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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 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: _Toc93486471][bookmark: _Toc97050496][bookmark: _Toc97050710][bookmark: _Toc97050908][bookmark: _Toc97142365][bookmark: _Toc97142471]
1	Scope
The present document …is to study 5GC architecture enhancements to enable Ranging-based services and sidelink positioning for commercial, V2X and public safety use cases in in-coverage, partial coverage, and out-of-coverage of 5G network, which include:
· Authorization and policy/parameter provisioning for a UE or a group of UEs;
· Ranging device discovery and service operation procedures between two UEs, between one UE and multiple UEs or via the assistance of another UE;
· [bookmark: _GoBack]Ranging and sidelink positioning service exposure to a UE or an Application Server who has requested the service
[bookmark: references][bookmark: _Toc93486472][bookmark: _Toc97050497][bookmark: _Toc97050711][bookmark: _Toc97050909][bookmark: _Toc97142366][bookmark: _Toc97142472]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 TR 22.855: "Study on Ranging-based Services".
[3]	3GPP TS 23.287: "Architecture enhancements for 5G System (5GS) to support Vehicle-to-Everything (V2X) services".
[4]	3GPP TS 23.304: “Proximity based Services (ProSe) in the 5G System (5GS)”
[5]	3GPP TS 22.261: "Service requirements for next generation new services and markets; Stage 1".
[6]	3GPP TR 38.845: “Study on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases”
[7]	3GPP TS 22.186: “Enhancement of 3GPP support for V2X scenarios”
[bookmark: definitions][bookmark: _Toc93486473][bookmark: _Toc97050498][bookmark: _Toc97050712][bookmark: _Toc97050910][bookmark: _Toc97142367][bookmark: _Toc97142473]3	Definitions of terms and abbreviations
[bookmark: _Toc93486474][bookmark: _Toc97050499][bookmark: _Toc97050713][bookmark: _Toc97050911][bookmark: _Toc97142368][bookmark: _Toc97142474]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: _Hlk48835424]Ranging: refers to the determination of the distance between two UEs or more UEs and/or the direction and/or relative positioning of one UE (i.e. Target UE) from another UE (i.e. Reference UE) via PC5 interface.
Reference UE: A UE who determines a reference plane and reference direction in the Ranging based service and Sidelink positioning.
NOTE: Reference UE is the same as Observer UE used in TR 22.855[2].
Editor’s Note: Change term Observer UE to Reference UE throughout the document.
Target UE: A UE whose distance, direction and/or position is measured comparing to the reference plane, reference direction and/or location of a Reference UE in the Ranging based service and Sidelink positioning.NOTE 2: Any UE participating in the Ranging/Sidelink Positioning can be both a Target UE and a Reference UE and can switch roles in the same Ranging/Sidelink Positioning session.
Assistant UE: A UE who provides assistance for Ranging/Sidelink Positioning when the direct ranging/Sidelink positioning between a Reference UE and a Target UE cannot be supported.
Sidelink Positioning: Positioning UE using PC5.
Positioning: A functionality, which detects a geographical location and optionally, velocity (of e.g. a mobile terminal).
Relative position: An estimate of the UE position relative to other network elements or relative to other UEs.
Editor’s Note: Definition on the terminology of Ranging and Sidelink positioning will be aligned with RAN WGs, and will be revisited when there’s any conclusion in RAN WGs.
[bookmark: _Toc93486475][bookmark: _Toc97050500][bookmark: _Toc97050714][bookmark: _Toc97050912][bookmark: _Toc97142369][bookmark: _Toc97142475]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].
<ABBREVIATION>	<Expansion>
AS layer	Access Stratum layer
LOS	Line of Sight
ProSe	Proximity based Services
V2X	Vehicle-to-Everything
[bookmark: clause4][bookmark: _Toc93486476][bookmark: _Toc97050501][bookmark: _Toc97050715][bookmark: _Toc97050913][bookmark: _Toc97142370][bookmark: _Toc97142476]4	Architecture assumptions and requirements
[bookmark: _Toc93486477][bookmark: _Toc97050502][bookmark: _Toc97050716][bookmark: _Toc97050914][bookmark: _Toc97142371][bookmark: _Toc97142477]4.1	Architecture assumptions
Editor's note: This clause will document the general architecture assumptions for the study.   
