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[bookmark: _Ref131412611]1	Introduction
[bookmark: _Ref178064866]The discussion about the need for finer reporting periodicity over LPP has been discussed over several meetings and in different working groups. 
· It was originally discussed as part of the Rel 17 low latency enhancements but missed to be completed – the response time can be set down to 10ms, but the periodicity cannot be set to a value of the same magnitude, 
· It has been identified as a need in order to fix the misalignment between NRPPa and LPP with regards to periodicities, where NRPPa can configure periodic reporting of down to 160ms. For example, if using Multi-RTT for critical positioning to use as much information as possible in a time window, LPP cannot match what can be provided over NRPPa. This need was acknowledged by several companies in RAN2#121-bis [2,3], and at later meetings [5], where the debate was about if this is a Rel 17 correction or if it is an enhancement
· Alignment between working groups regarding representations have been stressed during recent LPP ASN.1 review. At RAN2#122 and #123, several companies stressed that RAN2 needs an LS from CT4 [4] regarding the core network changes related to finer periodic reporting. CT4 has introduced support for finer report periodicities in Nnef, Ngmlc, Nlmf and MAP and have sent an LS to RAN2 about these changes in [1].The discussion related to this LS was postponed at RAN2#124. These CT4 changes were made in a Rel 17 context.
· There has been a discussion about whether LCS procedures needs to be changed for some contexts [5], However, this should not prevent RAN2 from discussing finer periodicities, since this did not stop CT4 from introducing their part in the CN, and there are other uses of finer reporting in LMF than these periodicities than LCS. Once RAN2 has completed their part, an LS can be sent to SA2 to fix the remaining parts for LCS
· From the Rel 18 RAT-dependent integrity discussion, a working assumption was made that it is up to LMF to characterize UE and NRPPa measurement error sources by subscribing to extensive amount if data. It was discussed in RAN2#124 [6,8]
· From the PRU discussion, LMF needs to obtain relevant data in realtime from the PRU in order to support positioning. The PRU is a UE from LPP perspective, and can be stationary as well as mobile. Therefore, it is necessary to be able to configure finer periodicities for the PRU reports than 1s. This was briefly discussed at RAN2#124 [6,8]
This paper summarizes the discussion so far and presents a complete picture of the need for finer reporting periodicities.
2	Discussion
In order to give a background to the discussion, the items in the introduction are discussed in the following subsections
2.1	Low-latency positioning and fine periodicity
In industrial IoT cases discussed in Rel 17, positioning needs to adhere to low latency requirements. These requirements concerns short time to first fix, but also the ability to track moving objects as well as the ability to align positioning instants between objects and processes. This is realized via three enhancements:
1. Finer response time from location information request to response for short time to fix
2. Finer report periodicity for ability to track moving objects
3. Fine scheduled location time

Items 1 and 3 in this list was completed in Rel 17, but not item 2.
[bookmark: _Toc159058978]Finer reporting periodicity than 1s is needed in LPP to enable fine tracking of mobile objects with precision and low latency.
2.2	Misalignment between LPP and NRPPa periodicities
In NRPPa, theeer is already support for finer reporting periodicities, down to 160ms. This means that there will be an information misalignment between NRPPa reports and LPP reports – something particularly clear for Multi-RTT that relies on the combined information from NRPPa and LPP, but this information cannot be aligned in time, nor can LPP provide as frequent information as NRPPa. This can be particularly critical if considering Multi-RTT in a critical positioning scenario such as regulatory positioning. Since LMF can combine information from both NRPPa and LMF and also different positioning methods, the misalignment between NRPPa and LPP goes beyond Multi-RTT positioning.
[bookmark: _Toc159058979]The reporting periodicity between NRPPa and LPP reduces the performance of positioning relying on information from both these protocols. One example is Multi-RTT and the use in critical scenarios.
2.3	Alignment with core network and RAN3 specifications
CT4 has sent an LS about its introduction of finer reporting periodicities as requested by several companies in RAN2. There is an incoming LS [1] from CT4 that was postponed from RAN2#124, which informs about the introduction of the support in CT4 specifications.
[bookmark: _Toc159058980]As requested by several companies in RAN2 #122 and #123, CT4 has now sent an LS to RAN2 informing about their support for finer reporting periodicities in Nnef, Ngmlc, Nlmf and MAP.
Comments were also made that an SA2 LCS procedure for periodic reporting is currently only supported with supplementary services, not periodic LPP reporting. However, since this is only one use of the LPP periodic reporting it seems most reasonable that RAN2 completes its parts in the same way as CT4 and RAN3 has completed support for sub 1s periodicities, and then RAN2 can inform SA2 about the completion of the LPP support for finer periodic reporting. RAN3 is also discussing further refinement of the finer periodic reporting.
[bookmark: _Toc159058981]In one use case, there is a need to update SA2 LCS procedures for periodic reporting. Since CT4 and RAN3 already has support for the sub 1s periodic reporting, RAN2 can complete their part and inform SA2 about the completed work.

2.4	LMF-based integrity and finer LPP reporting
The following working assumption regarding LMF-based positioning and measurement error sources was confirmed at RAN2#123:

	It is left to LMF implementation to decide the measurement error source bound distribution based on the measurement results from UE and/or NG-RAN.



According to this working assumption, the LMF needs to be able to configure UE (and/or NG-RAN) measurement reports in order to be able to characterize the measurement error source bound distribution. Potentially, the UE can be moving and therefore, it is important to be able to gather sufficiently much measurement reports over a time window. Therefore, the current limitation of a shortest measurement report interval of 1s is not acceptable, since a UE can move a considerable distance over 1s. It is clear that the working assumption implies that LMF needs to control the UE reporting, in particular to control the reporting interval to be finer than 1s.
[bookmark: _Toc159058982]The agreed working assumption on measurement error sources for LMF-based integrity implies that LMF needs to be able to configure extensive amount of measurements over a time window. Therefore, a finer reporting interval than 1s is needed.
2.5	PRUs and finer LPP reporting
In addition, the following agreements were made at RAN2#123bis in relation to PRUs and the need to configure reporting of location and measurements from UEs:
Agreements:
TP from R2-2310854 can be migrated into the LPP running CR.
FFS exact IE structure of the request for location+measurements.
A Note for clarification can be added to address concern that the location is based on the measurement:
Note: For PRU, if PRU is requested to return both location estimate and measurements, the location information is determined independently of the reported measurements.

Since a PRU can be mobile, there is a need for LMF to be able to configure frequent measurement reports in order to enable full benefit of the PRU. Since a PRU can have reasonable high velocity in order to cover a region well enough over a time window, LMF needs to be able to configure reporting intervals shorter than 1s, since the spatial correlation of measurement variations can be small, and the distance between two subsequent measurement reports needs to be significantly shorter than the spatial decorrelation distance of measurement variations. With multipath, reflections, corners, LoS/NLoS variations etc, the needed reporting interval is significantly shorter than 1s.
[bookmark: _Toc159058983]For full benefit of PRUs that can be mobile, there is a need for a much shorter reporting interval than 1s in order to sample the environment well enough and get full benefit from the PRU.
Moreover, PRUs are also part of the carrier phase positioning enhancement of Rel 18. This is similar to how GNSS reference stations are used to provide input to single baseline and network RTK, where it is common to provide measurements at a periodicity of 1s or more often. Therefore, PRU operation for CPP would also need finer periodicities than 1s. One additional specific example is the moving baseline RTK, where the reference station is mobile. For moving PRUs, the finer periodic reporting will also be needed.
[bookmark: _Toc159058984]PRUs are central for carrier phase positioning where there is a need for a shorter reporting interval than 1s in order to sample phase variations and trends well enough to get good performance. One special case is also the moving baseline CPP, where a fine periodicity is definitely needed.
2.6	Summarizing the need for finer LPP reporting periodicity
The discussion about finer periodicities has put the finger on a plethora of reasons why it is highly motivated why RAN2 shall enhance the reporting and align with other working groups where this is already supported. The surfaced arguments has considered whether it is a correction or an enhancement, if it shall be considered in Rel 17 where it was initially addressed or Rel 18 where additional beneficiary features have been discussed, that an incoming LS from CT4 is needed, if SA2 LCS procedures needs to be updated first. cSince the discussion has been so diversified, and started during an online meeting, it seems the full picture has been considered so far in the discussion. The ambition with this paper is to be solution oriented and to address the overall need and motivations for finer LPP reporting periodicity than 1s.
Therefore, we have the following proposals
[bookmark: _Toc159057847]Agree to introduce support for sub 1s periodicity aligned with other working groups 
[bookmark: _Toc159057848]Agree to the text proposal in Appendix A
[bookmark: _Toc159057849]Send an LS to CT4, SA2 and RAN3 and inform about the enhancement

3	A specific example of LMF operation with fine periodicity
In IIOT scenario with clutters and moving AGVs from outside of factory to inside of factory, in order to gauge the safety of personal working there, it is highly likely that there may be different events that may be configured to the UEs/devices.
A UE can be configured with multiple events. Based upon CT4 enhancement, the UE may detect and report events using granular value in ms. The LMF is expected to take response based upon the obtained UE events report. The LMF may trigger periodic location report to understand the location and movement of UE more accurately. However, the interval that the UE reports is in seconds. Hence, it is for sure that there would be several events that LMF may not be able to handle because of mismatch between UE event and location interval. The LMF may need to obtain periodical positioning report to perform some filtering/averaging to improve the confidence level of the position estimate.





[bookmark: _Toc159058985]LMF may trigger periodic positioning measurement report from UE based upon obtained event report. This allows LMF to perform some filtering/averaging to improve the confidence level of the position estimate.

 
[bookmark: _Toc159058986]Several events will be unhandled and needs to be buffered in LMF because of mismatch between UE event report and Periodical Positioning Report.

It may happen that Location function (system) is not able to take timely action such as alert personal working there because of delay in events and location reporting interval.
With the Rel 17 positioning enhancement focus on industrial IoT requirements including latency, quite a few features have been introduced in LPP:
Scheduled location time
A granular scheduled location time where NG-RAN can request a UE to provide location information associated to a configured scheduled location time. This time can be provided in different ways depending on context and used positioning method, and it is possible to define a scheduled location time down to millisecond level. The scheduled location time can also be combined with a configured periodical reporting criteria, which currently can be defined with a reporting interval of 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds. Hence, there is a mismatch in resolution between the scheduled location time and the report interval.
[bookmark: _Toc159058987]In LPP common request location information, there is a mismatch in resolution between the scheduled location time and the periodic location information reporting interval, where the former can be configured down to milliseconds and the latter down to seconds.
Response time resolution
In Rel 17, the response time resolution was refined from seconds to sub seconds via an optional unit (scale factor) attribute possible to configure to 10ms. A configured periodical reporting criteria, which currently can be defined with a reporting interval, where the reporting interval timer starts running at the end of the response time. With a granular response time, there is a mismatch to the reporting interval in seconds or longer.
[bookmark: _Toc159058988]In LPP common request location information, there is a mismatch in resolution between the response time and the periodic location information reporting interval, where the former can be configured down to tens of milliseconds and the latter down to seconds.
NRPPa time alignment
In NRPPa it is already possible to configure reporting intervals finer than 1 second. For example, multi-RTT is based on a combination of UL measurements over NRPPa and DL measurements over LPP. However, it is not possible to configure as fine reporting intervals in LPP as in NRPPa, which indicates a mismatch
[bookmark: _Toc159058989]In LPP common request location information and NRPPa, there is a mismatch in resolution between the LPP periodic location information reporting interval and the NRPPa periodic reporting interval, where the former can be configured down seconds the latter down to sub seconds.


