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1 Reason for Change

This CR proposes an implementation for the LPPe requirements LPP-AD-003 and LPP-AD-004.

LPPe RD requirement LPP-AD-003: 

LPPe SHALL support troposphere models.

LPPe RD requirement LPP-AD-004: 

LPPe SHALL support altitude assistance for improved availability and altitude performance.
R01: Added Telecom Italia as the co-signer.
R02: Corrections based on the comments received
R03: Minor ASN.1 corrections. Removed ValidityPeriod and ValidityArea definitions, because they were already agreed in CR-108R02.
2 Impact on Backward Compatibility

N/A
3 Impact on Other Specifications

N/A
4 Intellectual Property Rights

Members and their Affiliates (collectively, "Members") agree to use their reasonable endeavours to inform timely the Open Mobile Alliance of Essential IPR as they become aware that the Essential IPR is related to the prepared or published Specification.  This obligation does not imply an obligation on Members to conduct IPR searches.  This duty is contained in the Open Mobile Alliance application form to which each Member's attention is drawn.  Members shall submit to the General Manager of Operations of OMA the IPR Statement and the IPR Licensing Declaration.  These forms are available from OMA or online at the OMA website at www.openmobilealliance.org.

5 Recommendation

Agree on the proposed implementation.
6 Detailed Change Proposal

Change 1:  Abbreviations

3.3 Abbreviations

	OMA
	Open Mobile Alliance

	DSL
	Digital Subscriber Line

	E-OTD
	Enhanced Observed Time Difference

	E-UTRAN
	Evolved UTRAN

	ECID
	Enhanced Cell ID

	EDGE
EGM
	Enhanced Data rates for Global Evolution
Earth Gravity Model

	EPDU
	External Protocol Data Unit

	FDD
	Frequency-Division Duplex

	GERAN
	GSM/EDGE RAN

	GNSS
	Global Navigation Satellite System, collective name for a variety of satellite positioning systems including GPS, Galileo and GLONASS

	GSM
	Global System for Mobile communications

	IPDL
	Idle Period Downlink

	LAN
	Local Area Network

	LBS
	Location-Based Services

	LCS
	Location Services

	LPP
	LTE Positioning Protocol, defined in 3GPP TS 36.355

	LPPe
	OMA LPP Extensions

	LTE
	Long Term Evolution

	OTDOA
	Observed Time Difference of Arrival

	RAN
	Radio Access Network

	SLP
	SUPL Location Platform

	SUPL
	Secure User Plane Location

	SV
	Space Vehicle

	TDD
	Time-Division Duplex

	UE
	User Equipment

	UMTS
	Universal Mobile Telecommunication System

	UTC
	Universal Time Coordinated

	UTRAN
	UMTS Terrestrial RAN

	WLAN 

	Wireless Local Area Network


Change 2:  Assistance data request

6.5.2.3 AGNSS Assistance Data Request

– 
OMA-LPPe-AGNSS-RequestAssistanceData
The OMA-LPPe-AGNSS-RequestAssistanceData is used to request assistance for UE-based and UE-assisted AGNSS-based methods.

-- ASN1START

OMA-LPPe-AGNSS-RequestAssistanceData ::= SEQUENCE {



oma-lppe-agnss-CommonAssistDataReq
OMA-LPPe-AGNSS-CommonAssistDataReq
OPTIONAL, -- Cond CommonADReq


oma-lppe-agnss-GenericAssistDataReq
OMA-LPPe-AGNSS-GenericAssistDataReq
OPTIONAL, -- Cond GenADReq


...

}

-- ASN1STOP

	Conditional presence
	Explanation

	CommonADReq
	The field is mandatory present if the target device requests AGNSS-CommonAssistData; otherwise it is not present.

	GenADReq
	This field is mandatory present if the target device requests AGNSS-GenericAssistData for one or more specific GNSS; otherwise it is not present.


– 
OMA-LPPe-AGNSS-CommonAssistanceDataReq

The OMA-LPPe-AGNSS-CommonAssistanceDataReq is used to request GNSS-independent assistance for UE-based and UE-assisted AGNSS-based methods.

-- ASN1START

OMA-LPPe-AGNSS-CommonAssistDataReq ::= SEQUENCE {



troposphereModelReq 


OMA-LPPe-AGNSS-TroposphereModelReq 

OPTIONAL, --cond TropoReq

altitudeAssistanceReq


OMA-LPPe-AGNSS-AltitudeAssistanceReq 
OPTIONAL, --cond AltAssistReq

...

