
[bookmark: _Toc26265178][bookmark: _Toc26525055][bookmark: _Toc26528660][bookmark: _Toc27898151][bookmark: _Toc17295212][bookmark: _Toc26265181][bookmark: _Toc26525058][bookmark: _Toc26528663][bookmark: _Toc27898154]3GPP TSG-SA WG2 Meeting #154-AH-E	S2-2300668
16 – 20 January 2023, e-Meeting	(revision of S2-230xxxx)

Source:	Qualcomm Incorporated
Title:	Provision of Satellite Coverage Data to a UE and MME/AMF
Document for:	Discussion / Approval
Agenda Item:	9.2.2
Work Item / Release:	5GSAT_Ph2 / Rel-18
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1. Introduction
TR 23.700-28 [1] includes the following conclusions.
	Conclusions in clause 8.1 of TR 23.700-28 [1]

	The conclusions for solutions to the requirements R1, R2 for KI#1 and R5 and R6 for KI#2 are the following:
Principles of system behaviour:
-	NTN MEO/LEO satellite or satellite constellation that provides discontinuous coverage is considered as the satellite access in 5GS and EPS for the power saving enhancement and UE unreachability period can be provided to both the UE and AMF/MME.
-	UE unreachability period provided to the UE and/or AMF/MME shall include either timing information when UE moves out/in of NTN coverage or information on satellite coverage at current and potential future locations of the UE.
-	Both network centric and UE centric procedures are used to determine and coordinate the UE unreachability period. These two approaches are not mutually exclusive, they serve different use cases and they can co-exist in the same network. In Network centric procedure, the AMF/MME determines the PSM parameters taking into account the UE unreachability period. In UE centric procedure, the UE informs the network about UE determined UE unreachability period and/or an indication when leaving/entering coverage.
AMF/MME information retrieval:
-	AMF/MME shall not determine UE unreachability period based on satellite orbit data by itself. The AMF/MME receives UE unreachability period to be used for setting up the power saving parameters or handling mobility management of NTN UE.
-	AMF/MME obtains UE unreachability period information (timing information when UE moves out/in of NTN coverage) from an AF via the NEF/SCEF, from the UE or from OAM. The AMF/MME also takes into account UE location/mobility/trajectory information.
The role of AMF/MME:
-	The AMF/MME configures the UEs mobility management and Power saving mode (PSM) parameters and sends the MICO/PSM parameters to UE before the satellite discontinuous coverage starts.
-	Takes into account the UE unreachability period in order to make sure the UE is in power saving mode if it is leaving network coverage, to avoid attempting to page the UE during this time and that the UE need not initiate NAS procedures excessively frequently compared to the Expected UE behaviour, if known by the AMF/MME.
-	The mobility management and MICO/PSM parameters include:
-	Periodic registration update timer / Periodic TAU Timer,
-	MICO mode with optional Active Time and PS,
-	MICO mode with Extended Connected time (only for AMF case),
-	eDRX parameters.
-	AMF/MME takes the Tracking Area reported by RAN before AN release as the paging area.
-	The AMF/MME sets an implicit detach timer based on the UE unreachability period information to avoid de-registering or detaching the UE when it is in discontinuous coverage.
NOTE:	Whether the UE can be in CM-connected with RRC inactive and the AN release procedure is needed when there is no satellite coverage can be discussed during the normative phase.
-	Optionally, AMF can provide a backoff timer to prevent the UE from sending MO data/signalling while out of coverage.
-	Request the UE to inform AMF/MME about when UE unreachability periods begin and end.
Regarding which information UE has and how UE retrieves it:
-	If possible, accurate UE coverage information is shared with UE, i.e. UE coverage information received from the network with enhanced solution compared to Rel-17.
-	Satellite coverage data may be transferred to a UE from an external server or an AF.
-	Following Rel-17, the UE has satellite assistance information for predication of discontinuous coverage from RAN broadcasts.
Editor's note:	LS need to have feedback from CT1 on whether UP or NAS via an AMF/MME (CP) will be used for the transfer depends on the discussion.



