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Introduction

During the RAN Plenary 98e, it was agreed to address the issue regarding the provision of the GNSS assistance data as described in RP-223278. 
Conclusion for GNSS positioning integrity enhancement: GNSS positioning integrity enhancement can be discussed as a TEI18 proposal

[bookmark: _Hlk127260020]The determination of the accuracy is one of the major tasks of GNSS receiver and the increased accuracy is very important especially in the multi-path environment like urban canyon for many use cases. In order to achieve it, the information of Line of  Sight (LOS) / Non Line of Sight (NLOS) of satellites of a particular satellite in a given location is very helpful. 
One could think the receivers could perform this differentiation by them self (e.g. based on SNR), but SNR varies depending on location and often the SNR from the NLOS satellites might have better SNR compared LOS satellites, which makes the LOS determination unreliable. There are other ways, for example  including additional hardware systems  that could work in a particular application supporting requirements such as form factor (size, weight and power requirements), GPU-based processing, device orientation, etc.
The aim of this document is to provide a simple network-based solution for LOS/NLOS determination and supply of this information to the UE.
The description below shows the results of the trial using this solution and provides an initial draft of the stage 3 CR.
Solution description
One way to address the problem of non-line-of-sight NLOS/multipath environment is to determine which GNSS satellites are line-of-sight (LOS) and provide the locally relevant information to the UE.   As shown below in Figure 1, this information would enable the UE to know which satellites would be more likely to have ranging errors due to multi-path, and which satellites would not be expected to have significant errors.
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Figure 1: LOS and NLOS satellites

The LOS / NLOS data may be computed off-line, and forecast for a period of up to several days, using a combination of:
(i) Accurate 3D digital mapping;
(ii) Satellite orbit forecasts, valid for the period over which the forecast is being made;
(iii) Computation of the LOS availability of a satellite for a specific location.
How the LoS assistance data is generated, managed and obtained by the location server is out of scope from a 3GPP LPP specification perspective, but some further details are provided within the Annex A as part of trial results.
The solution provides LoS forecast for any location of interest, and this data can then be provided to the UE as part of the assistance data in LPP.  The assistance data can be provided either upon request (solicited) or without request (unsolicited) from the device, see the following two figures from 3GPP TS 37.355, Section 5.2.



Figure 5.2.1-1: LPP Assistance data transfer procedure


Figure 5.2.2-1: LPP Assistance data transfer procedure
The assistance data can be provided for the current GNSS satellite constellations (GPS, GLONASS, BeiDou, Galileo, QZSS and SBAS satellites), so typically these are MEOs, at ~20,000 km orbital height. These satellite orbits produce an apparent movement relative to the user on the ground of approximately 1 degree in elevation and/or azimuth per minute. The actual rate of change for the complete constellation of satellites depends upon the relative position of the obstructions around the user.  An individual satellite may have a change in LOS in a range of between 5 minutes and 4 hours – again depending upon the local obstructions. Hence, the update of this information for a particular location is normally provided at the range of a few minutes to a few hours depending on the position of the satellites with respect to the local obscurations.
Observation 1:  The update of LOS data due to the change of complete constellation of satellites depends on upon the relative position of the obstructions around the user and is between a few minutes and 4 hours. The provided data should also be associated to an expiration time. 
The LoS assistance data can be provided for a specific spatial coverage, the size of which has a correlation to the known device location information. Please see Annex A for more details on the performance of the proposed solution. 
As baseline, the location server is aware of the serving/camping cell of the device, which gives a crude location information and a wide spatial scope. In case the location server has access to more accurate location information of the UE, the spatial scope can be much smaller.
The data provided to the UE is for a particular spatial scope – data per grid point over a spatial grid. For each grid point, the UE is provided with a list of satellites and an indication per satellite whether the satellite is expected to be in line of sight. Furthermore, the provided data is also associated to an expiration time. As the data is specific to a UE and its position and the time requested, it makes more sense to provide via unicast, but broadcast could also be considered.
Observation 2: It makes more sense to provide the LOS/NLOS additional assistance data via unicast, but broadcast may also be considered. 
Performance evaluations
Detailed performance evaluations are provided in Annex A, where clear benefits from provisioned LoS/NLoS indication information are evident.
Observation 3: Performance evaluations assessing benefits from provisioned LoS/NLoS data indicate clear benefits. 
Furthermore, the typical assistance data size for LoS/NLoS indication information is on par with assistance data for GNSS RTK.
Observation 4: The update rate of the suggested solution is similar to already standardized RTK services, which are typically at the rate of 2 kBytes per second. 
 
Impact to standards
In order to enable the proposed changes within 3GPP, LOS information in combination with satellites IDs at a particular location needs to be added to LPP capabilities and assistance data procedures. Please see details with a stage 3 LPP text proposal introducing the feature in Annex B 
Proposal 1: Discuss and agree to the LPP text proposal in Annex B
Conclusion:
The co-signing companies believe, based on the provided performance results from the trial, that the addition of assistance information (LOS information in combination with satellite IDs for a specific spatial scope) to LPP data in downlink would significantly (up to 77%) contribute to enhancing the accuracy and integrity of GNSS and would like to highlight the importance of enabling the UE to access the current or future satellite LOS information for real-time correction/augmentation to improve GNSS positioning performance.
We have the following observations: 
Observation 1:  The update of LOS data due to the change of complete constellation of satellites depends on upon the relative position of the obstructions around the user and is between a few minutes and 4 hours. The provided data should also be associated to an expiration time. 
Observation 2: It makes more sense to provide the LOS additional assistance data via unicast, but broadcast may also be considered. 
Observation 3: Performance evaluations assessing benefits from provisioned LoS/NLoS data indicate clear benefits. 
Observation 4: The update rate of the suggested solution is similar to already standardized RTK services, which are typically at the rate of 2 kBytes per second. 
Proposal 1: Discuss and agree to the LPP text proposal in Annex B