}

-- ASN1STOP

	Conditional presence
	Explanation

	TropoReq
	The field is mandatory present if the target device requests for LPPe troposphere models, otherwise it is not present.

	AltAssistReq
	The field is mandatory present if the target device requests for altitude assistance, otherwise it is not present.


	AGNSS-CommonAssistDataReq  field descriptions

	troposphereModelReq

This field is used to request troposphere models.

	altitudeAssistanceReq

This field is used to request altitude assistance for improved availability, 


Change 3:  Assistance data request element

6.5.2.4 AGNSS Assistance Data Request Elements
– 
OMA-LPPe-AGNSS-TroposphereModelReq
The IE OMA-LPPe-AGNSS-TroposphericModelReq is used by the target device to request the local OMA-LPPe-AGNSS-TroposphericModel assistance from the location server.
-- ASN1START

OMA-LPPe-AGNSS-TroposphereModelReq ::= 
SEQUENCE {

troposphereModelReq



BIT STRING { delay (0),













surface (1),













... } (SIZE (1..8)),


supportForMultipleGridPoints
BOOLEAN,


requestBeginTime



GNSS-SystemTime


OPTIONAL,


duration





INTEGER (1..63),






...
}

-- ASN1STOP

	AGNSS-TroposphereModelReq  field descriptions

	troposphereModelReq

This bit string field specifies the desired model or models. One-value at bit position 0 indicates that the OMA-LPPe-AGNSS-TroposphereDelayList -model is requested, and one-value at bit position 1 indicates the request for the OMA-LPPe-AGNSS-SurfaceParameterList –model.

	supportForMultipleGridPoints

This field indicates if the target is capable of handling parameter sets originating from multiple locations around it (value 1). Value 0 means that only the nearest grid point parameters are requested.

	requestBeginTime

This field specifies the first time instant when a valid troposphere model is needed. The field is optional, and if it is missing, the begin time is the current time.

	duration

This field specifies how long time the tropospheric model is requested for. 

The scale factor is 15 min.


– 
OMA-LPPe-AGNSS-AltitudeAssistanceReq
The IE OMA-LPPe-AGNSS-AltitudeAssistanceReq is used by the target device to request the local OMA-LPPe-AGNSS-AltitudeAssistance from the location server.

-- ASN1START

OMA-LPPe-AGNSS-AltitudeAssistanceReq ::= 
SEQUENCE {

requestBeginTime



GNSS-SystemTime


OPTIONAL,


duration





INTEGER (1..63)


OPTIONAL,

...
}

-- ASN1STOP

	AGNSS-TroposphereModelReq  field descriptions

	requestBeginTime

This field specifies the first time instant when a valid troposphere model is needed. The field is optional, and if it is missing, the begin time is the current time.

	duration

This field specifies how long time the tropospheric model is requested for.  In case the parameter is omitted,altitude assistance is requested for the current moment.
The scale factor is 15 min.


Change 4:  Assistance data delivery
6.5.2.1 AGNSS Assistance Data

– 
OMA-LPPe-AGNSS-ProvideAssistanceData
The OMA-LPPe-AGNSS-ProvideAssistanceData is used to provide assistance for UE-based and UE-assisted AGNSS-based methods.

-- ASN1START

OMA-LPPe-AGNSS-ProvideAssistanceData ::= SEQUENCE {


oma-lppe-agnss-CommonAssistData

OMA-LPPe-AGNSS-CommonAssistData



OPTIONAL,


oma-lppe-agnss-GenericAssistData
OMA-LPPe-AGNSS-GenericAssistData


OPTIONAL,

oma-lppe-agnss-Error



OMA-LPPe-AGNSS-Error





OPTIONAL,

...

}

-- ASN1STOP

– 
OMA-LPPe-GNSS-CommonAssistanceData
The OMA-LPPe-AGNSS-CommonAssistanceData is used to provide GNSS-independent assistance for UE-based and UE-assisted AGNSS-based methods.

-- ASN1START

OMA-LPPe-GNSS-CommonAssistData::= SEQUENCE {

troposphereModel


OMA-LPPe-AGNSS-TroposphereModel 

OPTIONAL,


altitudeAssistance


OMA-LPPe-AGNSS-AltitudeAssistanceList 
OPTIONAL,

...

}

-- ASN1STOP

Change 5:  Assistance data delivery elements

6.5.2.2 AGNSS Assistance Data Elements

– 
OMA-LPPe-AGNSS-TroposphereModel
The IE OMA-AGNSS-TroposphereModel is used by the location server to provide local parameters to model the propagation delay of the GNSS signals through the troposphere. Proper use of these fields allows a GNSS receiver to remove parts of the tropospheric delay from the pseudorange measurements. 

