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1. Introduction
[bookmark: _Toc510607461]The SID agreed for Study on 5GC LoCation Services Phase 3 in SP-211637 includes the following objective:
	· WT#5: 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.



TR 23.700-71 contains the following objectives for KI#7 for support of Positioning Reference Units and Reference UEs:
	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.



The solution described here supports PRUs and Reference UEs in the same way from an architectural perspective. PRUs and Reference UEs may, however, be used differently by an LMF to assist positioning of other target UEs.
2. Text Proposal
The following text is proposed to be applied to TR 23.700-71.
*** First Change ***

[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" .
[13]	OMA-AD-SUPL-V2_0: "Secure User Plane Location Architecture Approved Version 2.0".
[14]	OMA-TS-ULP-V2_0_6: "User Plane Location Protocol Approved Version 2.0.6".
[15]	3GPP TS 37.355: “LTE Positioning Protocol (LPP)”
[aa]	3GPP TS 38.455: "NR Positioning Protocol A (NRPPa)”.
[bb]	3GPP TS 24.080: “Supplementary services specification; Formats and coding”.

*** Next Change ***
[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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*** Next Change (all new text) ***
[bookmark: _Toc97287160]6.x	Solution #x: Support of PRUs and Reference UEs
[bookmark: _Toc16839383][bookmark: _Toc23236015][bookmark: _Toc97287161]6.x.1	Introduction
This solution addresses KI#7 - support of Positioning Reference Units (PRUs) and Reference UEs according to the folllowing definitions:
	PRU				A PRU is used to obtain location related information for NG RAN nodes unrelated to specific target UEs
	Reference UE	A Reference UE is used to obtain location related information for one or more target UEs
Editor's note:	It is FFS whether a PRU and a Reference UE should be combined into a single entity
The main principles of this solution are as follows:
1. Treat PRUs and Reference UEs the same as normal UEs from an architectural perspective.
2. Enable a PRU/Reference UE to support positioning functions of a normal target UE and some positioning functions of an NG RAN node (to be decided by TSG RAN).
3. Avoid impacting an AMF, NG RAN node, UDM or any existing non-eLCS interface or reference point.
4. Make use of a Supplementary Service protocol (e.g. the protocol defined in TS 24.080 [bb]) to enable interaction between a PRU/Reference UE and an LMF that is transparent to other entities.
[bookmark: _Toc16839384][bookmark: _Toc23236016][bookmark: _Toc97287162]6.x.2	Functional Description
6.x.2.1	Architecture 
The non-roaming reference architecture shown in Figure 4.2.1-1 in TS 23.273 [5] is modified as shown in Figure 6.x.2.1-1 to support a PRU and a Reference UE.


Figure 6.x.2.1-1: Non-roaming reference architecture for a PRU and Reference UE
6.x.2.2	Protocol Layering 
A PRU or a Reference UE interacts with an LMF using the protocol layering shown in Figure 6.x.2.2-1. This is the same protocol layering defined in TS 38.305 clause 6.4.1 [6] for LMF to UE interaction except for allowing a supplementary services protocol and other positioning protocols besides LPP to be used between an LMF and a PRU or Reference UE at the top level.


Figure 6.x.2.2-1 Protocol Layering for LMF to PRU/Reference UE Signalling
The top protocol layer between the PRU/Reference UE and the LMF is a supplementary services protocol (e.g. as defined in TS 24.080 [bb]) or a positioning protocol (e.g. LPP or NRPPa). Both protocols might be used in some cases - e.g. where a supplementary services message includes one or more embedded positioning protocol messages.
6.x.2.3	Multiple LMF Association 
A PRU/Reference UE can be registered with more than one LMF to enable multiple LMFs to obtain location related information from or for the PRU/Reference UE. This is no different to a normal target UE being positioned by different LMFs (e.g. at the same time or at different times). A PRU/Reference UE may be configured with a limit on the number of LMFs that it is allowed to register with. When a PRU/Reference UE receives a conflicting location related request from an LMF (e.g. a request to obtain measurements at the same time as obtaining measurements for another LMF), the PRU/Reference UE can reject the request. The sharing of a PRU/Reference UE by several LMFs might occur in a border area between areas supported by the different LMFs.
[bookmark: _Toc16839385][bookmark: _Toc23236017][bookmark: _Toc97287163]6.x.3	Procedures
[bookmark: _Toc12632639][bookmark: _Toc29305333][bookmark: _Toc37338148][bookmark: _Toc46488990][bookmark: _Toc52567343][bookmark: _Toc90590946][bookmark: _Toc16839386][bookmark: _Toc23236018]6.x.3.1	Registration Procedure 
Figure 6.x.3.1-1 shows a registration procedure used by a PRU/Reference UE to register with an LMF. The procedure is used for initial registration when a PRU or Reference UE first starts to access its associated PLMN – e.g. following an initial deployment and initial power on. The procedure can also be used subsequently to perform a registration update to inform the LMF of the continued availability of the PRU/Reference UE or to inform the LMF of some change to the PRU/Reference UE such as a change of location (e.g. a change of tracking area or change of serving AMF) or change of the PRU/Reference UE positioning capabilities.	