· [bookmark: _Toc93486478]Ranging-based services and sidelink positioning consists of distance measurement, direction measurement, or both. UE is allowed to request the distance measurement only, direction measurement only, or both in the service.
· Not all UEs are assumed to be Ranging/Sidelink positioning capable. It is assumed that all Ranging/SL positioning capable UEs are ProSe or V2X capable.
· For direct communication/discovery related aspects, architecture defined in TS 23.287 [3] and TS 23.304 [4] is used as the basis, and the solutions defined for V2X and ProSe will be reused as much as possible. 
· Licensed, unlicensed and ITS spectrum may be used for PC5. If licensed spectrum is used, it shall be fully under operator control:
· For commercial ranging based service, both licensed and unlicensed spectrum can be used for PC5.
· For V2X service, licensed, unlicensed and ITS spectrum can be used for PC5. 
· For Public safety service, licensed spectrum is used for PC5.
Editor's note:  RAN has not concluded whether unlicensed spectrum can be considered for R18. This architecture assumption will be revisited once it is concluded in RAN.
· Privacy protection and other security aspects will be tasked to SA3, and the related impact to architecture enhancement will be based on SA3 conclusion.
[bookmark: _Toc97050503][bookmark: _Toc97050717][bookmark: _Toc97050915][bookmark: _Toc97142372][bookmark: _Toc97142478]4.2	Architecture requirements
Editor's note: This clause will document the agreed principles for the study.  
The enhancement to 5GC architecture shall be able to support Ranging-based services and sidelink positioning in in-coverage, partial coverage and out of network coverage scenarios as defined in TS 22.261[5] and TR 38.845[6]:
-	When the UE operates a use case having the corresponding positioning requirements, the requirements should be fulfilled when the UE is inside the network coverage as well as when it is outside the network coverage.
The enhancement to 5GC architecture shall be able to support requirements defined in TS 22.261[5] to enable Ranging-based services and sidelink positioning, specifically the following:
-	support energy efficient UE ranging operation.
NOTE 1: Solutions to support low power consumption UEs are developed in RAN WGs, alignment for 5GC impact will be considered later. 
· support for a UE to discover other UEs supporting ranging.
· provide mechanisms for a MNO, or authorized 3rd party, to provision and manage ranging operation and configurations.
· support mechanisms for a UE to assist another UE to perform ranging of a third UE.
NOTE 2: It cannot be assumed that all ranging UEs support the same application for exchange of information.
· allow ranging service between 2 UEs triggered by and exposed to a third UE.
· allow ranging service between 2 UEs triggered by and exposed to the application server.
· support one UE initiating ranging to the other UE.
· support ranging between UEs belonging to different PLMNs.
· allow roaming UEs to perform ranging.
The enhancement to 5GC architecture shall be able to support requirements defined in TS 22.186[7] to enable Ranging-based services and sidelink positioning, specifically the following:
· support relative position between UEs supporting V2X application.
Both Ranging-based services and sidelink positioning should be based on common architecture.
[bookmark: _Toc97050504][bookmark: _Toc97050718][bookmark: _Toc97050916][bookmark: _Toc97142373][bookmark: _Toc97142479]5	Key Issues
[bookmark: _Toc97050505][bookmark: _Toc97050719][bookmark: _Toc97050917][bookmark: _Toc97142374][bookmark: _Toc97142480]5.1	Key Issue #x: title of the key issue
Editor's note: This clause provides a description of the key issue identified for the study.  
5.1	Key Issue #1: Support of authorisation and policy/parameter provisioning to UE
[bookmark: _Toc532993720]5.1.1	General description
A Ranging/SL positioning capable UE needs necessary configuration data to perform ranging operations, which contains the policies and/or parameters related to the service. Additionally, whether the service is permitted shall also be authorised. 