Annex A: Performance Evaluations
Evaluation conditions
The results we show below are from the trial performed in a major city in North America.  A GNSS LOS prediction was made for the time and area covering a drive test. 
4 GNSS constellations have been used: GPS, GLONASS, BeiDou and Galileo.
The forecast data was generated using 3D building map and digital terrain model data taken from a database with global coverage (84M km2), which can be accessed by different manufacturers and satellite orbit prediction.
The position was calculated for every second on a 1m grid (at ground level and requested altitudes)
Matching LOS satellite information is provided for each 3D position (at 1Hz rate); this is then applied in the position calculation.
Performance Results
The following analysis is performed by comparing the performance aggregated over all locations for which there are positions generated using the following solutions:
i. LOS-only: the position is computed using LOS measurements only.
Note that in this sample data set a location is defined as one where a LOS-only position fix can be produced when there are a minimum of 6 LOS satellites measured at the location.
ii. LOS plus NLOS measurement data (i.e. a “traditional” GNSS position solution).
This enables a direct comparison of the benefit of using the LOS information from the Geospatial Augmentation service.
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Picture 1 With and Without Geospatial Augmentation
The picture 1 shows the CDF of the horizontal position error of both solutions (with and without Geospatial Augmentation). 
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Picture 2 (zoom to 10 meters): With and Without Geospatial Augmentation
The picture 2 shows the CDF of the horizontal position error of both solutions (with and without Geospatial Augmentation aiding), zoomed-in to the 0 -10m position error range.
The table below shows the position errors for specific percentiles, computed when using Geospatial Augmentation LOS data and when using both LOS and NLOS data. It also shows the reduction in error determined when using Geospatial Augmentation LOS data (in meters and also % reduction in error).
[image: ]
Table 1 (positioning error reduction)
As it can be observed, the positioning errors can be significantly improved and can reach up to 77.9% compared to the case where LOS information is not provided.
Data Size and Data Rates
GNSS Geospatial Augmentation data requires between 30 – 50 bytes per location for which LOS data is provided.
When the device location is initially provided as an urban 5G cell ID, Geospatial Augmentation may  need to be provided for cells of differing size. Depending on the conditions, the typical cell size is about a few 100s meters.
The Geospatial Augmentation data may be provided on a different grid spacing depending upon size of the cell. The below table provides some examples of the data provided, for different cell sizes and grid spacings.
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Table 2 (Data Size)
It has to be noted, that when the data are provided, not all the grid points might need to be provided and so the data size may be further reduced. This is illustrated by the picture 3, below.
The provision of Geospatial Augmentation data may also be provided in an iterative fashion if supported/requested by the device, as illustrated, where the UE may be provided data for an entire cell in the first instance, and then request finer granularity data over time, as illustrated in the move from the ‘outside grid’ to ‘inside grid’ points.
[image: ]
Picture 3 (Grid and Data Reduction)
Examples of the throughput requirements:
The amount of data and the frequency of update is depending on several factors such as resolution of the data, geographical areas and the speed of the device:
· Example 1: For pedestrian user moving at speed of 5 km/h, the updates would need to be sent every 7.2 seconds in case of 10 x 10 = 100 individual points, at a 1 metre resolution.
· Example 2: For a vehicle moving at a speed of 36km/h (10m/s), along one lane in a city, it would require an update of the data covering an area of 10m x 5m per second. This would mean that the information for approx. 50 points would need to be updated every second resulting in 1.5kB - 2.5kB per second.
Annex B TS 37.355 LPP Text Proposal with comments
B.1		Comments to the text proposal
· The capability request does not need to be updated since it is a generic request
· The assistance data can be unsolicited or solicited, and in case of solicited, the device can relate to a previously provided set of assistance data. Furthermore, the device can include a preferred altitude reference type.
· Similar to the GNSS SSR gridded data, the LoS/NLoS indication is provided in two parts – one part of the common GNSS assistance data to define the spatial grid, and one part of the generic GNSS assistance data to define the data itself. The latter IE is generic and applies for all GNSS meaning that there can be several instances, one per GNSS.
B.2		TS 37.355 LPP Text Proposal
[bookmark: _Toc27765219][bookmark: _Toc37680898][bookmark: _Toc46486469][bookmark: _Toc52546814][bookmark: _Toc52547344][bookmark: _Toc52547874][bookmark: _Toc52548404][bookmark: _Toc115730144][…]
6.5.2.1	GNSS Assistance Data
[…]
–	GNSS-CommonAssistData
[bookmark: _Hlk125968296]The IE GNSS-CommonAssistData is used by the location server to provide assistance data which can be used for any GNSS.
-- ASN1START