Figure 6.x.3.1-1: Registration Procedure for a PRU or Reference UE
Precondition:	For initial Registration, a Routing Identifier has been configured in the PRU/Reference UE indicating an LMF. For subsequent Registration, a Routing ID indicating an LMF has been returned to the PRU/Reference UE at step 6a or 6b of a previous Registration.
NOTE 1:	A Correlation ID and a Routing ID are different terms for the same identity. The term “Correlation ID” is used for NL1 service operations between an AMF and LMF while the term “Routing ID” is used for a NAS message sent over the N1 reference point between a PRU/Reference UE and AMF.
1.	The PRU/Reference UE performs a UE Triggered Service Request if in CM IDLE state.
2.	The PRU/Reference UE sends a supplementary services Registration Request to the serving AMF in an UL NAS TRANSPORT message and includes the preconfigured Routing ID for an initial Registration or the Routing ID received at step 6a or step 6b for the previous Registration. The Registration Request is included in the UL NAS TRANSPORT message as a “Location services message container” at the NAS level which means that an AMF can transfer the message to the LMF at step 3 without a new AMF impact. The Registration Request may include an identity for the PRU/Reference UE (e.g. a SUPI, a PEI or a serial number), a reason for the Registration (e.g. initial Registration, a Registration update, a manually invoked Registration), a location of the PRU/Reference UE if available, optional authentication information, a type of PRU/Reference UE (e.g. whether the PRU/Reference UE is fixed or mobile) and capabilities of the PRU/Reference UE. The capabilities can include capabilities to perform positioning activities associated with an NG-RAN node and/or positioning activities associated with a UE. Capabilities to perform positioning activities associated with an NG-RAN node may be indicated  by including one or more embedded NRPPa messages as defined in TS 38.455 [aa] in the Registration Request. Capabilities to perform positioning activities associated with a UE may be indicated  by including one or more embedded LPP messages as defined in TS 37.355 [15] in the Registration Request.
3.	The AMF selects an LMF based on the Routing ID and transfers the Registration Request to the LMF. The LMF may be selected based on the Routing ID and the current TAI and/or CGI for PRU/Reference UE.
NOTE 2:	The AMF sees the PRU/Reference UE as just a normal UE. However, an operator can assign reserved Routing IDs to a PRU/Reference UE different to Routing IDs used for other UEs. For example, all PRUs might be configured with a Routing ID A and all Reference UEs with a Routing ID B. The operator can then configure these Routing IDs in an AMF such that the AMF selects a preferred LMF for Routing ID A and the same or a different preferred LMF for the Routing ID B. This may not require any new functionality in an AMF.
4.	The LMF authenticates the PRU/Reference UE and verifies that it is a legitimate for this PLMN. This may use one of the following methods.
Method A:	The AMF includes the SUPI of the PRU/Reference UE at step 3 and the LMF verifies that the SUPI matches a SUPI of a legitimate PRU/Reference UE configured in the LMF.
Method B:	The PRU/Reference UE includes an identification and authentication information at step 2 which the LMF verifies against expected authentication information configured in the LMF for a PRU/Reference UE with this identification. The authentication information might include a ciphering of the PRU/Reference UE identity and/or a current date and time (e.g., UTC) based on a private key stored in secure memory of the PRU/Reference UE.
Method C:	The LMF sends an authentication challenge to the PRU/Reference UE via the AMF as a DL supplementary services message and receives an authentication response from the PRU/Reference UE sent as an  UL supplementary services message, where the authentication response is based on a private ciphering key held in secure memory in the PRU/Reference UE.
5a.	If the LMF is able to authenticate the PRU/Reference UE at step 4 and can accept the Registration, the LMF returns a Registration Response to the serving AMF as a location services supplementary services message and includes a Correlation ID. The Correlation ID is assigned by the LMF to identify the LMF and the PRU/Reference UE. The Registration Response may indicate conditions for performing another Registration with the LMF (e.g. a periodic Registration timer or Registration based on a change of location, change of TAI or change of serving AMF for the PRU/Reference UE). The Registration Response may also provide Routing IDs for additional LMFs with each of which the PRU/Reference UE shall perform a separate Registration. 
NOTE 3:	A PRU/Reference UE may be fixed with re-Registration of the PRU/Reference UE only needed at long periodic intervals. A PRU/Reference UE could instead be mobile (e.g. attached to a vehicle), with re-Registration then minimally needed whenever the serving AMF changes to enable the LMF to reach the PRU/Reference UE for the procedures in clause 6.x.3.2 and 6.x.3.3. If the LMF selected by the new AMF then changes, the previous LMF would discover this from an error response from the previous AMF when instigating the procedure in clause 6.x.3.2 or clause 6.x.3.3.
6a.	The serving AMF forwards the Registration Response and a Routing ID equal to the Correlation ID to the PRU/Reference UE. The PRU/Reference UE stores the Routing which is used for any repeated Registration with this LMF. If Routing IDs for other LMFs are included in the Registration Response, the PRU/Reference UE performs a Registration with each of these LMFs.
5b.	If the LMF is unable to authenticate the PRU/Reference UE at step 4 or cannot accept the Registration for some other reason (e.g. the LMF is the wrong LMF), the LMF sends a Registration Reject to the serving AMF and may include the Routing ID of another LMF with which the PRU/Reference UE shall perform a Registration.
6b.	The serving AMF forwards the Registration Reject to the PRU/Reference UE. If a Routing ID is included, the PRU/Reference UE performs a Registration with the LMF associated with this Routing ID.
NOTE 4:	The PRU/Reference UE may be configured with a limit on the number or duration of Registration attempts performed unsuccessfully. When this limit is reached, the PRU/Reference UE may send an indication to some entity in the PLMN. The indication might be a text message or an HTTPS message, for example.
7.	If Registration is performed successfully as in steps 5a and 6a, the LMF may optionally instigate positioning procedures for the PRU/Reference UE as described in clause 6.x.3.3. For example, the positioning procedures may be used to obtain or verify a location of the PRU/Reference UE or obtain the positioning capabilities of the PRU/Reference UE.
6.x.3.2	Registration Modification Procedure 
Figure 6.x.3.2-1 shows a Registration Modification procedure used by an LMF to change the Registration status of a PRU/Reference UE. The change in status can include deregistering the PRU/Reference UE, changing the conditions for sending Registration updates by the PRU/Reference UE or requesting the PRU/Reference UE to register with additional LMFs. 