In order to enable Ranging based service and Sidelink positioning over PC5, the following aspects related to authorisation and policy/parameter provisioning need to be studied:
-	Study the principle, and identify the necessary and additional information for service authorisation and (pre-)configuration/provisioning to the UE based on what is specified in TS 23.287 [3] clause 5.1.2.1, and in TS 23.304 [3] clauses 5.1.1, 5.1.2.1, and 5.1.3.1.
-	Study the procedures related to service authorisation and policy/parameter (pre-)configuration/provisioning to a UE based on what is specified in TS 23.287 [3] clause 6.2 and TS 23.304 [4] clause 6.2.
NOTE X: Architectural reference model as documented in clause 4.2 of TS 23.304 [4] and clause 4.2 of TS 23.287 [3] will be used as baseline for this key issue.
5.2	Key Issue #2: Ranging service operation procedure with the assistance of another UE
[bookmark: _Toc435670434][bookmark: _Toc436124704][bookmark: _Toc509905227][bookmark: _Toc22286584][bookmark: _Toc23317645][bookmark: _Toc92987384]5.2.1	General description
The ranging service operation between two UEs may need the assistance of another UE (e.g., assistant UE) if the direct ranging/sidelink positioning between the reference UE and the target UE cannot be supported. The direct communication between reference UE and assistant UE and between target UE and assistant UE are respectively supported, so that the assistant UE can help on measurement and data transmission.
This key issue addresses how to enhance the 5GS to support ranging service operation procedures with the assistance of another UE (e.g. assistant UE).
At least the following aspects need to be considered in potential solutions:
-	How to discover and determine the assistant UE for ranging service?
-	What parameters need to be exchanged between different UEs (reference UE, assistant UE, target UE) during ranging service operation procedures?
-	How the reference UE or target UE gets the ranging result with the assistance of the assistant UE during the ranging service operation procedures?
NOTE:	the direct discovery procedure between reference UE and assistant UE and between target UE and assistant UE will be developed under the key issue related to ranging direct discovery.
[bookmark: _Toc93529804]5.3	Key Issue #3: Ranging/Sidelink Positioning device discovery 
5.3.1	General description
This KI maps to WT 1.3 of the SID. This KI addresses both UE triggered and network triggered Ranging/ Sidelink Positioning.
In most of the cases, the 2 UE(s) in a Ranging based service and sidelink positioning cannot always be aware of each other even when they are in proximity. 
To enable observer UE and target UE to be able to perform measurement and communicate for delivering measurement data, the 2 UEs have to be discovered by each other first.
The discovery procedure is used for a UE to discover or to be discovered by other UE(s) in proximity over the PC5 interface with the aim of performing Ranging and Sidelink Positioning. 
Observer UE and Target UE are 2 roles in the Ranging based service and Sidelink Positioning, in terms of who provides the reference plane and reference direction. Either one can be discovered by the other.
Ranging/Sidelink Positioning device discovery may be triggered at UE based on network instruction (e.g. under network monitoring, when, within which distance/angle or which UE(s) can be discoverred).
Following aspects need to be addressed under this key issue:
1.	How the Observer UE and the Target UE are discovered by each other to perform Ranging based service and Sidelink Positioning for the case of in coverage, partial coverage and out of coverage for both UE triggered and network triggered Ranging/Sidelink Positioning, with the following considerations:
· How one Target UE and one observer UE are discovered by each other?
· How one Target UE and multiple observers UEs are discovered by each other?
· How one observer UE and multiple target UEs are discovered by each other?  
NOTE 1: ProSe direct discovery procedure should be reused as much as possible.
2	How Ranging/Sidelink Positioning devices’ discovery is triggered at UE based on network instruction for the cases of in coverage, partial coverage and out of coverage?
