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Abstract: This paper propose solution to enable PRU/Reference UE management in 5GC, so that PRU/Reference UE can be controlled and further utilized to enhance LCS.
1. Introduction/Discussion
As illustrated in 23.700-71, Key Issue #7:
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.
For the role of PRU and Reference UE, some clarifications as below: 
· In R1-2106326, PRUs with known locations can be used for enhancing positioning performance. 
· In R2-2200001, It has been confirmed that the PRU considered as a UE supports the normal LPP procedures for assistance data transfer and location information transfer.
· In 23.700-86, a Reference UE is defined as a UE who determines a reference plane and reference direction in the Ranging based service and sidelink positioning. In case that the position of a Reference UE is known to some degree of accuracy, it can be used as an additional reference node providing direct LoS path for positioning another UE.
In light above, the PRU could provide measurement information related to RAN nodes and the Reference UE could provide the measurement information related to the other UE(s). Although PRU and Reference UE have different set of functionalities as specified, PRUs and Reference UEs can be considered as same entity in general and both can be used for assisting the RAT-dependent positioning. 
Based on the above mentioned progress in RAN WGs, this paper tries to propose the solution for Key Issue#7.  
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-71.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc22214907][bookmark: _Toc23254040][bookmark: _Toc97289435][bookmark: _Toc97022938]6.0	Mapping of Solutions to Key Issues
Editor's note:	This clause describes the mapping between solutions and key issues.
Table 6.0-1: Mapping of Solutions to Key Issues
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* * * * Second change * * * *
6.x	Solution #x: PRU assisted LCS architecture and procedure
[bookmark: _Toc16839383][bookmark: _Toc23236015][bookmark: _Toc97022939]6.X.1	Introduction
This solution addresses Key Issue #7, especially on the enable of the PRU management in 5GC and utilize the PRU to enhance the LCS procedure.
[bookmark: _Toc16839384][bookmark: _Toc23236016][bookmark: _Toc97022940]6.X.2	Functional Description
The procedures in clause 6.x.3.1 is used for 5GC to obtain the available PRU(s)/Reference UE information. The procedures in 6.x.3.2 and 6.x.3.3 are used for the 5GC to choose the candidate PRU(s) and to use the candidate PRU(s) to enhance the location service procedure. 
6.x.2.1 PRU Information
The PRU information consists the following aspects:
· Capability: indicate the capability a PRU supports positioning signal transmission capability and positioning measurement capability on Uu and PC5, based on that information, PRUs/Reference UE could be selected as candidate PRUs/Reference UE to assist the positioning of other UE.
Note 1: The positioning signal transmission capability and signal measurement capability on PC5 relates to the study in RAN WG.
· Location information, e.g. whether absolute location coordinates are available and to which degree of accuracy. This is required if a PRU to be utilized for timing calibration or to be utilized to complete the insufficient LoS path. The location information may include other parameters, such as velocity information, time stamps or duration of valid location information etc.
· Mobility state, whether a PRU is fixed or mobile.
· State indication, e.g. ON/OFF: this indicates whether a PRU is enabled to assist positioning of the other UEs.
6.x.2.2 PRU Information Acquisition
PRU information could be obtained by 5GC via three different ways:
i. Registration to AMF
A UE can be registered as a PRU. When a PRU registers to the network, the PRU information may be included in the UE context data and obtained by the AMF. After receive the PRU registration, the AMF sends message to NRF to indicate PRU existence in certain area (e.g., the TAI of the PRU location).
ii. Registration to LMF
A UE can be configure as a PRU by a NF, e.g. LMF. LMF obtains PRU information via AMF. This information may be provided by the UE via LPP procedure. After receive the PRU registration, LMF sends message to NRF to indicate PRU existence in certain area (e.g., the TAI of the PRU location).
iii. Subscription to UDM
A UE may be pre-configured as a PRU. Then, the PRU information may be included in the UE subscription data as a new parameter set and stored in UDM/UDR.
6.x.2.3 PRU (de)/Activation
To save power, the PRU may not always be activated. 5GC may activate or deactivate the PRU(s) based on the location service requirements. This can be enabled by updating the state indication in the PRU information. For instance, LMF may determine to de/activate PRUs via AMF. 
[bookmark: _Toc16839385][bookmark: _Toc23236017][bookmark: _Toc97022941]6.X.3	Procedures
6.x.3.0 Architecture Assumption
It is assumed to reuse the existing architecture defined in Rel-17 LCS work (see TS 23.273).


Figure 6.x.3.1-0: Architecture Assumption.
6.x.3.1 PRU Management
The PRU management procedure is used by 5GC to obtain the PRU information and to become aware which PRU(s)) are available in the network.
To manage PRU, three options could be considered:
· Option A: PRU registration to AMF.
· Option B.1: PRU registration to LMF.
· Option B.2: LMF obtains available PRU information via LPP procedures.
· Option C: PRU information are pre-configured in the UDM.