GNSS-CommonAssistData ::= SEQUENCE {
	gnss-ReferenceTime				GNSS-ReferenceTime					OPTIONAL,	-- Need ON
	gnss-ReferenceLocation			GNSS-ReferenceLocation				OPTIONAL,	-- Need ON
	gnss-IonosphericModel			GNSS-IonosphericModel				OPTIONAL,	-- Need ON
	gnss-EarthOrientationParameters	GNSS-EarthOrientationParameters		OPTIONAL,	-- Need ON
	...,
	[[
		gnss-RTK-ReferenceStationInfo-r15
									GNSS-RTK-ReferenceStationInfo-r15	OPTIONAL,	-- Need ON
		gnss-RTK-CommonObservationInfo-r15	
									GNSS-RTK-CommonObservationInfo-r15	OPTIONAL,	-- Cond RTK
		gnss-RTK-AuxiliaryStationData-r15
									GNSS-RTK-AuxiliaryStationData-r15	OPTIONAL	-- Need ON
	]],
	[[
		gnss-SSR-CorrectionPoints-r16
									GNSS-SSR-CorrectionPoints-r16		OPTIONAL	-- Need ON
	]],
	[[
		gnss-Integrity-ServiceParameters-r17
							GNSS-Integrity-ServiceParameters-r17		OPTIONAL,	-- Need ON
		gnss-Integrity-ServiceAlert-r17
							GNSS-Integrity-ServiceAlert-r17				OPTIONAL	-- Need OR
	]],
	[[
		loS-NLoS-GridPoints-r18		LoS-NLoS-GridPoints-r18				OPTIONAL,	-- Need ON
	]]



}

-- ASN1STOP

	Conditional presence
	Explanation

	RTK
	The field is mandatory present if the IE GNSS-RTK-Observations is included in IE GNSS‑GenericAssistData; otherwise it is not present.



[bookmark: _Toc27765222][bookmark: _Toc37680901][bookmark: _Toc46486472][bookmark: _Toc52546817][bookmark: _Toc52547347][bookmark: _Toc52547877][bookmark: _Toc52548407][bookmark: _Toc115730147]–	GNSS-GenericAssistData
[bookmark: _Hlk125968375]The IE GNSS-GenericAssistData is used by the location server to provide assistance data for a specific GNSS. The specific GNSS for which the provided assistance data are applicable is indicated by the IE GNSS‑ID and (if applicable) by the IE SBAS‑ID. Assistance for up to 16 GNSSs can be provided.
-- ASN1START

GNSS-GenericAssistData ::= SEQUENCE (SIZE (1..16)) OF GNSS-GenericAssistDataElement

GNSS-GenericAssistDataElement ::= SEQUENCE {
	gnss-ID							GNSS-ID,
	sbas-ID							SBAS-ID							OPTIONAL, 	-- Cond GNSS-ID-SBAS
	gnss-TimeModels					GNSS-TimeModelList				OPTIONAL,	-- Need ON
	gnss-DifferentialCorrections	GNSS-DifferentialCorrections	OPTIONAL,	-- Need ON
	gnss-NavigationModel			GNSS-NavigationModel			OPTIONAL,	-- Need ON
	gnss-RealTimeIntegrity			GNSS-RealTimeIntegrity			OPTIONAL,	-- Need ON
	gnss-DataBitAssistance			GNSS-DataBitAssistance			OPTIONAL,	-- Need ON
	gnss-AcquisitionAssistance		GNSS-AcquisitionAssistance		OPTIONAL,	-- Need ON
	gnss-Almanac					GNSS-Almanac					OPTIONAL,	-- Need ON
	gnss-UTC-Model					GNSS-UTC-Model					OPTIONAL,	-- Need ON
	gnss-AuxiliaryInformation		GNSS-AuxiliaryInformation		OPTIONAL,	-- Need ON
	...,
	[[
		bds-DifferentialCorrections-r12	
									BDS-DifferentialCorrections-r12	OPTIONAL,	-- Cond	GNSS-ID-BDS
		bds-GridModel-r12			BDS-GridModelParameter-r12		OPTIONAL	-- Cond	GNSS-ID-BDS
	]],
	[[
		gnss-RTK-Observations-r15	GNSS-RTK-Observations-r15		OPTIONAL,	-- Need ON
		glo-RTK-BiasInformation-r15	GLO-RTK-BiasInformation-r15		OPTIONAL,	-- Cond GNSS-ID-GLO
		gnss-RTK-MAC-CorrectionDifferences-r15
									GNSS-RTK-MAC-CorrectionDifferences-r15
																	OPTIONAL,	-- Need ON
		gnss-RTK-Residuals-r15		GNSS-RTK-Residuals-r15			OPTIONAL,	-- Need ON
		gnss-RTK-FKP-Gradients-r15	GNSS-RTK-FKP-Gradients-r15		OPTIONAL,	-- Need ON
		gnss-SSR-OrbitCorrections-r15
									GNSS-SSR-OrbitCorrections-r15	OPTIONAL,	-- Need ON
		gnss-SSR-ClockCorrections-r15
									GNSS-SSR-ClockCorrections-r15	OPTIONAL,	-- Need ON
		gnss-SSR-CodeBias-r15		GNSS-SSR-CodeBias-r15			OPTIONAL	-- Need ON
	]],
	[[
		gnss-SSR-URA-r16					GNSS-SSR-URA-r16		OPTIONAL,	-- Need ON
		gnss-SSR-PhaseBias-r16				GNSS-SSR-PhaseBias-r16	OPTIONAL,	-- Need ON
		gnss-SSR-STEC-Correction-r16		GNSS-SSR-STEC-Correction-r16	
																	OPTIONAL,	-- Need ON
		gnss-SSR-GriddedCorrection-r16		GNSS-SSR-GriddedCorrection-r16	
																	OPTIONAL,	-- Need ON
		navic-DifferentialCorrections-r16	NavIC-DifferentialCorrections-r16
																OPTIONAL,	-- Cond	GNSS-ID-NavIC
		navic-GridModel-r16					NavIC-GridModelParameter-r16
																OPTIONAL	-- Cond	GNSS-ID-NavIC
	]],
	[[
		loS-NLoS-GriddedIndications-r18		LoS-NLoS-GriddedIndications-r18
																OPTIONAL	-- Need ON
	]]

}

-- ASN1STOP

	Conditional presence
	Explanation

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

	GNSS‑ID‑BDS
	The field may be present if the GNSS‑ID = bds; otherwise it is not present.