[bookmark: _Toc109400796][bookmark: _Toc109400797][bookmark: _Toc109400798][bookmark: _Toc109400799][bookmark: _Toc109400800][bookmark: _Toc109400801][bookmark: _Toc109400802][bookmark: _Toc109400803][bookmark: _Toc109400804][bookmark: _Toc109400805][bookmark: _Toc109400806][bookmark: _Toc109400807][bookmark: _Toc109400808][bookmark: _Toc109400809][bookmark: _Toc109400810][bookmark: _Toc109400811][bookmark: _Toc109400812][bookmark: _Toc109400813][bookmark: _Toc109400814][bookmark: _Toc109400815][bookmark: _Toc109400816][bookmark: _Toc109400817][bookmark: _Toc109400818][bookmark: _Ref134612902]3	Conclusion
In the previous section we made the following observations: 
Observation 1	Finer reporting periodicity than 1s is needed in LPP to enable fine tracking of mobile objects with precision and low latency.
Observation 2	The reporting periodicity between NRPPa and LPP reduces the performance of positioning relying on information from both these protocols. One example is Multi-RTT and the use in critical scenarios.
Observation 3	As requested by several companies in RAN2 #122 and #123, CT4 has now sent an LS to RAN2 informing about their support for finer reporting periodicities in Nnef, Ngmlc, Nlmf and MAP.
Observation 4	In one use case, there is a need to update SA2 LCS procedures for periodic reporting. Since CT4 and RAN3 already has support for the sub 1s periodic reporting, RAN2 can complete their part and inform SA2 about the completed work.
Observation 5	The agreed working assumption on measurement error sources for LMF-based integrity implies that LMF needs to be able to configure extensive amount of measurements over a time window. Therefore, a finer reporting interval than 1s is needed.
Observation 6	For full benefit of PRUs that can be mobile, there is a need for a much shorter reporting interval than 1s in order to sample the environment well enough and get full benefit from the PRU.
Observation 7	PRUs are central for carrier phase positioning where there is a need for a shorter reporting interval than 1s in order to sample phase variations and trends well enough to get good performance. One special case is also the moving baseline CPP, where a fine periodicity is definitely needed.
Observation 8	LMF may trigger periodic positioning measurement report from UE based upon obtained event report. This allows LMF to perform some filtering/averaging to improve the confidence level of the position estimate.
Observation 9	Several events will be unhandled and needs to be buffered in LMF because of mismatch between UE event report and Periodical Positioning Report.
Observation 10	In LPP common request location information, there is a mismatch in resolution between the scheduled location time and the periodic location information reporting interval, where the former can be configured down to milliseconds and the latter down to seconds.
Observation 11	In LPP common request location information, there is a mismatch in resolution between the response time and the periodic location information reporting interval, where the former can be configured down to tens of milliseconds and the latter down to seconds.
Observation 12	In LPP common request location information and NRPPa, there is a mismatch in resolution between the LPP periodic location information reporting interval and the NRPPa periodic reporting interval, where the former can be configured down seconds the latter down to sub seconds.
[bookmark: _Ref189046994]
Based on the discussion in the previous sections we propose the following:
Proposal 1	Agree to introduce support for sub 1s periodicity aligned with other working groups
Proposal 2	Agree to the text proposal in Appendix A
Proposal 3	Send an LS to CT4, SA2 and RAN3 and inform about the enhancement
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5	Appendix A Text proposal 37.355
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[…]
[bookmark: _Toc27765173][bookmark: _Toc37680831][bookmark: _Toc46486402][bookmark: _Toc52546747][bookmark: _Toc52547277][bookmark: _Toc52547807][bookmark: _Toc52548337][bookmark: _Toc124534267]–	PeriodicAssistanceDataControlParameters
The IE PeriodicAssistanceDataControlParameters is used in a periodic assistance data delivery procedure as described in clauses 5.2.1a and 5.2.2a.
-- ASN1START

PeriodicAssistanceDataControlParameters-r15 ::= SEQUENCE {
	periodicSessionID-r15			PeriodicSessionID-r15,
	...,
	[[
		updateCapabilities-r15		UpdateCapabilities-r15		OPTIONAL	 -- Need ON
	]]
}

PeriodicSessionID-r15 ::= SEQUENCE {
	periodicSessionInitiator-r15	ENUMERATED { locationServer, targetDevice, ... },
	periodicSessionNumber-r15		INTEGER (0..255),
	...
}

UpdateCapabilities-r15 ::= BIT STRING {primaryCellID-r15	(0)} (SIZE(1..8))

-- ASN1STOP

	PeriodicAssistanceDataControlParameters field descriptions

	periodicSessionID
This field identifies a particular periodic assistance data delivery session and the initiator of the session.

	updateCapabilities
This field identifies the capabilities of the sending entity to support an update of periodic assistance data. A bit value set to one indicates a capability is supported and a bit value set to zero indicates a capability is not supported.



[…]

–	PeriodicReportingIntervalMsSupport
The IE PeriodicReportingIntervalMsSupport is used by the target device to indicate if miilisecond reporting intervals are supported by providing the minimum millisecond reporting interval for periodic location information reporting. 
-- ASN1START

PeriodicReportingIntervalMsSupport-r17 ::= SEQUENCE {
	minPeriodicReportingIntervalMs-r17	ENUMERATED {ms1, ms10, ms100,...},
	...
}

-- ASN1STOP

	PeriodicReportingIntervalMsSupport field descriptions

	minPeriodicReportingIntervalMs
These field, if present, indicates the minimum sub-second periodic reporting interval supported by the device, where ms1, ms10, ms100 corresponds to 1, 10, and 100 milliseconds respectively.



[bookmark: _Toc27765174][bookmark: _Toc37680832][bookmark: _Toc46486403][bookmark: _Toc52546748][bookmark: _Toc52547278][bookmark: _Toc52547808][bookmark: _Toc52548338][bookmark: _Toc124534268][…]
–	Polygon
The IE Polygon is used to describe a geographic shape as defined in TS 23.032 [15].
-- ASN1START

Polygon ::= SEQUENCE (SIZE (3..15)) OF PolygonPoints

PolygonPoints ::= SEQUENCE {
	latitudeSign				ENUMERATED {north, south},
	degreesLatitude				INTEGER (0..8388607),			-- 23 bit field
	degreesLongitude			INTEGER (-8388608..8388607)		-- 24 bit field
}

-- ASN1STOP

[bookmark: _Toc27765175][bookmark: _Toc37680833][bookmark: _Toc46486404][bookmark: _Toc52546749][bookmark: _Toc52547279][bookmark: _Toc52547809][bookmark: _Toc52548339][bookmark: _Toc124534269]–	PositioningModes
The IE PositioningModes is used to indicate several positioning modes using a bit map.
-- ASN1START

PositioningModes ::= SEQUENCE {
	posModes		BIT STRING {	standalone	(0),
									ue-based	(1),
									ue-assisted	(2)
	} (SIZE (1..8)),
	...
}

-- ASN1STOP

	PositioningModes field descriptions

	posModes
This field specifies the positioning mode(s). This is represented by a bit string, with a one‑value at the bit position means the particular positioning mode is addressed; a zero‑value means not addressed.



[bookmark: _Toc124534270]–	ScheduledLocationTimeSupport
The IE ScheduledLocationTimeSupport is used by the target device to indicate the time bases supported for scheduled location requests.
-- ASN1START

ScheduledLocationTimeSupport-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,
	...
}

-- ASN1STOP

[bookmark: _Toc124534271]–	ScheduledLocationTimeSupportPerMode
The IE ScheduledLocationTimeSupportPerMode is used by the target device to indicate the time bases supported for scheduled location requests for each positioning mode indicated by PositioningModes.
-- ASN1START

ScheduledLocationTimeSupportPerMode-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,
	...
}

-- ASN1STOP


[…]

6.4.2	Common Positioning
[…]
[bookmark: _Toc37680841][bookmark: _Toc46486412][bookmark: _Toc52546757][bookmark: _Toc52547287][bookmark: _Toc52547817][bookmark: _Toc52548347][bookmark: _Toc124534279]–	CommonIEsRequestLocationInformation
The CommonIEsRequestLocationInformation carries common IEs for a Request Location Information LPP message Type.
-- ASN1START

[bookmark: _Hlk128641995]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
	]],
	[[
		scheduledLocationTime-r17
								ScheduledLocationTime-r17	OPTIONAL,	-- Need ON
		targetIntegrityRisk-r17
								TargetIntegrityRisk-r17		OPTIONAL	-- Need ON
	]],
	[]
		periodicalReportingExt-r17	PeriodicalReportingCriteriaExt-r17 OPTIONAL,	-- Need ON
	]]
}

LocationInformationType ::= ENUMERATED {
	locationEstimateRequired,
	locationMeasurementsRequired,
	locationEstimatePreferred,
	locationMeasurementsPreferred,
	...
}

PeriodicalReportingCriteria ::=		SEQUENCE {
	reportingAmount						ENUMERATED {
											ra1, ra2, ra4, ra8, ra16, ra32,
											ra64, ra-Infinity
										} DEFAULT ra-Infinity,
	reportingInterval					ENUMERATED {
											noPeriodicalReporting, ri0-25,
											ri0-5, ri1, ri2, ri4, ri8, ri16, ri32, ri64
										}
}

PeriodicalReportingCriteriaExt-r17 ::=		SEQUENCE {
	reportingAmount						ENUMERATED {
											ra1, ra2, ra4, ra8, ra16, ra32,
											ra64, ra-Infinity
										} DEFAULT ra-Infinity,
	reportingIntervalMs					INTEGER (1..999),
	...
}


TriggeredReportingCriteria ::=		SEQUENCE {
	cellChange							BOOLEAN,
	reportingDuration					ReportingDuration,
	...
}

ReportingDuration ::=				INTEGER (0..255)

AdditionalInformation ::= ENUMERATED {
	onlyReturnInformationRequested,
	mayReturnAditionalInformation,
	...
}

QoS ::= SEQUENCE {
	horizontalAccuracy			HorizontalAccuracy		OPTIONAL,	-- Need ON
	verticalCoordinateRequest	BOOLEAN,
	verticalAccuracy			VerticalAccuracy		OPTIONAL,	-- Need ON
	responseTime				ResponseTime			OPTIONAL,	-- Need ON
	velocityRequest				BOOLEAN,				
	...,
	[[	responseTimeNB-r14		ResponseTimeNB-r14		OPTIONAL	-- Need ON
	]],
	[[	horizontalAccuracyExt-r15	HorizontalAccuracyExt-r15		OPTIONAL,	-- Need ON
		verticalAccuracyExt-r15		VerticalAccuracyExt-r15			OPTIONAL	-- Need ON
	]]
}

