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[bookmark: foreword][bookmark: _Toc97287131]
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: scope][bookmark: _Toc97287132]
1	Scope
The scope of this Technical Report is to study further enhancements to the to the 5GC LoCation Services including the following aspects:
-	Investigate potential architectural enhancements to location service (e.g. in scenarios like edge computing, and other), i.e. support Positioning Signalling via user plane.
-	Investigate potential architectural enhancements to location service (e.g. in scenarios like edge computing, and other), i.e. reduction of location service latency, signalling overhead and location estimate exposure.
-	Study how the location services can benefit from NWDAF reporting and how the NWDAF use cases can benefit from location services, e.g. enhanced accuracy in certain UE location or population flow statistics data that require UE locations smaller than TA/cell
-	Study enhancements to support low power positioning (e.g. for RedCap) including the requirements related to low power high accuracy positioning described in TS 22.104 [7].
-	Study necessary enhancement to support regulatory requirement i.e. the network should not notify the UE by any means during the LCS session.
-	Study enhancement to support the Flexible and Efficient Periodic and Triggered Location for UE power saving purpose.
-	In collaboration with RAN, study specific network functionality related to use of Positioning Reference Units (PRUs) as defined by RAN WGs and study how 5GS to support a specific UE (i.e. Reference UE) to improve the accuracy of positioning, and reduce the signalling:
-	Study enhancements to support the location service continuity for UE mobility, i.e. between EPS and 5GS;
-	For 5G with satellite access, in collaboration with RAN, study LCS architectural enhancement to support network verified UE location, and to meet location services related requirements defined in TS 22.261 [8].
[bookmark: references][bookmark: _Toc97287133]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 23.501: "System Architecture for the 5G System; Stage 2".
[3]	3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
[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 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".
[8]	3GPP TS 22.261: "Service requirements for the 5G system".
[9]	3GPP TS 23.288: "Architecture enhancements for 5G System (5GS) to support network data analytics services".
[10]	3GPP TS 23.548: "5G System Enhancements for Edge Computing; Stage 2".
[11]	S3i210282: "LS OUT on UE location aspects in NTN" https://www.3gpp.org/ftp/TSG_SA/WG3_Security/TSGS3_LI/2021_81e-a/Docs/s3i210282.zip.
[12]	RP-213690: "New WI: NR NTN (Non-Terrestrial Networks) enhancements" https://www.3gpp.org/ftp/TSG_RAN/TSG_RAN/TSGR_94e/Docs/RP-213690.zip.
[bookmark: definitions][bookmark: _Toc97287134]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc97287135]3.1	Terms
For the purposes of the present document, the terms given in 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 TR 21.905 [1].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc97287136]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in 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 TR 21.905 [1].
Abbreviation format (EW)
<ABBREVIATION>	<Expansion>
LMF	Location Management Function
LPP	LTE Positioning Protocol
LPPe	LPP extension
LCS	LoCation Service

[bookmark: clause4][bookmark: _Toc21087536][bookmark: _Toc23326069][bookmark: _Toc25934659][bookmark: _Toc26337039][bookmark: _Toc31114286][bookmark: _Toc43392560][bookmark: _Toc43475356][bookmark: _Toc50558960][bookmark: _Toc54940315][bookmark: _Toc54952030][bookmark: _Toc57233478][bookmark: _Toc68068790][bookmark: _Toc97287137]4	Architectural Assumptions and Requirements
[bookmark: _Toc93486477][bookmark: _Toc93529801][bookmark: _Toc97287138]4.1	Architecture assumptions
Editor's note:	This clause will document the general architecture assumptions for the study.
The following requirements should be applicable to further enhancement to the existing 5GC LCS architecture defined in TS 23.273 [5]:
-	The further enhancement to the 5GC LCS architecture should incorporate flexible modular components with open interfaces that facilitate equipment interoperability and the architectural requirements based on evolution of service providing capabilities
-	The further enhancement to the 5GC LCS architecture should be future proof.
[bookmark: _Toc93486478][bookmark: _Toc93529802][bookmark: _Toc97287139]4.2	Architecture requirements
Editor's note:	This clause will document the agreed principles for the study.
