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Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In drafting the TS/TR, pay particular attention to the use of modal auxiliary verbs! TRs shall not contain any normative provisions.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc82004501]
1	Scope
The present document studies and evaluates the application architecture aspects and solutions to address potential new and enhanced location capabilities for vertical application enabler, including the following aspects:
-	Enabling location performance (accuracy, availability and latency) enhancements through combined use and fusion of 3GPP and non-3GPP location technologies at the application layer;
-	Enabling continuity of location services in different environments at the application layer;
-	Identification and configuration of location related requirements (including location QoS) for vertical application services with the use of SA2-defined mechanisms;
-	Architecture enhancement leveraging 5G positioning and location services;
-	Location data handling capabilities (e.g. logging, management);
-	Enhanced efficiency on location service processing (e.g. by leveraging edge computing capabilities); 
-	Enabling value-added location service capabilities exposure to vertical applications;
-	Enhancements on SEAL location management addressing the aspects above.
NOTE:	This study will not duplicate solutions already available in Core Network and RAN.
Editor's Note: The aspects above need to be aligned with the conclusions of the study.
[bookmark: references][bookmark: _Toc82004502]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 22.261: "Service requirements for next generation new services and markets; Stage 1".
[3]	3GPP TS 23.271: "Functional stage 2 description of Location Services (LCS)".
[4]	3GPP TS 23.273: "5G System (5GS) Location Services (LCS); Stage 2".
[5]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[6]	3GPP TS 38.305: "Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN".
[7]	3GPP TS 22.104: "Service requirements for cyber-physical control applications in vertical domains; Stage 1".
[8]	3GPP TS 22.125: "Unmanned Aerial System (UAS) support in 3GPP; Stage 1".
[9]	3GPP TS 22.071: "Location Services (LCS); Service description; Stage 1".
[10]	Open Mobile Alliance, OMA AD SUPL: "Secure User Plane Location Architecture", (http://www.openmobilealliance.org).
[11]	Open Mobile Alliance, OMA AD MLS: "Mobile Location Service Architecture", (http://www.openmobilealliance.org).
[bookmark: definitions][bookmark: _Toc82004503]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc82004504]3.1	Definitions
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
For the purposes of the present document, the following terms and definitions given in TS 22.261 [2] apply:
5G enhanced positioning area: see TS 22.261 [2].
5G positioning service area: see TS 22.261 [2].
For the purposes of the present document, the following terms and definitions given in TS 23.271 [3] apply:
Current Location: see TS 23.271 [3].
LCS Server: see TS 23.271 [3].
Location Estimate: see TS 23.271 [3].
Velocity: see TS 23.271 [3].
For the purposes of the present document, the following terms and definitions given in TS 23.273 [4] apply:
LCS Client: see TS 23.273 [4].
For the purposes of the present document, the following terms and definitions given in TS 23.501 [5] apply:
5G Access Network: see TS 23.501 [5].
5G Core Network: see TS 23.501 [5].
5G System: see TS 23.501 [5].
NG-RAN: see TS 23.501 [5].
[bookmark: _Toc82004505]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
GMLC	Gateway Mobile Location Centre
LCS	LoCation Services
LDR	Location Deferred Request
LMF	Location Management Function
LPP	LTE Positioning Protocol
MO-LR	Mobile Originated Location Request
MT-LR	Mobile Terminated Location Request
NI-LR	Network Induced Location Request 
SLP	SUPL Location Platform
SUPL	Secure User Plane Location
TNAN	Trusted Non-3GPP Access Network
UNAN	Untrusted Non-3GPP Access Network
[bookmark: clause4][bookmark: _Toc82004506]4	Architectural assumptions and requirements
[bookmark: _Toc82004507]4.1	Architectural assumptions
For discussions of architecture aspects of application enablement in this document, the following architectural assumptions apply:
 -	The positioning methods include the standard positioning methods supported for NG-RAN access as specified in clause 4.3 in 3GPP TS 38.305 [6], and the positioning methods supported for non-3GPP access as specified in clause 5.3.1 in 3GPP TS 23.273 [4].
-	The source of location may include other standard location service (non-3GPP location service of e.g. OMA) from the third party.
-	The PLMN operator must be able to protect user location data and privacy when the application enablement architecture is within the PLMN operator domain.
[bookmark: _Toc82004508]4.2	Architectural requirements
Editor's Note:	This clause will describe the architectural requirements.