HorizontalAccuracy ::= SEQUENCE {
	accuracy		INTEGER(0..127),
	confidence		INTEGER(0..100),
	...
}

VerticalAccuracy ::= SEQUENCE {
	accuracy		INTEGER(0..127),
	confidence		INTEGER(0..100),
	...
}

HorizontalAccuracyExt-r15 ::= SEQUENCE {
	accuracyExt-r15		INTEGER(0..255),
	confidence-r15		INTEGER(0..100),
	...
}

VerticalAccuracyExt-r15 ::= SEQUENCE {
	accuracyExt-r15		INTEGER(0..255),
	confidence-r15		INTEGER(0..100),
	...
}

ResponseTime ::= SEQUENCE {
	time								INTEGER (1..128),
	...,	
	[[	responseTimeEarlyFix-r12		INTEGER (1..128)		OPTIONAL		-- Need ON
	]],
	[[	unit-r15				ENUMERATED { ten-seconds, ... , ten-milli-seconds-v1700 }
																OPTIONAL		-- Need ON
	]]
}

ResponseTimeNB-r14 ::= SEQUENCE {
	timeNB-r14							INTEGER (1..512),
	responseTimeEarlyFixNB-r14			INTEGER (1..512)		OPTIONAL,		-- Need ON
	...,
	[[	unitNB-r15				ENUMERATED { ten-seconds, ... }	OPTIONAL		-- Need ON
	]]
}

Environment ::= ENUMERATED {
	badArea,
	notBadArea,
	mixedArea,
	...
}

MessageSizeLimitNB-r14 ::= SEQUENCE {
	measurementLimit-r14				INTEGER (1..512)		OPTIONAL,		-- Need ON
	...
}

ScheduledLocationTime-r17 ::= SEQUENCE {
	utcTime-r17			UTCTime											OPTIONAL,	-- Need ON
	gnssTime-r17		SEQUENCE {
							gnss-TOD-msec-r17		INTEGER (0..3599999),
							gnss-TimeID-r17			GNSS-ID
						}												OPTIONAL,	-- Need ON
	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
							},
							...
						}												OPTIONAL,	-- Need ON
	relativeTime-r17	INTEGER (1..1024)								OPTIONAL	-- Need ON
}

TargetIntegrityRisk-r17 ::=		INTEGER (10..90)

-- ASN1STOP

	Conditional presence
	Explanation

	ECID
	The field is optionally present, need ON, if E-CID or NR E-CID is requested. Otherwise it is not present.



	CommonIEsRequestLocationInformation field descriptions

	locationInformationType
This IE indicates whether the server requires a location estimate or measurements. For 'locationEstimateRequired', the target device shall return a location estimate if possible, or indicate a location error if not possible. For 'locationMeasurementsRequired', the target device shall return measurements if possible, or indicate a location error if not possible. For 'locationEstimatePreferred', the target device shall return a location estimate if possible, but may also or instead return measurements for any requested position methods for which a location estimate is not possible. For 'locationMeasurementsPreferred', the target device shall return location measurements if possible, but may also or instead return a location estimate for any requested position methods for which return of location measurements is not possible.

	triggeredReporting
This IE indicates that triggered reporting is requested and comprises the following subfields:
-	cellChange: If this field is set to TRUE, the target device provides requested location information each time the primary cell has changed.
-	reportingDuration: Maximum duration of triggered reporting in seconds. A value of zero is interpreted to mean an unlimited (i.e. "infinite") duration. The target device should continue triggered reporting for the reportingDuration or until an LPP Abort or LPP Error message is received.
The triggeredReporting field should not be included by the location server and shall be ignored by the target device if the periodicalReporting IE or responseTime IE or responseTimeNB IE is included in CommonIEsRequestLocationInformation.

	periodicalReporting
This IE indicates that periodic reporting is requested and comprises the following subfields:
-	reportingAmount indicates the number of periodic location information reports requested. Enumerated values correspond to 1, 2, 4, 8, 16, 32, 64, or infinite/indefinite number of reports. If the reportingAmount is 'infinite/indefinite', the target device shou-ld continue periodic reporting until an LPP Abort message is received. The value 'ra1' shall not be used by a sender.
-	reportingInterval indicates the interval between location information reports and the response time requirement for the first location information report. Enumerated values ri0-25, ri0-5, ri1, ri2, ri4, ri8, ri16, ri32, ri64 correspond to reporting intervals of 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds, respectively. Measurement reports containing no measurements or no location estimate are required when a reportingInterval expires before a target device is able to obtain new measurements or obtain a new location estimate. The value 'noPeriodicalReporting' shall not be used by a sender.

	periodicalReportingExt
This IE indicates that extended periodic reporting is requested and comprises the below subfields. If this field is present, the field periodicalReporting is absent.
-	reportingAmount indicates the number of periodic location information reports requested. Enumerated values correspond to 1, 2, 4, 8, 16, 32, 64, or infinite/indefinite number of reports. If the reportingAmount is 'infinite/indefinite', the target device should continue periodic reporting until an LPP Abort message is received. The value 'ra1' shall not be used by a sender.
-	reportingIntervalMs indicates the interval between location information reports and the response time requirement for the first location information report in milliseconds. 

	additionalInformation
This IE indicates whether a target device is allowed to return additional information to that requested. If this IE indicates 'onlyReturnInformationRequested' then the target device shall not return any additional information to that requested by the server. If this IE indicates 'mayReturnAdditionalInformation' then the target device may return additional information to that requested by the server. If a location estimate is returned, any additional information is restricted to that associated with a location estimate (e.g. might include velocity if velocity was not requested but cannot include measurements). If measurements are returned, any additional information is restricted to additional measurements (e.g. might include E-CID measurements if A-GNSS measurements were requested but not E-CID measurements).

	qos
This IE indicates the quality of service and comprises a number of sub-fields. In the case of measurements, some of the sub-fields apply to the location estimate that could be obtained by the server from the measurements provided by the target device assuming that the measurements are the only sources of error. Fields are as follows:
-	horizontalAccuracy indicates the maximum horizontal error in the location estimate at an indicated confidence level. The 'accuracy' corresponds to the encoded uncertainty as defined in TS 23.032 [15] and 'confidence' corresponds to confidence as defined in TS 23.032 [15].
-	verticalCoordinateRequest indicates whether a vertical coordinate is required (TRUE) or not (FALSE)
-	verticalAccuracy indicates the maximum vertical error in the location estimate at an indicated confidence level and is only applicable when a vertical coordinate is requested. The 'accuracy' corresponds to the encoded uncertainty altitude as defined in TS 23.032 [15] and 'confidence' corresponds to confidence as defined in TS 23.032 [15].
-	responseTime
-	time indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation. If the unit field is absent, this is given as an integer number of seconds between 1 and 128. If the unit field is present with enumerated value 'ten-seconds', the maximum response time is given in units of 10-seconds, between 10 and 1280 seconds. If the unit field is present with enumerated value 'ten-milli-seconds', the maximum response time is given in units of 10-milli-seconds, between 0.01 and 1.28 seconds. If the periodicalReporting IE is included in CommonIEsRequestLocationInformation, this field should not be included by the location server and shall be ignored by the target device (if included).
-	responseTimeEarlyFix indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation containing early location measurements or an early location estimate. If the unit field is absent, this is given as an integer number of seconds between 1 and 128. If the unit field is present with enumerated value 'ten-seconds', the maximum response time is given in units of 10-seconds, between 10 and 1280 seconds. If the unit field is present with enumerated value 'ten-milli-seconds', the maximum response time is given in units of 10-milli-seconds, between 0.01 and 1.28 seconds. When this IE is included, a target should send a ProvideLocationInformation (or more than one ProvideLocationInformation if location information will not fit into a single message) containing early location information according to the responseTimeEarlyFix IE and a subsequent ProvideLocationInformation (or more than one ProvideLocationInformation if location information will not fit into a single message) containing final location information according to the time IE. A target shall omit sending a ProvideLocationInformation if the early location information is not available at the expiration of the time value in the responseTimeEarlyFix IE. A server should set the responseTimeEarlyFix IE to a value less than that for the time IE. A target shall ignore the responseTimeEarlyFix IE if its value is not less than that for the time IE.
-	unit indicates the unit of the time and responseTimeEarlyFix fields. Enumerated value 'ten-seconds' corresponds to a resolution of 10 seconds. Enumerated value 'ten-milli-seconds' corresponds to a resolution of 0.01 seconds. If this field is absent, the unit/resolution is 1 second. Enumerated value 'ten-milli-seconds' is only applicable for NR E-CID Positioning, NR DL-TDOA Positioning, NR DL-AoD Positioning, and NR Multi-RTT Positioning. If the enumerated value 'ten-milli-seconds' is included for methods others than NR E-CID Positioning, NR DL-TDOA Positioning, NR DL-AoD Positioning, and NR Multi-RTT Positioning the target device shall ignore the unit field.
-	velocityRequest indicates whether velocity (or measurements related to velocity) is requested (TRUE) or not (FALSE).
-	responseTimeNB
If the periodicalReporting IE or responseTime IE is included in CommonIEsRequestLocationInformation, this field should not be included by the location server and shall be ignored by the target device (if included).
-	timeNB indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation. If the unitNB field is absent, this is given as an integer number of seconds between 1 and 512. If the unitNB field is present, the maximum response time is given in units of 10-seconds, between 10 and 5120 seconds.
-	responseTimeEarlyFixNB indicates the maximum response time as measured between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation containing early location measurements or an early location estimate. If the unitNB field is absent, this is given as an integer number of seconds between 1 and 512. If the unitNB field is present, the maximum response time is given in units of 10-seconds, between 10 and 5120 seconds. When this IE is included, a target should send a ProvideLocationInformation (or more than one ProvideLocationInformation if location information will not fit into a single message) containing early location information according to the responseTimeEarlyFixNB IE and a subsequent ProvideLocationInformation (or more than one ProvideLocationInformation if location information will not fit into a single message) containing final location information according to the timeNB IE. A target shall omit sending a ProvideLocationInformation if the early location information is not available at the expiration of the time value in the responseTimeEarlyFixNB IE. A server should set the responseTimeEarlyFixNB IE to a value less than that for the timeNB IE. A target shall ignore the responseTimeEarlyFixNB IE if its value is not less than that for the timeNB IE.
-	unitNB indicates the unit of the timeNB and responseTimeEarlyFixNB fields. Enumerated value 'ten-second' corresponds to a resolution of 10 seconds. If this field is absent, the unit/resolution is 1 second.
-	horizontalAccuracyExt indicates the maximum horizontal error in the location estimate at an indicated confidence level. The 'accuracyExt' corresponds to the encoded high accuracy uncertainty as defined in TS 23.032 [15] and 'confidence' corresponds to confidence as defined in TS 23.032 [15]. This field should not be included by the location server and shall be ignored by the target device if the horizontalAccuracy field is included in QoS.
-	verticalAccuracyExt indicates the maximum vertical error in the location estimate at an indicated confidence level and is only applicable when a vertical coordinate is requested. The 'accuracyExt' corresponds to the encoded high accuracy uncertainty as defined in TS 23.032 [15] and 'confidence' corresponds to confidence as defined in TS 23.032 [15]. This field should not be included by the location server and shall be ignored by the target device if the verticalAccuracy field is included in QoS.
All QoS requirements shall be obtained by the target device to the degree possible but it is permitted to return a response that does not fulfill all QoS requirements if some were not attainable. The single exception is time and timeNB which shall always be fulfilled – even if that means not fulfilling other QoS requirements.
A target device supporting NB-IoT access shall support the responseTimeNB IE.
A target device supporting HA GNSS shall support the HorizontalAccuracyExt, VerticalAccuracyEx, and unit fields with enumerated value 'ten-seconds'.
A target device supporting NB-IoT access and HA GNSS shall support the unitNB field.

