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1. Introduction
Solution 1 updates the service provisioning and the discovery procedures of TS 23.558 to allow service provisioning of EES(s) and discovery of EAS(s) that are on-board an NGSO satellite. Clause 7.2.1.1.3 and clause 7.2.1.1.4 use Trajectory ID(s) in the EAS profile and the EES profile respectively indicative of the trajectory of the satellite which the EAS and the EES on boarded. This contribution proposes that the ECS will be able to use the “Expected AC Geographical Service Area” and the UE location to get List of Trajectory IDs from the external satellite service provider or operator server that provided the Trajectory IDs for the EAS and EES. Once it gets the List of Trajectory ID it can use it to provision EES(s) whose Trajectory ID match the one the Trajectory ID in the list. The List of Trajectory ID is also provided to the EEC so that it can also be used in the EAS discovery procedure to discover EAS(s).
2. Reason for Change
The ECS and the EES although they have EES profile and EAS profile respectively which Trajectory ID to help in service provisoning and discovery respectively, how the Trajectory IDs are utilized to provision and discover EES(s) and EAS(s) respectively is still missing in solution 1. This contribution uses the “Expected AC Geographical Service Area” along with its location to find List of Trajectory ID for the UE that matches its planned route during the service provisioning procedure. Once obtained, the List of Trajectory ID is also used during the discovery to find suitable EAS(s).
3. Conclusions
<Conclusion part (optional)>
4. Proposal
It is proposed to agree the following changes to 3GPP TR 23700-01 v0.3.0.


* * * First Change * * * *
[bookmark: _Toc165031163]7.2	Solutions for Application Enablers
[bookmark: _Toc165031164]7.2.1	Solution #1: Satellite edge computing 
[bookmark: _Toc464463366][bookmark: _Toc475064960][bookmark: _Toc478400631][bookmark: _Toc7485786][bookmark: _Toc78314760][bookmark: _Toc165031165]7.2.1.1	Solution description
Editor's Note:	This clause will describe the solution. Each solution should clearly describe which of the key issues it covers and how.
[bookmark: _Toc165031166]7.2.1.1.1	General



Figure 7.2.1.1.1-1: satellite EDN deployment
In this deployment option, ECS is deployed on ground. The UE can be on the ground/sea or in the air (e.g. drone). The  UPF to access satellite EDN is deployed on satellite, EAS and EES are deployed in one or more satellites. RAN (e.g. gNodeB) can either be deployed on ground/sea (e.g. in a ship) and connected to satellite UPF or be deployed on regenerative satellite (see Annex A and key issue #1 in 3GPP TR 23.700-29 [TR2370029]). The 5GS control plane functions (e.g. AMF, SMF) are deployed on the ground, which is not depicted in the figure for simplicity. EASs and their registered EES are deployed on one or more satellites which constitutes an EDN and these satellites’ coverage areas may correspond to an EDN service area. UPF can be deployed on ground to access the ECS, the EEC (in UE) can reach the ECS by EDGE-4 (on ground or via space).
If there are multiple EESs in a satellite EDN, EEC may trigger EAS discovery towards each EES which increases delay due to EDGE-1 interactions. It is recommended to deploy a single EES per EDN to reduce complexity in satellite.
NOTE:	The UPF and RAN deployment are described above for the sake of clarity which is related to EDN on-board satellite (e.g. EDGE-4 path), see also TS 23.501 [23501] clause 5.43.2 and TR 23.700-29 [TR2370029]).
During initial service discovery, the EEC (in UE) contacts the ECS via EDGE-4 (on ground or via space) to find an appropriate EES, then an appropriate EAS instance is selected during EAS discovery via EDGE-1 interaction. Finally, AC (in UE) communicates with the selected EAS.
Editor's Note:	Other deployment options and associated latency aspects are FFS.
[bookmark: _Toc165031167]7.2.1.1.2	Further consideration for service provisioning
An external server responsible for providing satellite availability information for each satellite based on real-time satellite orbit information (e.g. eccentricity, inclination, true anomaly) may exist (e.g. see TS 23.501 [TS23501], Annex Q). During service provisioning, the EEC can provide needed satellite capability information (e.g. satellite frequency bands) to the ECS and the ECS will be responsible to monitor UE location and UE moving prediction, and query the external server(s) to get a list of satellites (each identified by satellite ID) that can service the list of waypoints of the UE, then determine a suitable EES with a matching satellite ID to serve the UE with longest service time in service provisioning. Once the ECS identifies the suitable EES, it responds/notifies the EEC with the EES information. In addition, the corresponding ECS selected satellite ID is sent to the EEC.