Figure 6.x.3.2-1: Registration Modification Procedure for a PRU or Reference UE
Precondition:	The PRU/Reference UE has previously successfully registered with the LMF using the procedure in clause 6.x.3.1.
1.	The LMF send a Registration Modification to the serving AMF as a location services supplementary services message and includes the identity of the PRU/Reference UE (e.g. the SUPI) and a Correlation ID identifying the LMF and the PRU/Reference UE. The Registration Modification may indicate to the PRU/Reference UE new conditions for performing Registration updates with the LMF (e.g. a periodic Registration timer or Registration based on a change of location for the PRU/Reference UE). The Registration Modification may also provide Routing IDs for other LMFs with each of which the PRU/Reference UE shall perform a separate Registration. The Registration Modification may further indicate a deregistration of the PRU/Reference UE with the LMF.
2.	If the PRU/Reference UE is in CM IDLE state, the serving AMF performs a Network Triggered service request to place the PRU/Reference UE in CM CONNECTED state.
3.	The serving AMF forwards the Registration Modification and a Routing ID equal to the Correlation ID to the PRU/Reference UE. 
4.	The PRU/Reference UE returns a supplementary services Registration Modification response to the serving AMF in an UL NAS TRANSPORT message and includes the Routing ID received in step 3. The Registration Modification response confirms receipt of the information in the Registration Modification at step 3.
5.	The serving AMF forwards the Registration Modification response to the LMF indicated by the Routing ID received at step 4 and includes a Correlation ID equal to the Routing ID.
[bookmark: _Toc97287164]6.x.3.3	Positioning Procedure for a PRU or Reference UE
Figure 6.x.3.3-1 shows a positioning procedure used by an LMF to obtain location related information from or for a PRU/Reference UE. 