	environment
This field provides the target device with information about expected multipath and non line of sight (NLOS) in the current area. The following values are defined:
-	badArea:	possibly heavy multipath and NLOS conditions (e.g. bad urban or urban).
-	notBadArea:	no or light multipath and usually LOS conditions (e.g. suburban or rural).
-	mixedArea:	environment that is mixed or not defined.
If this field is absent, a default value of 'mixedArea' applies.

	locationCoordinateTypes
This field provides a list of the types of location estimate that the target device may return when a location estimate is obtained by the target.

	velocityTypes
This fields provides a list of the types of velocity estimate that the target device may return when a velocity estimate is obtained by the target.

	messageSizeLimitNB
This field provides an octet limit on the amount of location information a target device can return.
-	measurementLimit indicates the maximum amount of location information the target device should return in response to the RequestLocationInformation message received from the location server.
The limit applies to the overall size of the LPP message at LPP level (LPP Provide Location Information), and is specified in steps of 100 octets. The message size limit is then given by the value provided in measurementLimit times 100 octets.

	segmentationInfo
This field indicates whether this RequestLocationInformation message is one of many segments, as specified in clause 4.3.5

	scheduledLocationTime
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:
-	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.
NOTE 1:	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]).
NOTE 2:	If this field is present, at least one of utcTime, gnssTime, networkTime, or relativeTime shall be present.

	targetIntegrityRisk
This field indicates the TIR for which the PL is requested. The TIR is calculated by P=10-0.1n [hour-1] where n is the value of targetIntegrityRisk and the range is 10-1 to 10-9 per hour.
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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,
	scheduledLocationRequestSupported-r17	ScheduledLocationTimeSupport-r17			OPTIONAL,
	periodicReportingIntervalMsSupport-r17	PeriodicReportingIntervalMsSupport-r17		OPTIONAL
}

maxBands INTEGER ::= 64

SupportedBandEUTRA ::= SEQUENCE {
	bandEUTRA							INTEGER (1..maxFBI)
}

SupportedBandEUTRA-v9a0 ::=		SEQUENCE {
	bandEUTRA-v9a0						INTEGER (maxFBI-Plus1..maxFBI2)		OPTIONAL
}

maxFBI								INTEGER	::=	64	-- Maximum value of frequency band indicator
maxFBI-Plus1						INTEGER ::= 65	-- lowest value extended FBI range
maxFBI2								INTEGER ::= 256	-- highest value extended FBI range

-- ASN1STOP

	OTDOA-ProvideCapabilities field descriptions

	otdoa-Mode
This field specifies the OTDOA mode(s) supported by the target device. This is represented by a bit string, with a one value at the bit position means the particular OTDOA mode is supported; a zero value means not supported. A zero-value in all bit positions in the bit string means OTDOA positioning method is not supported by the target device.
ue-assisted:		Bit 0 indicates that the target device supports UE-assisted OTDOA and LTE PRS.
ue-assisted-NB:	Bit 1 indicates that the target device supports UE-assisted OTDOA and NB-IoT NPRS.
ue-assisted-NB-TDD: Bit 2 indicates that the target device supports UE-assisted OTDOA and NB-IoT NPRS for TDD.

	SupportedBandEUTRA
This field specifies the frequency bands for which the target device supports RSTD measurements. One entry corresponding to each supported E-UTRA band as defined in TS 36.101 [21]. In the case the target device includes bandEUTRA-v9a0, the target device shall set the corresponding entry of bandEUTRA (i.e. without suffix) to maxFBI.

	interFreqRSTDmeasurement
This field, if present, indicates that the target device supports inter-frequency RSTD measurements within and between the frequency bands indicated in SupportedBandEUTRA.

	additionalNeighbourCellInfoList
This field, if present, indicates that the target device supports up to 3×24 OTDOA-NeighbourCellInfoElement in OTDOA‑NeighbourCellInfoList in OTDOA-ProvideAssistanceData without any restriction for the earfcn in each OTDOA-NeighbourCellInfoElement as specified in clause 6.5.1.2.

	prs-id
This field, if present, indicates that the target device supports PRS generation based on the PRS-ID as specified in TS 36.211 [16] and support for TP-ID in OTDOA-ReferenceCellInfo and OTDOA-NeighbourCellInfoList.

	tp-separation-via-muting
This field, if present, indicates that the target device supports RSTD measurements for cells which have associated transmission points (e.g., Remote Radio Heads) within the cell coverage and where these associated transmission points have the same physical cell identity as the associated cell, and where these transmission points are identified via a different muting pattern. The field also indicates support for TP-ID in OTDOA-ReferenceCellInfo and OTDOA‑NeighbourCellInfoList.

	additional-prs-config
This field, if present, indicates that the target device supports additional PRS configurations. The additional PRS configuration in PRS-Info IE comprise:
- support for prs-ConfigurationIndex > 2399;
- support for NPRS values in addition to 1, 2, 4 and 6 (add-numDL-Frames in PRS-Info);
- support for muting bit string lengths > 16 bits.

	prs-based-tbs
This field, if present, indicates that the target device supports RSTD measurements for PRS-only TPs.

	additionalPathsReport
This field, if present, indicates that the target device supports reporting of timing information for additional detected paths for RSTD reference and each neighbour cell.

	densePrsConfig
This field, if present, indicates that the target device supports a subset of the additional PRS configurations associated with capability additional-prs-config which comprises:
- support for prs-ConfigurationIndex > 2404;
- support for NPRS values of 10, 20, 40, 80 and 160 (in addition to 1, 2, 4 and 6).
In the case additional-prs-config is present, this field is not present.

	maxSupportedPrsBandwidth
This field, if present, indicates the maximum PRS bandwidth supported by the target device. Enumerated value n6 corresponds to 6 resource blocks, n15 to 15 resource blocks and so on. If this field is not present, the target device is assumed to support the PRS bandwidth associated with the target device type, which for LTE devices including Cat-M1/M2 is 100 resource blocks and for NB-IoT devices is 1 resource block.

	prsOccGroup
This field, if present, indicates that the target device supports PRS occasion groups, which implies that each bit of a configured muting pattern applies per PRS occasion group.

	prsFrequencyHopping
This field, if present, indicates that the target device supports PRS occasion frequency hopping, as specified in TS 36.211 [16].

	maxSupportedPrsConfigs
This field, if present, indicates that the target device supports multiple PRS configurations per cell. Enumerated value c2 indicates support for up to 2 configurations; c3 indicates support for up to 3 configurations.

	periodicalReporting
This field, if present, indicates that the target device supports periodicalReporting of RSTD measurements. If this field is absent, the location server may assume that the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	multiPrbNprs
This field, if present, indicates that the target device supports NPRS configuration in more than one resource block (i.e., maxCarrier in PRS-Info-NB greater 1).

	idleStateForMeasurements
This field, if present, indicates that the target device requires idle state to perform RSTD measurements.

	numberOfRXantennas
This field is not applicable to NB-IoT devices.
This field, if present, indicates the number of UE downlink receive antennas for RSTD measurements (see TS 36.133 [18]). Enumerated value rx1 indicates a single antenna receiver. If this field is absent, the target device is assumed to support two RX antennas for RSTD measurements. 

	motionMeasurements
This field, if present, indicates that the target device supports reporting of motion measurements (deltaSFN and motionTimeSource) in OTDOA‑SignalMeasurementInformation. The presence of this field implies presence of sensor-MotionInformationSup in IE Sensor‑ProvideCapabilities.

	interRAT-RSTDmeasurement
This field, if present, indicates that the target device supports inter-RAT RSTD measurements (TS 38.215 [36]); i.e., E-UTRA RSTD measurements when the target device is served by an NR cell.

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

	periodicReportingIntervalMsSupport
This field, if present, indicates that the target device supports millisecond periodic reporting intervals for location information – i.e., supports the subfield reportingIntervalMs of the IE PeriodicalReportingCriteriaExt in IE CommonIEsRequestLocationInformation – and the minimum millisecond report interval supported for the periodic reporting.
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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
	]],
	[[ scheduledLocationRequestSupported-r17
								ScheduledLocationTimeSupportPerMode-r17				OPTIONAL
	]],
	[[	periodicReportingIntervalMsSupport-r17	PeriodicReportingIntervalMsSupport-r17		OPTIONAL
	]]
}

GNSS-SupportList ::= SEQUENCE (SIZE(1..16)) OF GNSS-SupportElement

GNSS-SupportElement ::= SEQUENCE {
	gnss-ID							GNSS-ID,
	sbas-IDs						SBAS-IDs					OPTIONAL,	-- Cond GNSS-ID-SBAS
	agnss-Modes						PositioningModes,
	gnss-Signals					GNSS-SignalIDs,
	fta-MeasSupport					SEQUENCE {
										cellTime	AccessTypes,
										mode		PositioningModes,
										...
									}							OPTIONAL,	-- Cond fta
	adr-Support						BOOLEAN,
	velocityMeasurementSupport		BOOLEAN,
	...,
	[[
		adrEnhancementsSupport-r15	ENUMERATED { true }			OPTIONAL,
		ha-gnss-Modes-r15			PositioningModes			OPTIONAL
	]],
	[[
		ha-gnss-MetricsSupport-r17	ENUMERATED { true }			OPTIONAL
	]]
}

AssistanceDataSupportList ::= SEQUENCE {
	gnss-CommonAssistanceDataSupport	GNSS-CommonAssistanceDataSupport,
	gnss-GenericAssistanceDataSupport	GNSS-GenericAssistanceDataSupport,
	...
}


-- ASN1STOP

	Conditional presence
	Explanation

	GNSS‑ID‑SBAS
	The field is mandatory present if the GNSS‑ID = sbas; otherwise it is not present.

	fta
	The field is mandatory present if the target device supports the reporting of fine time assistance measurements; otherwise it is not present.



