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The "scheduled location in advance" was discussed at RAN2#115-e [1] and a reply LS was sent to SA2 in [2] confirming that a scheduled location time would allow the latency for obtaining and reporting the location of a target device to be reduced by the duration of the location preparation phase. 
However, there was no conclusion on whether the scheduled location time should be provided to the measuring entities. Some companies in RAN2 think the scheduled location time should not be sent to NG-RAN and UE. Other companies believe that it can be useful to send the scheduled location time to NG-RAN and the UE to trigger measurements at or close to the scheduled location time [3].
In this contribution, we show that without providing the scheduled location time T to the UE and TRPs, the LMF cannot reliably determine the UE location at the scheduled location time, and therefore, the location estimate returned to an LCS Client for a scheduled location time cannot be treated by the LCS Client as a reliable estimate of the location of the UE at the scheduled location time.
2.	Scheduling Location in Advance
As mentioned in section 1 above, there are two different views in RAN2 on how to enable scheduling location in advance for positioning of a target UE [3]: 
Option 1:	The scheduled location time is transparent to UE and TRPs; i.e., the location time is not provided to the 	measuring entities. 
Option 2: 	The scheduled location time is provided to the UE and TRPs and the location measurements are requested to be valid at the provided location time.
Option 1: Scheduled Location Time is transparent to UE and TRPs
If the Scheduled Location Time T is provided to an LMF but the LMF is not able to provide T to the measuring entities (UE and/or TRPs), the signalling steps need to be arranged such that the location estimate of the UE can be obtained at or close to the scheduled location time T (as requested by the client). 
For the LPP signalling, this would require sending the LPP Request Location Information message at or around the time T known at the LMF, as illustrated in Figure 1 below. An LMF may provide location assistance data to the target device before T (during the location preparation phase) and send a LPP Location Information Request message some small time before T (e.g., at T-e). 
The LPP Request Location Information message may include the Response Time which is the maximum time between Request and Provide Location Information. The value for the Response Time should be selected such that the UE is able to perform the requested measurements to obtain a desired location accuracy. The Response Time depends on the selected positioning method. E.g., for GNSS positioning a response time of 20-30 seconds is typically needed; for HA-GNSS (e.g., RTK), the response time can be minutes until the ambiguity resolution converges. For RAT-dependent positioning, the Response Time is often smaller. In any case, the LPP Response Time is the maximum time between Request and Provide Location Information, and the location measurements may be made at any time within the response time. The Response Time also includes any additional signalling required.  Once the UE knows the location instructions (e.g., positioning method(s), QoS, etc.) this additional signalling may include measurement gaps configuration, or a request for additional assistance data, etc., as illustarted in Figure 1 below. Therefore, the location measurements can be valid anywhere between the Response Time (typically closer towards the end and when a UE has all measurements available). The measurements may also be spread out during the Resposne Time; e.g., some TRP/SV measurements are made at the beginning and others towards the end of the Response Time. Therefore, the time when the location measurements are valid (i.e., the actual location time) cannot be predicted by an LMF, and the location estimate may be valid anywhere between LPP Request and Provide Location Information and may be an "average" between the first and last measurement performed. The LMF cannot request the time when the location measurements or location estimate is to be obtained by the target device and therefore, a successful outcome (i.e., location valid for time T) would be random.
 Observation 1:	With the current LPP specification, the time when the UE should obtain the measurements/location estimate cannot be controlled by an LMF. The available LPP Response Time defines the time when to send a measurement report (at the latest), but not the time when the location measurements should be obtained/valid. 
The same applies to UL measurements performed at the TRPs [6]. RAN3 introduced a Response Time in NRPPa [4] analogous to LPP. But as discussed above, this is the time between Measurement Request and Report, but not the time when the measurements should be obtained/valid. Therefore,
Observation 2: Without providing the Scheduled Location Time T to the UE and TRPs, the LMF cannot reliably determine the UE location at the scheduled location time, and therefore, the location estimate returned to an LCS Client for a scheduled location time cannot be treated by the LCS Client as a reliable estimate of the location of the UE at the scheduled location time.


Figure 1: LPP Request Location Information without Scheduled Location Time provided to the UE.

