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[bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc114570757]4.2	Architectural Reference Model
[bookmark: _Toc114570758][bookmark: _Toc58920572]4.2.1	Non-roaming reference architecture
Figure 4.2.1-1 shows an architectural reference model for 5GS LCS for a non-roaming UE and PRU in reference point representation.





Figure 4.2.1-1: Non-roaming reference architecture for Location Services in reference point representation
NOTE 1:	(R)AN represents NG-RAN, trusted non-3GPP access or untrusted non-3GPP access.
NOTE 2:	Reference point interface related to charging functionality is not shown in this specification.
NOTE 3: PRU refers to the Positioning Reference Unit as defined in TS 38.305 [9], clause 5.4.5.
Figure 4.2.1-2 shows an architectural reference model for 5GS LCS for a non-roaming UE and PRU in SBI representation.




Figure 4.2.1-2: Non-roaming reference architecture for Location Services in SBI representation
[bookmark: _Toc114570759][bookmark: _Toc58920573]4.2.2	Roaming reference architecture
Figure 4.2.2-1 shows an architectural reference model for 5GS LCS for a roaming UE and PRU in reference point representation.




Figure 4.2.2-1: Roaming reference architecture for Location Services in reference point representation
NOTE 1:	(R)AN represents NG-RAN, trusted non-3GPP access or untrusted non-3GPP access.
NOTE 2:	Reference point interface related to charging functionality is not shown in this specification.
NOTE 3: PRU refers to the Positioning Reference Unit as defined in TS 38.305 [9], clause 5.4.5.
Figure 4.2.2-2 shows an architectural reference model for 5GS LCS for a roaming UE and PRU in SBI representation.




Figure 4.2.2-2: Roaming reference architecture for Location Services in SBI representation
* * * * Second change * * * *
[bookmark: _Hlk118041315][bookmark: _Toc114570770][bookmark: _Toc58920584]4.3.5	UE
A target UE may support positioning according to four different modes:
-	UE assisted mode (the UE obtains location measurements and sends the measurements to another entity (e.g. an LMF) to compute a location);
-	UE based mode (the UE obtains location measurements and computes a location estimate making use of assistance data provided by serving PLMN);
-	standalone mode (the UE obtains location measurements and computes a location estimate without making use of assistance data provided by serving PLMN);
-	network based mode (a serving PLMN obtains location measurements of signals transmitted by a target UE and computes a location estimate).
NOTE:	The transmission of UE signals for network based mode may or may not be transparent to the UE.
Positioning procedures used by a UE for NG-RAN access are described in TS 38.305 [9].
A UE may serve as a PRU to assist the positioning of a target UE and the target UE may be positioned with the assistance of PRU, the definition of PRU is defined in TS 38.305 [9], clause 5.4.5.
A limited set of UE positioning capabilities can be transferred to the 5GCN during registration of the UE as described in TS 24.501 [11]. Some of these positioning capabilities may be transferred subsequently to an LMF as described in TS 29.572 [12]. UE positioning capabilities may also be transferred directly to a location server (e.g. LMF).
Additional functions which may be supported by a UE to support location services include the following.
-	Support location requests received from a network for 5GC-MT-LR, 5GC-NI-LR or a deferred 5GC-MT-LR for periodic or triggered location.
-	Support location requests to a network for a 5GC-MO-LR.
-	Support privacy notification and verification for a 5GC-MT-LR or deferred 5GC-MT-LR for periodic or triggered location.
-	Send updated privacy requirements to a serving AMF (for transfer to a UDR via UDM).
-	Support periodic or triggered location reporting to an LMF.
-	Support change of a serving LMF for periodic or triggered location reporting.
-	Support cancelation of periodic or triggered location reporting.
-	Support multiple simultaneous location sessions.
-	Support the reception of unciphered and/or ciphered assistance data broadcast by NG-RAN.
-	Support the reception of ciphering keys for the assistance data from the AMF.
-    Support the PRU registration to LMF via AMF when serves as a PRU.
-    Support the positioning with the assitance of PRU.
* * * * Third change * * * *
[bookmark: _Hlk118130359]4.3.6	UDM
The UDM contains LCS subscriber LCS privacy profile and routing information. The UDM is accessible from an AMF, GMLC or NEF via the Nudm interface.
The UDM contains an indication that whether a UE is authorized to serve as a PRU in the UE subscription data.
* * * * Fourth change * * * *