	A-GNSS-ProvideCapabilities field descriptions

	gnss-SupportList
This field specifies the list of GNSS supported by the target device and the target device capabilities associated with each of the supported GNSS. This field shall be present if the gnss-SupportListReq in the A-GNSS -RequestCapabilities IE is set to TRUE and if the target device supports the A-GNSS positioning method. If the IE A-GNSS-Provide-Capabilities is provided unsolicited, this field shall be included if the target device supports the assisted GNSS positioning method.

	gnss-ID
This field specifies the GNSS supported by the target device for which the capabilities in GNSS-SupportElement are provided.

	sbas-IDs
This field specifies the SBAS(s) supported by the target device. This is represented by a bit string, with a one‑value at the bit position means the particular SBAS is supported; a zero‑value means not supported.

	agnss-Modes
This field specifies the GNSS mode(s) supported by the target device for the GNSS indicated by gnss-ID. This is represented by a bit string, with a one‑value at the bit position means the particular GNSS mode is supported; a zero‑value means not supported.

	gnss-Signals
This field specifies the GNSS signal(s) supported by the target device for the GNSS indicated by gnss-ID. This is represented by a bit string, with a one‑value at the bit position means the particular GNSS signal type is supported; a zero‑value means not supported.

	fta-MeasSupport
This field specifies that the target device is capable of performing fine time assistance measurements (i.e., GNSS‑cellular time association reporting). The cellTime field specifies for which cellular network(s) this capability is supported. This is represented by a bit string, with a one‑value at the bit position means FTA measurements for the specific cellular network time is supported; a zero‑value means not supported. The mode field specifies for which GNSS mode(s) FTA measurements are supported by the target device. This is represented by a bit string, with a one‑value at the bit position means FTA measurements for the GNSS mode is supported; a zero‑value means not supported.

	adr-Support
This field specifies whether the target device supports ADR measurement reporting. TRUE means supported.

	velocityMeasurementSupport
This field specifies whether the target device supports measurement reporting related to velocity. TRUE means supported.

	assistanceDataSupportList
This list defines the assistance data and assistance data choices supported by the target device. This field shall be present if the assistanceDataSupportListReq in the A-GNSS-RequestCapabilities IE is set to TRUE and if the target device supports GNSS assistance data. If the IE A-GNSS-Provide-Capabilities is provided unsolicited, this field shall be included if the target device supports any GNSS assistance data.

	locationCoordinateTypes
This parameter identifies the geographical location coordinate types that a target device supports for GNSS. TRUE indicates that a location coordinate type is supported and FALSE that it is not. This field shall be present if the locationVelocityTypesReq in the A-GNSS-RequestCapabilities IE is set to TRUE and if the target device supports UE-based or standalone GNSS positioning method. If the IE A-GNSS-Provide-Capabilities is provided unsolicited, this field shall be included if the target device supports UE-based or standalone GNSS positioning method.

	velocityTypes
This parameter identifies the velocity types that a target device supports for GNSS. TRUE indicates that a velocity type is supported and FALSE that it is not. FALSE for all velocity types indicates that velocity reporting is not supported. This field shall be present if the locationVelocityTypesReq in the A-GNSS-RequestCapabilities IE is set to TRUE and if the target device supports UE-based or standalone GNSS positioning method. If the IE A-GNSS-Provide-Capabilities is provided unsolicited, this field shall be included if the target device supports UE-based or standalone GNSS positioning method.

	periodicalReportingNotSupported
This field, if present, specifies the positioning modes for which the target device does not support periodicalReporting. This is represented by a bit string, with a one‑value at the bit position means periodicalReporting for the positioning mode is not supported; a zero‑value means supported. If this field is absent, the location server may assume that the target device supports periodicalReporting in CommonIEsRequestLocationInformation for each supported positioning mode.

	idleStateForMeasurements
This field, if present, indicates that the target device requires idle state to perform GNSS measurements.

	periodicAssistanceData
This field identifies the periodic assistance data delivery procedures supported by the target device. This is represented by a bit string, with a one value at the bit position means the periodic assistance data delivery procedure is supported; a zero value means not supported. Bit 0 (solicited) represents the procedure according to clause 5.2.1a; bit (1) (unsolicited) represents the procedure according to clause 5.2.2a.

	adrEnhancementsSupport
This field, if present, indicates that the target device supports the fields adrMSB, adrSign, adrRMSerror, and delta‑codePhase in IE GNSS-MeasurementList.
This field may only be present if adr-Support is set to TRUE, and shall be absent if adr-Support is set to FALSE.

	ha-gnss-Modes
This field specifies the High-Accuracy GNSS mode(s) supported by the target device for the GNSS indicated by gnss‑ID. This is represented by a bit string, with a one‑value at the bit position means the particular GNSS mode is supported; a zero‑value means not supported.

	ha-gnss-MetricsSupport
This field specifies that high accuracy GNSS positioning metrics are supported by the target device.

	scheduledLocationRequestSupported
This field, if present, specifies the positioning modes for which the target device supports scheduled location requests – i.e., supports the IE ScheduledLocationTime 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.

	periodicReportingIntervalMsSupport
This field, if present, indicates that the target device supports millisecond periodic reporting intervals for location information – i.e., supports the subfield reportingIntervalMs of the IE PeriodicalReportingCriteriaExt in IE CommonIEsRequestLocationInformation – and the minimum millisecond report interval supported for the periodic reporting.
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The IE ECID-ProvideCapabilities is used by the target device to indicate its capability to support E‑CID and to provide its E‑CID location capabilities to the location server.
-- ASN1START

ECID-ProvideCapabilities ::= SEQUENCE {
	ecid-MeasSupported	BIT STRING {	rsrpSup		(0),
										rsrqSup		(1),
										ueRxTxSup	(2),
										nrsrpSup-r14	(3),
										nrsrqSup-r14	(4)} (SIZE(1..8)),
	...,
	[[	ueRxTxSupTDD-r13					ENUMERATED { true }				OPTIONAL
	]],
	[[	periodicalReporting-r14				ENUMERATED { supported }		OPTIONAL,
		triggeredReporting-r14				ENUMERATED { supported }		OPTIONAL,
		idleStateForMeasurements-r14		ENUMERATED { required }			OPTIONAL
	]],
	[[	scheduledLocationRequestSupported-r17	ScheduledLocationTimeSupport-r17	OPTIONAL
	]],
	[[	periodicReportingIntervalMsSupport-r17	PeriodicReportingIntervalMsSupport-r17		OPTIONAL
	]]
}

-- ASN1STOP

	ECID-Provide-Capabilities field descriptions

	ecid-MeasSupported
This field specifies the E‑CID measurements supported by the target device. This is represented by a bit string, with a one‑value at the bit position means the particular measurement is supported; a zero‑value means not supported. A zero-value in all bit positions in the bit string means only the basic Cell ID positioning method is supported by the target device.
If the UE Rx-Tx time difference measurement is supported by the target device (i.e., ueRxTxSup field is set to one), it means that the UE supports the UE Rx-Tx time difference measurement reporting via both LPP signaling and RRC signalling.
If a target device doesn't support LPP, the E-SMLC may assume the target device can not report the UE Rx-Tx time difference measurement results via RRC signalling.

	ueRxTxSupTDD
This field, if present, indicates that any UE Rx-Tx time difference measurement reporting for TDD from the target device includes the NTAoffset according to TS 36.211 [16], TS 36.214 [17] and uses the UE Rx-Tx time difference measurement report mapping for TDD as specified in TS 36.133 [18]. This field may only be included if the ueRxTxSup field in ecid‑MeasSupported is set to value one.

	periodicalReporting
This field, if present, indicates that the target device supports periodicalReporting of E-CID measurements. If this field is absent, the location server may assume that the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	triggeredReporting
This field, if present, indicates that the target device supports triggeredReporting for the cellChange event. If this field is absent, the location server may assume that the target device does not support triggeredReporting in CommonIEsRequestLocationInformation.

	idleStateForMeasurements
This field, if present, indicates that the target device requires idle state to perform E-CID measurements.

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

	periodicReportingIntervalMsSupport
This field, if present, indicates that the target device supports millisecond periodic reporting intervals for location information – i.e., supports the subfield reportingIntervalMs of the IE PeriodicalReportingCriteriaExt in IE CommonIEsRequestLocationInformation – and the minimum millisecond report interval supported for the periodic reporting.
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The IE TBS-ProvideCapabilities is used by the target device to indicate its capability to support TBS and to provide its TBS location capabilities to the location server.
-- ASN1START

TBS-ProvideCapabilities-r13 ::= SEQUENCE {
	tbs-Modes-r13			BIT STRING {	standalone		(0),
											ue-assisted		(1),
											ue-based		(2)} (SIZE (1..8)),
	...,
	[[	mbs-AssistanceDataSupportList-r14	MBS-AssistanceDataSupportList-r14		OPTIONAL,
		periodicalReportingSupported-r14	PositioningModes						OPTIONAL,
		mbs-ConfigSupport-r14	BIT STRING {	tb1		(0),
												tb2		(1),
												tb3		(2),
												tb4		(3)} (SIZE (1..8))			OPTIONAL,
		mbs-IdleStateForMeasurements-r14		ENUMERATED { required }				OPTIONAL
	]],
	[[	scheduledLocationRequestSupported-r17	ScheduledLocationTimeSupportPerMode-r17	OPTIONAL
	]],
	[[	periodicReportingIntervalMsSupport-r17	PeriodicReportingIntervalMsSupport-r17		OPTIONAL
	]]
}

-- ASN1STOP

	TBS-ProvideCapabilities field descriptions

	tbs-Modes
This field specifies the TBS mode(s) supported by the target device. This is represented by a bit string, with a one‑value at the bit position means the particular TBS mode is supported; a zero‑value means not supported.

	mbs-AssistanceDataSupportList
This list defines the MBS assistance data supported by the target device. This field shall be present if the target device supports MBS assistance data.

	periodicalReportingSupported
This field, if present, specifies the positioning modes for which the target device supports periodicalReporting. This is represented by a bit string, with a one‑value at the bit position means periodicalReporting for the positioning mode is supported; a zero‑value means not supported. If this field is absent, the location server may assume that the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	mbs-ConfigSupport
This field specifies the MBS configurations supported by the target device. This field shall be present if the target device supports MBS [24].

	mbs-IdleStateForMeasurements
This field, if present, indicates that the target device requires idle state to perform MBS measurements.

	scheduledLocationRequestSupported
This field, if present, specifies the positioning modes for which the target device supports scheduled location requests – i.e., supports the IE ScheduledLocationTime 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.

	periodicReportingIntervalMsSupport
This field, if present, indicates that the target device supports millisecond periodic reporting intervals for location information – i.e., supports the subfield reportingIntervalMs of the IE PeriodicalReportingCriteriaExt in IE CommonIEsRequestLocationInformation – and the minimum millisecond report interval supported for the periodic reporting.
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The IE Sensor-ProvideCapabilities is used by the target device to provide capabilities for sensor-based methods from to the location server.
-- ASN1START

Sensor-ProvideCapabilities-r13 ::= SEQUENCE {
	sensor-Modes-r13			BIT STRING {	standalone	(0),
												ue-assisted	(1),
												ue-based	(2)} (SIZE (1..8)),
	...,
	[[	sensor-AssistanceDataSupportList-r14	Sensor-AssistanceDataSupportList-r14	OPTIONAL,
		periodicalReportingSupported-r14		PositioningModes						OPTIONAL,
		idleStateForMeasurements-r14			ENUMERATED { required }					OPTIONAL
	]],
	[[	sensor-MotionInformationSup-r15			ENUMERATED { true }						OPTIONAL
	]],
	[[	adjustmentSupported-r16					ENUMERATED	{ true }					OPTIONAL
	]],
	[[	scheduledLocationRequestSupported-r17	ScheduledLocationTimeSupportPerMode-r17	OPTIONAL
	]],
	[[	periodicReportingIntervalMsSupport-r17	PeriodicReportingIntervalMsSupport-r17		OPTIONAL
	]]
}