Option 2: The Scheduled Location Time is sent to UE and TRPs
The Scheduled Location Time T can be included in the LPP Request Location Information message sent to the target device as illustrated in Figure 2 below. The LMF could send the LPP Request Location Information message well before the time T, allowing the UE sufficient time to prepare and perform the measurements. Any measurement preparation and additional signalling steps in response to the LPP Request Location Information would then be part of the Location Preparation Phase, as illustrated in Figure 2. An LPP Response Time is not strictly necessary in this case and could be omitted in the message. The UE would not be constrained by the response time and would generally have more time available for performing the measurements. The only requirement is that the UE has location measurements available valid for the time T, but the time when and for how long to perform the measurements would not be contrained by the reception/transmission of Request/Response messages. 
Observation 3:	With the Scheduled Location Time T provided to the UE in advance, an LMF can reliably request a time when the provided measurements/location estimate are/is to be obtained. 
Observation 4: 	With the Scheduled Location Time T provided to the UE in advance, the UE measurement process is not constrained by the response time. The only requirement is that the UE has location measurements available valid for the time T, but the time when and for how long to perform the measurements could be determined by the UE; e.g., based on radio situation. Therefore, the quality of the location measurements/estimate may generally be better with a Scheduled Location Time T provided to the UE.



Figure 2: LPP Request Location Information with Scheduled Location Time provided to the UE.

For UL measurements a LMF could include the Scheduled Location Time T in the NRPPa Measurement Request message send to the TRPs. The same advantages as summarized above for LPP would apply to the UL measurement process as well [6]. In addition, an LMF would now also be able to receive all UL measurements from different TRPs valid for the same time T which would generally also improve accuracy. It would also allow to align UL and DL measurements to be performed/valid at the same time. 
Observation 5:	With the Scheduled Location Time T provided to the TRPs in advance, an LMF can reliably request a time when the provided measurements are to be obtained. 
Observation 6:	With the Scheduled Location Time T provided to the TRPs in advance, the UL measurements performed at different TRPs would be obtained for the same scheduled location time T which would generally also improve location accuracy.
Observation 7:	With the Scheduled Location Time T provided to the UE and TRPs in advance, the UL and DL measurements for Multi-RTT can be made at the same location time which would generally improve location accuracy.
2.1	Comparison with OMA LPPe
The benefit of providing a scheduled location time has already been discussed in OMA and LPPe supports a scheduled location request. The below is a copy of the OMA LPPe V1.0 specification [5]. 

OMA-LPPe-ScheduledLocation-Capabilities ::= SEQUENCE {
	minimumWindow			INTEGER (1..1024)					OPTIONAL,
	gnssTimeReference		GNSS-ID-Bitmap						OPTIONAL,
	networkTimeReference	ENUMERATED {serving,
										servingOrNonServing,
										... }					OPTIONAL,
	...
}



	OMA-LPPe-CommonIEsProvideCapabilities  field descriptions

	scheduledLocation-Capabilities
This parameter is included by the target to indicate its capabilities to schedule location at a requested time. The following fields can be provided:
minimumWindow              minimum time window in units of 10 ms within which the target is capable of scheduling location measurements
gnssTimeReference          indicates the target can use GNSS time to schedule location measurements and provides the GNSS IDs that can be supported for this
networkTimeReference     indicates the target can use network time to schedule location measurements and indicates whether network time can be supported only relative to a serving cell or relative to a serving or non-serving cell




OMA-LPPe-CommonIEsRequestLocationInformation ::= SEQUENCE  {
	iP-Address-Request					OMA-LPPe-IP-Address-Request						OPTIONAL,
	locationInformationContainerRequest	OMA-LPPe-LocationInformationContainerRequest 	OPTIONAL,
	requestPeriodicLocInfoWithUpdate	OMA-LPPe-RequestPeriodicLocInfoWithUpdate		OPTIONAL,
	relativeLocationChange-Request		OMA-LPPe-RelativeLocationChange-Request			OPTIONAL,
	localPositionRequest				OMA-LPPe-LocalPositionRequest					OPTIONAL,
	scheduledLocation-Request			OMA-LPPe-ScheduledLocation-Request				OPTIONAL,
	accessTypeRequest					OMA-LPPe-AccessTypeRequest						OPTIONAL,
	segmentedLIpreference				ENUMERATED {useBasic, useResume, ...}			OPTIONAL,
	segmentedLIResume					OMA-LPPe-SegmentedLIResume						OPTIONAL,
	...
}

[…]

OMA-LPPe-ScheduledLocation-Request ::= SEQUENCE {
	gnssTime			GNSS-SystemTime			OPTIONAL,		--Cond AtLeastOne
	networkTime			NetworkTime				OPTIONAL,		--Cond AtLeastOne
	relativeTime		INTEGER (1..1024)		OPTIONAL,		--Cond AtLeastOne
	windowSize			INTEGER (1..1024)		OPTIONAL,
	...
}