[bookmark: _Toc165031168]7.2.1.1.3	EAS discovery for EAS on board satellite
Unlike EAS discovery procedures EAS(s) on the ground, the EAS discovery for EAS(s) on board the satellite could be mobile depending on the satellite they are deployed on: GEO, MEO, or LEO. For GEO satellites, since the satellites are stationary relative to the Earth's surface, the EAS is also static. However, for MEO and LEO satellites, the EAS(s) are mobile as the satellites are moving relative to the Earth's surface. In this case, if the trajectory of the EAS is not considered for the discovery, frequent interruption, ACR, and/or service degradation may be experienced when there is a mismatch between the movement of the UE and the movement of the EAS on board satellite. This can be alleviated by considering the trajectory of the EAS on board satellite during the discovery. This solution is based on the assumption that the actual trajectory calculation for the satellite is performed by the satellite service provider and/or the operator. This trajectory calculation can be based on tlr-based mean orbital ephemeris, instantaneous/osculating ephemeris or any other means as per the satellite provider and/or operator. It is further assumed, the satellite provider and/or operator can also recommend a trajectory pattern that closely matches the planned route of the UE given the planned or expected route of a UE. The EEL does not need to deal with the actual trajectory calculation and only deals with trajectory ID that is provided by the satellite service provider and/or operator. This can be accomplished by adding mobility information and trajectory ID for the EAS in its profile.
1. EAS mobility: to indicate the mobile EASs (EAS on board MEO or LEO satellite) and non-mobile EAS (EAS on board GEO satellite and EAS on-ground)
1. Trajectory ID: to indicate the trajectory of the EAS on board MEO and LEO satellites. 
NOTE 1: It is up to the satellite service provider or operator to associate the Trajectory ID with the actual trajectory of the satellite. The trajectory and position of the satellite can be calculed based on instantaneous/osculating ephemeris versus using TLE-based mean orbital ephemeris. NOTE 2:	The generation of the trajectory ID for the EAS(s) is done by the operator and/or the satellite service provider.
The List of Trajectory ID provided during the service provisioning response as per clause 7.2.1.1.4 can be provided by the EEC in the EAS discovery filters as per TS 23.558 clause 8.5.3.2 table 8.5.3.2-2. The List of Trajectory ID is used by the EES to discovery EAS(s) that match the Trajectory ID provided in the List of Trajectory ID(s). 
[bookmark: _Toc165031169][bookmark: _Hlk163143138]7.2.1.1.4	Service provisioning  for EES on board satellite
Similar to EAS on board a MEO or LEO satellite, the EES will also be mobile when the EES is also on board a MEO or LEO satellite. Therefore considering the trajectory of the EES is important for efficient service service provisioning for selecting EDN matched with movement of the AC hosting UE during the AC’s operation schedule.    
1. EES mobility: to indicate the mobile EESs (EES on board MEO or LEO satellite) and non-mobile EES (EES on board GEO satellite and EES on ground).
1. Trajectory ID: to indicate the trajectory of the EES on board MEO and LEO satellites.
NOTE 3:	It is up to the satellite service provider or operator to associate the Trajectory ID with the actual trajectory of the satellite. The trajectory and position of the satellite can be calculed based on instantaneous/osculating ephemeris versus using TLE-based mean orbital ephemeris. 
NOTE 4:	The generation and assignment of the trajectory ID for the EES(s) is done by the operator, the satellite service provider.
The “Expected AC Geographical Service Area” in the AC profile as in TS 23.558 clause 8.2.2 can be used by the ECS to request the external  server (by the satellite service provider or operator) with list of trajectory IDs that match the UEs planned route and its location. The ECS then uses the list of the trajectory ID for the UE to provision EES(s) by matching the trajectory IDs in the EES profile with the list of the trajectory ID determined for the UE. Furthermore, the list of the trajectory IDs are provided in the service provisioning response to be used for further EAS discovery as per clause 7.2.1.1.3. 
[bookmark: _Toc165031170]7.2.1.2	Architecture Impacts
This solution has no architecture impacts to EDGEAPP. Under the existing EDGEAPP architecture, the service provisioning procedure is enhanced to support different cases in service continuity.
[bookmark: _Toc165031171]7.2.1.3	Corresponding APIs
[bookmark: _Toc165031172]7.2.1.3.1 	EAS Profile, EES Profile and AC Profile for discovery and service provisioning
According to clause 7.2.1.1.x EAS discovery for EAS onboard satellite and clause 7.2.1.1.x Service provisioning for EES on board satellite, the following change is needed in TS 23.558. 
· TS 23.558 Clause 8.2.4 EAS Profile EAS mobility on board LEO or MEO Satellite
TS 23.558 Table 8.2.4-1: EAS Profile
	Information element
	Status
	Description

