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SA2 agreed adding support for a scheduled location time in TS 23.273 at SA2#148e [1]:
	S2-2109106
	23.273 CR0151R5 (Rel-17, 'B'): Addition of a Scheduled Location Time



Support of a scheduled location time is added for a 5GC-MT-LR, 5GC-MO-LR and deferred 5GC-MT-LR for periodic or triggered location. 
If a scheduled location time is provided, the AMF includes the scheduled location time in the Nlmf_Location_DetermineLocation service operation sent towards the LMF. 	When sending a location request to the UE, the LMF may include the scheduled location time. However, SA2 did not agree sending the scheduled location time to the NG-RAN. TS 23.273 [4], clause 6.1.2 specifies the following:
	10-13.	Step 10-13 are the same as steps 6-9 defined in clause 6.1.1 with the addition that service type may be indicated towards the LMF and the exception that the LMF may determine the UE location in local coordinates or geographical co-ordinates or both. If the supported GAD shapes is not received in step 11 or Local Co-ordinates is not included in the supported GAD shapes, the LMF shall determine a geographical location. If a scheduled location time is provided at step 5, steps 11 and 12 include the following additional differences.
11.	The AMF includes the scheduled location time in the Nlmf_Location_DetermineLocation service operation sent towards the LMF.
12.	When sending a location request to the UE, the LMF may include the scheduled location time.
NOTE 5:	LMF does not deliver the scheduled location time to NG-RAN as part of step 12.
NOTE 6:	The LMF may send a location request to the UE at step 12 containing the scheduled location time sometime before the scheduled location time to allow the UE to enter CM Connected state shortly before the scheduled location time.



Therefore, support in LPP is required to provide the scheduled location time to a target device.

2.	Discussion
The scheduled location time can be added analogous to LPPe [2] as discussed in [3]. In particular:
-	The scheduled location request can be included in CommonIEsRequestLocationInformation providing the scheduled location time T together with a measurement time window to the target device. 
-	The time base for the scheduled location time T should include:
-	UTC Time; to natively support TBS, Sensor, WLAN, BT positioning.
-	GNSS Time; to natively support GNSS positioning.
-	LTE Network Time; to natively support LTE RAT-dependent positioning.
-	NR Network Time; to natively support NR RAT-dependent positioning.
-	Relative Time to support all positioning methods.
-	The Measurement Time/Uncertainty Window might be asymmetric – instead of being T-t to T+t, might be T-t1 to T+t2. For example, this could be used to avoid measurements too long after T. 
[bookmark: _Hlk92169893]-	The UE capability may be different for different positioning methods or modes. Therefore, the capability to support scheduled location should be included in each method-ProvideCapabilites message, where 'method' can be any of the LPP positioning methods and should indicate the time base(s) supported for scheduling location measurements.

3.	LPP Text Proposal
According to section 2 above, the following LPP changes are proposed.

[bookmark: _Toc37680841][bookmark: _Toc46486412][bookmark: _Toc52546757][bookmark: _Toc52547287][bookmark: _Toc52547817][bookmark: _Toc52548347][bookmark: _Toc83656211]–	CommonIEsRequestLocationInformation
The CommonIEsRequestLocationInformation carries common IEs for a Request Location Information LPP message Type.
-- ASN1START

CommonIEsRequestLocationInformation ::= SEQUENCE {
	locationInformationType		LocationInformationType,
	triggeredReporting			TriggeredReportingCriteria	OPTIONAL,	-- Cond ECID
	periodicalReporting			PeriodicalReportingCriteria OPTIONAL,	-- Need ON
	additionalInformation		AdditionalInformation		OPTIONAL,	-- Need ON
	qos							QoS							OPTIONAL,	-- Need ON
	environment					Environment					OPTIONAL,	-- Need ON
	locationCoordinateTypes		LocationCoordinateTypes		OPTIONAL,	-- Need ON
	velocityTypes				VelocityTypes				OPTIONAL,	-- Need ON
	...,
	[[
		messageSizeLimitNB-r14	MessageSizeLimitNB-r14		OPTIONAL	-- Need ON
	]],
	[[
		segmentationInfo-r14	SegmentationInfo-r14		OPTIONAL	-- Need ON
	]],
	[[
		scheduledLocationRequest-r17
								ScheduledLocationRequest-r17
															OPTIONAL	-- Need ON
	]]
}