	OMA-LPPe-CommonIEsRequestLocationInformation  field descriptions

	scheduledLocation-Request
This parameter is included by the server to request the target to perform all requested location measurements and obtain any other requested location information (except for information that can be computed from other information) within a scheduled time window (see note) defined by the following parameters:
gnssTime            absolute GNSS time of the start of the time window
networkTime       network time of the start of the time window 
relativeTime        relative Time in seconds from current time to the start of the time window. Current time is defined as the time the message was received.
windowSize         width of the time window in units of 10 ms; absence of this parameter implies best effort to perform all measurements as close to the start time as possible
This parameter should not be included by the server and shall if present be ignored by the target if other LPP or LPPe parameters are present that require repeated (e.g. periodic or triggered) location information reporting by the target or if qos is present containing responseTime in CommonIEsRequestLocationInformation in the LPP Request Location Information. When gnssTime and networkTime are both present, the target shall give precedence to gnssTime if the referenced GNSS time is known to within 1ms but shall other otherwise give precedence to networkTime. The target shall give lowest preference to relativeTime when another start time is present that can be used (e.g. gnssTime is present and the target knows the associated GNSS time).

NOTE: 	It is required that measurement time be within the scheduled window. 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.




OMA-LPPe-CommonIEsProvideLocationInformation ::= SEQUENCE {
	highAccuracy3Dposition				OMA-LPPe-HighAccuracy3Dposition 			OPTIONAL,
	localPosition						OMA-LPPe-LocalPosition						OPTIONAL,
	highAccuracy3Dvelocity				OMA-LPPe-HighAccuracy3Dvelocity 			OPTIONAL,
	iP-Address-List						OMA-LPPe-IP-Address-List					OPTIONAL,
	locationInformationContainer		OMA-LPPe-LocationInformationContainer 		OPTIONAL,
	providePeriodicLocInfoWithUpdate	OMA-LPPe-ProvidePeriodicLocInfowithUpdate	OPTIONAL,
	relativeLocationChangeList			OMA-LPPe-RelativeLocationChangeList			OPTIONAL,
	scheduledLocation					OMA-LPPe-ScheduledLocation					OPTIONAL,
	accessTypes							OMA-LPPe-AccessTypes						OPTIONAL,
	...
}

[…]

OMA-LPPe-ScheduledLocation ::= SEQUENCE {
	disposition		ENUMERATED {withinWindow,
								outsideWindowOrNoWindow,
								notSupportedDueToNoCapability,
								notSupportedDueToNoTimeReference,
								notSupportedDueToConflictWithAnotherRequest,
								notSupportedForOtherReasons,
								... },
	actualWindow	SEQUENCE {
		start		INTEGER (-512..511),
		duration	INTEGER	(0..2047)
	}										OPTIONAL,
	...
}



	CommonIEsProvideLocationInformation  field descriptions

	scheduledLocation
This parameter indicates the degree to which a scheduled location request was supported and contains the following fields.
disposition            indicates whether all returned location information was obtained within the requested time window or was obtained outside the window (including the case where no window was provided) or whether the request could not be supported due to no capability, no available time reference, conflict with another request or for some other reason.
actualWindow      indicates the precise window within which all measurements and location were actually obtained when a disposition value of "outsideWindowOrNoWindow" is provided. The window is defined by a start time relative to the requested start time in units of 10 ms and a duration rounded up to a multiple of 10 ms with zero indicating interpolation or extrapolation to the exact start time. This field shall be provided if applicable and available and if the actual window can be accurately encoded. The field shall be omitted if the window start time or duration falls outside the allowed range. 




Observation 8:	A Scheduled Location Time in the Location Request is already supported in OMA LPPe.

3.	Proposal
Similar to OMA LPPe and as discussed in [6], a scheduledLocationTime could be added to CommonIEsRequestLocationInformation defining the scheduled location time together with an uncertainty (UE-based) or measurement time window (UE-assisted). The measurement time window might be asymmetric, which could be used to avoid measurements too long after the scheduledLocationTime.  For example:
ScheduledLocationTime-r17 ::= SEQUENCE {
	scheduledLocationTime-r17		ScheduledLocationTime-r17,
	windowStart-r17					TimeOffset-r17,
	windowStop-r17					TimeOffset-r17,
	...	
}