There are two different parameter set options: One that provides the zenith troposphere delay components determined in a given location and the needed parameters to adjust the delay to the target’s altitude. The other parameter set provides the surface pressure and optionally temperature that allow the target to compute the tropospheric delay using one of the known atmosphere models, such as the Hopfield or Saastamoinen model. Both parameter sets include the mapping function parameters that are used to map the zenith delay into the slant delay according to the satellite elevation angle.

Up to 16 parameter sets can be provided. For instance, if the target indicates that it supports multiple grid points, data can be provided for 4 different grid points around the target, and 4 for different time instants for each of the locations. If only one grid point is provided, it is the grid point that is closest to the last known position of the target. For the case of multiple grid points, the server chooses the points in the order of growing distance from the last known position. 
-- ASN1START

OMA-LPPe-AGNSS-TroposphereModel ::= SEQUENCE {


troposphereDelayList


OMA-LPPe-AGNSS-TroposphereDelayList

OPTIONAL,


surfaceParameterList


OMA-LPPe-AGNSS-SurfaceParameterList

OPTIONAL,


...

}

OMA-LPPe-AGNSS-TroposphereDelayList ::= SEQUENCE (SIZE (1..16)) OF OMA-LPPe-AGNSS-LocalTroposphereDelay
OMA-LPPe-AGNSS-SurfaceParameterList ::= SEQUENCE (SIZE (1..16)) OF OMA-LPPe-AGNSS-LocalSurfaceParameters
-- ASN1STOP

– 
OMA-LPPe-AGNSS-LocalTroposphereDelay
The IE OMA-LPPe-AGNSS-LocalTropospherDelay is used to remove the troposphere delay from the pseudorange measurements. The main component of the local troposphere delay is the hydrostatic zenith delay. Optionally, also wet zenith delay and parameters to adjust these delay components to the user level can be given to provide a higher accuracy. Also gradients to North- and East- directions can be provided to compensate for azimuthal asymmetry of the tropospheric delay. The use of the parameters and of the mapping function are explained in Appendix C.x
.
-- ASN1START

OMA-LPPe-AGNSS-LocalTroposphereDelay ::= SEQUENCE {


validityPeriod



OMA-LPPe-ValidityPeriod,


validityArea



OMA-LPPe-ValidityArea,           

refAltitude




INTEGER (-1000..8192)
OPTIONAL,

zh0






INTEGER (0..4095),

eh 






INTEGER (0..4095)

OPTIONAL,

zw0






INTEGER (0..4095)

OPTIONAL,


ew






INTEGER (0..4095)

OPTIONAL,


gN






INTEGER (-8192..8191)
OPTIONAL,


gE






INTEGER (-8192..8191)
OPTIONAL,

mappingFunctionParameters
OMA-LPPe-AGNSS-MappingFunctionParameters,

...

}
-- ASN1STOP

	AGNSS-LocalTroposphereDelay field descriptions

	validityPeriod
This field specifies the start time and duration of the local troposphere parameters validity period. 

	validityArea

This field specifies the geographical validity area of the local troposphere model parameters. 

	refAltitude

This field specifies the reference altitude (from nominal sea level, EGM96) at which the delay measurements are made. The field is optional, and if it is left out, the reference altitude is the zero nominal sea level.

The scale factor is 1m.

	zh0

Parameter Zh0 is the hydrostatic zenith delay (meters), measured at the reference altitude level.

The scale factor is 2-10  m.

	eh

Parameter eh is the exponential fit parameter (1/m) for scaling Zh0 to the target altitude. 
The scale factor is 2-20 (1/m).

	zw0

Parameter Zw0 is the wet zenith delay (meters), measured at the reference altitude level.

The scale factor is 2-10 m.

	ew

Parameter ew is the exponential fit parameter (1/m) for scaling Zw0 to the target altitude. 

The scale factor is 2-20 (1/m).

	gN

GN is the gradient parameter (m) in North direction of the azimuthally asymmetric part of the tropospheric slant delay.

The scale factor is 2-7 m. 

	gE

GE is the gradient parameter (m) in East direction of the azimuthally asymmetric part of the tropospheric slant delay.

The scale factor is 2-7 m.

	mappingFunctionParameters
Coefficients of the mapping functions.