The existing 5G LCS architecture is the bases for further enhancement work, with following add on assumptions:
-	Positioning methods may be Access Network specific, although commonalties should be encouraged between Access Networks.
[bookmark: _Toc21087537][bookmark: _Toc23326070][bookmark: _Toc25934661][bookmark: _Toc26337041][bookmark: _Toc31114288][bookmark: _Toc43392562][bookmark: _Toc43475358][bookmark: _Toc50558962][bookmark: _Toc54940317][bookmark: _Toc54952032][bookmark: _Toc57233480][bookmark: _Toc68068792][bookmark: _Toc97287140]5	Key Issues
[bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc509905226][bookmark: _Toc510604403][bookmark: _Toc22214904][bookmark: _Toc23254037][bookmark: _Toc97287141]5.1	Key Issue #1:Architectural Enhancement to support User Plane positioning
5.1.1	Introduction
The key target of this KI is to identify the LCS features and enhancements required to support user plane positioning.
Positioning Signalling via user plane has several benefits, such as:
-	It has a more efficient communication overload with a direct connection from LCS server to UE.
-	It may not require gNodeB, AMF, LMF signalling processing of RRC, NG-AP and HTTP/2 protocol stacks. A single session may handle all the transactions.
-	It can have multiple choices depending on UE support. For example, both 3GPP LPP and OMA LPPe can be possible in positioning methods' choices.
To deploy user plane positioning, it involves the following considerations:
-	Different use cases like emergency/non-emergency, other regulatory cases like lawful interception and MO-LR cases, etc.
-	Different deployment options including centrally deployed or local deployment ,i.e, deployed the edge data network.
-	Whether the solution is end to end or restricted to only certain entities (e.g. UE and LMF, LMF and LCS Client).
For user plane positioning deployment, two options are identified, although other options are also possible:
	Option 1: User plane positioning functionality  (e.g. LMF) in the central network.
	Option 2: The user plane positioning functionality can be deployed "in scenarios like edge computing" of the edge data network to provide positioning in the edge and fits into the architecture in TS 23.548 [10].
This KI is to address architectural changes allowing user plane positioning deployment, including central deployment or deployment at the edge e.g.:
-	Discovery of user plane capability and configuration and selection of PDU Sessions (if needed) to be used for the communication between UE and user plane positioning.
-	Whether and how to enhance existing 5GS LCS architecture or related procedures to support MO-LR, MT-LR, Deferred MT-LR and regulatory-related positioning procedures when user plane positioning is involved.
-	Interaction with legacy LCS call flows and security aspect
-	Requirements on transport protocol e.g., if reliable transport and in sequence delivery is required.
-	Interaction (if any) between user plane and existing control plane solution.
-	User plane as a possible enhancement to control plane.
[bookmark: _Toc97287142]5.2	Key Issue #2: enhanced positioning architecture for NPN deployment
[bookmark: _Toc22214905][bookmark: _Toc23254038][bookmark: _Toc97287143]5.2.1	Description
For NPN network deployments, the following technical issues will be studied:
-	How to realize low latency positioning procedure under NPN deployment.
-	How to realize low complexity positioning procedure under NPN deployment.
-	How to achieve reliable and secure location result delivery and exposure, e.g. UE location not exposed to the public network.
[bookmark: _Toc97287144]5.3	Key Issue #3: Local Area Restriction for an LMF and GMLC
[bookmark: _Toc97287145]5.3.1	Description
In some scenarios, an GMLC and an LMF might be restricted to supporting location services in a local area, i.e. the LMF needs to be selected within the same local area of the GMLC. The objective of this KI is to investigate how to support the local area restriction for GMLC and LMF.
NOTE:	This KI is not applicable to an NPN.