ScheduledLocationRequest-r17 ::= SEQUENCE {
	scheduledLocationTime-r17	ScheduledLocationTime-r17,
	windowStart-r17				TimeOffset-r17				OPTIONAL,	-- Need ON
	windowStop-r17				TimeOffset-r17				OPTIONAL,	-- Need ON
	...	
}

ScheduledLocationTime-r17 ::= CHOICE {
	utcTime-r17			UTCTime,
	gnssTime-r17		SEQUENCE {
							gnss-TOD-msec-r17		INTEGER (0..3599999),
							gnss-TimeID-r17			GNSS-ID
						},
	networkTime-r17		CHOICE {
							e-utraTime-r17			SEQUENCE {
								lte-physCellId-r17			INTEGER (0..503),
								lte-arfcnEUTRA-r17			ARFCN-ValueEUTRA,
								lte-cellGlobalId-r17		CellGlobalIdEUTRA-AndUTRA
																			OPTIONAL,	-- Need ON
								lte-systemFrameNumber-r17	INTEGER (0..1023)
								},
							nrTime-r17				SEQUENCE {
								nr-PhysCellID-r17			NR-PhysCellID-r16,
								nr-ARFCN-r17				ARFCN-ValueNR-r15,
								nr-CellGlobalID-r17			NCGI-r15		OPTIONAL,	-- Need ON
								nr-SFN-r17					INTEGER (0..1023),
								nr-Slot-r17 				CHOICE {
											scs15-r17			INTEGER (0..9),
											scs30-r17			INTEGER (0..19),
											scs60-r17			INTEGER (0..39),
											scs120-r17			INTEGER (0..79)
											}								OPTIONAL,	-- Need ON
								},
							...
						},
	relativeTime-r17	INTEGER (1..1024),
	...
}

TimeOffset-r17 ::= SEQUENCE {
	timeOffsetSign-r17	ENUMERATED { positive, negative },
	timeOffset-r17		CHOICE {
							seconds-r17		SEQUENCE {
								numberOfseconds-r17			INTEGER (0..10)		OPTIONAL, -- Need ON
								numberOfmilli-Seconds-r17	INTEGER (0..999)	OPTIONAL, -- Need ON
								...
								},
							frames-r17		SEQUENCE {
								numberOfFrames				INTEGER (0..1023)	OPTIONAL, -- Need ON
								numberOfSlots				INTEGER (0..79)		OPTIONAL, -- Need ON
								...
								},
						...
						},
	...
}



	CommonIEsRequestLocationInformation field descriptions

	[…]