Sensor-AssistanceDataSupportList-r14 ::= SEQUENCE {
	...,
	[[	validityPeriodSupported-v1520			ENUMERATED { true }		OPTIONAL,
		validityAreaSupported-v1520				ENUMERATED { true }		OPTIONAL
	]]
}

-- ASN1STOP

	Sensor-ProvideCapabilities field descriptions

	sensor-Modes
This field specifies the sensor mode(s) supported by the target device. This is represented by a bit string, with a one‑value at the bit position means the particular sensor mode is supported; a zero‑value means not supported.

	sensor-AssistanceDataSupportList
This field specifies a list of sensor assistance data supported by the target device. This field shall be present if the target device supports assistance data for Barometric pressure sensor.

	validityPeriodSupported
This field, if present, indicates that the target device supports period i.e. pressure validity period and pressure rate as part of the Sensor-AssistanceDataList.

	valitidyAreaSupported
This field, if present, indicates that the target device supports area i.e. pressure validity area and North/East pressure gradient as part of the Sensor-AssistanceDataList.

	periodicalReportingSupported
This field, if present, specifies the positioning modes for which the target device supports periodicalReporting. This is represented by a bit string, with a one‑value at the bit position means periodicalReporting for the positioning mode is supported; a zero‑value means not supported. If this field is absent, the location server may assume that the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	idleStateForMeasurements
This field, if present, indicates that the target device requires idle state to perform sensor measurements.

	sensor-MotionInformationSup
This field, if present, indicates that the target device supports displacement reporting in IE Sensor-MotionInformation.

	adjustmentSupported
This field, if present, indicates that the target device supports the adjustment IE in Sensor-MeasurementInformation.

	scheduledLocationRequestSupported
This field, if present, specifies the positioning modes for which the target device supports scheduled location requests – i.e., supports the IE ScheduledLocationTime 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.

	periodicReportingIntervalMsSupport
This field, if present, indicates that the target device supports millisecond periodic reporting intervals for location information – i.e., supports the subfield reportingIntervalMs of the IE PeriodicalReportingCriteriaExt in IE CommonIEsRequestLocationInformation – and the minimum millisecond report interval supported for the periodic reporting.
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The IE WLAN-ProvideCapabilites is used by the target device to provide its capabilities for WLAN positioning to the location server.
-- ASN1START

WLAN-ProvideCapabilities-r13 ::= SEQUENCE {
	wlan-Modes-r13			BIT STRING	{	standalone		(0),
											ue-assisted		(1),
											ue-based		(2)}	(SIZE (1..8)),
	wlan-MeasSupported-r13	BIT STRING	{	
											rssi-r13		(0),
											rtt-r13			(1)}	(SIZE(1..8)),
	...	,
	[[	wlan-AP-AD-Supported-r14	
							BIT STRING {	ap-identifier	(0),
											ap-location		(1)}	(SIZE (1..8))
																					OPTIONAL,
		periodicalReportingSupported-r14	PositioningModes						OPTIONAL,
		idleStateForMeasurements-r14
							ENUMERATED {	required	}							OPTIONAL
	]],
	[[	scheduledLocationRequestSupported-r17	ScheduledLocationTimeSupportPerMode-r17	OPTIONAL
	]],
	[[	periodicReportingIntervalMsSupport-r17	PeriodicReportingIntervalMsSupport-r17		OPTIONAL
	]]
}

-- ASN1STOP

	WLAN-ProvideCapabilities field descriptions

	· wlan-Modes
· This field specifies the WLAN mode(s) supported by the target device. This is represented by a bit string, with a one value at the bit position means the WLAN mode is supported; a zero value means not supported.

	· wlan-MeasSupported
· This field specifies the measurements supported by the target device when accessing a WLAN. This is represented by a bit string, with a one‑value at the bit position means the particular measurement is supported; a zero‑value means not supported. A zero-value in all bit positions in the bit string means only the basic WLAN positioning method is supported by the target device which is reporting of the WLAN identity. The following bits are assigned for the indicated measurements.
· 
· rssi:	AP signal strength at the target
· rtt:	Round Trip Time between target and AP

	wlan-AP-AD-Supported
This field specifies the WLAN AP assistance data supported by the target device. This is represented by a bit string, with a
one-value at the bit position means the particular assistance data is supported; a zero-value means not supported. A zero-value in all bit positions or absence of this field means no assistance data is supported. The following bits are assigned for the indicated assistance data.

ap-identifier: WLAN AP identity information
ap-location: WLAN AP location information

	periodicalReportingSupported
This field, if present, specifies the positioning modes for which the target device supports periodicalReporting. This is represented by a bit string, with a one value at the bit position means periodicalReporting for the positioning mode is supported; a zero value means not supported. If this field is absent, the location server may assume that the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	idleStateForMeasurements
This field, if present, indicates that the target device requires idle state to perform WLAN measurements.

	· scheduledLocationRequestSupported
· This field, if present, specifies the positioning modes for which the target device supports scheduled location requests – i.e., supports the IE ScheduledLocationTime 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.

	periodicReportingIntervalMsSupport
· This field, if present, indicates that the target device supports millisecond periodic reporting intervals for location information – i.e., supports the subfield reportingIntervalMs of the IE PeriodicalReportingCriteriaExt in IE CommonIEsRequestLocationInformation – and the minimum millisecond report interval supported for the periodic reporting.
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The IE BT-ProvideCapabilites is used by the target device to provide its capabilities for Bluetooth positioning to the location server.
-- ASN1START

BT-ProvideCapabilities-r13 ::= SEQUENCE {
	bt-Modes-r13			BIT STRING {	standalone		(0),
											ue-assisted		(1)}	(SIZE (1..8)),
	bt-MeasSupported-r13	BIT STRING {	rssi-r13		(0)}	(SIZE (1..8)),
	...,
	[[
	idleStateForMeasurements-r14
							ENUMERATED {	required	}							OPTIONAL,
	periodicalReportingSupported-r14	
							PositioningModes										OPTIONAL
	]],
	[[	scheduledLocationRequestSupported-r17	ScheduledLocationTimeSupportPerMode-r17		OPTIONAL
	]],
	[[	periodicReportingIntervalMsSupport-r17	PeriodicReportingIntervalMsSupport-r17		OPTIONAL
	]]
}

-- ASN1STOP

	BT-ProvideCapabilities field descriptions

	· bt-Modes
· This field specifies the Bluetooth mode(s) supported by the target device. This is represented by a bit string, with a one value at the bit position means the Bluetooth mode is supported; a zero value means not supported.

	· bt-MeasSupported
· This field specifies the Bluetooth measurements supported by the target device. This is represented by a bit string, with a one‑value at the bit position means the particular measurement is supported; a zero‑value means not supported. A zero-value in all bit positions in the bit string means only the basic Bluetooth positioning method is supported by the target device which is reporting of the Bluetooth beacon identity. The following bits are assigned for the indicated measurements.
· 
· rssi:	Bluetooth beacon signal strength at the target device

	idleStateForMeasurements
· This field, if present, indicates that the target device requires idle state to perform BT measurements.

	· periodicalReportingSupported
· This field, if present, specifies the positioning modes for which the target device supports periodicalReporting. This is represented by a bit string, with a one value at the bit position means periodicalReporting for the positioning mode is supported; a zero value means not supported. If this field is absent, the location server may assume that the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	· scheduledLocationRequestSupported
· This field, if present, specifies the positioning modes for which the target device supports scheduled location requests – i.e., supports the IE ScheduledLocationTime 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.

	periodicReportingIntervalMsSupport
· This field, if present, indicates that the target device supports millisecond periodic reporting intervals for location information – i.e., supports the subfield reportingIntervalMs of the IE PeriodicalReportingCriteriaExt in IE CommonIEsRequestLocationInformation – and the minimum millisecond report interval supported for the periodic reporting.
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The IE NR-ECID-ProvideCapabilities is used by the target device to indicate its capability to support NR E-CID and to provide its NR E-CID positioning capabilities to the location server.
-- ASN1START

NR-ECID-ProvideCapabilities-r16 ::= SEQUENCE {
	nr-ECID-MeasSupported-r16		BIT STRING {	ssrsrpSup		(0),
													ssrsrqSup		(1),
													csirsrpSup		(2),
													csirsrqSup		(3)} (SIZE(1..8)),
	periodicalReporting-r16		ENUMERATED { supported }							OPTIONAL,
	triggeredReporting-r16		ENUMERATED { supported }							OPTIONAL,
	...,
	[[
		ten-ms-unit-ResponseTime-r17		ENUMERATED { supported }				OPTIONAL,
		scheduledLocationRequestSupported-r17
											ScheduledLocationTimeSupport-r17		OPTIONAL
	]],
	[[	periodicReportingIntervalMsSupport-r17	PeriodicReportingIntervalMsSupport-r17		OPTIONAL
	]]
}

-- ASN1STOP

	NR-ECID-ProvideCapabilities field descriptions

	· nr-ECID-MeasSupported:
· Indicates the supported NR ECID measurements:
-	ssrsrpSup indicates the UE supports SSB based cell/beam specific RSRP measurement;
-	ssrsrqSup indicates the UE supports SSB based cell/beam specific RSRQ measurement;
-	csirsrpSup indicates the UE supports CSI-RS based cell/beam specific RSRP measurement;
-	csirsrqSup indicates the UE supports CSI-RS based cell/beam specific RSRQ measurement.

	ten-ms-unit-ResponseTime
· This field, if present, indicates that the target device supports the enumerated value 'ten-milli-seconds' in the IE ResponseTime in IE CommonIEsRequestLocationInformation.

