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[bookmark: _Toc2086433][bookmark: _Toc76547865][bookmark: _Toc144371482]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 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: _Toc507354338][bookmark: _Toc76547866][bookmark: _Toc144371483]1	Scope
The present document is a technical report which identifies the SA1 requirements and the potential vertical requirements for location services and proposes the application architecture requirements, key issues, and solutions to address the enhanced location capabilities based on the current vertical application enabler (e.g. SEAL).
The study takes into consideration the existing SEAL architecture specified in 3GPP TS 23.434 [9], the Core Network exposure specified in 3GPP TS 23.501[6] and 3GPP TS 23.502 [7], the 5GS location services as defined in TS 23.273[5], etc. to investigate how to support the enhanced location services in application layer. 
Furthermore, the study also provides recommendations for the normative work.
[bookmark: references][bookmark: _Toc76547867][bookmark: _Toc144371484]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 22.071: "Location Services (LCS); Service description; Stage 1".
[4]	3GPP TS 23.271: "Functional stage 2 description of Location Services (LCS)".
[5]	3GPP TS 23.273: "5G System (5GS) Location Services (LCS); Stage 2".
[6]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[7]	3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
[8]	3GPP TS 29.572: "Location Management Services; Stage 3".
[9]	3GPP TS 23.434: Service Enabler Architecture Layer for Verticals (SEAL); Functional architecture and information flows.
[10]	3GPP TS 38.305: "Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN".
[11]		3GPP TS 29.522: "5G System; Network Exposure Function Northbound APIs"
[12]	3GPP TS 23.222: "Functional architecture and information flows to support Common API Framework for 3GPP Northbound APIs; Stage 2".

[bookmark: definitions][bookmark: _Toc76547868][bookmark: _Toc144371485]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc76547869][bookmark: _Toc144371486]3.1	Terms
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.
[bookmark: _Toc76547870][bookmark: _Toc144371487]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc76547871][bookmark: _Toc144371488]3.3	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].

AF	Application Function
API	Application Programming Interface
CAPIF	Common API Framework for northbound APIs
FLF	Fused Location Function
FLS	Fused Location Service
GMLC	Gateway Mobile Location Centre
LCS	LoCation Services
LMC	Location Management Client
LMS	Location Management Server
NEF	Network Exposure Function
SCEF	Service Capability Exposure Function
SEAL	Service Enabler Architecture Layer for Verticals
SEAL-UU	Service Enabler Architecture Layer for Verticals, Universal UE-network interface
VAL	Vertical Application Layer

[bookmark: _Toc144371489]4	Architectural requirements
Editor's Note:	This clause will describe the architectural requirements.

