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1	Introduction
The Location Services have been specified in 5G System in Rel-15, Rel-16 and Rel-17 to support both regulatory and commercial location services. 
In Rel-18, SA2 continues to work on location services, under the study item "Study on Enhancement to the 5GC Location Services – Phase 3", to support better performance and support more new requirements. The study work has been concluded, and the conclusions are captured in 3GPP TR 23.700-71. 
SA plenary approved work item "Enhancement to the 5GC LoCation Services - Phase 3" (5G_eLCS_Ph3) for SA2 normative work in TSG SA Meeting SP#97e (see the WID in SP-220811).  With the progress in SA2, revised WID (S2- 2209987) was approved to cover all the conclusions in 3GPP TR 23.700-71 in the SA2 meeting #153E.
This paper analyses conclusions and normative requirements of the stage 2, which have impacts to CT WGs, and conclude the proposed plan to carry out the corresponding work in the CT WGs.

2	Stage 2 Conclusions and CT WGs impacts
All the 12 key issues are concluded in SA2 TR 23.700-71. The following table briefly shows the conslusions in the TR and lists corresponding impacts on CT WGs.

	Conclusions in SA2 TR 23.700-71
	Corresponding CT aspects
	TS 
/ CT WG(s)

	KI#1: Architectural Enhancement to support User Plane positioning
	
	

	A user plane connection may be used between a UE and LMF: 
· The UE uses the URSP which includes user plane positioning related PDU session parameters (e.g., DNN and S-NSSAI) to establish the PDU session for user plane positioning.
· It is LMF to decide whether to use user plane or control plane positioning mode when receiving positioning requests from AMF.
· If LMF decides to utilize user plane positioning, the LMF sends its UP positioning address and security related information to UE to trigger the UP connection if it is not available. 
· LMF and UE may maintain the established user plane connection between UE and LMF for subsequent LCS session. Protocol to be used for User Plane connection may be decided by SA3 and by Stage 3 considering the proposed alternatives: The user plane connections can be supported using other transport decided by CT1 and common security procedures and protocol to be determined by SA3; As per both TS 38.305 from RAN and TS 23.271 for GERAN/UTRAN/E-UTRAN, the User Plane work aligned with both RAN and 2G/3G/4G may use solution#2; The UP connection between UE and LMF supports LPP message transfer and Supplementary service
A user plane connection may be used between a UE and AF or LCS Client as defined in Solution #19 for a periodic or triggered MT-LR for the case where UE based location is used and where the UE determines location estimates: 
· The AF or LCS Client address and security related information is then provided to the UE in the MT-LR request. The UE establishes the user plane connection to the AF or LCS Client and uses it to send event reports to the AF or LCS Client.
	







· Possible updates to control plane LCS procedure to support user plane positioning address and security related information transfer to UE





· Potential user plane connection protocol decision and design

· Possible updates to control plane LCS procedure to transfer UP positioning address and security related information to UE


· Possible updates to AMF/GMLC/LMF services to transfer AF/LCS client address to UE
· Possible updates to NEF southbound to transfer AF/LCS client address to UE
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29.518, CT4
29.515, CT4
29.572, CT4
29.591, CT3

	KI#2:  enhanced positioning architecture for NPN deployment
	
	

	· The Local AMF/Any AMF in NPN deployment is used to transfer the Non-UE Associated Network Assistance Data between the RAN and LMF.
· For UE Associated Network Positioning procedure, the LMF sends the UE Associated Network Positing message towards the RAN via the serving AMF. RAN responds UE Associated Network Positioning message to LMF via the serving AMF.
· The LMF notifies the UE location to GMLC directly, i.e. without going through the serving AMF.
	






· Possible impact on LMF service to support notification UE location to GMLC directly
· Possible impact on  GMLC service to support notification UE location to GMLC directly
	






29.515, CT4
29.572, CT4 

	KI#3: Local Area Restriction for an LMF and GMLC
	· 
	

	· Provisioning of LMF ID: LCS Data in the GMLC may be enhanced; GMLC may be configured with an LMF ID, and irrelevant to any LCS client/AF; UDM may be enhanced in the UE LCS subscriber data by adding a correlating LMF ID, and GMLC fetches it when interacting with UDM; AMF maybe configured locally mapping table.
· LMF selection: The GMLC provides LMF ID to AMF or AMF determines the LMF ID based on aspect 1. The AMF uses the LMF ID to select the LMF.
	· Update to AMF services to support LMF ID for LMF selection
· Possible impact on UDM service to support LMF ID
· Possible impact on UDR service to support LMF ID
	29.518, CT4
29.503, CT4
29.504, CT4
29.505, CT4