Figure 6.x.3.3-1: Positioning Procedure for a PRU or Reference UE
Precondition:	The PRU/Reference UE has previously successfully registered with the LMF using the procedure in clause 6.x.3.1.
1.	The LMF may use the UE Assisted and UE Based Positioning Procedure defined in TS 23.273 Clause 6.11.1 [5] to request positioning capabilities from, provide assistance to or request location measurements from a PRU/Reference UE when functioning as a target UE.
[bookmark: _Hlk101125140]2.	The LMF may use the UE Assisted and UE Based Positioning Procedure defined in TS 23.273 Clause 6.11.1 [5] to send location related information to or request location related information from a PRU/Reference UE when supporting functions of an NG-RAN node. The procedure defined in TS 23.273 clause 6.11.1 [5] is used to exchange NRPPa messages with the PRU/Reference UE, where the DL Positioning message in steps 1 and 3 of Figure 6.11.1-1 and the UL Positioning message in steps 6 and 7 of Figure 6.11.1-1 are each replaced by a location services supplementary services message carrying an embedded NRPPa message.
NOTE:	The NRPPa messages and procedures to be supported by a PRU/Reference UE will be defined by TSG RAN.
3.	The LMF may use the Network Assisted Positioning Procedure defined in TS 23.273 Clause 6.11.2 [5] to send or request location information related to the PRU/Reference UE to or from the serving NG-RAN node for the PRU/Reference UE.
4.	The LMF may use the Obtaining Non-UE Associated Network Assistance Data procedure defined in TS 23.273 Clause 6.11.3 [5] to send or request location information related to the PRU/Reference UE to or from one or more NG-RAN nodes.
6.x.3.4	Positioning of Target UE(s) using a Reference UE
Figure 6.x.3.4-1 shows a procedure used by an LMF to obtain location related information for one or more target UEs using a Reference UE. 


Figure 6.x.3.4-1: Positioning of Target UE(s) using a Reference UE
Precondition:	The LMF has received a location request for the target UE(s) – e.g. from a common serving AMF for the target UE(s).
0.	The LMF uses one or more Reference UEs to assist in positioning of the target UE(s). Steps 1-5 are performed for each Reference UE.
1.	The LMF selects a Reference UE that is nearby to the target UE(s). Criteria for selecting a Reference UE can include: a known current or previous location for the Reference UE that is nearby to an approximate location for one or more of the target UE(s); a current or last known serving cell for the Reference UE that is the same as or nearby to a serving cell or serving cells for one or more of the target UE(s); positioning capabilities for the Reference UE that can be used to support positioning capabilities if the target UE(s); a serving or visible non-3GPP node (e.g. a WLAN node) that is also a serving or visible non-3GPP node for one or more target UE(s).
2.	The LMF used the positioning procedure in clause 6.x.3.3 to request the Reference UE to obtain measurements of positioning signals transmitted by the target UE(s) and/or to transmit positioning signals to be measured by the target UE(s).
3.	The LMF may use the Network Assisted Positioning Procedure defined in TS 23.273 Clause 6.11.2 [5] and/or the Obtaining Non-UE Associated Network Assistance Data procedure defined in TS 23.273 Clause 6.11.3 [5] to support positioning of the target UE(s) using one or more NG-RAN nodes
4.	The LMF may use the UE Assisted and UE Based Positioning Procedure defined in TS 23.273 Clause 6.11.1 [5] to support UE Assisted and/or UE Based Positioning of the target UE(s).
5.	The LMF computes or verifies a location of each of the target UE(s) using information received in steps 2-4.

6.x.4	Impacts on services, entities, and interfaces
PRU/Reference UE:
	-	Support Registration and Registration Modification Procedures 
	-	Support some positioning functions of an NG RAN node (to be decided by TSG RAN)
LMF:
	-	Support Registration and Registration Modification Procedures for a PRU/Reference UE
	-	Support positioning procedures for a PRU/Reference UE (to be decided by TSG RAN)
AMF:
	-	no impact
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signalling


.


 


 


TR 23.700


-


71 contains the following objectives for KI#7 for


 


support of Positioning Reference Units and Reference 


UEs


:


 


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 po


sitioning 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.


 


NO


TE


 


1:


 


Coordination with RAN WG may be required.


 


 


The solution described here supports PRUs and Reference UEs in the same way from an architectural perspective. 


PRUs and Reference UEs may, 


however


, be used differently by an LMF to assist positioning of 


oth


er target 


UEs.


 


2


.


 


Text Proposal


 


The following text is proposed to be applied to TR 23.700


-


71


.
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