[bookmark: clause4][bookmark: _Toc76547872][bookmark: _Toc144371490][bookmark: _Hlk75185868]5	Key Issues
[bookmark: _Toc144371491][bookmark: OLE_LINK1][bookmark: OLE_LINK2]5.1	Key Issue #1: Support of Geofencing
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Geofencing is a type of location-based marketing and advertising. A mobile app or software uses e.g. the Global Positioning System (GPS), radio frequency identification (RFID), Wi-Fi or cellular data to define a virtual geographical boundary and trigger a specific alert or push notification when a device enters or exits that boundary. This boundary is known as a geofence. Furthermore, Geofencing also has a widespread use in the industrial field.
In Rel-17 and Rel-18, the Location Management architecture and functional model in SEAL have introduced and supported the “Monitoring Location Deviation” and “Location area monitoring” functions and procedures. However, they are still cannot fulfil the requirements for Geofencing. For example, how to trigger the location alert or push notification to users in case a device enters or exits the boundary which has been established before.
So to support the Geofencing which is one of value-added location services, the following aspects need to be studied:
- How to provision/update/revoke the Geofencing services.
- How to trigger the location alert or push notification to VAL UEs/users.
- How to support the above identified functions based on the functions and procedures as defined in the SEAL-LM and/or other application enabler architecture.
[bookmark: _Toc144371492][bookmark: OLE_LINK15][bookmark: OLE_LINK16]5.2	Key Issue #2: Support of history tracing request or playback
Activity history can help keep track of the things you do on your device, such as the apps and services you use, the files you open, and the websites you browse. 
In the enterprise, the role of history tracing is mainly reflected in management and event backtracking. In the current positioning system for personnel safety management, the historical track function is one of the more important functions besides real-time positioning, and its main functions are embodied in personnel management and event backtracking. For example, when and where the inspection personnel perform the inspection work, they can view it through the historical behavior track combined with the video system. The positioning system will also provide the inspection route planning function, which can better assist the inspection work in management. According to the historical track, it can achieve job supervision and ensure that the work flow conforms to the job management standards.
In Rel-17 and Rel-18, the Location Management architecture and functional model in SEAL has introduced and supported the retrieval of the UE location report in real-time or based on the event-triggered in the LM server. However, it doesn’t support the history tracing request or playback which is very important and useful both for the individuals and companies. 
To support the history tracing request/playback which is one of value-added location services, the following aspects need to be studied:
- How to provision/update/revoke the history tracing request/playback service.
- Whether and how the existing application enablers support the above functions.
[bookmark: _Toc144371493][bookmark: OLE_LINK13][bookmark: OLE_LINK14]5.3	Key Issue #3: Location QoS improvement 
The 3GPP TS 22.261 [2] has specified low latency and high accuracy positioning requirements of 5G for the support of V2X, Rail communication, etc. And the 3GPP TS 22.104[x] also has specified low power, high accuracy positioning use cases and example scenarios for Industrial IoT devices. These applications all request the location requirements with high-level/strict LCS QoS that the 3GPP system should meet. 
According to 3GPP TS 23.273[5], the LCS Quality of Service is characterized by 3 key attributes: LCS QoS Class, Accuracy, and Response time. Based on TS 22.071[3], the Accuracy and Response time are application driven and can be negotiated between the 3GPP network and the application server. 
To improve the LCS QoS, the 5G-enabled Fused Location Service (5GFLS) has been studied in SA6 Rel-18 to aggregate the UE location information from multiple data sources. And  the Application Data Analytics Enablement Service(ADAES) also studied how to enable application layer analytics enablement to allow a VAL server to be notified based on analytics whether the accuracy of a location can be met for a given application and optionally for a given UE/group route.
Besides, some additional positioning methods (e.g. Ranging, UE location report via user plane, GNSS assistance, etc.) have been introduced and specified in TS 23.273[5] to further improve the LCS QoS that the existing application enabler should consider utilizing to meet the strict LCS QoS requirements from vertical applications. 
To further improve Location QoS, especially for location accuracy and latency (service response time) in application layer, the following aspects need to be studied:
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]-	How to provide more accurate UE location reports and/or reduce the service latency (service response time) to VAL server utilizing the existing positioning methods.
-	How to improve the LCS QoS based on the procedures and functions as defined in the current SEAL-LM architecture and/or other related application enablers if needed.
[bookmark: _Toc76547875][bookmark: _Toc144371494][bookmark: _Toc440360446][bookmark: _Toc507354358]6	Solutions
[bookmark: _Toc440360447][bookmark: _Toc507354359][bookmark: _Toc76547876][bookmark: _Toc144371495]6.1	Solution #1:  Target UE Location provided by surrounding UEs.
[bookmark: _Toc440360448][bookmark: _Toc507354360][bookmark: _Toc76547877][bookmark: _Toc144371496]6.1.1	Description
Editor's Note: This clause will provide description of the solution. Sub-clause(s) may be added to capture the details, procedural flows etc.
In a vertical case like V2X, UEs can move fast and obtained UE location information from SEAL LM service can be further enhanced with more data source to improve accuracy. If a UE is temporarily out of RAN coverage or served by congested RAN, indirect location retrievel via surrounding UEs via D2D methods is also beneficial. 
In the following figures, for illustration purpose, the LM client 1 is in UE 1 which is a target UE, and LM client 2..n are in UE 2..n correspondingly which are close to UE 1.
Figure 6.1.1-1 illustrates the high-level procedure of location information subscription request. The same procedure can be applied for location management client and other entities that would like to subscribe to VAL user or VAL UE location information. This procedure is also used for initiating tracking a UE's location. 