Conclusions highlighted in yellow and green endorse provision of satellite coverage information to an MME and AMF in which UE unreachability periods are pre-determined and do not have to be calculated (e.g. from satellite ephemeris data) by the MME or AMF. Conclusions highlighted in blue and green endorse support of provision of satellite coverage information to a UE with enhancements over what is supported in Release 17. 
Alternatives to support provision of satellite coverage information according to these conclusions are summarized and compared here to determine a preferred solution or solutions.
2. Objectives
[bookmark: _Toc510607461]The following objectives are considered self evident and can be used to evaluate and compare alternative solutions for providing satellite coverage data to an AMF, MME and UE.
Common Objectives
O1:	Reuse and extend existing NFs, SBIs and protocols rather than add new NFs, new SBIs and new protocols
O2:	Avoid changing the scope of existing NFs, SBIs and protocols which are reused
O3:	Enable provision (at least as an option) of coverage data from a satellite operator as the ultimate source of the data
O4:	Enable provision of the same coverage data to both a UE and an MME or AMF to ensure that the UE and network agree on when a UE will be in and out of coverage
O5:	Enable flexible types of coverage information including the following. (Note that these need not all be supported in Release 18.)
		-	Coverage information for a current location of a UE
		-	Coverage information for possible future locations of a UE
		-	Coverage information for an extended period (e.g. 24 hours or 7 days)
		-	Coverage information for a future UE trajectory
	Specific Objectives for Provision of Satellite Coverage Data to a UE
O6:	Minimize CN and RAN impacts (as provision of coverage data to a UE should mainly impact only the UE)
O7:	Enable provision of coverage data to all types of UE
O8:	Enable secure transfer of coverage data to a UE
O9:	Enable UE subscription and charging
O10:	Enable provision of coverage data to both roaming and non-roaming UEs
	Specific Objectives for Provision of Satellite Coverage Data to an AMF or MME
O11:	Minimize UE and RAN impacts (as provision of coverage data to an AMF or MME should mainly impact only the CN)
Observation 1	Objectives O1 to O11 can be used to evaluate and compare alternative solutions for providing satellite coverage data.
3. Alternative Solutions
3.1	Summary of Alternative Solutions
Solutions to support provision of satellite coverage data to an MME/AMF and a UE are already defined in TR 23.700-28 [1]. Table 7.6.3-1 in TR 23.700-28 summarizes the possible sources of coverage data for different solutions in the TR.
Table 1 - TR 23.700-28 Table 7.6.3-1: Source of Satellite Coverage Data defined by Different Solutions
	Solution
	Source of Satellite Coverage Data
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Many of the alternatives in this table can only be intermediate sources of coverage data. The ultimate source would most likely be a satellite operator who could be the only entity with complete and accurate knowledge of both satellite orbits and radio cell coverage areas. Of the sources shown in the table, only an AF or an external server could correspond to (e.g. be owned and operated by) a satellite operator in a general case. There may be cases where an MNO acts as a satellite operator allowing for other types of ultimate source (e.g. a new NF or O&M) but that will not support cases where MNOs make use of separate satellite operators.
The remaining clauses here evaluate the different sources of coverage data shown in the table taking into account that many of these sources can only be an intermediate source.
3.2	Coverage Data Provision from the RAN
The RAN should have accurate satellite orbital data and radio cell coverage data for current time periods in order to support normal operations for UE satellite access – e.g. handover, link switchover, mapping of radio cells to TAIs, approximate UE location, broadcast of orbital data to UEs. But the RAN might not have coverage data for extended future periods or coverage data indicating coverage at particular locations from all satellites and all radio cells rather than from individual satellites and individual radio cells. Such data would have to be provided a long time in advance and either calculated by the source of the coverage data or by the RAN. This would amount to a new set of functions for the RAN which are outside those required for normal operation and imply the following limitations for the objectives in clause 2.
O6:	new RAN impacts are needed to provide coverage data to a UE 
O11:	new RAN impacts are needed to provide coverage data to an MME or AMF
3.3	Coverage Data Provision from an External Server
There are solutions in TR 23.700-28 enabling Coverage Data Provision from an External Server to a UE via user plane. The external server might be treated as an AF without otherwise affecting the solution. Solution #15 defines one solution where the user plane transfer can use HTTPS or SMS (e.g. for an IoT UE) and can be controlled by a separate NAS procedure which enables subscription and charging, where the AMF or MMF first provides the address (e.g. URI) for the external server and an authorization token which the UE then uses to obtain coverage data from the external server, as shown in Figure 1. A UE could instead have a USIM pre-configuration to obtain coverage data from an HPLMN associated external server without needing to obtain a server address and authorization token from an AMF or MME, as shown in Figure 2. However, this would be limiting for a roaming UE, since the HPLMN exernal server might have no satellite coverage data for the VPLMN (or might need to obtain this from a VPLMN associated external server).