	KI#4: Interaction between Location Service and NWDAF
	
	

	· The interim conclusion for how the location services can benefit from NWDAF: NWDAF provides new analytics for Location Estimation Accuracy; LMF as a NWDAF consumer of such analytics uses Location Estimation Accuracy analytics to determine Position Method in the area where a UE is located.
· The interim conclusion for how the NWDAF use cases can benefit from location service: The NWDAF can retrieve indoor/outdoor indication if it can be decided by LMF; The NWDAF provides as part of Location Estimation Accuray a ratio of NLOS/LOS measurements.
· The interim conclusion for how to provide location information to NWDAF: The NWDAF retrieves location data from the GMLC using the Ngmlc services; To support privacy check, new LCS Client Type and Service Type is introduced and is used by NWDAF to request UE location; 
	· Possible impacts on NWDAF services to support new analytics and new consumer LMF




· Possible impact on LMF services to support indoor/outdoor indication



· Possible impacts on GMLC services to support new consumer NWDAF
	29.520, CT3





29.515, CT4




29.572, CT4

	KI#5: Assistance data provisioning for low power high accuracy GNSS positioning
	
	

	· LMF reuses the AF event exposure service to collect nearby GNSS assistance data
	· Impacts on the NEF southbound service to expose GNSS assistance data.
· Impacts on the AF service to expose GNSS assistance data.
· Impacts on the NRF services to support GNSS assistance data for NEF, LMF and Trusted AF information
	29.591, CT3
29.517, CT3
29.510, CT4

	KI#6: UE Positioning without UE/User Awareness
	
	

	· UE unaware positioning: If the UE is in CM_IDLE or RRC_INACTIVE state, the 5GC provides the latest stored UE location information to the LCS Client/AF if the requested accuracy is achieved; If the UE is in CM_CONNECTED state, the LMF selects uplink positioning.
· User unaware positioning: If the UE is in CM_IDLE or RRC_INACTIVE state, the UE can be paged during the positioning procedure; The User unaware positioning can be applied to any existing positioning procedure with the exception that the privacy check which requires interaction with user is skipped.
	· Impacts on the GMLC/AMF/LMF services to support indication of unawareness positioning and possible new rejection cause
	29.518, CT4
29.515, CT4
29.572, CT4

	KI#7: Support of Positioning Reference Units and Reference UEs
	
	

	The conclusions to support PRU:
· UE sends UL NAS Transport including PRU Registration Request to AMF; The PRU Registration is an LCS supplementary service message and has no new AMF impact; 
· AMF sends the PRU Registration Request to LMF and may include a UE verification indication indicating whether this UE can serve as a PRU; 
· PRU Registration Request includes PRU information; 
· 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; 
· The target UE serving LMF may obtain PRU information locally, or may obtain PRU information and a PRU serving LMF from an NRF
	
· Impacts on LCS procedures to support PRU


· Updates to LMF services to support PRU related information
· Possible impacts on AMF to support PRU

· Updates to NRF services to support PRU related information in LMF profile and LMF discovery

	
24.571, CT1



29.572, CT4
29.518, CT4
29.510, CT4


	KI#8: support of location service continuity in case of UE mobility
	
	

	· For 5GS -> EPS mobility: The source AMF shall cancel the LCS session (e.g. to LMF), responding to GMLC with a new cause for HO and with the target MME ID, GMLC then initiates a new location request to the target MME;
· For EPS -> 5GS mobility: The source MME shall cancel the LCS session over EPS as currently specified, and responds to GMLC with a new cause for HO and with the target AMF ID, GMLC then initiates location request to target AMF;
alternative solution: 
· For periodic/deferred location service continuity from 5GS to EPS: The LMF should determine whether UE can move between 5GS and EPS and notify UE the corresponding location QoS can be applied to EPS; After the location event is triggered, the UE should determine and send the suitable event triggered message and carry the suitable location QoS which can be applicable to EPS.
· For periodic/deferred location service continuity from EPS to 5GS: After the location event is triggered, the UE should determine and send the suitable event triggered message which can be applicable to 5GS.
· For both non-periodic/deferred location service continuity and periodic/deferred location service continuity: The LMF should determine the location information including the location QoS can be applicable to EPS, GMLC notify this information to E-SMLC to trigger the location procedure start in EPS; After handover complete, the AMF/MME should notify GMLC.
· For mobility between NG-RAN nodes in connected mode: S-AMF shares LCS session details to T-AMF as part of HO preparation; T-AMF notifies to LMF after HO completion; LMF continues with the LCS Session with new configuration; LMF responds with UE location to the T-AMF which responds to the LCS Client via the GMLC(s)
	· Update to AMF services to support new cause and MME ID to cancel the LCS session