Figure 6.x.3.1-1: PRU Management.
Option A：PRU registration to AMF
1a~2a. PRU initiate the registration procedure to the AMF, including the PRU capability as well as the User Location Information (i.e., CGI and TAI). The PRU may also include the mobility state (e.g., mobile or static) in its registration, so AMF can maintain all the available PRU with related information dynamically.
3a.   After receive the PRU information, the AMF invokes the Nnrf_NFManagement_NFUpdate Request (PRU location, PRU existence indication) to NRF to indicate the PRU existence in certain areas (e.g., in one or multiple TAI(s)).
Option B.1：PRU registration to LMF
1b~2b. The UE provides an indication to the serving AMF whether it can function as a PRU. The serving AMF then registers the PRU to an LMF.
3b.   After receive the PRU information, the LMF invokes the Nnrf_NFManagement_NFUpdate Request (PRU location, PRU existence indication) to NRF to indicate the PRU existence in certain areas (e.g., in one or multiple TAI(s)).
Option B.2：PRU registration to LMF
1b.   LMF obtains available PRU information via LPP procedures.
2b.   This step is same as step 3b in OptionB.1.
Option C：PRUs information are maintained at the UDM.
A UE may be pre-configured as a PRU with the PRU information included in the UE subscription data as a new parameter set and stored in UDM.

6.x.3.2 PRU Activation/Deactivation
PRU activation/deactivation procedure is used by 5GC to enable/disable the candidate PRU(s) for assisting location service.



Figure 6.x.3.2-1: PRU activated or deactivated
1. Activation/deactivation of PRU(s) is triggered by LMF, such as based on LCS requirements, e.g. LCS QoS of target UEs cannot be met, or based on the location service procedure in clause 6.x.3.3. 
2. LMF invokes the PRU activation request towards the PRU AMF. The operation request may include target UE location, PRU(s) information and triggering conditions.
3. AMF invokes a Nudm_SDM_Get service operation towards the UDM to obtain the privacy settings of the PRU(s). The UDM returns the PRU(s) privacy setting. AMF checks the PRU(s) Privacy profile. 
4. AMF performs privacy check if the privacy profile indicates that the PRU(s) must be either notifies or verified.
5. AMF invokes the context management update operation request to UDM to update the PRU state information. 
6. AMF receives the response from UDM.
7. The AMF activates the candidate PRU. 
8. AMF returns PRU activation response towards LMF.
6.x.3.3 Location service procedure by using PRU(s)
This clause describes the location service procedure with the assistance of PRU. Section 6.x.3.3.1 and 6.x.3.3.2 are based on the prerequisite that PRU(s) are managed by AMF, i.e., the AMF-centric. Section 6.x.3.3.3 and 6.x.3.3.4 are based on the prerequisite that PRU(s) are managed by LMF, i.e., the LMF-centric.
[bookmark: _Hlk98316782]6.x.3.3.1 AMF-centric MT-LR
The AMF-centric MT-LR requests PRU AMF to provide one or multiple candidates PRU(s) in the vicinity of target UE, e.g., the same cell or the neighbour cell, to improve positioning accuracy.
6.x.3.3.1.1  MT-LR procedure based on Option A in clause 6.x.3.1



Figure 6.x.3.3-1: MT-LR procedure using PRU (AMF-centric).
[bookmark: _Hlk98317802]Steps 1~4 are same as the steps 1-5 defined in clause 6.1.1 of TS 23.273.
5. The LMF invokes the Nnrf_NFDiscovery_Request Request towards NRF to request the PRU AMF. The service operation includes the target UE location information (e.g., the TAI of target UE), the indication to find the PRU AMF which could serve in the area around the target UE.
6. Based on the PRU AMF discovery indication and the target UE location information, the NRF return one or multiple PRU AMF(s) via Nnrf_NFDiscovery_Request Response.
7. LMF sends the PRU discovery request to PRU AMF to request the candidate PRU. The message includes the target UE location information and the target UE vicinal location (e.g., the neighbour cell of target UE).
8. Based on the message in step 7, the PRU AMF choose one or multiple candidate PRU(s) based on the target UE location, the target UE vicinal location, and the mobile state of PRU. The PRU AMF invokes PRU discovery response to LMF, includes one or multiple candidate PRU(s).
9. The LMF performs the activation procedure as defined in clause 6.x.3.2 to activate the desired PRU(s). LMF also performs one or more of the positioning procedures towards PRU as described in clauses 6.11.1, 6.11.2 and 6.11.3 of TS 23.273.
10. The LMF performs one or more of the positioning procedures towards target UE as described in clauses 6.11.1, 6.11.2 and 6.11.3 of TS 23.273.