[bookmark: _Toc508693930][bookmark: _Toc43819957][bookmark: _Toc43882472][bookmark: _Toc43882646][bookmark: _Toc43882633][bookmark: _Toc43882459][bookmark: _Toc97287146]5.4	Key Issue #4: Interaction between Location Service and NWDAF
[bookmark: _Toc508693931][bookmark: _Toc97287147]5.4.1	Description
NWDAF can generate different analytics data, e.g. UE mobility analytics, WLAN performance analytics. 5GC NF (e.g. AMF, PCF) can request analytics data from NWDAF for decision making. But whether and how location service can be benefit from NWDAF is not studied yet. For example, whether the existing analytics generated by NWDAF (e.g. WLAN performance analytics) can be used to improve the location service performance, e.g. to assist the LMF to select the positioning method or decide more accurate assistance data?
Furthermore, based on Table 6.7.2.2.1 and Table 6.7.2.3.1 of TS 23.288 [9], the UE location collected and included in the analytics data by the NWDAF is TA or cell. But in some use cases, analytics in granularity of TA or cell level is not sufficient. Considering location service can provide more accurate UE location information, it is needed to study how does the location service provides such information to NWDAF.
To support the aspects above, this key issue will study:
-	How to provide the NWDAF with location information with finer granularity than TA/cell level, e.g. which NF in the location architecture supports the interface to the NWDAF, whether existing location procedures can be re-used or not;
-	Whether existing data analytics generated by the NWDAF can be used to improve location service performance and how, e.g. assist the LMF to select the positioning method, decide more accurate assistance data, reduce signalling cost and delay etc.;
-	Identify use cases where new or existing data analytics from the NWDAF can be used for improving location service performance. Regulatory requirements (e.g. different location accuracy requirements from FCC in different cases) will be taken into account.
NOTE:	Coordinated activities between the study FS_eNA_Ph3 and this study are needed. Any new data analytics agreed as part of this Key Issue that need to be provided by NWDAF need to be studied and agreed in FS_eNA_Ph3.
[bookmark: _Toc97287148]5.5	Key Issue #5: Assistance data provisioning for low power high accuracy GNSS positioning
[bookmark: _Toc97287149]5.5.1 Description
The GNSS assistance data could help reduce UE GNSS receivers' power consumption and increase the position accuracy. Nowadays, UE usually gets the assistance data from internet through user-plane. However, using a user plane based way means that UE must active a PDU Session, which leads to higher power consummation. Moreover, it may not apply to Redcap UEs, as some of them may not support to establish a PDU Session.
The distance between the UE GNSS receivers and GNSS reference receiver should be sufficiently short to make sure the GNSS assist data provided by the reference receiver are valid and accurate. However, GNSS reference receivers are not widely implemented in some countries, which makes it hard to provide high accuracy GNSS positioning service for UE GNSS receivers in some areas.
This key issue aims at studying the possible method to get nearby GNSS assistance data inside 3GPP, to mitigate a lack of implementation of GNSS reference receivers.
The following aspects will be studied:
-	How could the core network (i.e. LMF) get the nearby GNSS assistance data from 3GPP domain to mitigate a lack of implementation of GNSS reference receivers to help reduce power consumption and increase the positioning accuracy?
-	Whether and how existing procedures, protocols or interfaces can be re-used or enhanced to make UE get the nearby GNSS assistance data?
[bookmark: _Toc97287150]5.6	Key Issue #6: UE Positioning without UE/User Awareness
[bookmark: _Toc97287151]5.6.1	Description
There are regulatory cases (e.g. helping with police enquires), in that UE should not be notified by any means during the LCS session. But how to support the requirement has not been considered.
For some IoT or RedCap devices, when power saving is more important than fulfilling the LCS request, how to obtain UE location without notifying the UE especially when UE is in CM-IDLE or RRC_INACTIVE state is also not considered.
To support the requirements above, this key issue will study:
-	Which NF and how to decide not to notify UE/User during the LCS session, e.g. what information is considered to make the decision;
-	Functionality and procedure enhancements to guarantee not to notify UE/User during the LCS session when UE is in CM_CONNECTED, CM_IDLE or RRC_INACTIVE state;
-	What UE location information is provided to LCS Client/ AF to fulfil the LCS QoS when the UE is in CM_IDLE or RRC_INACTIVE state and if the UE is not notified during the LCS procedure.