	GNSS-ID-GLO
	The field is optionally present, need ON, if the GNSS ID = glonass; otherwise it is not present.

	GNSS-ID-NAVIC
	The field is optionally present, need ON, if the GNSS‑ID = navic; otherwise it is not present



[…]
[bookmark: _Toc27765224][bookmark: _Toc37680903][bookmark: _Toc46486474][bookmark: _Toc52546819][bookmark: _Toc52547349][bookmark: _Toc52547879][bookmark: _Toc52548409][bookmark: _Toc115730149]6.5.2.2	GNSS Assistance Data Elements
[…]
–	LoS-NLoS-GridPoints
The IE LoS-NLoS-GridPoints is used by the location server to provide a list of grid point coordinates or an array of correction points ("grid") for which the LoS-NLoS-GriddedIndications are valid.

-- ASN1START

LoS-NLoS-GridPoints-r18 ::= SEQUENCE {
	gridPointsSetID-r18				ArrayOfGridPoints-r18,
	referenceAltitudeType-r18		ENUMERATED {wgs84-ellipsoid, ground-level}																					OPTIONAL,
	referenceAltitude-r18			GridAltitude-r18			OPTIONAL,
	stepAltitude-r18				RelativeAltitudeElement-r18 	OPTIONAL,
	upperValidityStepAltitude-r18	RelativeAltitudeElement-r18 	OPTIONAL,
	lowerValidityStepAltitude-r18	RelativeAltitudeElement-r18 	OPTIONAL,
	
	...
}

RelativeAltitudeElement-r18 ::= ENUMERATED {n05, n1, n2, n3, n4, n5, n10, n20}

ArrayOfGridPoints-r18 ::=SEQUENCE {
	referencePointLatitude-r18			INTEGER (-16384..16383),
	referencePointLongitude-r18			INTEGER (-32768..32767),
	numberOfStepsSouth-r18				INTEGER (0..63),
	numberOfStepsEast-r18				INTEGER (0..63),
	stepSouth-r18						ENUMERATED {n05, n1, n2, n3, n4, n5, n10, n20,n50,n100}
	stepEast-r18						ENUMERATED {n05, n1, n2, n3, n4, n5, n10, n20,n50,n100}
	bitmaskOfGrids-r18					BIT STRING (SIZE(64))				OPTIONAL,	-- Need OP
	...
}

-- ASN1STOP


	LoS-NLoS-GridPoints field descriptions

	gridPointsSetID
This field provides the ID of the LoS-NLoS Grid Point set. It is a regionally unique arbitrary number that is used by the UE to ensure that the LoS-NLoS indications are being applied to the correct set of points.

	referencePointLatitude
This field specifies the latitude for the reference point, expressed in the range of -90° , +90°, coded as a number between -214 and 214-1, coded in 2's complement binary on 15 bits. The relation between the latitude X in the range [‑90°, 90°] and the coded number N is:

									

where  denotes the greatest integer less than or equal to x (floor operator).
The reference point defines the northwest corner of the grid point array.

	referencePointLongitude
This field specifies the longitude for the reference point, expressed in the range -180°, +180°, coded as a number between -215 and 215-1, coded in 2's complement binary on 16 bits. The relation between the longitude X in the range [-180°, 180°) and the coded number N is:

								
The reference point defines the northwest corner of the grid point array.

	numberOfStepsSouth, numberOfStepsEast
These fields specify the number of steps for south and east direction respectively.

	[bookmark: _Hlk126337305]stepSouth, stepEast
These fields specify the spacing of the grid points for south and east respectively. The values n05, n1, n2, n3, n4, n5, n10, n20, n50, n100 encodes 0.5, 1, 2, 3, 4, 5, 10, 20, 50, 100, meters respectively.

	bitmaskOfGrids
This field specifies the availability of grid data at the horizontal grid points in the array, and applies to all altitude layers of the grid. If a specific bit is enabled (set to '1'), the grid is available. Only the first numberOfStepsSouth×numberOfStepsEast bits are used, the remainder are set to '0'. Starting with the northwest corner of the array (top left on a north oriented map) the grid points are enumerated with row precedence – first row west to east, second row west to east, until last row west to east – ending with the southeast corner of the array. If the field is omitted all grid points are used and none omitted.

	referenceAltitudeType
This field specifies the type of altitude reference that is used to describe the altitude properties of the grid.

	referenceAltitude
This field specifies the altitude of the upmost layer of the grid relative to the reference altitude.

	stepAltitude
This field specifies the difference in altitude between the upper and lower altitude layer both are present in the grid. If this field is not present, the grid represents only one altitude layer. The values n05, n1, n2, n3, n4, n5, n10, n20 encode 0.5, 1, 2, 3, 4, 5, 10, 20 meters respectively.

	upperValidityStepAltitude
This field, if present, specifies the upper validity altitude relative to the reference altitude, indicating that the data associated to the spatial grid is valid for device altitudes up to the upper validity altitude. The upper validity altitude is (referenceAltitude + upperValidityStepAltitude) in meters with an encoding described for the stepAltitude field.

	lowerValidityStepAltitude
This field, if present, specifies the lower validity altitude relative to the lowest grid layer altitude, indicating that the data associated to the spatial grid is valid for device altitudes down to the lower validity altitude. The lower validity altitude is (referenceAltitude – stepAltitude - lowerValidityStepAltitude) in meters with an encoding described for the stepAltitude field. If the field stepAltitude is not present, then the lower validity altitude is (referenceAltitude - lowerValidityStepAltitude) in meters.