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

	periodicReportingIntervalMsSupport
· This field, if present, indicates that the target device supports millisecond periodic reporting intervals for location information – i.e., supports the subfield reportingIntervalMs of the IE PeriodicalReportingCriteriaExt in IE CommonIEsRequestLocationInformation – and the minimum millisecond report interval supported for the periodic reporting.
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The IE NR-DL-TDOA-ProvideCapabilities is used by the target device to indicate its capability to support NR DL-TDOA and to provide its NR DL-TDOA positioning capabilities to the location server.
-- ASN1START

NR-DL-TDOA-ProvideCapabilities-r16 ::= SEQUENCE {
	nr-DL-TDOA-Mode-r16						PositioningModes,
	nr-DL-TDOA-PRS-Capability-r16			NR-DL-PRS-ResourcesCapability-r16,
	nr-DL-TDOA-MeasurementCapability-r16	NR-DL-TDOA-MeasurementCapability-r16,
	nr-DL-PRS-QCL-ProcessingCapability-r16	NR-DL-PRS-QCL-ProcessingCapability-r16,
	nr-DL-PRS-ProcessingCapability-r16		NR-DL-PRS-ProcessingCapability-r16,
	additionalPathsReport-r16				ENUMERATED { supported }					OPTIONAL,
	periodicalReporting-r16					PositioningModes							OPTIONAL,
	...,
	[[
	ten-ms-unit-ResponseTime-r17			PositioningModes							OPTIONAL,
	nr-PosCalcAssistanceSupport-r17			BIT STRING {	trpLocSup		(0),
															beamInfoSup		(1),
															rtdInfoSup		(2),
															trpTEG-InfoSup	(3)
														}	(SIZE (1..8))				OPTIONAL,
	nr-los-nlos-AssistanceDataSupport-r17	SEQUENCE {
												type-r17		LOS-NLOS-IndicatorType2-r17,
												granularity-r17	LOS-NLOS-IndicatorGranularity2-r17,
												...
											}											OPTIONAL,
	nr-DL-PRS-ExpectedAoD-or-AoA-Sup-r17	BIT STRING {	eAoD		(0),
															eAoA		(1)
														}	(SIZE (1..8))				OPTIONAL,
[bookmark: _Hlk90246940]	nr-DL-TDOA-On-Demand-DL-PRS-Support-r17	NR-On-Demand-DL-PRS-Support-r17				OPTIONAL,
	nr-los-nlos-IndicatorSupport-r17		SEQUENCE {
												type-r17		LOS-NLOS-IndicatorType2-r17,
												granularity-r17	LOS-NLOS-IndicatorGranularity2-r17,
												...
											}											OPTIONAL,
	additionalPathsExtSupport-r17			ENUMERATED { n4, n6, n8 }					OPTIONAL,
	scheduledLocationRequestSupported-r17	ScheduledLocationTimeSupportPerMode-r17		OPTIONAL,
	nr-dl-prs-AssistanceDataValidity-r17	SEQUENCE {
							area-validity-r17	INTEGER (1..maxNrOfAreas-r17)			OPTIONAL,								...
							}															OPTIONAL,
	multiMeasInSameMeasReport-r17			ENUMERATED { supported }					OPTIONAL,
	mg-ActivationRequest-r17				ENUMERATED { supported }					OPTIONAL
	]],
	[[	periodicReportingIntervalMsSupport-r17	PeriodicReportingIntervalMsSupport-r17		OPTIONAL
	]]
}

-- ASN1STOP

	NR-DL-TDOA-ProvideCapabilities field descriptions

	nr-DL-TDOA-Mode
This field specifies the NR DL-TDOA mode(s) supported by the target device.

	periodicalReporting
This field, if present, specifies the positioning modes for which the target device supports periodicalReporting. This is represented by a bit string, with a one‑value at the bit position means periodicalReporting for the positioning mode is supported; a zero‑value means not supported. If this field is absent, the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	ten-ms-unit-ResponseTime
This field, if present, specifies the positioning modes for which the target device supports the enumerated value 'ten-milli-seconds' in the IE ResponseTime in IE CommonIEsRequestLocationInformation. This is represented by a bit string, with a one‑value at the bit position means 'ten-milli-seconds' response time unit for the positioning mode is supported; a zero‑value means not supported. If this field is absent, the target device does not support 'ten-milli-seconds' response time unit in CommonIEsRequestLocationInformation.

	nr-PosCalcAssistanceSupport
This field indicates the Position Calculation Assistance Data supported by the target device for UE-based DL-TDOA. This is represented by a bit string, with a one‑value at the bit position means the particular assistance data is supported; a zero‑value means not supported.
-	bit 0 indicates whether the field nr-TRP-LocationInfo in IE NR-PositionCalculationAssistance is supported or not;
-	bit 1 indicates whether the field nr-DL-PRS-BeamInfo in IE NR-PositionCalculationAssistance is supported or not;
-	bit 2 indicates whether the field nr-RTD-Info in IE NR-PositionCalculationAssistance is supported or not;
-	bit 3 indicates whether the field nr-DL-PRS-TRP-TEG-Info in IE NR-PositionCalculationAssistance is supported or not. The UE can indicate this bit only if the UE supports prs-ProcessingCapabilityBandList and any of maxNrOfDL-PRS-ResourceSetPerTrpPerFrequencyLayer, maxNrOfTRP-AcrossFreqs, maxNrOfPosLayer, maxNrOfDL-PRS-ResourcesPerResourceSet and maxNrOfDL-PRS-ResourcesPerPositioningFrequencylayer. Otherwise, the UE does not include this field.

	nr-los-nlos-AssistanceDataSupport
This field, if present, indicates that the target device supports the NR-DL-PRS-ExpectedLOS-NLOS-Assistance in IE NR-PositionCalculationAssistance:
-	type indicates whether the target device supports 'hard' value or 'hard' and 'soft' value in LOS-NLOS-Indicator in IE NR-DL-PRS-ExpectedLOS-NLOS-Assistance.
-	granularity indicates whether the target device supports nr-los-nlos-indicator in IE NR-DL-PRS-ExpectedLOS-NLOS-Assistance 'per-trp', 'per-resource', or both.
The UE can include this field only if the UE supports one of maxDL-PRS-RSRP-MeasurementFR1, maxDL-PRS-RSRP-MeasurementFR2, dl-RSTD-MeasurementPerPairOfTRP-FR1, dl-RSTD-MeasurementPerPairOfTRP-FR2, maxNrOfRx-TX-MeasFR1, maxNrOfRx-TX-MeasFR2, supportOfRSRP-MeasFR1 and supportOfRSRP-MeasFR2. Otherwise, the UE does not include this field.

	nr-DL-PRS-ExpectedAoD-or-AoA-Sup
This field, if present, indicates that the target device supports the NR-DL-PRS-ExpectedAoD-or-AoA in NR-DL-PRS-AssistanceData.

	nr-DL-TDOA-On-Demand-DL-PRS-Support
This field, if present, indicates that the target device supports on-demand DL-PRS requests. 

	nr-los-nlos-IndicatorSupport
This field, if present, indicates that the target device supports nr-los-nlos-Indicator reporting in IE NR-DL-TDOA-SignalMeasurementInformation.
-	type indicates whether the target device supports 'hard' value or 'hard' and 'soft' value in IE LOS-NLOS-Indicator.
-	granularity indicates whether the target device supports LOS-NLOS-Indicator reporting per TRP, per DL-PRS Resource, or both.
NOTE:	A single value is reported when both Multi-RTT and DL-TDOA are supported.

	additionalPathsExtSupport
This field, if present, indicates that the target device supports the nr-AdditionalPathListExt reporting in IE NR-DL-TDOA-SignalMeasurementInformation. The enumerated value indicates the number of additional paths supported by the target device.

NOTE:	The supportOfDL-PRS-FirstPathRSRP in IE NR-DL-TDOA-MeasurementCapability also applies to the additional paths.

	scheduledLocationRequestSupported
This field, if present, specifies the positioning modes for which the target device supports scheduled location requests – i.e., supports the IE ScheduledLocationTime 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.

	[bookmark: _Hlk93958202]nr-dl-prs-AssistanceDataValidity
This field, if present, indicates that the target device supports validity conditions for pre-configured assistance data and comprises the following subfields:
-	area-validity indicates that the target device supports pre-configured assistance data with area validity. The integer number indicates the maximum number of areas the target device supports.

	multiMeasInSameMeasReport
This field, if present, indicates that the target device supports multiple measurement instances in a single measurement report.

	mg-ActivationRequest
This field, if present, indicates that the target device supports low latency measurement gap activation request for DL-PRS measurements. The UE can include this field only if the UE supports mg-ActivationRequestPRS-Meas and mg-ActivationCommPRS-Meas defined in TS 38.331 [35].

	periodicReportingIntervalMsSupport
This field, if present, indicates that the target device supports millisecond periodic reporting intervals for location information – i.e., supports the subfield reportingIntervalMs of the IE PeriodicalReportingCriteriaExt in IE CommonIEsRequestLocationInformation – and the minimum millisecond report interval supported for the periodic reporting.
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The IE NR-DL-AoD-ProvideCapabilities is used by the target device to indicate its capability to support NR DL-AoD and to provide its NR DL-AoD positioning capabilities to the location server.
-- ASN1START

NR-DL-AoD-ProvideCapabilities-r16 ::= SEQUENCE {
	nr-DL-AoD-Mode-r16						PositioningModes,
	nr-DL-AoD-PRS-Capability-r16			NR-DL-PRS-ResourcesCapability-r16,
	nr-DL-AoD-MeasurementCapability-r16		NR-DL-AoD-MeasurementCapability-r16,
	nr-DL-PRS-QCL-ProcessingCapability-r16	NR-DL-PRS-QCL-ProcessingCapability-r16,
	nr-DL-PRS-ProcessingCapability-r16		NR-DL-PRS-ProcessingCapability-r16,
	periodicalReporting-r16					PositioningModes							OPTIONAL,
	...,
	[[
	ten-ms-unit-ResponseTime-r17			PositioningModes							OPTIONAL,
	nr-PosCalcAssistanceSupport-r17			BIT STRING {	trpLocSup		(0),
															beamInfoSup		(1),
															rtdInfoSup		(2),
															beamAntInfoSup	(3)
														}	(SIZE (1..8))				OPTIONAL,
	nr-los-nlos-AssistanceDataSupport-r17	SEQUENCE {
												type-r17		LOS-NLOS-IndicatorType2-r17,
												granularity-r17	LOS-NLOS-IndicatorGranularity2-r17,
												...
											}											OPTIONAL,
	nr-DL-PRS-ExpectedAoD-or-AoA-Sup-r17	BIT STRING {	eAoD		(0),
															eAoA		(1)
														}	(SIZE (1..8))				OPTIONAL,
	dl-PRS-ResourcePrioritySubset-Sup-r17	ENUMERATED { sameSet, differentSet, sameOrDifferentSet }
																						OPTIONAL,
	nr-DL-PRS-BeamInfoSup-r17				ENUMERATED { supported }					OPTIONAL,
	nr-DL-AoD-On-Demand-DL-PRS-Support-r17	NR-On-Demand-DL-PRS-Support-r17				OPTIONAL,
	nr-los-nlos-IndicatorSupport-r17		SEQUENCE {
												type-r17		LOS-NLOS-IndicatorType2-r17,
												granularity-r17	LOS-NLOS-IndicatorGranularity2-r17,
												...
											}											OPTIONAL,
	scheduledLocationRequestSupported-r17	ScheduledLocationTimeSupportPerMode-r17
																						OPTIONAL,
	nr-dl-prs-AssistanceDataValidity-r17	SEQUENCE {
							area-validity-r17	INTEGER (1..maxNrOfAreas-r17)			OPTIONAL,
							...
							}															OPTIONAL,
	multiMeasInSameMeasReport-r17			ENUMERATED { supported }					OPTIONAL,
	mg-ActivationRequest-r17				ENUMERATED { supported }					OPTIONAL
	]],
	[[	periodicReportingIntervalMsSupport-r17	PeriodicReportingIntervalMsSupport-r17		OPTIONAL
	]]
}

-- ASN1STOP

	NR-DL-AoD-ProvideCapabilities field descriptions

	nr-DL-AoD-Mode
This field specifies the NR DL-AoD mode(s) supported by the target device.

	periodicalReporting
This field, if present, specifies the positioning modes for which the target device supports periodicalReporting. This is represented by a bit string, with a one‑value at the bit position means periodicalReporting for the positioning mode is supported; a zero‑value means not supported. If this field is absent, the target device does not support periodicalReporting in CommonIEsRequestLocationInformation.