Figure 1: Provision of Satellite Coverage Data by an External Server associated with a Serving PLMN


Figure 2: Provision of Satellite Coverage Data by an External Server associated with an HPLMN when roaming
The same user plane transfer procedure might also be used to provide coverage data to an MME or AMF. Most of the objectives in clause 2 can be supported for the solution shown in Figure 1 with the following exceptions:
O1: 	A new HTTPS or SMS based protocol needs to be defined and supported by a UE for UE provision and by an MME and AMF for provision to an MME or AMF
O5:	Flexible coverage information may be restricted with SMS transport (e.g. an SMS message might be restricted to coverage data for just one location)
3.4	Coverage Data Provision from an NWDAF
Solution #21 in TR 23.700-28 describes coverage data provision from an NWDAF. However, many variants and options are included which do not seem to be all needed. Instead, a subset of Solution #21 in which the NWDAF receives coverage data from an AF as the ultimate source of coverage data might be more efficient. This is illustrated below and can reuse existing Nnwdaf and Naf SBI service operations as well as NAS.


Figure 3: Provision of Satellite Coverage Data by an NWDAF
The NWDAF obtains coverage data from an AF (e.g. associated with a satellite operator), stores the data internally and provides coverage data on request to an MME or AMF. Note that provision to an MME could require a Diameter based interface between the MME and NWDAF. The two types of coverage data may be different – e.g. an NWDAF could receive coverage data from an AF for any entire PLMN service area for a long period in advance (e.g. 1 week or 1 month), whereas coverage data requested by and provided to an MME or AMF may concern just one location (e.g. a current location of a UE) and/or a short period in advance (e.g. 12 hours). The MME or AMF can request and obtain coverage data either for its own use or to provide to a UE when requested using NAS. The same Nnwdaf service operations can support both types of request (internal and for a UE). However, for a UE request, the coverage data transfer can be mostly transparent to the MME or AMF by using NAS parameters which are copied transparently by the AMF/MME to or from the Nnwdaf service operations. This could significantly reduce AMF/MME impacts to support provision of coverage data to a UE. Most objectives in clause 2 can be supported with the following exception:
O2:	The scope of an NWDAF is changed to no longer be restricted to providing data obtained using AI/ML
O6:	There is significant CN impact to provide coverage data to a UE (e.g. when coverage data is not needed for an AMF or MME) and a new Diameter interface may be needed to support transfer using an MME
3.5	Coverage Data Provision from an AMF/MME
Solutions #15 and #17 in TR 23.700-28 define procedures for coverage data provision to a UE from an AMF/MME using NAS. The AMF/MME cannot be the ultimate source of coverage data which would have to be one of the other sources shown in the above table. For this reason, coverage data provision from an AMF/MME is only evaluated as part of provision from another source.
3.6	Coverage Data Provision by O&M
O&M can be used to provision all of the other sources of coverage data shown in the above table except an external server or an AF. However, it is evaluated here in the context of provisioning an MME or AMF which would be the most direct form of transfer impacting the fewest number of entities. Coverage data provisioned in an MME and AMF can be used for the MME or AMF as well as being provided to a UE using NAS – e.g. as described for Solution #15 in TR 23.700-28. Most objectives in clause 2 can then be supported with the following exceptions:
O3:	O&M could not normally be the ultimate source of the data, so additional O&M server impacts would be needed to obtain coverage data from an ultimate source
O6:	CN impacts are not minimized when coverage data is provided only to UEs and is not needed by MME and AMFs
3.7	Coverage Data Provision by an AF
Coverage Data Provision by an AF is already part of some alternatives and is evaluated here with respect to providing coverage data from an AF directly to either a UE or an AMF/MME and not via another intermediate entity.
A UE can request and obtain data from an AF for the HPLMN of the UE using Non-IP Data Delivery (NIDD) via an SMF and NEF for 5GC or via an MME and SCEF for EPC. An AMF could also obtain coverage data for its own use from an AF via an NEF. The same could apply to an MME using an SCEF. However, the procedures and transport for conveying coverage data to a UE from an AF would be different to those used by an AMF or MME to obtain coverage data from an AF, which means a more complex solution overall. Most objectives in clause 2 can still be supported with the following exception:
O10:	Provision of coverage data to a roaming UE from an AF associated with a VPLMN would not be possible using the NIDD solution in Release 17, though coverage data could still be provided from an AF associated with a HPLMN
The exception to O10 above would severely limit support of roaming UEs. While a roaming UE might obtain coverage data from an AF associated with its HPLMN, the coverage data might not be the same as the coverage data provided to the serving MME or AMF in the VPLMN, which could lead to inconsistency between UE and network perceived coverage availability. In addition, an AF associated with an HPLMN would probably not be able to provide coverage data applicable to every possible VPLMN with satellite access.
3.8	Coverage Data Provision using a New NF
Solution #17 in TR 23.700-28 proposes use of a new NF but without much detail. However, the solution outlined above for data provision using an NWDAF could be used as the basis as shown below.