NOTE 2:	 It is assumed that both the observer UE(s) and the target UE are Ranging/SL positioning capable. 
5.4 	Key Issue #4: Control of Operations for Ranging/Sidelink positioning 
5.4.1	General description 
Ranging and sidelink positioning supports a large variety of use cases, including automotive, public safety, and commercial use. These different uses cases may utilize different access technologies for the communication between the UEs, e.g. LTE based V2X, NR based sidelinks and, in later releases, other RAT technologies may be supported over PC5, e.g. newer version of sidelink and non-3GPP RATs. Therefore, it is beneficial to design a common framework and system to support all these types of operations.
The control signalling part of the Ranging and Sidelink Positioning operation may occur between the UEs before and after the transmission of the Ranging/Sidelink positioning signals. The control signalling includes (but is not limited to):
-	coordination and configuration of the UEs to participate in the Ranging/Sidelink positioning, e.g. including discovery of the devices, signaling control and configuration information between devices;
- 	exchange of measurement results of Ranging/Sidelink positioning signals  between the UEs for Ranging/Sidelink positioning calculation. 
This key issue is focusing on developing the control signalling for Ranging and Sidelink Positioning operations. Specifically, the key issue addresses:
- What coordination and configuration information are exchanged between the UEs?
- What are the control signalling procedure to exchange the coordination & configuration information and the Ranging/Sidelink positioning signals measurement results between the UEs?
NOTE 1: Common solution is preferred to be developed if the same control signaling procedure can be supported when the signaling is carried over different RATs in different use cases.
NOTE 2: Common control signaling protocol is preferred to support the different Ranging/Sidelink positioning signals operation in different spectrums.   
NOTE 3: The solution development may also consider signaling efficiency, overhead, energy efficiency and the robustness. 
NOTE 4: Coordination with RAN WGs is needed to develop an aligned solution.   
NOTE 5: It is desirable to avoid any AS layer impacts to support the control signaling.
- What are the functionality of upper layers, and what parameters need to be exchanged between the upper layers and AS layer for Ranging/Sidelink positioning?
[bookmark: _Toc43882368][bookmark: _Toc43882542]5.5	Key Issue #5: Network assisted Sidelink Positioning for In Network Coverage and Partial Network Coverage
5.5.1	General description
This key issue addresses the case when a UE is not able to perform Uu based positioning estimation. The UE may be out of network coverage, or have network coverage but not able to measure on enough gNBs to perform Uu based positioning.
In this case, the UE (i.e. partial coverage or in network coverage) may use Sidelink Positioning to obtain relative positioning with a second UE which is in network coverage. This case is referred to as Sidelink Positioning in TR 38.845[6]. In this KI we call this case Network assisted Sidelink Positioning.
The following aspects need to be studied:
· Discovery of the second UE with capabilities that offers Sidelink Positioning and/or Uu based positioning to support Network assisted Sidelink Positioning for in network coverage and partial network coverage.
· Discovery of network capability that offers Network assisted Sidelink positioning for UE in network coverage and partial network coverage.
· Signalling needed to support Sidelink positioning including both UE-based positioning and network-assisted/based positioning.
NOTE 1: 	Security aspects are SA3 responsibility, and the related impact to architecture enhancement will be based on SA3 conclusion.
NOTE 2: Coordination with RAN WG is needed for network assisted Sidelink Positioning.
NOTE 3: Coordination with FS_eLCS_ph3 may be needed if any changes to existing LCS framework.
[bookmark: _Toc435670433][bookmark: _Toc436124703][bookmark: _Toc509905226][bookmark: _Toc22286583][bookmark: _Toc23317644][bookmark: _Toc92987383]5.6	Key Issue #6: Ranging and sidelink positioning service exposure to a UE 
5.6.1	General description
The Ranging/Sidelink positioning service between 2 Ranging/Sidelink positioning capable UEs may be exposed to a third UE to obtain the Ranging/Sidelink positioning information between the 2 UEs. 
The third UE may request Ranging/Sidelink positioning information immediately, periodically or at a later time.