[bookmark: _Toc82004509]5	Key issues
[bookmark: _Toc82004510]5.1	Key issue #1: Architecture enhancement of application enablement for location
The 3GPP TS 22.261 [2], 3GPP TS 22.104 [7], 3GPP TS 22.125 [8] have specified high accuracy positioning requirements of 5G for the support of various vertical applications. The major aspects of the study are the support of fusion or combination of different location technologies and the value added location capabilities at the application enabler, so that to enable the enhanced performance and meeting the vertical's needs.
It should be studied whether and how the SEAL location-related architecture enhancement or new architecture model is needed based on evaluations of existing location management architectures, functional entities and capabilities with following aspects:
-	Functional entit(ies) supporting the combined use and fusion of different location technologies at the application layer;
-	Architecture enhancement addressing the consideration of flexibility, scalability and reliability;
-	Support for high-accuracy positioning based on LCS and 5G network exposure;
-	Providing value-added location servicies to accommodate new service requirements and the evolving application enablement capabilities;
-	Architecture aspects that make sure UE provided location is not spoofed;
-	Architecture aspects that comply with local, national, and regional location privacy requirements.
The MNO may deploy both LCS and SUPL due to deployment and cost considerations while achieving consistent location performances. It is for further study:
-	The possible application layer architectural models to support both SUPL and LCS.
-	The potential scenarios that LCS and SUPL location towards the same target UE are received by application layer at the same time.
-	The architectural aspects to support selection or coordination between LCS and SUPL at the application layer when both location services are supported. 
[bookmark: _Toc82004511]5.2	Key issue #2: Support of LCS QoS
According to 3GPP TS 23.273 [4] and 3GPP TS 22.071 [9], the LCS QoS which is characterised by LCS QoS Class, Accuracy and Response Time may be required by the application (LCS client) for location requests. For certain LCS services the LCS QoS Class is non-negotiable.
To support the LCS QoS the following aspects need to be studied:
-	How to support invocation of LCS service (as defined by SA2) with a required LCS QoS, including how and when the LCS QoS attributes are specified in an application scenario, and how to potentially use the LCS QoS attributes differently for different vertical scenarios;
-	How to support the identification of an appropriate LCS QoS requirement between all interested parties.;
-	How to potentially retrieve the continuity and consistency of LCS QoS for the vertical applications;
-	How to potentially support the negotiation of required LCS QoS that is application driven.
[bookmark: _Toc82004512]5.3	Key issue #3: Location service differentiation
Within the core network the LCS client has been categorized (as LCS client type) such that the privacy check, potitioning methods schemes and other procedures can be differentiated.  
Within the application enabler layer there are also the dimensions to distinguish location services so that the service handling (e.g. priority information, service coverage, geographical area and other information used to invoke LCS service, the selection of location source, etc.) is differentiated. Also the location services distinguished based on use cases and regulation need to be considered.
It is for further study:
-	The possible dimensions to distinguish location service in application enabler layer and how to enable the location service differentiation.
[bookmark: _Toc82004513]5.4	Key issue #4: Support for hybrid positioning and location fusion
The location related KPIs of the various use cases, verticals, scenarios and application services (e.g. V2X, IIoT, UAS) not only require varying levels of accuracy (horizontal, vertical, 2D, 3D), but also different location fix latency requirements, availability requirements, speed and heading, etc. 
Depending on the use case (which may be driven by the vertical/ASP needs) different location services may be used to provide hybrid position estimates and the coordination may be needed to combine or fuse location from multiple sources.
The application enabler layer could support possible coordination for location fusion, collecting and processing the location reports from different location services on behalf of the vertical/ASP. Such support capability will require enhancements at the enabler layer and potentially new APIs.
This key issue aims to study:
-	Whether and how the enabler layer could provide support for hybrid positioning and location fusion.
-	Whether and how the enabler layer could support efficiently translating a vertical/ASP requirement to the processing for location collection, combining and fusion based on factors e.g. the application type, environment, capabilities, etc.
[bookmark: _Toc82004514]6	Functional architecture
Editor's Note:	This clause will describe the functional model.
[bookmark: _Toc478400629][bookmark: _Toc7485784][bookmark: _Toc82004515]7	Solutions
[bookmark: _Toc82004516][bookmark: _Toc464463365][bookmark: _Toc475064959][bookmark: _Toc478400630][bookmark: _Toc7485785]7.1	Solution #1: Standalone functional architecture for fused location service
[bookmark: _Toc82004517]7.1.1	Solution description
This solution addresses key issue #1: Architecture enhancement of application enablement for location.