Figure 4: Provision of Satellite Coverage Data by a new NF
The new NF could obtain coverage data directly from an AF or via an NEF. A new SBI could be used between an AMF and the new NF and a new Diameter interface could be used between an MME and the new NF. In other respects, the solution can be as described above for an NWDAF. Most objectives in clause 2 can be supported with the following exceptions:
O1:	A new NF and new SBI (AMF) or new Diameter interface (MME) would need to be defined and implemented
O6:	There is significant CN impact to provide coverage data to a UE even when coverage data is not needed for an AMF or MME
Given that coverage gaps may be part of a transition phase to satellite access with continuous coverage, adding a new NF which may later become redundant may be too much new impact.
4. Comparison of Solutions
[bookmark: _Hlk51968268]The following table compares the different sources of coverage data described in clause 3 against the objectives in clause 2. Only objectives that are not supported are shown.
Table 2 – Objectives in Clause 2 not supported by Different Sources of Coverage Data
	Objective
	Source of Satellite Coverage Data

	
	RAN
	External Server
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All solutions have some limitation. Coverage data provision by an AF has only one limitation, but it seems major (provision of coverage data to a roaming UE from an AF associated with a VPLMN would not be possible using the NIDD solution in Release 17). Hence, this solution only seems preferable if the NIDD solution in Release 17 can be extended to support AFs for a VPLMN when roaming. The remaining 5 solutions have 2 limitations each. The limitation for objective O6, which concerns minimizing CN ands RAN impacts for coverage data provision to a UE, applies to 4 of these 5 solutions, and seems also major. The remaining solution for coverage data provision by an external server seems to have no major limitation. This leads to the following proposals.
Proposal 1	If the NIDD solution in Release 17 can be extended to support AFs for a VPLMN when roaming, support provision of coverage data to a UE from an AF using NIDD.
Proposal 2	If Proposal 1 is not possible, support provision of coverage data to a UE using an external server, where the UE may obtain the server address and an authorization token from a serving MME/AMF and then obtains coverage data from the server using HTTPS or SMS.
In the case of an MME or AMF, provision of coverage data from an external server or AF also seems suitable. However, O&M is another possibility as the AMF/MME impact then may be no greater than for provision from an AF or external server. This leads to another proposal.
Proposal 3	Support provision of coverage data to an MME or AMF using one or more of O&M, an external server or an AF
5. Conclusions
The following observations and proposals were made above.
Observation 1	Objectives O1 to O11 can be used to evaluate and compare alternative solutions for providing satellite coverage data.
Proposal 1	If the NIDD solution in Release 17 can be extended to support AFs for a VPLMN when roaming, support provision of coverage data to a UE from an AF using NIDD.
Proposal 2	If Proposal 1 is not possible, support provision of coverage data to a UE using an external server, where the UE may obtain the server address and an authorization token from a serving MME/AMF and then obtains coverage data from the server using HTTPS or SMS.
Proposal 3	Support provision of coverage data to an MME or AMF using one or more of O&M, an external server or an AF
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