Figure 6.1.1-1: Location information subscription request procedure
1-4.	Same as step 1 to 4 of clause 9.3.7 in 3GPP TS 23.434[9]. In addition, the VAL server may request velocity information of target UEs in step 1.
5.	The LM server decides how to retrieve surrounding UEs which may be based on LM client 1 registered positioning method in location service registration. If the LM server decides to use UE-assisted surrounding UE retrieval, the LM server requests the LM client 1 with a surrounding UE retrieval method (e.g. ProSe, BT, WiFi) to provide its surrounding UEs and the LM client 1 responds the LM server with VAL UE/User ID of discovered UEs; otherwise, NW-assisted surrounding UE retrieval is used as described in step 6 and 7.
NOTE:	For ProSe capable UE, the User Info ID defined in 3GPP TS 23.586 [TS23586] can represent VAL user ID.
NOTE:	For Bluetooth capable UE, the Bluetooth MAC address can represent VAL UE ID.
NOTE:	For WiFi Direct capable UE, the WiFi MAC address can represent VAL UE ID.
6.	The LM server derives an appropriate location area (where UE to UE communication is possible) using the location information of UE 1 (determined in step 4) as reference location. If the UE 1 location is last known UE location, the LM server uses UE mobility analytics service from 3GPP CN to derive UE location estimation for UE 1.
7.	The LM server uses 3GPP CN service to obtain all UEs within the derived location area in step 5.
8.	The LM server selects a set of UEs (LM client 2..n) from UEs obtained in step 5 or step 6 based on registered location service information (e.g. positioning method) from LM client 2..n. Then LM server sends location request to LM client 2..n to obtain UE 1 location including a UE location retrieval method (e.g. PC5 SEAL LM, BT, WiFi). For LM client 2..n, if the UE location retrieval method is PC5 SEAL LM, UE 1 location information (including velocity) is obtained via off-network procedure as defined in clause 9.5 of 3GPP TS 23.434; if the UE location retrieval method is non-3GPP (e.g. WiFi, BT), UE 1 location information (including velocity) is obtained via the corresponding non-3GPP method in LM client 2..n.
Editor's note: For Pre-release-18 UE (not supporting location service registration), how LM server knows whether obtained surrounding UEs support SEAL LM service is FFS.
NOTE:	Since the target VAL UE ID or user ID is not equal to its own identity, the LM client 2..n trigger UE to UE communication to obtain UE 1 location.
NOTE:	It is assumed that the VAL service user in UE 1 authorizes location information sharing with UE 2..n.
9.	The LM server takes the location information of UE 1 reported by LM client 2..n into consideration to calibrate UE 1 location determined in step 4. 
10.	Same as step 5 of clause 9.3.7 in 3GPP TS 23.434[9]. In addition, velocity of the requested VAL UEs may be included.
NOTE:	The VAL server can use obtained UE location and velocity in application specific ways (e.g. traffic monitoring in V2X).
Figure 6.1.1-2 illustrates the high-level procedure of event-trigger usage of location information. The same procedure can be applied for location management client and other entities that would like to subscribe to location information of VAL user or VAL UE. This procedure is also used for obtaining latest UE's location for tracking purpose.


Figure 6.1.1-2: Event-trigger usage of location information procedure
1-3.	Same as step 1 to 3 of clause 9.3.8 in 3GPP TS 23.434[9].
4-7.	Same as step 5-9 of Figure 6.1.1-1. Either step 4 (UE-assisted surrounding UE retrieval) or step 5 (NW-assisted surrounding UE retrieval) is executed.
8-9.	Same as step 4 to 5 of clause 9.3.8 in 3GPP TS 23.434[9]. In addition, velocity of the requested VAL UEs may be included as part of the location information report.
Editor's note:	How this solution is applicable to the UE in the PLMN coverage is FFS.
Editor's note:	How the existing SEAL LMS procedure can be reused in this solution is FFS.
[bookmark: _Toc144371497]6.1.2	Evaluation
Editor's Note: This clause will provide an evaluation of the solution. 
[bookmark: _Toc76547878][bookmark: _Toc144371498]7	Overall Evaluation
[bookmark: _Toc144371499]7.1	General evaluation
Editor’s Note: This clause will provide a general evaluation for all of the solutions.
[bookmark: _Toc144371500]7.2	Solution evaluation
Editor's Note:	This clause will provide the overall solution evaluation for the specific key issue.

[bookmark: _Toc76547879][bookmark: _Toc144371501]8	Conclusions
[bookmark: _Toc532994046][bookmark: _Toc77252120][bookmark: _Toc144371502]8.1	General conclusions
[bookmark: _Toc532994047]Editor's note:	This clause will provide general conclusions for the study.
[bookmark: _Toc77252121][bookmark: _Toc144371503]8.2	Conclusions of key issue #x
[bookmark: tsgNames]Editor's Note:	This clause will provide conclusions for the specific key issue.
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