ScheduledLocationTime-r17 ::= CHOICE {
	utcTime-r17				UTCTime,
	gnssTime-r17			SEQUENCE {
								gnss-TOD-msec-r17		INTEGER (0..3599999),
								gnss-TOD-frac-r17		INTEGER (0..3999)	OPTIONAL,		
								gnss-TimeID-r17			GNSS-ID
							},
	networkTime-r17			NetworkTime-r17,
	...
}

NetworkTime-r17 ::= CHOICE {
	lteTime-r17				SEQUENCE {
								physCellId-r17			INTEGER (0..503),
								arfcnEUTRA-r17			ARFCN-ValueEUTRA,
								cellGlobalId-r17		CellGlobalIdEUTRA-AndUTRA	OPTIONAL,
								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,
								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)
								},
								...
							},
	...
}

TimeOffset-r17 ::= SEQUENCE {
	timeOffsetSign-r17				ENUMERATED { positive, negative },
	timeOffset-r17					CHOICE {
										seconds-r17		TimeUnits-r17,
										frames-r17		FrameUnits-r17,
										...
									},
	...
}

TimeUnits-r17 ::= SEQUENCE {
	numberOfseconds-r17			INTEGER (FFS)		OPTIONAL,
	numberOfmilli-Seconds-r17	INTEGER (FFS)		OPTIONAL,
	...
}

FrameUnits-r17 ::= SEQUENCE {
	numberOfFrames				INTEGER (FFS)		OPTIONAL,
	numberOfSlots				INTEGER (FFS)		OPTIONAL,
	...
}


Proposal 1:	Include a "Scheduled Location Time" with uncertainty window in LPP CommonIEsRequestLocationInformation, defining the desired time when the location estimate is to be obtained. In the case of UE-assisted mode, the uncertainty defines the time window within which the location measurements should be performed.
Proposal 2:	Include a "Scheduled Location Time" with measurement time window in the NRPPa Measurement Request message, defining the time window within which the location measurements should be performed. 
Proposal 3:	Send an LS to RAN3 requesting RAN3 to add support for a "Scheduled Location Time" with uncertainty window in NRPPa Measurement Request message, defining the time window within which the location measurements should be performed.

4.	Summary
In this contribution we discussed the benefits of providing the scheduled location time T to the UE and TRPs to trigger measurements at or close to the scheduled location time.
The following observations and proposals were made.
Observation 1:	With the current LPP specification, the time when the UE should obtain the measurements/location estimate cannot be controlled by an LMF. The available LPP Response Time defines the time when to send a measurement report (at the latest), but not the time when the location measurements should be obtained/valid. 
Observation 2: Without providing the Scheduled Location Time T to the UE and TRPs, the LMF cannot reliably determine the UE location at the scheduled location time, and therefore, the location estimate returned to an LCS Client for a scheduled location time cannot be treated by the LCS Client as a reliable estimate of the location of the UE at the scheduled location time.
Observation 3:	With the Scheduled Location Time T provided to the UE in advance, an LMF can reliably request a time when the provided measurements/location estimate are/is to be obtained. 
Observation 4: 	With the Scheduled Location Time T provided to the UE in advance, the UE measurement process is not constrained by the response time. The only requirement is that the UE has location measurements available valid for the time T, but the time when and for how long to perform the measurements could be determined by the UE; e.g., based on radio situation. Therefore, the quality of the location measurements/estimate may generally be better with a Scheduled Location Time T provided to the UE.
Observation 5:	With the Scheduled Location Time T provided to the TRPs in advance, an LMF can reliably request a time when the provided measurements are to be obtained. 
Observation 6:	With the Scheduled Location Time T provided to the TRPs in advance, the UL measurements performed at different TRPs would be obtained for the same scheduled location time T which would generally also improve location accuracy.
Observation 7:	With the Scheduled Location Time T provided to the UE and TRPs in advance, the UL and DL measurements for Multi-RTT can be made at the same location time which would generally improve location accuracy.
Observation 8:	A Scheduled Location Time in the Location Request is already supported in OMA LPPe.

Proposal 1:	Include a "Scheduled Location Time" with uncertainty window in LPP CommonIEsRequestLocationInformation, defining the desired time when the location estimate is to be obtained. In the case of UE-assisted mode, the uncertainty defines the time window within which the location measurements should be performed.
Proposal 2:	Include a "Scheduled Location Time" with measurement time window in the NRPPa Measurement Request message, defining the time window within which the location measurements should be performed. 
Proposal 3:	Send an LS to RAN3 requesting RAN3 to add support for a "Scheduled Location Time" with uncertainty window in NRPPa Measurement Request message, defining the time window within which the location measurements should be performed.
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