The service request can also be initiated by one of the Ranging/Sidelink positioning capable UEs providing the service, i.e. Ranging/Sidelink positioning service is exposed to one of the UEs providing the service. In that case, the third UE is the same as one of the UEs providing the service.
The following aspects need to be studied for the potential solutions:
-	How does a Ranging/Sidelink positioning capable UE expose the Ranging/Sidelink positioning service to a UE?
-	What Ranging/Sidelink positioning information are to be exposed to a UE?
-	How to authorize the third UE to consume the Ranging/Sidelink positioning service?
-	How to support Ranging/Sidelink Positioning request?
NOTE: For direct communication related aspects, V2X and/or ProSe architecture is used as the basis, and V2X and ProSe solutions will be reused as much as possible. Coordination with FS_5G_ProSe_Ph2 study may be required if any impact to R18 ProSe solution is identified.
5.7	Key Issue #7: Ranging/Sidelink Positioning service exposure to Application server and for network assisted sidelink positioning
5.7.1	General description
Application Server may initiate the Ranging/Sidelink Positioning service request for acquiring Ranging information between 2 UEs. A Ranging/Sidelink Positioning request may also be initiated by 5G network for network assisted sidelink positioning. Application Server/5G network may request Ranging/Sidelink positioning information immediately, periodically or at a later time.
In order to enable Ranging/Sidelink positioning service exposure to Application server and for network assisted measurement management, following aspects need to be studied for the potential solutions:
-	How 5GS exposes the Ranging/Sidelink Positioning measurement management service to 5G network and Application server?
-	What are the architectural enhancements to support Ranging/Sidelink Positioning service exposure to Application server and for network assisted sidelink positioning, the required NF and NF services?
-	How to support Ranging/Sidelink Positioning request?
[bookmark: _Toc97050512][bookmark: _Toc97050727][bookmark: _Toc97050927][bookmark: _Toc97142386][bookmark: _Toc97142494]6	Solutions
[bookmark: _Toc97050513][bookmark: _Toc97050728][bookmark: _Toc97050928][bookmark: _Toc97142387][bookmark: _Toc97142495]6.0	Mapping of solutions to key issues
Editor's note:	This clause describes the mapping between solutions and key issues.
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[bookmark: _Toc97050514][bookmark: _Toc97050729][bookmark: _Toc97050929][bookmark: _Toc97142388][bookmark: _Toc97142496]6.1	Solution #x: title of the solution
Editor's note:	This clause describes a solution addressing one or more key issues identified in clause 5. The structure of the subclauses can be adjusted. The list of key issues which this solution attempts to resolve should be clearly indicated.
[bookmark: _Toc97050515][bookmark: _Toc97050730][bookmark: _Toc97050930][bookmark: _Toc97142389][bookmark: _Toc97142497]6.1.1	General

[bookmark: _Toc97050516][bookmark: _Toc97050731][bookmark: _Toc97050931][bookmark: _Toc97142390][bookmark: _Toc97142498]6.1.2	Functional descriptions

[bookmark: _Toc97050517][bookmark: _Toc97050732][bookmark: _Toc97050932][bookmark: _Toc97142391][bookmark: _Toc97142499]6.1.3	Procedures

[bookmark: _Toc97050518][bookmark: _Toc97050733][bookmark: _Toc97050933][bookmark: _Toc97142392][bookmark: _Toc97142500]6.1.4	Impacts on services, entities, and interfaces

[bookmark: _Toc97050519][bookmark: _Toc97050734][bookmark: _Toc97050934][bookmark: _Toc97142393][bookmark: _Toc97142501]7	Evaluation
Editor's note:	This clause provides the evaluations of the solutions of clause 6.

[bookmark: _Toc97050520][bookmark: _Toc97050735][bookmark: _Toc97050935][bookmark: _Toc97142394][bookmark: _Toc97142502]8	Conclusions
Editor's note:	This clause provides the conclusions for the study.
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