[bookmark: _Toc97287152]5.7	Key Issue #7: support of Positioning Reference Units and Reference UEs
[bookmark: _Hlk21032560][bookmark: _Toc97287153]5.7.1	Description
Based on RAN WG conclusion in Rel-17, positioning reference units (PRUs) with known locations can enhance the positioning performance. PRUs may be used to assist positioning of UEs by e.g. providing measurement information related to RAN nodes. This key issue aims to study the system level impact to support PRUs.
The accuracy of positioning heavily relies on the number of Line of Sight (LoS) paths, so positioning in the indoor environment is complex, as there are many factors that reduce the possibility of LoS path. It is resource consuming and complicated to deploy sufficient RAN nodes (e.g. pRRUs or gNBs) to provide enough LoS path, considering the complex environment with possible changes. Consequently, a simplified node, referred to as a Reference UE, is required to provide more potential LoS paths for positioning.
The following aspects will be studied for PRUs:
-	What information of the PRUs needs to be obtained by 5GC and how can the 5GC become aware which PRU(s) are available.
-	How can 5GC determine and enable particular (e.g. candidate) PRU(s) from the available PRU(s).
-	How are the location service procedures performed to improve positioning accuracy using PRU(s). This can include using PRUs to assist positioning of one UE or using PRUs to assist positioning of many or all UEs.
The following aspects will be studied for Reference UEs:
-	Whether and how the 5GS can assist with the selection of Reference UE supporting the 5G location services provided to a different UE.
-	The specific entities and mechanisms in the 5GC whose functionality need to be updated to account for the Reference UE operation as part of the location service.
NOTE 1:	Coordination with RAN WG may be required.
NOTE 2:	Whether PRU and Reference UE can be the same entity should be determined during normative phase.
[bookmark: _Toc97287154]5.8	Key Issue #8: support of location service continuity in case of UE mobility
[bookmark: _Toc97287155]5.8.1	Description
For commercial location service, in particular the use case on vehicle(V2X) UE, it is very likely that UE moves between EPS and 5GS, and continuous UE positioning (periodical location service/LDR) is required.
Following UE mobility scenarios are considered under this key issue:
-	UE mobility between EPS and 5GS (bi-direction).
-	UE mobility between NG-RAN node.
The following "Types of Location Request" should be considered in the scope of WT#6:
-	Mobile Terminated Location Request, and in detail covers:
-	Immediate Location Request (Response Time "no delay" and "low delay" are excluded)
-	Deferred Location Request (both periodic location service, and event based location request)
-	Mobile Originated Location Request
The following issues will be studied:
-	How to handle the UE location service context in case of UE mobility (e.g. context in the AMF, MME, LMF, E-SMLC).
-	Configuration update of the positioning information/configuration on the source and target RAN nodes in case of UE mobility.
-	How to enhance the cancellation of the existing positioning procedure in case of UE mobility.
[bookmark: _Toc97287156]5.9	Key Issue #9: Support of Positioning Requirements Related to Satellite Access
[bookmark: _Toc97287157]5.9.1	Description
In Rel-17, the 5GS system has been enhanced to support the service requirements of 5GC with satellite access (in the WID: Architecture aspects for using satellite access in 5G).
In R-17, when a UE is using NR satellite access, in order to ensure to meet the regulatory requirements, the network will verify whether the PLMN selected by the UE is allowed to operate in the country of the UE location based on the UE location information.
Besides, the broadcast TAI(s) and the TAI where the UE is geographically located, if known, will be provided as part of ULI by NG-RAN to the AMF. Using UE-generated location information (e.g. GNSS/A-GNSS) to determine the TAI where the UE is geographically located can be accurate but may be unreliable as has been evaluated by SA WG3.
When UE access 5G via satellite access, some services with regulatory requirements, e.g. emergency calls service and lawful interception, require a trusted/reliable methods to determine with sufficient accuracy the UE location. Any method which relies solely on UE-generated location information may not be reliable unless the information provided by the UE can be verified by the network. But how does the network verify the UE location has not been considered, so this key issue will study:
-	What kind of location information can represent the UE location that meets required accuracy in NR satellite access (e.g. doing verification based on the location information to meet regulatory requirements)?