-	LoS-NLoS-GriddedIndications
The IE LoS-NLoS-GriddedIndications is used by the location server to provide GNSS LoS_NLoS indication information. The parameters provided in IE LoS-NLoS-GriddedIndications apply to all GNSSs.
-- ASN1START

LoS-NLoS-GriddedIndications-r18 ::= SEQUENCE {
	gridPointSetID-r18					INTEGER (0..16383),
	expirationTime-r18					UTCTime				OPTIONAL,	-- Cond NotAlreadyProvided
	gridList-r18						GridList-r18,
	…
}

GridList-r18 ::= SEQUENCE (SIZE(1..128)) OF GridElement-r18

GridElement-r18 ::= SEQUENCE {
	losInfoList-r18						LoS-InfoList-r18	OPTIONAL, -- Need ON
	…
}

LoS-InfoList-r18 ::= SEQUENCE (SIZE(1..64)) OF LoS-InfoElement-r18

LoS-InfoListElement-r18 ::= SEQUENCE {
	svID-r18				SV-ID,
	los-r18					ENUMERATED{true, false, uncertain},
	…
}

-- ASN1STOP

	Conditional presence
	Explanation

	NotAlreadyProvided
	This field is absent if 
· this IE is provided as part of an AssistanceDataSIBelement IE with a present expirationTime field
· the field expirationTime is already present in this IE for a different GNSS 
In both these cases, the expiration time inherited to apply to the data of associated gridList.



	LoS-NLoS-GriddedIndications field descriptions

	gridPointsSetID
This field provides the ID of the LoS-NLoS Grid Point set. It is a regionally unique arbitrary number that is used by the UE to ensure that the LoS-NLoS indications are being applied to the correct set of points.

	gridList
This field provides the LoS-NLoS indications for up to 128 grid points (up to 64 grid points per altitude layer) defined in IE LoS-NLoS-GridPoints.
The IE LoS-NLoS-GridPoints, which belongs to this gridPointSetID, includes the same number of entries as in the gridList, and listed in the same order, as defined by the enabled bits in the bitmaskOfGrids. The upmost grid layer is populated first, followed by the lower layer.

	svID
This field specifies the GNSS satellite for which the LoS-NLoS indications are provided.

	los
This field represents a LoS indication per svID per GNSS for a specific grid point, and can take the following values:
· true – the satellite vehicle is in line of sight
· false – the satellite vehicle is not in line of sight
· uncertain – satellite vehicle can either be in line of sight or not 

	expirationTime
This field indicates when the validity of the provided assistance data fields expires. It is specified as UTC time.



[…]
[bookmark: _Toc27765280][bookmark: _Toc37680971][bookmark: _Toc46486543][bookmark: _Toc52546888][bookmark: _Toc52547418][bookmark: _Toc52547948][bookmark: _Toc52548478][bookmark: _Toc115730220]6.5.2.3	GNSS Assistance Data Request
[…]
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The IE GNSS-GenericAssistDataReq is used by the target device to request assistance data from a location server for one or more specific GNSSs. The specific GNSS for which the assistance data are requested is indicated by the IE GNSS‑ID and (if applicable) by the IE SBAS‑ID. Assistance for up to 16 GNSSs can be requested.
-- ASN1START

GNSS-GenericAssistDataReq ::= SEQUENCE (SIZE (1..16)) OF GNSS-GenericAssistDataReqElement

