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Abstract: This contribution analyses the UE positioning capabilities storage in core network.
1. Introduction
The work tasks of FS_eLCS_ph2 SID in SP-191370 are shown in Table 1.
Table 1: Work Tasks for FS_eLCS_ph2
	Work Task ID
	Work Task Title
	Work Task Description
	RAN Dependency 

	WT#1.1
	High accuracy and Low latency
	Investigate solution to support SA1 requirements e.g. very low latency and very high accuracy positioning, including horizontal and vertical positioning service levels, 5G positioning service area;
	Yes

	WT#2.1
	IIoT and etc 
	Investigate necessary system function/procedure modifications to satisfy specific new use cases identified by RAN Rel-17 NR positioning study and potential MCX UE positioning requirement which impacts existing 5G_eLCS defined in TS23.273. 
	Yes


  
To support the low latency in WT#1.1 in Table 1, one method discussed by RAN2 is to store the UE positioning capabilities in core network. Because the method is relevant to SA2, this paper is proposed to analyse the benefit and feasibility of the method from SA2 point of view.
2. Discussion
[bookmark: _Toc58920662]2.1	Latency analyses
Based on analyses in R2-2102095, the latency of UE Assisted and UE Based Positioning Procedure is shown in Figure 1.


Figure 1: Latency analyses of UE Assisted and UE Based Positioning Procedure
The method discussed in RAN2 is to store the UE positioning capabilities in core network to avoid the LMF to retrieve the capabilities from UE, i.e. the steps 1 – 2 in Figure 1 are skipped.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]As shown in Figure 1, the latency of steps 1 – 2 is 43 – 89ms, so from this point of view, the benefit of the method is to reduce 43 – 89ms latency of the positioning procedure.
[bookmark: OLE_LINK3]Proposal 1: The positioning latency is reduced by storing positioning capabilities in core network before the positioning request is received by network.
2.2	UE positioning capabilities analyses
The UE positioning capabilities described in TS 37.355 is summarized in Table 1.
Table 1: Summary of UE Positioning Capabilities
	Positioning capability
	Functionality
	Positioning method
	Static or dynamic

	NR-UL-SRS-Capability
	Specifies UE uplink SRS capability
	UL-TDOA/UL-AOA/Multi-RTT
	Dynamic

	Positioning Modes related capability 
	agnss-Modes
	Indicates Positioning mode supported by the target service
	GNSS/OTOOA/Sensor/TBS/WLAN/BT/NR-DL-AOD/NR-DL-TDOA
	Static

	
	otdoa-Mode
	
	
	

	
	sensor-Modes
	
	
	

	
	tbs-Modes
	
	
	

	
	wlan-Modes
	
	
	

	
	bt-Modes
	
	
	

	
	nr-DL-AoD-Mode
	
	
	

	
	nr-DL-TDOA-Mode
	
	
	

	NR-DL-PRS-ResourcesCapability
	Specifies DL-PRS resources capability for each positioning method
	DL-TDOA/DL-AOD/Multi-RTT
	

	NR-DL-PRS-ProcessingCapability
	Specifies DL-PRS Processing capability
	DL-TDOA/DL-AOD/Multi-RTT
	

	NR-DL-PRS-QCL-ProcessingCapability
	Specifies UE DL-PRS QCL Processing capability
	DL-TDOA/DL-AOD/Multi-RTT
	

	nr-DL-TDOA-MeasurementCapability
	Specifies DL-TDOA measurement capability
	DL-TDOA
	

	additionalPathsReport
	Indicates whether the UE supports additional paths reporting
	DL-TDOA/Multi-RTT/OTDOA
	

	periodicalReporting
	Indicates which positioning mode UE supports periodical Reporting
	NR ECID/DL-AoD/Multi-RTT/DL-TDOA/ECID/OTDOA
	

	NR-DL-AoD-MeasurementCapability
	Specifies DL-AoD measurement capability
	DL-AOD
	

	NR-Multi-RTT-MeasurementCapability
	Specifies Multi-RTT measurement capability
	Multi-RTT
	

	triggeredReporting
	Indicates whether the UE supports triggered Reporting
	NR ECID/ECID
	

	nr-ECID-MeasSupported
	Indicates the supported NR ECID measurements
	NR E-CID
	

	bt-MeasSupported
	Specifies the Bluetooth measurements supported by the target device
	BT
	

	idleStateForMeasurements
	Indicates the target device requires idle state to perform RSTD measurements.
	BT/WLAN/Sensor/ECID/OTDOA/GNSS
	

	wlan-MeasSupported
	Specifies the measurements supported by the target device when accessing a WLAN
	WLAN
	

	mbs-IdleStateForMeasurements
	Indicates that the target device requires idle state to perform MBS measurements.
	TBS
	

	periodicalReportingSupported
	Indicates which positioning mode the UE supports periodical Reporting
	TBS/Sensor
	