-	In collaboration with RAN, for the reliability of the location verification by the network for regulated services (LI, emergency) and given SA WG3-LI requirements defined in S3i210282 [11], further study how the 5GC LCS can ensure that network verification of UE location is performed with reliable method, that does not rely solely on UE-generated location information, and the result of such network verification of UE location meets aforementioned requirements;
-	In collaboration with RAN on their work on network verified UE location, study whether existing core network verification mechanisms needs enhancement and conditions (which NF, when, how, etc.);
-	How to further enhance the LCS to verify location services related requirements defined in TS 22.261 [8];
NOTE:	The work of this key issue needs collaboration with RAN. Considering SA WG2 Rel-18 work begins earlier than RAN and RAN will make decision related to the work by RAN#98 as indicated in NR_NTN_enh WID in RP-213690 [12], thus SA WG2 can start discussing solutions first and make conclusion in collaboration with RAN.
[bookmark: _Toc25934674][bookmark: _Toc26337054][bookmark: _Toc31114301][bookmark: _Toc43392575][bookmark: _Toc43475371][bookmark: _Toc50558975][bookmark: _Toc54940330][bookmark: _Toc54952045][bookmark: _Toc57233493][bookmark: _Toc68068805][bookmark: _Toc97287158]6	Solutions
Editor's note:	This clause is intended to document the agreed architecture solutions and a mapping of solutions to key issue(s) in clause 6.0. Each solution should clearly describe which of the key issues it covers and how.
[bookmark: _Toc23326074][bookmark: _Toc25934675][bookmark: _Toc26337055][bookmark: _Toc31114302][bookmark: _Toc43392576][bookmark: _Toc43475372][bookmark: _Toc50558976][bookmark: _Toc54940331][bookmark: _Toc54952046][bookmark: _Toc57233494][bookmark: _Toc68068806][bookmark: _Toc97287159]6.0	Mapping Solutions to Key Issues
Editor's note:	This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping Solutions to Key Issues
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[bookmark: _Toc97287160]6.x	Solution #x: solution title
Editor's note:	Select a solution title that describes the main solution characteristics as to avoid multiple solutions with same or too similar title.
[bookmark: _Toc16839383][bookmark: _Toc23236015][bookmark: _Toc97287161]6.X.1	Introduction
Editor's note:	This clause lists the key issue(s) addressed by this solution, and briefly the main principles of the solution.
[bookmark: _Toc16839384][bookmark: _Toc23236016]
[bookmark: _Toc97287162]6.X.2	Functional Description
[bookmark: _Toc16839385][bookmark: _Toc23236017]Editor's note:	This clause further details the solution principles and any assumptions made.

[bookmark: _Toc97287163]6.X.3	Procedures
[bookmark: _Toc16839386][bookmark: _Toc23236018]Editor's note:	This clause describes procedures and information flows for the solution.

[bookmark: _Toc97287164]6.X.4	Impacts on services, entities, and interfaces
Editor's note:	This clause lists impacts to services, entities, and interfaces.
[bookmark: _Toc16839388][bookmark: _Toc21087547][bookmark: _Toc23326080][bookmark: _Toc25934686][bookmark: _Toc26337066][bookmark: _Toc31114363][bookmark: _Toc43392851][bookmark: _Toc43475650][bookmark: _Toc50559367][bookmark: _Toc54940734][bookmark: _Toc54952449][bookmark: _Toc57233901][bookmark: _Toc68069211]
[bookmark: _Toc97287165]7	Evaluation
Editor's note:	This clause provides an evaluation of the solutions of clause 6.
[bookmark: _Toc68086336][bookmark: _Toc57366387][bookmark: _Toc57209996][bookmark: _Toc55202369][bookmark: _Toc50549061][bookmark: _Toc50557375][bookmark: _Toc50134423][bookmark: _Toc50134079][bookmark: _Toc50130765][bookmark: _Toc97287166]7.x	Key Issue #x: <Key Issue name>
The clause evaluates the solutions for KI#1 as following.
Editor's note:	For each solution, the aspects regarding compatibility with procedures and services in previous release should be evaluated.
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Editor's note:	This clause will capture conclusions from the study.
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