4.3.7	Access and Mobility Management Function, AMF
The AMF contains functionality responsible for managing positioning for a target UE for all types of location request. The AMF is accessible to the GMLC and NEF via the Namf interface, to the RAN via the N2 reference point and to the UE via the N1 reference point.
Functions which may be performed by an AMF to support location services include the following.
-	Initiate an NI-LR location request for a UE with an IMS emergency call or to know a UE geographical area with NR satellite access for PLMN selection verification.
-	Receive and manage location requests from a GMLC for a 5GC-MT-LR and deferred 5GC-MT-LR for periodic, triggered and UE available location events.
-	Receive and manage location requests from a UE for a 5GC-MO-LR.
-	Receive and manage Event Exposure request for location information from an NEF.
-	Select an LMF.
-	Receive updated privacy requirements from a UE and transfer to a UDR via UDM.
-	Support cancelation of periodic or triggered location reporting for a target UE.
-	Support change of a serving LMF for periodic or triggered location reporting for a target UE.
-	When assistance data is broadcast by 5GS in ciphered form, the AMF receives ciphering keys from the LMF and forwards to suitably subscribed UEs using mobility management procedures.
-	Store UE Positioning Capability received from an LMF and send the UE Positioning Capability along with the received location request to an LMF.
-	Receive UL NAS Transport including PRU Registration Request from a UE. PRU Registration Request includes PRU information.
-	AMF verifies whether a UE can serve as a PRU based on UE subscription data. 
-    AMF sends the PRU Registration Request to LMF and may include a UE verification indication indicating whether this UE is authoried to serve as a PRU.
NOTE:	Details of UE Positioning Capability is defined in TS 37.355 [20].
* * * * Fifth change * * * *

