier Z.
Coverage information returned to the UE in NAS downlink message, e.g.: REGISTRATION ACCEPT (or UE CONFIGURATION UPDATE in 5G) will then be the following, under the form of event list:
· Q0 (POS=LAT, LONG, ALT); GNSS time = T0; EVENT TYPE= COVERAGE LEO; CELL ID =W 
· Q1 (POS=LAT, LONG, ALT); GNSS time = T0; EVENT TYPE= COVERAGE LEO; CELL ID =W 
· … 
· Q3 (POS=LAT, LONG, ALT); GNSS time = T1; EVENT TYPE= LOST COVERAGE LEO; CELL ID =X 

· Q4 (POS=LAT, LONG, ALT); GNSS time = T1; EVENT TYPE= LOST COVERAGE LEO; CELL ID =Y 

· Q4 (POS=LAT, LONG, ALT); GNSS time = T2; EVENT TYPE= RECOVER COVERAGE LEO; CELL ID =Z 

In the above scenario of the solution, the AMF/MME contacts a server to get coverage information forecast as defined above. It is also (optionally) part of the solution, in 5GS case, that a new Coverage Map management Network Function is defined and integrated in the SBA/SBI 5GC architecture, to take benefits of this architecture and normalize the AMF interface definition through new NF APIs: Ncmnf_communication and Ncmnf_EventExposure.


Figure 6.X.1-3: New Coverage Map Network Function integrated in SBA/SBI

In this (optionally) part of the solution, the AMF requests coverage event list to the CMNF, providing in the request the parameters received from the UE in NAS message, or alternatively the parameters received from external AF trough NEF or received from NWDAF. The CMNF provides coverage event list in response, and AMF routes back the event list to the UE in NAS downlink message.  

The AMF can also subscribe any changes about coverage information for a trajectory or an evolution zone parameter set. In this mode, the CMNF periodically re-evaluate coverage for the sampled positions and manages the event list during the study period, generating a notification with new list in case new events are foreseen or occur during the period. In this case, AMF receives notification from CMNF and generates a UE CONFIGURATION UPDATE message to the UE with the refreshed event list. 
Alternatively, if CMNF is not introduced in SBA, the AMF could request coverage event list to another server and route back the returned event list to the UE in NAS downlink message.  This would be out of scope of 3GPP.
6.X.2
Procedures

6.X.2.1
Coverage information provided to UE using NAS signalling 
Note: for the clarity of the illustration, example of 5G REGISTRATION procedure is taken, but other NAS procedure like PDU SESSION in 4G or 5G could be used.

Figure 6.X.2-1-1: sequence chart based on registration procedure.

1. The UE sends a Registration Request to the serving AMF (e.g. for an initial registration, periodic registration or registration update) and includes a list of points, the type of shape, a sampling distance, a study period.
2. AMF performs usual procedures as per TS23.501/23.502

3. In coordination with a Coverage map server, the AMF determines the list of coverage events for all the positions sampled with the sample distance and for a future period of study period. 
4. The coverage event list for sampled positions, including coordinates and absolute time stamp,  type of coverage event (lost, recover), type of coverage (LEO/MEO/GEO/terrestrial), cell identification is returned 

Alternatively, the UE CONFIGURATION UPDATE message can be used after the NAS procedure:

 
Figure 6.X.2-1-2: sequence chart based on UCU
6.X.2.2
Coverage information retrieved by AMF from CMNF 
If the coverage map server is included in the SBA/SBI architecture, through a new Network Function here called CMNF, then it is possible to define in the scope of 3GPP the interface between AMF and CMNF.  

Following sequence illustrates the request/response mode:




Figure 6.X.2-2-1: sequence chart for SBA/SBI request /response mode
1. The AMF request CMNF service using Ncmnf_communication API that needs to be defined, together with CMNF network function in TS 23.501, TS 23.502 according TS 29.500 guidance, including list of points; type of shape; sampling distance; study period 

2. Response from the CMNF including Coverage event list for and with sampled positions
Following sequence illustrates the subscribe/notify mode:


Figure 6.X.2-2-2: sequence chart for SBA/SBI subscribe /notify mode
1. The AMF request CMNF subscribe for notifications using Ncmnf_EventExposure API that needs to be defined, together with CMNF network function in TS 23.501, TS 23.502 according TS 29.500, including List of points; type of shape; sampling distance; study period
2. (and 4) During all the study period, if CMNF detects a change on coverage for the sampled positions compared to what was previously provided, then the CMNF notifies the AMF with the new list. 

3. (and 5) The AMF inform the UE about the new list using UCU message. 
6.X.3
Impacts on existing nodes and functionalities

UE:

-
Determines its future trajectory or evolution zone for a given study period in the future.

- 
Determines the sample distance defining the accuracy of coverage information.  

- 
Using NAS, send to AMF/MME above elements and retrieve coverage information event list. 
-
Analyses the list and adapt power saving mechanisms, e.g.: setting up ad-hoc parameters, MICO Active time, Periodic registration timer, eDRX, other (e.g. as proposed in other solutions) according the predictions.
AMF/MME:

-
Act as interface between UE and server/CMNF 
- 
(for CMNF) subscribe for notifications, according configuration. 

Server/CMNF:

-
Receive a request for coverage data from AMF/MME.
-
Perform Sampling and determination on the coverage info event list, return the list to requester. 
-
(for CMNF) perform regular evaluation of the coverage information for sampled positions, generates a notification of the list to subscriber if new event is detected.

6.X.4
Solution evaluation
The solution proposes an alternative way to provide accurate coverage information to the UE, information that can be shared between UE and Core Network and that can be used in other solution to solve KI#1 and KI#2.
Using event list to describe future coverage information has several advantages compared to provision of satellite orbital data using SIB:

- A UE is not required to perform any complex calculation to determine expected coverage.
- The coverage events are managed in real time based on satellite operator knowledge of full constellation and radio cell planning and by the way is more reliable and complete than information computed in UE based on orbital and satellite footprint parameters only. 
- The coverage events can be provided for terrestrial RATs as well as satellite RATs, which may assist in areas where terrestrial coverage is partially available. 
Using NAS instead of user plan as several advantages:

- NAS layer is compatible to all UE types (full IP stack, constrained devices…)

- Intrinsically does not require additional signalling to setup a data bearer.  
- Synchronizes the UE and the CN for the management of discontinuous coverage. 
In optional part of the solution, defining a dedicated CMNF in the 5GS as several advantages, inherent to SBA/SBI architecture:
- Standardization and mutualisation of the CMNF interface for all other Network Function (e.g.: AMF). 
- Possible reuse of coverage information for other uses cases (e.g.: PWS, external AF interface through NEF…).

- Centralization of the coverage information in a single point, in relation with network O&M and Satellite Network Control Center.

- Security

- Integration into NF virtualization policy and life cycle management
- Integration into slicing policy

**** End of Changes ****
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