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[bookmark: _Toc20203939][bookmark: _Toc27894624][bookmark: _Toc36191691][bookmark: _Toc45192777][bookmark: _Toc47592409][bookmark: _Toc51834490][bookmark: _Toc83303923]* * * Start of Changes * * * 
[bookmark: _Toc58920559][bookmark: _Toc114570744]3.1	Definitions
For the purposes of the present document, the terms and definitions 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].
5G enhanced positioning area: see TS 22.261 [3].
5G positioning service area: see TS 22.261 [3].
LCS Client: entity that interacts with GMLC for the purpose of obtaining location information for one or more UEs. The LCS Client may reside in the UE.
For the purposes of the present document, the following terms and definitions given in TS 23.271 [4] apply:
Call Related: see TS 23.271 [4].
Codeword: see TS 23.271 [4].
Current Location: see TS 23.271 [4].
Deferred location request: see TS 23.271 [4].
DL Positioning: positioning of a target UE in which the target UE obtains downlink measurements for a 3GPP RAT.
Immediate location request: see TS 23.271 [4].
Last Known Location: see TS 23.271 [4].
LCS (LoCation Services): see TS 23.271 [4].
Local Co-ordinates: see TS 23.032 [8].
Local Location: location determined by Local Co-ordinate(s).
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Location Estimate: see TS 23.271 [4].
Positiioning Reference Unit (PRU): As defined in TS 38.305 [9].
Pseudonym: see TS 23.271 [4].
Pseudonym mediation device: Functionality that verifies pseudonyms to verinyms.
RAT Independent Positioning: positioning of a target UE in which the target UE obtains measurements not related to a 3GPP RAT.
Requestor: see TS 23.271 [4].
Requestor Identity: see TS 23.271 [4].
Response Method: for LCS Client using the OMA MLP protocol. Detail see TS 23.271 [4].
Scheduled Location Time: a future global time (e.g. UTC) at which a UE is to be located.
Service Type: see TS 23.271 [4].
Target UE: see TS 23.271 [4].
UL Positioning: positioning of a target UE in which NG-RAN obtains uplink measurements of the target UE for a 3GPP RAT.
UL+DL Positioning: positioning of a target UE using both DL Positioning and UL Positioning.
Velocity: see TS 23.271 [4].
Verinym: see TS 23.271 [4].
* * * Next Change * * * 
[bookmark: _Toc58920560][bookmark: _Toc114570745]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].
APN	Access Point Name
APN-NI	APN Network Identifier
EDT	Early Data Transmission
E-SMLC	Evolved Serving Mobile Location Centre
GMLC	Gateway Mobile Location Centre
HGMLC	Home GMLC
LCS	LoCation Services
LDR	Location Deferred Request
LMF	Location Management Function
LPI	LCS Privacy Indicator
LRF	Location Retrieval Function
MO-LR	Mobile Originated Location Request
MT-LR	Mobile Terminated Location Request
NI-LR	Network Induced Location Request
PMD	Pseudonym mediation device functionality
POI	Privacy Override Indicator
PRU	Positioning Reference Unit
SDT	Small Data Transmission
TNAN	Trusted Non-3GPP Access Network
TNAP	Trusted Non-3GPP Access Point
TWAP	Trusted WLAN Access Point
VGMLC	Visited GMLC
* * * Next Change * * * 
[bookmark: _Toc58920605][bookmark: _Toc114570791]5.x	Positioning Reference Unit
In this release, Positioning Reference Unit (PRU) is realized as a UE.
When PRU registers to the network, the PRU sends UL NAS Transport including PRU Registration Request to AMF. The AMF sends the PRU Registration Request to LMF and may include a UE verification indication indicating whether the UE can serve as a PRU. The PRU Registration Request includes PRU information which may include PRU’s positioning capability which indicating the capability of a PRU for supporting positioning activities including the positioning signal transmission capability and positioning measurement capability on Uu and PC5, location information (if known), type (e.g. mobile/staic type) and state of the PRU (e.g. on/off state). The PRU may register with multiple LMFs when the PRU is in multiple LMF overlapped serving areas.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Editor's note:	The PRU information may be further updated based on coordination with RAN1.
Based on the operator policy, the LMF may indicate to NRF the PRU information or may store PRU information locally.
The serving LMF of the target UE may obtain PRU information locally, or may obtain PRU information and the serving LMF of the PRU from an NRF. To improve target UE positioning, the serving LMF of the target UE may obtain PRU location measurements from the serving LMF of the PRU.
