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Abstract of the contribution: this pCR is proposed to update solution #28.
1. Discussion
[bookmark: _Toc352077766]In solution#28, the PRU may have to maintain multiple LMF associations with different LMFs which leading to more signalling cost and increase PRU complexity. To avoid the signalling cost and reduce PRU conplexity, this pCR is proposed to update solution #28 to add a new alternative, as follows:
· PRU maintains one LMF association with the serving LMF.
· If the serving LMF determines that the PRU is located in an area supported by both the LMF and one or more other LMFs based on PRU location, the serving LMF further provides the PRU information to other LMFs after successful authentication. In case the PRU information is updated, the serving LMF is also responsible to update the PRU information store in other LMFs.
2. Proposal
[bookmark: _Toc510607499][bookmark: _Toc518306733]It is proposed to update the solution #28 for PRU in key issue#7.
[bookmark: _Toc43819957][bookmark: _Toc43882472][bookmark: _Toc43882646][bookmark: _Toc43882633][bookmark: _Toc43882459][bookmark: OLE_LINK9][bookmark: OLE_LINK10]* First change * 
[bookmark: _Toc112995461][bookmark: _Toc112996107]6.28	Solution #28: Support of PRUs
[bookmark: _Toc112995462][bookmark: _Toc112996108]6.28.1	Introduction
This solution addresses KI#7 - support of Positioning Reference Units (PRUs) according to the definition in TS 38.305 [6] which is as follows:

	[bookmark: _Toc100832218]5.4.5	Positioning Reference Unit (PRU)
A Positioning Reference Unit (PRU) at a known location can perform positioning measurements (e.g. RSTD, RSRP, UE Rx-Tx Time Difference measurements, etc.) and report these measurements to a location server. In addition, the PRU can transmit SRS to enable TRPs to measure and report UL positioning measurements (e.g. RTOA, UL-AoA, gNB Rx-Tx Time Difference, etc.) from PRU at a known location. The PRU measurements can be compared by a location server with the measurements expected at the known PRU location to determine correction terms for other nearby target devices. The DL- and/or UL location measurements for other target devices can then be corrected based on the previously determined correction terms.
From a location server perspective, the PRU functionality is realized by a UE with known location.
Editor's note:	FFS: The exact positioning functionalities supported, and the assistance data/location information transfers supported by PRU.



The definition shows that a PRU can be a supported as a UE since positioning measurements and SRS transmission can correspond to what is defined for a UE.
The main principles of this solution are as follows:
1.	Treat PRUs the same as normal UEs from an architectural perspective.
2.	Avoid impacting an AMF, NG RAN node, UDM or any existing non-eLCS interface or reference point.
3.	Make use of a Supplementary Service protocol (e.g. the protocol defined in TS 24.080 [21]) to enable interaction between a PRU and an LMF that is transparent to other entities.
NOTE:	It is assumed that a PRU can only operate when in coverage of the PLMN to which it belongs or with which it is associated.
[bookmark: _Toc112995463][bookmark: _Toc112996109]6.28.2	Functional Description
[bookmark: _Toc112996110]6.28.2.1	Architecture
The non-roaming reference architecture shown in Figure 4.2.1-1 in TS 23.273 [5] is modified as shown in Figure 6.28.2.1-1 to support a PRU.


Figure 6.28.2.1-1: Non-roaming reference architecture for a PRU
[bookmark: _Toc112996111]6.28.2.2	Protocol Layering
A PRU interacts with an LMF using the protocol layering shown in Figure 6.28.2.2-1. This is the same protocol layering defined in clause 6.4.1 of TS 38.305 [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 at the top level.


Figure 6.28.2.2-1: Protocol Layering for LMF to PRU Signalling
The top protocol layer between the PRU and the LMF is a supplementary services protocol (e.g. as defined in TS 24.080 [21]) or a positioning protocol (e.g. LPP).
[bookmark: _Toc112996112]6.28.2.3	Multiple LMF Association
A PRU can be registered with more than one LMF to enable multiple LMFs to obtain location related information from or for the PRU. 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 may be configured with a limit on the number of LMFs that it is allowed to register with. When a PRU 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 can reject the request. The sharing of a PRU by several LMFs might occur in a border area between areas supported by the different LMFs.
To avoid the PRU to maintain multiple LMF associations with different LMFs which leading to more signalling cost and higher PRU complexity, the PRU can maintain one LMF association with the serving LMF. The serving LMF is responsible to store the PRU information in other LMFs after successful authentication. When the PRU information is updated, the serving LMF is responsible to update the PRU information stored in other LMFs.
[bookmark: _Toc112995464][bookmark: _Toc112996113]6.28.3	Procedures
[bookmark: _Toc112996114]6.28.3.1	Registration Procedure
Figure 6.28.3.1-1 shows a registration procedure used by a PRU to register with an LMF. The procedure is used for initial registration when a PRU 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 or to inform the LMF of some change to the PRU such as a change of location (e.g. a change of tracking area or change of serving AMF) or change of the PRU positioning capabilities.


Figure 6.28.3.1-1: Registration Procedure for a PRU
Precondition:
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 1:	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 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 (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 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 the PRU.
NOTE 2:	The AMF sees the PRU as just a normal UE. However, 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.
5a.	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 Registration Response may also provide Routing IDs for additional LMFs with each of which the PRU shall perform a separate Registration. If the serving LMF is responsible to store/update the PRU information in other LMFs, the serving LMF does not provide the Routing IDs for additional LMFs to UE.
NOTE 3:	A PRU may be fixed, with re-Registration of the PRU only needed at long periodic intervals. A PRU 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 for the procedures in clause 6.28.3.2 and 6.28.3.3. 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 6.28.3.2 or clause 6.28.3.3.
NOTE 4:	Provision of additional LMFs at step 5a 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.
6a.	The serving AMF forwards the Registration Response and 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.
5b.	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 and may include the Routing ID of another LMF with which the PRU shall perform a Registration.
6b.	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 5:	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 5a and 6a, the LMF may optionally instigate positioning procedures for the PRU as described in clause 6.28.3.3. 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 5a and the serving AMF instance.
NOTE 6:	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.
[bookmark: _Toc112996115]6.28.3.2	Registration Modification Procedure
Figure 6.28.3.2-1 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 6.28.3.2-1: Registration Modification Procedure for a PRU
Precondition:
The PRU has previously successfully registered with the LMF using the procedure in clause 6.28.3.1.
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 a Routing ID equal to the Correlation ID to the PRU.
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 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: _Toc112996116]6.28.3.3	Positioning Procedure for a PRU
Figure 6.28.3.3-1 shows a positioning procedure used by an LMF to obtain location related information from or for a PRU.


Figure 6.28.3.3-1: Positioning Procedure for a PRU
Precondition:
The PRU has successfully registered with the LMF using the procedure in clause 6.28.3.1.
1.	The LMF may use the UE Assisted and UE Based Positioning Procedure defined in clause 6.11.1 of TS 23.273 [5] 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 of TS 23.273 [5] 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 of TS 23.273 [5] 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.
[bookmark: _Toc112995465][bookmark: _Toc112996117]6.28.4	Impacts on services, entities, and interfaces
PRU:
	-	Support Registration and Registration Modification Procedures.
LMF:
	-	Support Registration and Registration Modification Procedures for a PRU.
AMF:
	-	no impact.
* End of change * 
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