	periodicalReportingNotSupported
	Specifies the positioning modes for which the target device does not support periodicalReporting
	GNSS
	

	mbs-AssistanceDataSupportList
	Indicate the capability to support MBS Assistance Data and to provide capability to the location server
	TBS
	

	mbs-ConfigSupport
	Specifies the MBS configurations supported by the target device
	TBS
	

	sensor-AssistanceDataSupportList
	Specifies a list of sensor assistance data supported by the target device
	Sensor
	

	sensor-MotionInformationSup
	Indicates that the target device supports displacement reporting
	Sensor
	

	ecid-MeasSupported
	Specifies the E CID measurements supported by the target device
	E-CID
	

	additional-prs-config
	Indicates that the target device supports additional PRS configurations
	OTDOA
	

	prs-based-tbs
	Indicates that the target device supports RSTD measurements for PRS-only TPs.
	OTDOA
	

	maxSupportedPrsBandwidth
	Indicates the maximum PRS bandwidth supported by the target device
	OTDOA
	

	densePrsConfig
	Indicates that the target device supports a subset of the additional PRS configurations associated with capability additional-prs-config
	OTDOA
	

	prsOccGroup
	Indicates that the target device supports PRS occasion groups
	OTDOA
	

	prsFrequencyHopping
	Indicates that the target device supports PRS occasion frequency hopping
	OTDOA
	

	maxSupportedPrsConfigs
	Indicates that the target device supports multiple PRS configurations per cell
	OTDOA
	

	multiPrbNprs
	Indicates that the target device supports NPRS configuration in more than one resource block
	OTDOA
	

	motionMeasurements
	Indicates that the target device supports reporting of motion measurements
	OTDOA
	

	interRAT-RSTDmeasurement
	Indicates that the target device supports inter-RAT RSTD measurements
	OTDOA
	

	interFreqRSTDmeasurement
	Indicates that the target device supports inter-frequency RSTD measurements within and between the frequency bands indicated in SupportedBandEUTRA
	OTDOA
	



Based on the summary in Table 1, most of the UE positioning capabilities are static, except the NR-UL-SRS-Capability which may change but not very frequently. 
For the static capabilities, it is valuable to store them in core network to reduce positioning latency.
For the dynamic capability (i.e. NR-UL-SRS-Capabilities), because it is not changed very frequently, storing the capability in core network will not introduce more latency in NAS layer. Furthermore, based on description in clause 6.3.3 in TS 38.331, the SRS capabilities (i.e. OLPC-SRS-Pos and SpatialRelationsSRS-Pos) are already stored in AMF, so it is feasible to store the capability in core network.
Proposal 2: It is feasible to store the UE positioning capabilities in core network.
2.3	NF in core network to store the UE positioning capabilities
To store UE positioning capabilities in core network, the candidate NFs in core network include AMF and LMF. Table 2 illustrates 5GS system impacts for these candidates.
Table 2: Impacts of storing UE positioning capabilities in different 5GC NF
	
	UE impact
	RAN impact
	5GC impact

	
	
	
	LMF selection
	UE context stored in AMF
	UE mobility support
	positioning capabilities delivery in 5GC

	Storing UE positioning capabilities in AMF
	UE sends UE positioning capabilities to AMF, e.g. via NAS or via NG-RAN
	Transfer UE positioning capabilities to AMF
	The existing LMF selection mechanism is not impacted
	A new item is added, i.e. UE positioning capabilities
	The existing mobility mechanism is not impacted.
	AMF sends UE positioning capabilities to LMF along with positioning request received from GMLC.

	Storing UE positioning capabilities in LMF
	Same
	Same 
	New trigger(s) of LMF selection needs to be defined, e.g. when UE positioning capabilities is received by AMF, UE mobility events.
	A new item is added, i.e. the serving LMF
	Not supported.

Several questions needs to be considered, e.g. AMF should decide whether LMF is changed during UE mobility procedure, target LMF selection, UE positioning capabilities transmission between source and target LMFs, how to release UE positioning capabilities in source LMF.
	AMF sends UE positioning capabilities to LMF when received from UE.



Based on the impacts described in Table 2, storing UE positioning capabilities in AMF has less impact to 5G system than in LMF. So it is proposed that the UE positioning capabilities is stored in AMF. The UE sends the UE positioning capabilities to AMF via NAS or via NG-RAN, the AMF stores the capabilities. When positioning request is received by AMF, AMF sends the request along with the UE positioning capabilities to LMF.
Proposal 3: The UE positioning capabilities is stored in AMF.
[bookmark: OLE_LINK51]3. Proposals for way forwards 
Proposal 1: The positioning latency is reduced by storing positioning capabilities in core network before the positioning request is received by network.
Proposal 2: It is feasible to store the UE positioning capabilities in core network.
Proposal 3: The UE positioning capabilities is stored in AMF.
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