* * * Next Change * * * 
[bookmark: _Toc58920648][bookmark: _Toc114570834]6.x	Procedures to support Positioning Reference Unit
[bookmark: _Toc58920650][bookmark: _Toc114570836]6.x.1	PRU Registration
Figure 6.x.1-1 illustrates the PRU registration procedure. After the procedure, the PRU information is stored in LMF or in NRF depending on the operator policy. When the PRU information is stored in LMF, to support PRUs located in border areas shared by two or more LMFs, the PRU information is stored in multiple LMFs.


Figure 6.x.1-1: PRU Registration Procedure
Precondition to store PRU information in LMF based on operator policy:
For initial Registration, a Routing Identifier has been configured in the PRU indicating an LMF. For subsequent Registration, a Routing ID indicating an LMF has been returned to the PRU at step 6a or 6b of a previous Registration.
NOTE X:	A Correlation ID and a Routing ID are different terms for the same identifier. The term "Correlation ID" is used for an identifier in NL1 service operations between an AMF and LMF while the term "Routing ID" is used for an identifier in a NAS message sent over the N1 reference point between a PRU and AMF.
1.	The PRU performs a UE Triggered Service Request if in CM IDLE state.
2.	The PRU sends a supplementary services Registration Request to the serving AMF in an UL NAS TRANSPORT message. 
	If the PRU information is stored in LMF, the UL NAS TRANSPORT massage also includes the preconfigured Routing ID for an initial Registration or the Routing ID received at step 6a or step 6b for the previous Registration. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]	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 (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 if available, optional authentication information, a type of PRU (e.g. whether the PRU is fixed or mobile) and capabilities of the PRU. The capabilities can include capabilities to perform positioning activities associated with a UE. 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 and transfers the Registration Request to the LMF. The LMF may be selected based on the Routing ID (if received) and the current TAI and/or CGI for the PRU.
NOTE X:	The AMF sees the PRU as just a normal UE. If the PRU information is stored in LMF, an operator can assign reserved Routing IDs to a PRU different to Routing IDs used for other UEs. For example, all PRUs might be configured with a Routing ID A. The operator can then configure this Routing ID in an AMF such that the AMF selects a preferred LMF for Routing ID A. This may not require any new functionality in an AMF.
4.	The LMF authenticates the PRU 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 at step 3 and the LMF verifies that the SUPI matches a SUPI of a legitimate PRU configured in the LMF.
Method B:
	The PRU includes an identification and authentication information at step 2 which the LMF verifies against expected authentication information configured in the LMF for a PRU with this identification. The authentication information might include a ciphering of the PRU identity and/or a current date and time (e.g. UTC) based on a private key stored in secure memory of the PRU.
Method C:
	The LMF sends an authentication challenge to the PRU via the AMF as a DL supplementary services message and receives an authentication response from the PRU 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. If the LMF is able to store/update PRU information in other LMFs, the serving LMF need not provide Routing IDs for additional LMFs to the UE.
5a.	If the LMF is able to authenticate the PRU at step 4 and can accept the Registration, and based on the operator policy, the PRU information is stored in NRF, the LMF invokes Nnrf_NFManagement_NFUpdate Request to the NRF to store the PRU information in the LMF profile already stored in NRF.
6a.	The NRF updates the LMF profile and returns the Nnrf_NFManagement_NFUpdate Response to the LMF.
5b.	If the LMF is able to authenticate the PRU 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. 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). The AMF stores the Correlation ID in the PRU context.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]	Based on the operator policy, if the PRU information is stored in LMF, the LMF stores the PRU information locally. The Registration Response may also provide Routing IDs for additional LMFs with each of which the PRU shall perform a separate Registration, e.g. when the PRU is located in border areas shared by two or more LMFs.
NOTE X:	Provision of additional LMFs at step 5b can be implementation and operator dependent. As one example, if a PRU is located in an area supported by both the LMF and one or more other LMFs, the LMF may provide indications of the other LMFs to the PRU.
6b.	The serving AMF forwards the Registration Response to the PRU.
	Based on the operator policy, if the PRU information is stored in LMF, the serving AMF also sends a Routing ID equal to the Correlation ID to the PRU. The PRU stores the Routing ID which is used for any repeated Registration with this LMF. If Routing IDs for other LMFs are included in the Registration Response, the PRU performs a Registration with each of these LMFs.
5c.	If the LMF is unable to authenticate the PRU 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.