[bookmark: _Toc82004518]7.1.1.1	Functional architecture
The figure 7.1.1.1-1 identifies the architecture of fused location service enabled by 5GS.

 
Figure 7.1.1.1-1:	Functional architecture of fused location service
The architecture is composed of logical function modules that are not necessarily physical entities and can reside in or co-locate with existing application layer entities as appropriate.
In the architecture the fused location service modules can be within the MNO domain or third party service provider domain.
Editor's Note: It is FFS to show the relationship of Fused Location Function with SEAL-LM.
[bookmark: _Toc82004519]7.1.1.2	Functional components and reference points
The Fused Location Function provides location information of the target UE based on positioning or location data retrived from one or multiple location source. It provides normalized description of location data to the application specific server (e.g. of ecosystem partners) through the northbound API.
The 3rd Party Location Service provides the location of a certain location technology (typically the network-based positioning) e.g. Bluetooth.
The Fused Location Client represents the client of target UE providing the UE-based poisitioning.
The NEF (as defined in 3GPP TS 23.501 [5]) exposes location service of 5GC when Fused Location Function is external to MNO domain.
The GMLC (as defined in 3GPP TS 23.273 [4]) provides LCS when Fused Location Function is within the MNO domain.
The SLP (as defined in OMA AD SUPL [10]) provides location of SUPL network.
The interfaces are described as followed:  
FLS-1:	Service-based interface providing location reporting by the Fused Location Client of the target UE.
FLS-2:	Service-based interface providing fused location exposure.
FLS-X:	The reference point is used for location retrieval of the target UE from that 3rd party location service.
NOTE:	The definition of FLS-X is out of scope of this specification. 
Nnef:	Service-based interface as defined in 3GPP TS 23.501 [5].
Le:	Reference point as defined in OMA AD MLS [11].
[bookmark: _Toc82004520]7.1.2	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.
[bookmark: _Toc82004521]7.2	Solution #2: Support of both LCS and SUPL at application layer 
[bookmark: _Toc475064960][bookmark: _Toc478400631][bookmark: _Toc7485786][bookmark: _Toc82004522]7.2.1	Solution description
This solution addresses key issue #1 in respect of application layer support of both LCS and SUPL.
[bookmark: _Toc82004523]7.2.1.1	Architectural models
According to OMA AD SUPL [10], Secure User Plane Location (SUPL) is an Enabler which utilizes existing standards where available and possible, to transfer assistance data and positioning data over a User Plane bearer, such as IP, to aid network and SUPL Enabled Terminal (SET) based positioning technologies in the calculation of a SET's position.
When MNO deploys both LCS and SUPL, the 3GPP TS 23.271 [3] defines the operation of SUPL in EPC, in which the location of SUPL can be retrived from GMLC. The potential interworking of control plane LCS and OMA SUPL both deployed by an MNO is outside the scope of that specification. For 5G LCS the support for SUPL is not defined in 3GPP TS 23.273 [4]. The 3GPP TS 38.305 [6] Annex A (informative) provides an architecture for interworking between LCS and OMA SUPL, in which the location of SUPL is directly exposed from SLP without the involvement of core network entities. 
Consiering the existing specifications regarding architecture aspects of SUPL, the potential architectural models of application layer consisting the location source of LCS and SUPL are shown in figure below.


Figure 7.2.1.1-1. Possible architectural models consisting location source of LCS and SUPL
The potential architectural models includes:
a)	LCS and SUPL locations are exposed by 5GC (from GMLC) through the same interface (Le) to the LCS client which is within the MNO domain.
b)	LCS and SUPL locations are exposed by 5GC (from GMLC) and OMA SLP separately, the LCS client and SUPL agent are within the MNO domain.
c)	LCS and SUPL locations are exposed by 5GC (from NEF) and OMA SLP separately to the AF and SUPL agent that are external to the MNO domain.
[bookmark: _Toc532993748][bookmark: _Toc82004524]7.2.2	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.
[bookmark: _Toc532994036][bookmark: _Toc82004525]8	Overall evaluation
Editor's Note:	This clause will provide evaluations of the solutions.
[bookmark: _Toc532994045][bookmark: _Toc82004526]9	Conclusions
[bookmark: _Toc532994046][bookmark: _Toc82004527]9.1	General conclusions
[bookmark: _Toc532994047]Editor's Note:	This clause will provide general conclusions for the study.
[bookmark: _Toc82004528]9.2	Conclusions of key issue #x
[bookmark: tsgNames]Editor's Note:	This clause will provide conclusions for the specific key issue.
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