GNSS-GenericAssistDataReqElement ::= SEQUENCE {
	gnss-ID							GNSS-ID,
	sbas-ID							SBAS-ID							OPTIONAL, -- Cond GNSS-ID-SBAS
	gnss-TimeModelsReq				GNSS-TimeModelListReq			OPTIONAL, -- Cond TimeModReq
	gnss-DifferentialCorrectionsReq	GNSS-DifferentialCorrectionsReq	OPTIONAL, -- Cond DGNSS-Req
	gnss-NavigationModelReq			GNSS-NavigationModelReq			OPTIONAL, -- Cond NavModReq
	gnss-RealTimeIntegrityReq		GNSS-RealTimeIntegrityReq		OPTIONAL, -- Cond RTIReq
	gnss-DataBitAssistanceReq		GNSS-DataBitAssistanceReq		OPTIONAL, -- Cond DataBitsReq
	gnss-AcquisitionAssistanceReq	GNSS-AcquisitionAssistanceReq	OPTIONAL, -- Cond AcquAssistReq
	gnss-AlmanacReq					GNSS-AlmanacReq					OPTIONAL, -- Cond AlmanacReq
	gnss-UTCModelReq				GNSS-UTC-ModelReq				OPTIONAL, -- Cond UTCModReq
	gnss-AuxiliaryInformationReq	GNSS-AuxiliaryInformationReq	OPTIONAL, -- Cond AuxInfoReq
	...,
	[[
		bds-DifferentialCorrectionsReq-r12	
									BDS-DifferentialCorrectionsReq-r12
																	OPTIONAL,	-- Cond DBDS-Req
		bds-GridModelReq-r12		BDS-GridModelReq-r12			OPTIONAL	-- Cond BDS-GridModReq
	]],
	[[
		gnss-RTK-ObservationsReq-r15
									GNSS-RTK-ObservationsReq-r15	OPTIONAL,	-- Cond RTK-OSR-Req
		glo-RTK-BiasInformationReq-r15	
									GLO-RTK-BiasInformationReq-r15	OPTIONAL,	-- Cond GLO-CPB-Req
		gnss-RTK-MAC-CorrectionDifferencesReq-r15
									GNSS-RTK-MAC-CorrectionDifferencesReq-r15
																	OPTIONAL,	-- Cond MAC-Req
		gnss-RTK-ResidualsReq-r15	GNSS-RTK-ResidualsReq-r15		OPTIONAL,	-- Cond Res-Req
		gnss-RTK-FKP-GradientsReq-r15
									GNSS-RTK-FKP-GradientsReq-r15	OPTIONAL,	-- Cond FKP-Req
		gnss-SSR-OrbitCorrectionsReq-r15
									GNSS-SSR-OrbitCorrectionsReq-r15
																	OPTIONAL, 	-- Cond OC-Req
		gnss-SSR-ClockCorrectionsReq-r15
									GNSS-SSR-ClockCorrectionsReq-r15
																	OPTIONAL, 	-- Cond CC-Req
		gnss-SSR-CodeBiasReq-r15	GNSS-SSR-CodeBiasReq-r15		OPTIONAL 	-- Cond CB-Req
	]],
	[[
		gnss-SSR-URA-Req-r16		GNSS-SSR-URA-Req-r16			OPTIONAL,	-- Cond URA-Req
		gnss-SSR-PhaseBiasReq-r16	GNSS-SSR-PhaseBiasReq-r16		OPTIONAL,	-- Cond PB-Req
		gnss-SSR-STEC-CorrectionReq-r16
									GNSS-SSR-STEC-CorrectionReq-r16	OPTIONAL,	-- Cond STEC-Req
		gnss-SSR-GriddedCorrectionReq-r16	GNSS-SSR-GriddedCorrectionReq-r16
																	OPTIONAL,	-- Cond Grid-Req
		navic-DifferentialCorrectionsReq-r16	
									NavIC-DifferentialCorrectionsReq-r16
																OPTIONAL,	-- Cond DNavIC-Req
		navic-GridModelReq-r16		NavIC-GridModelReq-r16		OPTIONAL	-- Cond NavIC-GridModReq
	]], 
	[[ loS-NLoS-GridPointsReq-r18  LoS-NLoS-GridPointsReq-r18    OPTIONAL,   -- Cond LoS-GridReq    
    ]]


}

-- ASN1STOP

	Conditional presence
	Explanation

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

	TimeModReq
	The field is mandatory present if the target device requests GNSS-TimeModelList; otherwise it is not present.

	DGNSS-Req
	The field is mandatory present if the target device requests GNSS-DifferentialCorrections; otherwise it is not present.

	NavModReq
	The field is mandatory present if the target device requests GNSS-NavigationModel; otherwise it is not present.

	RTIReq
	The field is mandatory present if the target device requests GNSS-RealTimeIntegrity; otherwise it is not present.

	DataBitsReq
	The field is mandatory present if the target device requests GNSS-DataBitAssistance; otherwise it is not present.

	AcquAssistReq
	The field is mandatory present if the target device requests GNSS-AcquisitionAssistance; otherwise it is not present.

	AlmanacReq
	The field is mandatory present if the target device requests GNSS-Almanac; otherwise it is not present.

	UTCModReq
	The field is mandatory present if the target device requests GNSS-UTCModel; otherwise it is not present.

	AuxInfoReq
	The field is mandatory present if the target device requests GNSS-AuxiliaryInformation; otherwise it is not present.

	DBDS-Req
	The field is mandatory present if the target device requests BDS-DifferentialCorrections; otherwise it is not present. This field may only be present if gnss-ID indicates 'bds'.

	BDS-GridModReq
	The field is mandatory present if the target device requests BDS-GridModel; otherwise it is not present. This field may only be present if gnss-ID indicates 'bds'.

	RTK-OSR-Req
	The field is mandatory present if the target device requests GNSS-RTK-Observations; otherwise it is not present.

	GLO-CPB-Req
	The field is mandatory present if the target device requests GLO-RTK-BiasInformation; otherwise it is not present.

	MAC-Req
	The field is mandatory present if the target device requests GNSS‑RTK‑MAC‑CorrectionDifferences; otherwise it is not present.

	Res-Req
	The field is mandatory present if the target device requests GNSS-RTK-Residuals; otherwise it is not present.

	FKP-Req
	The field is mandatory present if the target device requests GNSS-RTK-FKP-Gradients; otherwise it is not present.

	OC-Req
	The field is mandatory present if the target device requests GNSS-SSR-OrbitCorrections; otherwise it is not present.

	CC-Req
	The field is mandatory present if the target device requests GNSS-SSR-ClockCorrections; otherwise it is not present.

	CB-Req
	The field is mandatory present if the target device requests GNSS-SSR-CodeBias; otherwise it is not present.

	URA-Req
	The field is mandatory present if the target device requests GNSS-SSR-URA; otherwise it is not present.