· Updates to SLg interface to support new cause and AMF ID to cancel LCS session





· Possible update to control plane LCS procedures to notify UE of the location QoS applicable to EPS







· Possible impacts on LMF/AMF services to notify location information including the QoS for EPS to GMLC
· Possible impacts on AMF/GMLC services to report handover complete event
· Possible updates to SLg interface to notify GMLC the handover complete state

· Possible impacts on AMF services to transfer LCS session data

	29.518, CT4



29.172, CT4
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29.515, CT4
29.572, CT4

	KI#9: Support of Positioning Requirements Related to Satellite Access
	
	

	· Verification of UE location provided via satellite access should be performed leveraging the LCS framework at the 5GC;
· The AMF is the entity in charge of providing the location verification decision: The AMF may trigger location service procedures as defined in TS 23.273 [5] to determine the UE location verification decision and optional TAI determination. Location information received at AMF is provided by LMF via the NI-LR procedure. The LMF may decide specific positioning methods to be used for verification based on RAN WG decisions; The AMF may receive assistance information from NWDAF (i.e. analytics containing UE location information) to perform the location verification decision.
	· Possible impacts on LMF services to support verification of UE location







· Possible impacts on NWDAF to support assistance information for verification of UE location
	29.572, CT4








29.520, CT3


	KI#10: Support of Reduced Latency
	
	

	· When UPF and LMF are located at edge while AMF at centre, user plane based positioning can reduce the LPP message transfer latency between UE and LMF.
· By co-deployment of GMLC and LMF at edge, the latency of periodic or deferred location report from LMF to AF/LCS client through GMLC can be reduced.
· By using a user plane connection between a UE and an AF or LCS Client, end to end latency for a periodic or triggered MT-LR can be minimized if a target UE is able to determine the location estimates.
	





· Possible impacts on GMLC/LMF services to use user plane positioning to reduce latency
· Possible updates to control plane LCS procedure to transfer UP positioning address and security related information to UE
· Possible updates to AMF/GMLC/LMF services to transfer AF/LCS client address to UE
· Possible updates to NEF southbound to transfer AF/LCS client address to UE
	





29.515, CT4
29.572, CT4
24.571, CT1
29.518, CT4
29.591, CT3

	KI#11: Enhance the Triggered Location for UE power saving purpose
	
	

	· The event report allowed area can be provided by UE or LCS Client/AF;
· The event report allowed area determined by GMLC is sent to UE via the LCS Periodic-Triggered Invoke Request message.
	· Impacts on control plane LCS procedures to support event report allowed area
· Updates to AMF/UDM/UDR/GMLC/LMF services to support event report allowed area
· Updates to NEF southbound to support event report allowed area
	24.571, CT1
29.518, CT4
29.503, CT4
29.515, CT4
29.572, CT4
29.504, CT4
29.505, CT4
29.591, CT3

	KI#12: support of low power and/or high accuracy positioning
	
	

	· UDM is enhanced to include LPHAP indication in the UE LCS subscription data.
· During the positioning procedure, AMF provides the LPHAP indication to the LMF, either obtaining from the GMLC, or in the UE LCS context which received during UE registration procedure.
· LMF is enhanced to receive from AMF of the LPHAP indication in the location request, and determine positioning method, by taking into account the LPHAP requirement. LMF also sends LPHAP indication to RAN in the NRPPa message.
	· Updates to UDM/GMLC/LMF services to support LPHAP indication
· Update to UDR to support LPHAP indication

	29.503, CT4
29.515, CT4
29.572, CT4
29.504, CT4
29.505, CT4





3	Conclusion
Based on the above analysis, it is proposed to review the new WID of CT aspects of 5G_eLCS_Ph3 for approval. 