	ten-ms-unit-ResponseTime
This field, if present, specifies the positioning modes for which the target device supports the enumerated value 'ten-milli-seconds' in the IE ResponseTime in IE CommonIEsRequestLocationInformation. This is represented by a bit string, with a one‑value at the bit position means 'ten-milli-seconds' response time unit for the positioning mode is supported; a zero‑value means not supported. If this field is absent, the target device does not support 'ten-milli-seconds' response time unit in CommonIEsRequestLocationInformation.

	nr-PosCalcAssistanceSupport
This field indicates the Position Calculation Assistance Data supported by the target device for UE-based DL-AoD. This is represented by a bit string, with a one‑value at the bit position means the particular assistance data is supported; a zero‑value means not supported.
-	bit 0 indicates whether the field nr-TRP-LocationInfo in IE NR-PositionCalculationAssistance is supported or not;
-	bit 1 indicates whether the field nr-DL-PRS-BeamInfo in IE NR-PositionCalculationAssistance is supported or not;
-	bit 2 indicates whether the field nr-RTD-Info in IE NR-PositionCalculationAssistance is supported or not. The UE can indicate this bit only if the UE supports prs-ProcessingCapabilityBandList and any of maxNrOfDL-PRS-ResourceSetPerTrpPerFrequencyLayer, maxNrOfTRP-AcrossFreqs, maxNrOfPosLayer, maxNrOfDL-PRS-ResourcesPerResourceSet and maxNrOfDL-PRS-ResourcesPerPositioningFrequencylayer. Otherwise, the UE does not include this field;
-	bit 3 indicates whether the field nr-TRP-BeamAntennaInfo in IE NR-PositionCalculationAssistance is supported or not.

	nr-los-nlos-AssistanceDataSupport
This field, if present, indicates that the target device supports the NR-DL-PRS-ExpectedLOS-NLOS-Assistance in IE NR-PositionCalculationAssistance:
-	type indicates whether the target device supports 'hard' value or 'hard' and 'soft' value in LOS-NLOS-Indicator in IE NR-DL-PRS-ExpectedLOS-NLOS-Assistance.
-	granularity indicates whether the target device supports nr-los-nlos-indicator in IE NR-DL-PRS-ExpectedLOS-NLOS-Assistance 'per-trp', 'per-resource', or both.
The UE can include this field only if the UE supports one of maxDL-PRS-RSRP-MeasurementFR1, maxDL-PRS-RSRP-MeasurementFR2,dl-RSTD-MeasurementPerPairOfTRP-FR1, dl-RSTD-MeasurementPerPairOfTRP-FR2, maxNrOfRx-TX-MeasFR1, maxNrOfRx-TX-MeasFR2, supportOfRSRP-MeasFR1 and supportOfRSRP-MeasFR2 . Otherwise, the UE does not include this field.

	nr-DL-PRS-ExpectedAoD-or-AoA-Sup
This field, if present, indicates that the target device supports the NR-DL-PRS-ExpectedAoD-or-AoA in NR-DL-PRS-AssistanceData. 

	dl-PRS-ResourcePrioritySubset-Sup
This field, if present, indicates that the target device supports the DL-PRS-ResourcePrioritySubset in IE NR-DL-PRS-Info. Enumerated value indicates the supported resource set relationship for the target DL-PRS Resource and the associated subset.

	nr-DL-PRS-BeamInfoSup
This field, if present, indicates that the target device supports the NR-DL-PRS-BeamInfo in IE NR-DL-AoD-ProvideAssistanceData.

	nr-DL-AoD-On-Demand-DL-PRS-Support
This field, if present, indicates that the target device supports on-demand DL-PRS requests.

	nr-los-nlos-IndicatorSupport
This field, if present, indicates that the target device supports nr-los-nlos-Indicator reporting in IE NR-DL-AoD-SignalMeasurementInformation.
-	type indicates whether the target device supports 'hard' value or 'hard' and 'soft' value in IE LOS-NLOS-Indicator.
-	granularity indicates whether the target device supports LOS-NLOS-Indicator reporting per TRP, per DL-PRS Resource, or both.

	scheduledLocationRequestSupported
This field, if present, specifies the positioning modes for which the target device supports scheduled location requests – i.e., supports the IE ScheduledLocationTime 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.

	nr-dl-prs-AssistanceDataValidity
This field, if present, indicates that the target device supports validity conditions for pre-configured assistance data and comprises the following subfields:
-	area-validity indicates that the target device supports pre-configured assistance data with area validity. The integer number indicates the maximum number of areas the target device supports.

	multiMeasInSameMeasReport
This field, if present, indicates that the target device supports multiple measurement instances in a single measurement report.

	mg-ActivationRequest
This field, if present, indicates that the target device supports low latency measurement gap activation request for DL-PRS measurements. The UE can include this field only if the UE supports mg-ActivationRequestPRS-Meas and mg-ActivationCommPRS-Meas defined in TS 38.331 [35].

	periodicReportingIntervalMsSupport
This field, if present, indicates that the target device supports millisecond periodic reporting intervals for location information – i.e., supports the subfield reportingIntervalMs of the IE PeriodicalReportingCriteriaExt in IE CommonIEsRequestLocationInformation – and the minimum millisecond report interval supported for the periodic reporting.
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The IE NR-Multi-RTT-ProvideCapabilities is used by the target device to indicate its capability to support NR Multi-RTT and to provide its NR Multi-RTT positioning capabilities to the location server.
-- ASN1START

NR-Multi-RTT-ProvideCapabilities-r16 ::= SEQUENCE {
	nr-Multi-RTT-PRS-Capability-r16			NR-DL-PRS-ResourcesCapability-r16,
	nr-Multi-RTT-MeasurementCapability-r16	NR-Multi-RTT-MeasurementCapability-r16,
	nr-DL-PRS-QCL-ProcessingCapability-r16	NR-DL-PRS-QCL-ProcessingCapability-r16,
	nr-DL-PRS-ProcessingCapability-r16		NR-DL-PRS-ProcessingCapability-r16,
	nr-UL-SRS-Capability-r16				NR-UL-SRS-Capability-r16,
	additionalPathsReport-r16				ENUMERATED { supported }					OPTIONAL,
	periodicalReporting-r16					ENUMERATED { supported }					OPTIONAL,
	...,
	[[
	ten-ms-unit-ResponseTime-r17			ENUMERATED { supported }					OPTIONAL,
	nr-DL-PRS-ExpectedAoD-or-AoA-Sup-r17	BIT STRING {	eAoD		(0),
															eAoA		(1)
														}	(SIZE (1..8))				OPTIONAL,	nr-Multi-RTT-On-Demand-DL-PRS-Support-r17
											NR-On-Demand-DL-PRS-Support-r17				OPTIONAL,
	nr-UE-RxTx-TEG-ID-ReportingSupport-r17	BIT STRING {	case1	(0),
															case2	(1),
															case3	(2)
														}	(SIZE (1..8))				OPTIONAL,
	nr-los-nlos-IndicatorSupport-r17	SEQUENCE {
											type-r17			LOS-NLOS-IndicatorType2-r17,
											granularity-r17		LOS-NLOS-IndicatorGranularity2-r17,
											...
										}												OPTIONAL,
	additionalPathsExtSupport-r17			ENUMERATED { n4, n6, n8 }					OPTIONAL,
	scheduledLocationRequestSupported-r17	ScheduledLocationTimeSupport-r17			OPTIONAL,
	nr-dl-prs-AssistanceDataValidity-r17	SEQUENCE {
								area-validity-r17	INTEGER (1..maxNrOfAreas-r17)		OPTIONAL,
								...
							}															OPTIONAL,
	multiMeasInSameMeasReport-r17			ENUMERATED { supported }					OPTIONAL,
	mg-ActivationRequest-r17				ENUMERATED { supported }					OPTIONAL
	]],
	[[	periodicReportingIntervalMsSupport-r17	PeriodicReportingIntervalMsSupport-r17		OPTIONAL
	]]
}

-- ASN1STOP

	NR-Multi-RTT-ProvideCapabilities field descriptions

	ten-ms-unit-ResponseTime
This field, if present, indicates that the target device supports the enumerated value 'ten-milli-seconds' in the IE ResponseTime in IE CommonIEsRequestLocationInformation.

	nr-DL-PRS-ExpectedAoD-or-AoA-Sup
This field, if present, indicates that the target device supports the NR-DL-PRS-ExpectedAoD-or-AoA in NR-DL-PRS-AssistanceData.

	nr-Multi-RTT-On-Demand-DL-PRS-Support
This field, if present, indicates that the target device supports on-demand DL-PRS requests.

	nr-UE-RxTx-TEG-ID-ReportingSupport
This field, if present, indicates that the target device supports nr-UE-RxTx-TEG-Info reporting in IE NR-Multi-RTT-SignalMeasurementInformation. This is represented by a bit string, with a one‑value at the bit position means the particular case is supported; a zero‑value means not supported:
-	bit 0 indicates that the target device supports the 'case1' choice in NR-UE-RxTx-TEG-Info.
-	bit 1 indicates that the target device supports the 'case2' choice in NR-UE-RxTx-TEG-Info.
-	bit 2 indicates that the target device supports the 'case3' choice in NR-UE-RxTx-TEG-Info. 

	nr-los-nlos-IndicatorSupport
This field, if present, indicates that the target device supports nr-los-nlos-Indicator reporting in IE NR-Multi-RTT-SignalMeasurementInformation.
-	type indicates whether the target device supports 'hard' value or 'hard' and 'soft' value in IE LOS-NLOS-Indicator.
-	granularity indicates whether the target device supports LOS-NLOS-Indicator reporting per TRP, per DL-PRS Resource, or both.
NOTE:	A single value is reported when both Multi-RTT and DL-TDOA are supported.

	additionalPathsExtSupport
This field, if present, indicates that the target device supports the nr-AdditionalPathListExt reporting in IE NR-Multi-RTT-SignalMeasurementInformation. The enumerated value indicates the number of additional paths supported by the target device.
NOTE:	The supportOfDL-PRS-FirstPathRSRP in IE NR-Multi-RTT-MeasurementCapability also applies to the additional paths.

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

	nr-dl-prs-AssistanceDataValidity
This field, if present, indicates that the target device supports validity conditions for pre-configured assistance data and comprises the following subfields:
-	area-validity indicates that the target device supports pre-configured assistance data with area validity. The integer number indicates the maximum number of areas the target device supports.

	multiMeasInSameMeasReport
This field, if present, indicates that the target device supports multiple measurement instances in a single measurement report.

	mg-ActivationRequest
This field, if present, indicates that the target device supports low latency measurement gap activation request for DL-PRS measurements. The UE can include this field only if the UE supports mg-ActivationRequestPRS-Meas and mg-ActivationCommPRS-Meas defined in TS 38.331 [35].

	periodicReportingIntervalMsSupport
This field, if present, indicates that the target device supports millisecond periodic reporting intervals for location information – i.e., supports the subfield reportingIntervalMs of the IE PeriodicalReportingCriteriaExt in IE CommonIEsRequestLocationInformation – and the minimum millisecond report interval supported for the periodic reporting.
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