	PB-Req
	The field is mandatory present if the target device requests GNSS-SSR-PhaseBias; otherwise it is not present.

	STEC-Req
	The field is mandatory present if the target device requests GNSS-SSR-STEC-Correction; otherwise it is not presen

	Grid-Req
	The field is mandatory present if the target device requests GNSS‑SSR‑GriddedCorrection; otherwise it is not present.

	DNavIC-Req
	The field is mandatory present if the target device requests NavIC-DifferentialCorrections; otherwise it is not present. This field may only be present if the gnss-ID indicates 'navic'.

	NavIC-GridModReq
	The field is mandatory present if the target device requests NavIC-GridModel; otherwise it is not present. This field may only be present if the gnss-ID indicates 'navic'.

	LoS-GridReq
	The field is mandatory present if the target device requests LoS-NLoS-GridPoints; otherwise it is not present.
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–	LoS-NLoS-GridPointsReq
The IE LoS-NLoS-GridPointsReq is used by the target device to request the LoS-NLoS-GridPoints assistance from the location server.
-- ASN1START

LoS-NLoS-GridPointsReq-r18 ::=	SEQUENCE {
	gridPointSetID-Req-r18			INTEGER (0..16383)			OPTIONAL,
	relativeLocationInfo			CHOICE {
					inside-r18			ENUMERATED {upper-left, upper-right, lower-left, lower-right, ...},
					outside-r18			ENUMERATED {north, west, south, east, above, below,...}
	}				OPTIONAL,
	referenceAltitudeType-r18		ENUMERATED {wgs84-ellipsoid, ground-level},
	...
}

-- ASN1STOP

	LoS-NLoS-GridPointsReq field descriptions

	gridPointSetID-Req
This field specifies the ID of the grid point set for which the LoS-NLoS-Indicqation is requested, optionally with relative location information.

	relativeLocationInfo
This field specifies the relative location info in relation to the requested grid. The relative location info can be 
· Inside to narrow down the grid scope
· Outside to describe which side (north, west, south, east, above, below) of the specified grid the target device wants new grid data

	referenceAltitudeType
This field specifies the type of altitude reference that is requested by the target device.
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The IE GNSS-GenericAssistanceDataSupport is used by the target device to provide information on supported GNSS generic assistance data types to the location server for each supported GNSS.
-- ASN1START

GNSS-GenericAssistanceDataSupport ::=
								SEQUENCE (SIZE (1..16)) OF GNSS-GenericAssistDataSupportElement

GNSS-GenericAssistDataSupportElement ::= SEQUENCE {
	gnss-ID								GNSS-ID,
	sbas-ID								SBAS-ID						OPTIONAL, -- Cond GNSS‑ID‑SBAS
	gnss-TimeModelsSupport				GNSS-TimeModelListSupport
																	OPTIONAL, -- Cond TimeModSup
	gnss-DifferentialCorrectionsSupport	GNSS-DifferentialCorrectionsSupport
																	OPTIONAL, -- Cond DGNSS-Sup
	gnss-NavigationModelSupport			GNSS-NavigationModelSupport
																	OPTIONAL, -- Cond NavModSup
	gnss-RealTimeIntegritySupport		GNSS-RealTimeIntegritySupport
																	OPTIONAL, -- Cond RTISup
	gnss-DataBitAssistanceSupport		GNSS-DataBitAssistanceSupport
																	OPTIONAL, -- Cond DataBitsSup
	gnss-AcquisitionAssistanceSupport	GNSS-AcquisitionAssistanceSupport
																	OPTIONAL, -- Cond AcquAssistSup
	gnss-AlmanacSupport					GNSS-AlmanacSupport
																	OPTIONAL, -- Cond AlmanacSup
	gnss-UTC-ModelSupport				GNSS-UTC-ModelSupport
																	OPTIONAL, -- Cond UTCModSup
	gnss-AuxiliaryInformationSupport	GNSS-AuxiliaryInformationSupport
																	OPTIONAL, -- Cond AuxInfoSup
	...,
	[[
		bds-DifferentialCorrectionsSupport-r12
										BDS-DifferentialCorrectionsSupport-r12
																	OPTIONAL, -- Cond DBDS-Sup
		bds-GridModelSupport-r12		BDS-GridModelSupport-r12
																	OPTIONAL	-- Cond BDS-GridModSup
	]],
	[[
		gnss-RTK-ObservationsSupport-r15
										GNSS-RTK-ObservationsSupport-r15
																	OPTIONAL,	-- Cond RTK-OSR-Sup
		glo-RTK-BiasInformationSupport-r15	
										GLO-RTK-BiasInformationSupport-r15	
																	OPTIONAL,	-- Cond GLO-CPB-Sup
		gnss-RTK-MAC-CorrectionDifferencesSupport-r15
										GNSS-RTK-MAC-CorrectionDifferencesSupport-r15
																	OPTIONAL,	-- Cond MAC-Sup
		gnss-RTK-ResidualsSupport-r15	GNSS-RTK-ResidualsSupport-r15
																	OPTIONAL,	-- Cond Res-Sup
		gnss-RTK-FKP-GradientsSupport-r15
										GNSS-RTK-FKP-GradientsSupport-r15
																	OPTIONAL,	-- Cond FKP-Sup
		gnss-SSR-OrbitCorrectionsSupport-r15
										GNSS-SSR-OrbitCorrectionsSupport-r15
																	OPTIONAL, 	-- Cond OC-Sup
		gnss-SSR-ClockCorrectionsSupport-r15
										GNSS-SSR-ClockCorrectionsSupport-r15
																	OPTIONAL, 	-- Cond CC-Sup
		gnss-SSR-CodeBiasSupport-r15	GNSS-SSR-CodeBiasSupport-r15
																	OPTIONAL 	-- Cond CB-Sup
	]],
	[[
		gnss-SSR-URA-Support-r16		GNSS-SSR-URA-Support-r16	OPTIONAL,	-- Cond URA-Sup
		gnss-SSR-PhaseBiasSupport-r16	GNSS-SSR-PhaseBiasSupport-r16		
																	OPTIONAL,	-- Cond PB-Sup
		gnss-SSR-STEC-CorrectionSupport-r16
										GNSS-SSR-STEC-CorrectionSupport-r16
																	OPTIONAL,	-- Cond STEC-Sup
		gnss-SSR-GriddedCorrectionSupport-r16
										GNSS-SSR-GriddedCorrectionSupport-r16
																	OPTIONAL,	-- Cond Grid-Sup
		navic-DifferentialCorrectionsSupport-r16
										NavIC-DifferentialCorrectionsSupport-r16
																OPTIONAL,	-- Cond DNavIC-Sup
		navic-GridModelSupport-r16		NavIC-GridModelSupport-r16
																OPTIONAL	-- Cond NavIC-GridModSup
	]] ,
	[[
		loS-NLoS-GridSupport-r18		LoS-NLoS-GridSupport-r18	OPTIONAL	-- Cond LoS-NLoS-Grid-Sup
	]]
}