	scheduledLocationRequest
This field indicates that the target device is requested to obtain location measurements or location estimate valid at the scheduledLocationTime T and comprises the following subfields:
-	scheduledLocationTime indicates the time T when the location measurements or location estimate is to be obtained.
-	utcTime provides T in UTC in the form of YYMMDDhhmmssZ.
-	gnssTime provides T in GNSS system time of the GNSS indicated by gnss-TimeID.
-	gnss-TOD-msec specifies the GNSS TOD in 1-milli-second resolution rounded down to the nearest millisecond unit. 
-	networkTime provides T in E-UTRA or NR network time.
-	lte-physCellId, lte-arfcnEUTRA, lte-cellGlobalId identifies the reference cell (E-UTRA) that is used for the network time.
-	lte-systemFrameNumber specifies the system frame number in E-UTRA.
-	nr-PhysCellID, nr-ARFCN , nr-CellGlobalID identifies the reference cell (NR) that is used for the network time.
-	nr-SFN specifies the system frame number in NR.
-	nr-Slot specifies the slot number in NR for the indicated subcarrier spacing (SCS). The total NR network time is given by nr-SFN + nr-Slot. 
-	relativeTime provides T in seconds from current time, where current time is defined as the time the CommonIEsRequestLocationInformation was received.
-	windowStart, windowStop defines the time window within the requested location measurements should be obtained, relative to the scheduledLocationTime such that t1≤T≤t2 where t1 is given by windowStart and t2 is given by windowStop. 
-	timeOffsetSign indicates either a positive (i.e., later than T (i.e., t2)) or negative (i.e., earlier than T (i.e., t1)) time offset relative to scheduledLocationTime T. 
-	timeOffset indicates the time offset from T in seconds, radio frames, or slots. The total time offset is given by numberOfseconds+numberOfmilli-Seconds or numberOfFrames+numberOfSlots, respectively.
Absence of windowStart and windowStop implies that the target device is requested to perform all measurements as close as possible to the scheduledLocationTime.
If the periodicalReporting field is included in CommonIEsRequestLocationInformation, the scheduled location time T applies to the first periodic location report; i.e., the scheduled location time equals T + (N-1)×P, where T is the initial scheduled location time, N is the report number (N≥1) and P is the reportingInterval.
NOTE 1: 	It is required that the scheduledLocationTime T be within the window defined by windowStart and windowStop. Measurement time refers to the time or times at which a measurement is valid – e.g., the time a measurement was completed or the time to which a measurement can reliably and accurately be adjusted. 
NOTE 2: 	A location estimate returned to an LCS Client, AF or UE for a scheduled location time can be treated by the LCS Client, AF or UE as an estimate of the location of the UE at the scheduled location time (see TS 23.273 [42]).

	[…]
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The IE OTDOA-ProvideCapabilities is used by the target device to indicate its capability to support OTDOA and to provide its OTDOA positioning capabilities to the location server.
-- ASN1START

OTDOA-ProvideCapabilities ::= SEQUENCE {
	otdoa-Mode		BIT STRING {	ue-assisted				(0),
									ue-assisted-NB-r14		(1),
									ue-assisted-NB-TDD-r15	(2) } (SIZE (1..8)),
	...,
	supportedBandListEUTRA		SEQUENCE (SIZE (1..maxBands)) OF SupportedBandEUTRA		OPTIONAL,
	supportedBandListEUTRA-v9a0	SEQUENCE (SIZE (1..maxBands)) OF SupportedBandEUTRA-v9a0
																						OPTIONAL,
	interFreqRSTDmeasurement-r10		ENUMERATED { supported }						OPTIONAL,
	additionalNeighbourCellInfoList-r10	ENUMERATED { supported }						OPTIONAL,
	prs-id-r14							ENUMERATED { supported }						OPTIONAL,
	tp-separation-via-muting-r14		ENUMERATED { supported }						OPTIONAL,
	additional-prs-config-r14			ENUMERATED { supported }						OPTIONAL,
	prs-based-tbs-r14					ENUMERATED { supported }						OPTIONAL,
	additionalPathsReport-r14			ENUMERATED { supported }						OPTIONAL,
	densePrsConfig-r14					ENUMERATED { supported }						OPTIONAL,
	maxSupportedPrsBandwidth-r14		ENUMERATED { n6, n15, n25, n50, n75, n100, ...}	OPTIONAL,
	prsOccGroup-r14						ENUMERATED { supported }						OPTIONAL,
	prsFrequencyHopping-r14				ENUMERATED { supported }						OPTIONAL,
	maxSupportedPrsConfigs-r14			ENUMERATED { c2, c3 }							OPTIONAL,
	periodicalReporting-r14				ENUMERATED { supported }						OPTIONAL,
	multiPrbNprs-r14					ENUMERATED { supported }						OPTIONAL,
	idleStateForMeasurements-r14		ENUMERATED { required }							OPTIONAL,
	numberOfRXantennas-r14				ENUMERATED { rx1, ... }							OPTIONAL,
	motionMeasurements-r15				ENUMERATED { supported }						OPTIONAL,
	interRAT-RSTDmeasurement-r15		ENUMERATED { supported }						OPTIONAL,
	scheduledLocationRequest-r17	SEQUENCE {
										utcTime-r17			ENUMERATED { supported }	OPTIONAL,
										gnssTime-r17		GNSS-ID-BitMap				OPTIONAL,
										e-utraTime-r17		ENUMERATED { supported }	OPTIONAL,
										nrTime-r17			ENUMERATED { supported }	OPTIONAL,
										relativeTime-r17	ENUMERATED { supported }	OPTIONAL,
										...
									}													OPTIONAL
}