	Based on the operator policy, if the PRU information is stored in LMF, the LMF may include the Routing ID of another LMF with which the PRU shall perform a Registration.
6c.	The serving AMF forwards the Registration Reject to the PRU. If a Routing ID is included, the PRU performs a Registration with the LMF associated with this Routing ID.
NOTE X:	The PRU may be configured with a limit on the number or duration of Registration attempts performed unsuccessfully. When this limit is reached, the PRU 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 5b and 6b, the LMF may optionally instigate positioning procedures for the PRU as described in steps 1-3 in clause 6.x.3. For example, the positioning procedures may be used to obtain or verify a location of the PRU or obtain the positioning capabilities of the PRU. The LMF also stores information for the PRU including the PRU identity, the Correlation ID assigned at step 5b and the serving AMF instance.
NOTE X:	Positioning at step 7 may be performed prior to step 5 as an option - e.g. if PRU location needs to be verified before accepting the Registration.
6.x.2	Registration Modification Procedure
Figure 6.x.2-1 shows a Registration Modification procedure used by an LMF to change the Registration status of a PRU. The change in status can include deregistering the PRU, changing the conditions for sending Registration updates by the PRU or requesting the PRU to register with additional LMFs.


Figure 6.x.2-1: Registration Modification Procedure for a PRU
Precondition:
The PRU has previously successfully registered with the LMF using the procedure in clause 6.x.1.
1.	The LMF sends a Registration Modification to the serving AMF as a location services supplementary services message and includes the identity of the PRU (e.g. the SUPI) and a Correlation ID identifying the LMF and the PRU. The Registration Modification may indicate to the PRU 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). 
	The Registration Modification may also provide Routing IDs for other LMFs with each of which the PRU shall perform a separate Registration. The Registration Modification may further indicate a deregistration of the PRU with the LMF.
2.	If the PRU is in CM IDLE state, the serving AMF performs a Network Triggered service request to place the PRU in CM CONNECTED state.
3.	The serving AMF forwards the Registration Modification and may forward a Routing ID equal to the Correlation ID to the PRU if the PRU information is stored in LMF.
4.	The PRU returns a supplementary services Registration Modification response to the serving AMF in an UL NAS TRANSPORT message and includes the Routing ID if 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 or based on the Correlation ID stored in the PRU context and includes a Correlation ID equal to the Routing ID.
6.x.3	Positioning Procedure for a PRU
Figure 6.x.3-1 shows positioning procedure for a PRU.


Figure 6.x.3-1: Positioning Procedure of PRU
0a.	[Conditional] If the PRU information is stored in the LMF profile in NRF. The serving LMF of UE invokes Nnrf_NFDiscovery Request to NRF. The service operation includes a PRU indication and an area which could be a list of cells or TAs decided by the serving LMF of UE based on the serving cell of the UE.
0b.	[Conditional] If step 0a is performed, the NRF selects the LMF based on the PRU indication and the area received in step 0a and sends Nnrf_NFDiscovery Response to serving LMF of UE. The service operation includes the profiles of LMFs selected by NRF. Each profile includes PRU information, e.g. type of PRU (mobile or fixed), Correlation ID, PRU location.
0c.	[Conditional] If the serving LMF of UE and serving LMF of PRU are different, the serving LMF of UE sends Nlmf_Location_DetermineLocation Request to the serving LMF of PRU. The service operation includes the Correlation ID stored in the LMF or received from NRF.
1.	The LMF may use the UE Assisted and UE Based Positioning Procedure defined in clause 6.11.1 to request positioning capabilities from, provide assistance data to or request location measurements from a PRU when functioning as a target UE. The LMF can access the PRU through the serving AMF identified during Registration.
2.	The LMF may use the Network Assisted Positioning Procedure defined in clause 6.11.2 to send or request location information related to the PRU to or from the serving NG-RAN node for the PRU. The LMF can access the NG-RAN through the serving AMF identified during Registration.
3.	The LMF may use the Obtaining Non-UE Associated Network Assistance Data procedure defined in clause 6.11.3 to send or request location information related to the PRU to or from one or more NG-RAN nodes. The LMF can access the NG-RAN nodes through the serving AMF identified during Registration.
4.	[Conditional] If the step 0c is performed, the serving LMF of PRU sends the Nlmf_Location_DetermineLocation Response to the serving LMF of UE. The service operation includes Correlation ID, PRU location and PRU measurements if requested. The serving LMF of UE uses the information to calculate the UE location.
* * * End of Changes * * * 
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