-- ASN1STOP



	Conditional presence
	Explanation

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

	TimeModSup
	The field is mandatory present if the target device supports GNSS-TimeModelList; otherwise it is not present.

	DGNSS-Sup
	The field is mandatory present if the target device supports GNSS-DifferentialCorrections; otherwise it is not present.

	NavModSup
	The field is mandatory present if the target device supports GNSS-NavigationModel; otherwise it is not present.

	RTISup
	The field is mandatory present if the target device supports GNSS-RealTimeIntegrity; otherwise it is not present.

	DataBitsSup
	The field is mandatory present if the target device supports GNSS-DataBitAssistance; otherwise it is not present.

	AcquAssistSup
	The field is mandatory present if the target device supports GNSS-AcquisitionAssistance; otherwise it is not present.

	AlmanacSup
	The field is mandatory present if the target device supports GNSS-Almanac; otherwise it is not present.

	UTCModSup
	The field is mandatory present if the target device supports GNSS-UTC-Model; otherwise it is not present.

	AuxInfoSup
	The field is mandatory present if the target device supports GNSS-AuxiliaryInformation; otherwise it is not present.

	DBDS-Sup
	The field is mandatory present if the target device supports BDS-DifferentialCorrections; otherwise it is not present. This field may only be present if gnss-ID indicates 'bds'.

	BDS-GridModSup
	The field is mandatory present if the target device supports BDS-GridModel; otherwise it is not present. This field may only be present if gnss-ID indicates 'bds'.

	RTK-OSR-Sup
	The field is mandatory present if the target device supports GNSS-RTK-Observations; otherwise it is not present. Note, support for GNSS-RTK-Observations implies support for GNSS-RTK-CommonObservationInfo as well.

	GLO-CPB-Sup
	The field is mandatory present if the target device supports GLO‑RTK‑BiasInformation; otherwise it is not present. This field may only be present if gnss-ID indicates 'glonass'.

	MAC-Sup
	The field is mandatory present if the target device supports GNSS‑RTK‑MAC‑CorrectionDifferences; otherwise it is not present.

	Res-Sup
	The field is mandatory present if the target device supports GNSS‑RTK‑Residuals; otherwise it is not present.

	FKP-Sup
	The field is mandatory present if the target device supports GNSS‑RTK‑FKP‑Gradients; otherwise it is not present.

	OC-Sup
	The field is mandatory present if the target device supports GNSS‑SSR‑OrbitCorrections; otherwise it is not present.

	CC-Sup
	The field is mandatory present if the target device supports GNSS‑SSR‑ClockCorrections; otherwise it is not present.

	CB-Sup
	The field is mandatory present if the target device supports GNSS‑SSR‑CodeBias; otherwise it is not present.

	URA-Sup
	The field is mandatory present if the target device supports GNSS-SSR-URA; otherwise it is not present.

	PB-Sup
	The field is mandatory present if the target device supports GNSS-SSR-PhaseBias; otherwise it is not present.

	STEC-Sup
	The field is mandatory present if the target device supports GNSS-SSR-STEC-Correction; otherwise it is not present.

	Grid-Sup
	The field is mandatory present if the target device supports GNSS‑SSR‑GriddedCorrection; otherwise it is not present. Note, support for GNSS‑SSR‑GriddedCorrection implies support for GNSS-SSR-CorrectionPoints as well.

	DNavIC-Sup
	The field is mandatory present if the target device supports NavIC-DifferentialCorrections; otherwise it is not present. This field may only be present if the gnss-ID indicates 'navic'.

	NavIC-GridModSup
	The field is mandatory present if the target device supports NavIC-GridModel; otherwise it is not present. This field may only be present if the gnss-ID indicates 'navic'.

	LoS-NLoS-Grid-Sup
	The field is mandatory present if the target device supports LoS-NLoS-GriddedIndications; otherwise it is not present. Support for LoS-NLoS-GriddedIndications implies support for LoS-NLoS-GridPoints.
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