	EASID 
	M
	The identifier of the EAS

	EAS Endpoint
	M
	Endpoint information (e.g. URI, FQDN, IP address) used to communicate with the EAS. This information maybe discovered by EEC and exposed to ACs so that ACs can establish contact with the EAS.

	EAS Type
	O
	The category or type of EAS (e.g. V2X, UAV, application enabler)

	EAS description
	O
	Human-readable description of the EAS 

	…
	…
	…

	Dynamic service area indication 
	O
	Indicates if the service area is dynamic or not. The service area is dynamic in case of EAS on board a MEO or LEO satellite and not dynamic in case of a GEO satellite.

	Trajectory ID (NOTE 1)
	O
	For mobile EAS, indicates an identifier for that relates to trajectory of the EAS on board a MEO and LEO satellites.  

	…
NOTE 1:	The assignment of the trajectory ID for EAS(s) can be done by the operator and/or the satellite service provider. The trajectory and position of the satellite can be calculed for example based on instantaneous/osculating ephemeris versus using TLE-based mean orbital ephemeris.




· TS 23.558 Clause 8.2.6 EES Profile EES and EAS mobility on board LEO or MEO Satellite
TS 23.558 Table 8.2.6-1: EES Profile
	Information element
	Status
	Description

	EESID 
	M
	The identifier of the EES

	EES Endpoint
	M
	Endpoint information (e.g. URI, FQDN, IP address) used to communicate with the EES. This information is provided to the EEC to connect to the EES.

	…
	…
	…

	Dynamic service area indication
	O
	Indicates if the service area is dynamic or not. The service area is dynamic in case of EES on board a MEO or LEO satellite and not dynamic in case of a GEO satellite.

	Trajectory ID (NOTE 2)
	O
	For mobile EES, indicates the trajectory of the EES on board MEO and LEO satellites.

	…
NOTE 2:	The assignment of the trajectory ID for the EES can be done by the operator and/or the satellite service provider. The trajectory and position of the satellite can be calculed for example based on instantaneous/osculating ephemeris versus using TLE-based mean orbital ephemeris.








· TS 23.558 Clause 8.5.3 EAS discovery request 

TS 23.558 Table 8.5.3.2-2: EAS discovery filters
	Information element
	Status
	Description

	List of AC characteristics (NOTE 1)
	O
	Describes the ACs for which a matching EAS is needed.

	> AC profile (NOTE 2)
	M
	AC profile containing parameters used to determine matching EAS. AC profiles are further described in Table 8.2.2-1.

	…
	…
	…

	List of EAS characteristics (NOTE 1, NOTE 3)
	O
	Describes the characteristic of required EASs.

	…
	…
	…

	> List of Trajectory ID(s)
	O
	List or Trajectory ID(s) that match the trajectory of the UE. This can be in form of concatenation of the Trajectory ID(s).

	NOTE 1:	Either "List of AC characteristics" or "List of EAS characteristics" shall be present.
NOTE 2:	"Preferred ECSP list" IE shall not be present.
NOTE 3:	The "List of EAS characteristics" IE must include at least one optional IE, if used as an EAS discovery filter.
NOTE 4:	When EAS discovery request is sent by the EEC, this IE shall not be included.
NOTE 5:	“Bundle ID" and "List of EASIDs" shall not both be present.



Editor’s Note: Whether and how the Trajectory ID is defined is FFS. 
Editor’s Note: Expected trajectory ID in the AC Profile is FFS. 
[bookmark: _Toc532993748][bookmark: _Toc78314761][bookmark: _Toc165031173]7.2.1.4	Solution evaluation
Editor's note:	This clause provides an evaluation of the solution. The evaluation should include the descriptions of the impacts to existing architectures.

* * * Next Change * * * *
<Proposed change in revision marks>

* * * Next Change * * * *
<Proposed change in revision marks>
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