4.3.8	Location Management Function, LMF
The LMF manages the overall co-ordination and scheduling of resources required for the location of a UE that is registered with or accessing 5GCN. It also calculates or verifies a final location and any velocity estimate and may estimate the achieved accuracy. The LMF receives location requests for a target UE from the serving AMF using the Nlmf interface. The LMF interacts with the UE in order to exchange location information applicable to UE assisted and UE based position methods and interacts with the NG-RAN, N3IWF or TNAN in order to obtain location information.
The LMF shall determine the result of the positioning in geographical co-ordinates as defined in TS 23.032 [8] and/or in local co-ordinates as defined in TS 23.032 [8]. If requested and if available, the positioning result may also include the velocity of the UE. The coordinate type(s) is determined by LMF when receiving a location request, based on LCS Client type and supported GAD shapes. If the location request indicates regulatory LCS Client type the LMF shall determine a geographical location and optionally a location in local coordinates. For location request indicates a value added LCS Client type, the LMF may determine the UE location in local coordinates or geographical co-ordinates or both. If the supported GAD shapes is not received or Local Co-ordinates is not included in the supported GAD shapes, the LMF shall determine a geographical location.
NOTE 1:	Some RAT independent position methods (e.g. GNSS based position methods) can only determine a UE location in geographical co-ordinates. In such a case, the LMF may translate a UE location in geographical co-ordinates into a location in local co-ordinates when an origin for the local co-ordinates has known global coordinates. When an origin for the local co-ordinates does not have known global coordinates, position methods that can only determine a UE location in geographical co-ordinates cannot be used to determine a UE location in local co-ordinates.
Additional functions which may be performed by an LMF to support location services include the following.
-	Support a request for a single location received from a serving AMF for a target UE.
-	Support a request for periodic or triggered location received from a serving AMF for a target UE.
-	Determine type and number of position methods and procedures based on UE and PLMN capabilities, QoS, UE connectivity state per access type, LCS Client type, co-ordinate type and optionally service type.
-	Report UE location estimates directly to a GMLC for periodic or triggered location of a target UE.
-	Support cancelation of periodic or triggered location for a target UE.
-	Support the provision of broadcast assistance data to UEs via NG-RAN in ciphered or unciphered form and forward any ciphering keys to subscribed UEs via the AMF.
-	Support change of a serving LMF for periodic or triggered location reporting for a target UE.
-	Support of receiving stored UE Positioning Capability from AMF and support of providing updated UE Positioning Capability to AMF.
-	Map the UE location to a geographical area where the PLMN is or is not allowed to operate based on the request from AMF.
-	Support determination of a UE location at a scheduled location time.
-    The PRU may register with multiple LMFs. e.g. for the case a PRU is in multiple LMF overlapped serving areas.
-	LMF may indicate to NRF the PRU information or may store PRU information locally based on operator policy.
-	LMF stores PRU information and may indicate to NRF the PRU existence in its NF profile.
-	When the PRU information is provided to the NRF:
-	The serving LMF invokes the Nnrf_NFManagement_NFUpdate service operation to store the PRU information in the LMF profile already stored in the NRF.
-	When other LMF needs to obtain the PRU information for a certain area, the LMF just invokes the Nnrf_NFDiscovery including NF type which is set to LMF and indicates the area. NRF will return the profile including PRU information of the LMFs covering the area.
-	The target UE serving LMF may obtain PRU information locally, or may obtain PRU information and a PRU serving LMF from an NRF.
-	A mobile PRU may lead to the update of registration at serving LMF and/or registration at a new LMF.
-	A serving LMF of PRU obtains PRU location measurements as described in clause 5.4.5 of TS 38.305 [9] by triggering the existing procedures defined in clause 6.11 of TS 23.273 [5]:
-	To improve target UE positioning, the serving LMF of the target UE may obtain PRU location measurements from a serving LMF of PRU.
NOTE 2:	Country, area within a country, or an international area can be supported as different types of geographical area.
* * * * Sixth change * * * *
4.3.X	Network Repository Function, NRF
-	Support LMF NF profile update once receives the PRU existence indication or PRU information.
-	Support PRU serving LMF(s) discovery.
* * * * Seventh change * * * *
[bookmark: _Toc58920604][bookmark: _Toc114570790][bookmark: _Toc114570791][bookmark: _Toc58920605]5	High Level Features
5.1	LMF Selection
LMF selection functionality is supported by the AMF to determine an LMF for location estimation of the target UE. The LMF selection functionality is also supported by the target UE LMF to determine an PRU serving LMF to assist the target UE positioning. The LMF selection functionality is also supported by the LMF if it determines that it is unsuitable or unable to support location for the current UE access network or serving cell for the deferred 5GC-MT-LR procedure for periodic, or triggered location events.
LMF reselection is a functionality supported by AMF when necessary, e.g. due to UE mobility.
The LMF selection/reselection may be performed at the AMF or LMF based on the locally available information i.e. LMF profiles are configured locally at AMF or LMF, or by querying NRF.
The following factors may be considered during the LMF selection:
-	LCS client type.
-	Requested Quality of Service information, e.g.:
-	LCS accuracy,
-	Response time (latency),
-	Access Type (3GPP /N3GPP).
NOTE 1:	Location methods may differ depending on the Access Type, e.g. in the case of WLAN Access Location determination may just correspond to retrieval of IP addressing information from the N3IWF/TNGF; As another example, for Wireline access, Location determination may just correspond to retrieval of geo coordinates corresponding to a GLI as defined in TS 23.316 [21] clause 4.7.8 or a HFC Node ID.
-	RAT type (e.g. 5G NR, eLTE, or any of the RAT Types specified for NR satellite access) and/or the serving AN node (i.e. gNB or NG-eNB) of the target UE.
-	RAN configuration information.
-	LMF capabilities.
-	LMF load.
-	LMF location.
-	Indication of either a single event report or multiple event reports.
-	Duration of event reporting.
-	Network slicing information, e.g. S-NSSAI and/or NSI ID.
-	LMF Service Area consisting of one or more TA(s).
-	Supported GAD shapes.
-    Target UE serving cell(s) corresponding TAI(s) and an indication to discover PRU serving LMF.
When receiving a NAS message from UE, including an LMF ID together with a LPP message (refer to step 25 in clause 6.3.1 for event reporting for a deferred 5GC-MT-LR), AMF sends the LPP message to the LMF, as indicated by the LMF ID.
NOTE 2:	Description on how UE encapsulates the LMF ID in the NAS message is documented in TS 24.571 [36].
* * * * Eighth change * * * *
[bookmark: _Toc114570820][bookmark: _Toc58920634][bookmark: _Hlk118147653]5.X PRU assisted LCS 
PRU refers to the Positioning Reference Unit as defined in clause 5.4.5 of TS 38.305 [9], a PRU can be registed to one or more LMF(s) with its PRU information and utilized by LMF to determine correction terms for nearby target UEs.
The PRU information consists the following aspects:
-	PRU’s Positioning Capabilities.
-	Location information if known.
-	Type: whether a PRU is static or mobile.
-	State: ON/OFF, this indicates whether a PRU is activated to assist positioning of the other UEs.
* * * * Ninth change * * * *
[bookmark: _Toc114570861][bookmark: _Toc58920672]6.X	PRU Assisted Location Service Procedure
6.X.1 PRU Registration
The PRU registration procedure is used by 5GC to obtain the PRU information and to become aware which PRU(s)) are available in the network.