6.x.3.3.1.2  MT-LR procedure based on Option C in clause 6.x.3.1



Figure 6.x.3.3-2: MT-LR procedure using PRU (AMF-centric).
Steps 1~3 correspond to steps 1~4 defined in clause 6.1.1 of TS 23.273.
1. The AMF invokes Nudm_SDM_Get request to UDM to request PRU information of the UE(s) in the same or vicinal location with the target UE, e.g., within the target UE TAI(s).
5. UDM sends the Nudm_SDM_Get response to AMF, includes PRU information in the subscription information of the UE(s) in the same or vicinal location with the target UE. The AMF choose one or multiple candidate PRU(s) from those UE(s) in step 5, such as, based on the target UE location, PRU capability, location information and mobility state. 
6. The target UE AMF invokes Nlmf_Location_DetermineLocation Request towards LMF, includes one or multiple candidate PRU information. 
7. The LMF performs the activation procedure as defined in clause 6.x.3.2 to activate the desired PRU(s). LMF also performs one or more of the positioning procedures towards PRU(s) as described in clauses 6.11.1, 6.11.2 and 6.11.3 of TS 23.273.
8. The LMF performs one or more of the positioning procedures towards target UE as described in clauses 6.11.1, 6.11.2 and 6.11.3 of TS 23.273.
6.x.3.3.2 AMF-centric MO-LR
The AMF-centric MO-LR requests PRU AMF to provide one or multiple candidates PRU(s) in the vicinity of target UE to improve positioning accuracy.
6.x.3.3.2.1  MO-LR procedure based on Option A in clause 6.x.3.1


 	Comment by Huawei_1: The only change is:
Change “PRU/Reference UE” to ”PRU”  in the figure
Figure 6.x.3.3-3: MO-LR procedure using PRU/ (AMF-centric).
Steps 1~4 are same as steps 1~4 defined in clause 6.2 of TS 23.273.
Steps 5~10 are same as steps 5~10 in clause 6.x.3.3.1.1.

6.x.3.3.2.2  MO-LR procedure based on Option C in clause 6.x.3.1



Figure 6.x.3.3-4: MO-LR procedure using PRU (AMF-centric).
Steps 1~2 are same as the steps 1~2 defined in clause 6.2 of TS 23.273.
Steps 3~7 are same as steps 4~8 in clause 6.x.3.3.1.2.
6.x.3.3.3 LMF-centric MT-LR
The LMF-centric MT-LR requests PRU LMF to provide one or multiple candidates PRU(s) in the vicinity of target UE to improve positioning accuracy. This procedure based on option#B in clause 6.x.3.1.



Figure 6.x.3.3-5: MT-LR procedure using PRU (LMF-centric)
Steps 1~4 correspond to steps 1~5 defined in clause 6.1.1 of TS 23.273.
5. The LMF invokes the Nnrf_NFDiscovery_Request Request towards NRF to request the PRU LMF. The service operation includes the target UE location information (e.g., the TAI(s) of target UE), the indication to find the PRU LMF which could serve the target UE positioning.
6. Based on the PRU LMF discovery indication and the target UE location information, the NRF return one or multiple PRU UE LMF(s) via Nnrf_NFDiscovery_Request Response.
7.  LMF sends PRU discovery request to PRU LMF to request the PRU information. The message includes the target UE location information and the target UE vicinal location (e.g., the neighbour cell of target UE).
8. The PRU LMF choose one or multiple candidate PRU(s) based on the target UE location, PRU capability, location information and mobility state. The PRU LMF invokes PRU discovery response to LMF, includes one or multiple candidate PRU(s).
9. The LMF performs the activation procedure as defined in clause 6.x.3.2 to activate the desired PRU(s). LMF also performs one or more of the positioning procedures towards PRU(s) as described in clauses 6.11.1, 6.11.2 and 6.11.3 of TS 23.273.
10. The LMF performs one or more of the positioning procedures towards target UE as described in clauses 6.11.1, 6.11.2 and 6.11.3 of TS 23.273.
6.x.3.3.4 LMF-centric MO-LR
The LMF-centric MO-LR request PRU LMF to provide one or multiple candidates PRU(s) in the vicinity of target UE to improve the positioning accuracy.




Figure 6.x.3.3-6: MO-LR procedure using PRU (LMF-centric).
Steps 1~4 are same as the steps 1~4 defined in clause 6.2 of TS 23.273.
Steps 5~10 are same as in clause 6.x.3.3.3. 
6.x.4 Impacts on services, entities, and interfaces
UE:
-	Support operate as PRU and send PRU information to 5GC.
AMF:
-	store PRU information in the UE context.
-	when receive the PRU registration, sends message to NRF to indicate PRU existence in certain area.
-	aware of the PRU information if there are UE(s) can be operated as PRU(s);
-  choose one or multiple candidate PRU(s) and response to LMF
LMF:
-	store PRU information.
-	when receive the PRU registration, send message to NRF to indicate PRU existence in certain area.
-	aware of the PRU information if there are UE(s) can be operated as PRU(s);
-  choose one or multiple candidate PRU(s)
NRF:
-	Support NF profile update once receive the PRU existence indication.
-	Support selection of AMF(s)/LMF(s) that have registered with PRU.
UDM:
-	store PRU(s) information.

* * * * End of changes * * * *
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