	OTDOA-ProvideCapabilities field descriptions

	[…]

	scheduledLocationRequest
This field, if present, indicates that the target device supports scheduled location requests – i.e., supports the IE ScheduledLocationRequest in IE CommonIEsRequestLocationInformation – and the time base(s) supported for the scheduled location time.



Corresponding changes as above are also needed in IEs ECID-ProvideCapabilities, NR-ECID-ProvideCapabilities, and NR-Multi-RTT-ProvideCapabilities. 
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The IE A-GNSS-Provide-Capabilities is used by the target device to indicate its capability to support A-GNSS and to provide its A-GNSS location capabilities (e.g., GNSSs and assistance data supported) to the location server.
-- ASN1START

A-GNSS-ProvideCapabilities ::= SEQUENCE {
	gnss-SupportList			GNSS-SupportList				OPTIONAL,
	assistanceDataSupportList	AssistanceDataSupportList		OPTIONAL,
	locationCoordinateTypes		LocationCoordinateTypes			OPTIONAL,
	velocityTypes				VelocityTypes					OPTIONAL,
	...,
	[[ periodicalReportingNotSupported-r14
								PositioningModes				OPTIONAL,
		idleStateForMeasurements-r14		
								ENUMERATED { required }			OPTIONAL
	]],
	[[ periodicAssistanceData-r15
								BIT STRING { solicited 	 (0),
											 unsolicited (1)	} (SIZE (1..8))		OPTIONAL
	]],
	[[ scheduledLocationRequest-r17	SEQUENCE {
								utcTime-r17			PositioningModes		OPTIONAL,
								gnssTime-r17		SEQUENCE {
									posModes-r17		PositioningModes,
									gnss-TimeIDs-r17	GNSS-ID-BitMap
									}										OPTIONAL,
								e-utraTime-r17		PositioningModes		OPTIONAL,
								nrTime-r17			PositioningModes		OPTIONAL,
								relativeTime-r17	PositioningModes		OPTIONAL,
								...
								}													OPTIONAL
	]]
}


	A-GNSS-ProvideCapabilities field descriptions

	[…]

	scheduledLocationRequest 
This field, if present, specifies the positioning modes for which the target device supports scheduled location requests – i.e., supports the IE ScheduledLocationRequest in IE CommonIEsRequestLocationInformation – and the time base(s) supported for the scheduled location time for each positioning mode. If this field is absent, the target device does not support scheduled location requests.



Corresponding changes as above are also needed in IEs TBS-ProvideCapabilities, Sensor-ProvideCapabilities, WLAN-ProvideCapabilites, BT-ProvideCapabilites, NR-DL-TDOA-ProvideCapabilities, and NR-DL-AoD-ProvideCapabilities

4.	Summary
In this contribution we provided a Text proposal to support scheduled location at a target device according to TS 23.273 [4].
The following proposals are made.
Proposal 1:	Include a "Scheduled Location Time" with measurement time window in LPP CommonIEsRequestLocationInformation, defining the desired time when the location measurements or location estimate is to be obtained/valid. 
Proposal 2:	The time base for the scheduled location time T should support UTC Time, GNSS Time, LTE/NR Network Time, and Relative Time.

Proposal 3:	The Measurement Time Window might be asymmetric – instead of being T-t to T+t, 	might be T-t1 to T+t2. 
Proposal 4:	Include the capability to support scheduled location in each method-ProvideCapabilites message, where 'method' can be any of the LPP positioning methods. The capability should indicate the time base(s) supported for scheduling location measurements.

Proposal 5:	Endorse the Text Proposal in Section 3 of this contribution. 
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