 
Figure 6.X-1: PRU Registration Procedure
1. UE sends UL NAS Transport including PRU Registration Request to AMF, the PRU Registration Request is an LCS supplementary service message and it includes PRU information, the PRU information may include PRU’s capability, location information (if known), type and state of the PRU (e.g. mobile/static type, on/off state).
2. The AMF invokes a Nudm_SDM_Get service operation towards the UDM to obtain subscription data of the UE. AMF verifies whether the UE can serve as a PRU based on UE subscription data in UDM. If there is no inidication that the UE can server as a PRU in the subscription data, the AMF rejects the Registration Request.
3. After the successful verification of registration of PRU, the AMF invokes a Namf_Communication_N1MessageNotify (i.e., step 3a), includes the PRU Registration Request, the User Location Information of PRU (i.e., CGI and TAI), the LCS correlation ID. In PRU Registration Request, the AMF may include a UE verification indication indicating whether this UE can serve as a PRU.
4. The LMF may trigger positioning procedure to obtain location measurement and location information (e.g., computated by PRU) of PRU. The LMF stores the PRU information locally, e.g. PRU serving cell ID, serving AMF ID, LCS correlation ID, PRU location measurements, PRU location information, PRU User Location Information, type and state of the PRU.
5. If the LMF decides to store PRU information in the NRF, (e.g. the serving cell of the PRU is near the boundary of the service area of the LMF, the PRU location measurements information can also be used by other LMF to assist UE positioning.) the LMF invokes a Nnrf_NFManagement_NFUpdate Request (PRU serving cell ID corresponding TAI, PRU existence indication) to indicate NRF the PRU existence in its serving area (e.g. in one or multiple TAI(s)).
6. If step 5 is performed, the NRF returns a Nnrf_NFManagement_NFUpdate Response to LMF.

* * * * Tenth change * * * *
6.X.2 Positioning procedure with assistance of PRU
This clause describes the location service procedure with the assistance of PRU, i.e., utilize the PRU(s) located in the same cell to improve positioning accuracy.


Figure 6.X-2: Positioning procedure with assistance of PRU
1. The trigger for target UE positioning happens, e.g. the AMF receives Namf_Location_ProvidePositioningInfo Request service operation from GMLC or receives MO-LR Request from UE.
2. The AMF invokes a Nlmf_Location_DetermineLocation Request to LMF.
3. If LMF has vailable PRU(s) in the indicated target UE serving cell and if the LMF decide to obtain the location measurements from the PRU(s), e.g., LMF has not obtained the PRU location measurements during the registration procedure or the PRU(s) location measuements obtained during the registration phase has been out of date, the      LMF triggers positioning procedure to obtain location measurements from the vailable PRU(s).
4. If the LMF decides to obtain PRU serving LMF(s) from NRF, e.g. the PRU(s) stored in the LMF is not available to assist targrt UE positioning, the LMF invokes Nnrf_NFDiscovery Request to NRF. The request includes the TAI(s) of target UE serving cell, the indication to find the PRU serving LMF(s) which could serve the target UE positioning.
5. Based on the PRU serving LMF discovery indication and the target UE serving cell TAI(s), the NRF return one or multiple PRU serving LMF(s) via Nnrf_NFDiscovery_Request Response.
6. If LMF receives PRU serving LMF(s) information from NRF, the LMF sends the Nlmf_Location_DetermineLocation Request to the PRU serving LMF to request the PRU location measurement information. The message includes the target UE cell ID.  
7. Based on step 6, the PRU serving LMF chooses the valiable PRU(s) and obtaions PRU location measurements as described in clause 5.4.5 in TS 38.305 [9] by triggering the positioning procedures defined in clause 6.11 in TS 23.273.
8. If step 7 is performed, the serving LMF of PRU sends the Nlmf_Location_DetermineLocation Response to the LMF, the response message includes the PRU(s) location measurements.
9. The LMF calculates UE location based on the location measurements obtained from PRU(s) in step 3 or step 7 and invokes Nlmf_Location_DetermineLocation Response to AMF.
10.  The AMF return the UE location to LCS client, AF (via NEF) or UE.
* * * * End of changes * * * *
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