– 
OMA-LPPe-AGNSS-LocalSurfaceParameters
The IE OMA-LPPe-AGNSS-LocalSurfaceParameters is used for providing the target with the surface atmospheric pressure and optionally temperature at a location close to the target. These parameters are the input to a chosen troposphere delay model, such as the Hopfield or Saastamoinen model, to calculate the zenith tropospheric delay. The mapping function parameters are used as described in Appendix C.x
. 
--ASN1START

OMA-LPPe-AGNSS-LocalSurfaceParameters ::= SEQUENCE { 


validityPeriod



OMA-LPPe-ValidityPeriod,


validityArea



OMA-LPPe-ValidityArea,      


refAltitude




INTEGER (-1000..8192)

OPTIONAL,

pressure




INTEGER (-1024..1023),

temperature




INTEGER (-64..63)


OPTIONAL, 

mappingFunctionParameters
OMA-LPPe-AGNSS-MappingFunctionParameters,


...

}
--ASN1STOP

	AGNSS-LocalSurfaceParameters field descriptions

	validityPeriod
This field specifies the start time and duration of the local troposphere parameters validity period. 

	validityArea

This field specifies the geographical validity area of the local troposphere model parameters.

	refAltitude

This field specifies the reference altitude (from nominal sea level, EGM96) at which the surface measurements are made. The field is optional, and if it is left out, the reference altitude is the zero nominal sea level (EGM96).

The scale factor is 1m.

	pressure

Local atmospheric pressure measurement (hPa) at the altitude given by refAltitude.
The scale factor is 0.1 hPa. The value is added to the nominal pressure of 1013hPa. 

	temperature
Local temperature measurement at the reference altitude refAltitude.
The scale factor 1K. The value is added to 273K. 

	mappingFunctionParameters

Coefficients of the mapping functions.


– 
OMA-LPPe-AGNSS-MappingFunctionParameters
The IE OMA-LPPe-AGNSS-MappingFunctionParameters is used for scaling the tropospheric zenith delay to the slant delay given by the satellite elevation angle. The mapping function parameters are used as described in Appendix C.x.2
.
--ASN1START

OMA-LPPe-AGNSS-MappingFunctionParameters ::= SEQUENCE {


ah  





INTEGER (0..16383),

bh






INTEGER (0..16383)

OPTIONAL, 


ch






INTEGER (0..16383)

OPTIONAL,


aw






INTEGER (0..16383)

OPTIONAL,


bw






INTEGER (0..16383)

OPTIONAL,


cw






INTEGER (0..16383)

OPTIONAL,

...
}

--ASN1STOP

	AGNSS-MappingFunctionParamaters field descriptions

	ah
ah is the a-coefficient of the hydrostatic mapping function.

	bh
bh is the b-coefficient of the hydrostatic mapping function.

	ch
ch is the c-coefficient of the hydrostatic mapping function.

	aw
aw is the a-coefficient of the wet mapping function.

	bw
bw is the b-coefficient of the wet mapping function.

	cw
cw is the c-coefficient of the wet mapping function.


– 
OMA-LPPe-AGNSS-AltitudeAssistanceList
The IE OMA-LPPe-AGNSS-AltitudeAssistance is used for providing the target device with the surface atmospheric pressure and reference altitude measured in a location close to the target. A target device equipped with a barometer can use these values to deduce its own altitude. When multiple sets of pressure assistance are provided to the target, they all have the same validity area and reference altitude.
--ASN1START

OMA-LPPe-AGNSS-AltitudeAssistanceList ::= SEQUENCE {


validityArea



OMA-LPPe-ValidityArea,


refAltitude




INTEGER (-1000..8192)

OPTIONAL,


pressureAssistanceList

SEQUENCE (1..16) OF OMA-LPPe-AGNSS-PressureAssistanceElement,

...


}

OMA-LPPe-AGNSS-PressureAssistanceElement ::= SEQUENCE{

validityPeriod



OMA-LPPe-ValidityPeriod,

pressure




INTEGER (-1024..1023), 

pressureRate



INTEGER((-1024..1023) 

OPTIONAL,

...
}
--ASN1STOP

	AGNSS-AltitudeAssistance field descriptions

	validityArea

This field specifies the geographical validity area of the altitude assistance.

	refAltitude

This field specifies the reference altitude (from nominal sea level, EGM96) at which the surface measurements are made. The field is optional, and if it is left out, the reference altitude is the zero nominal sea level.

The scale factor is 1m.

	pressureAssistanceList

This field specifies the set of pressure assistance elements for different periods of time.

	validityPeriod
This field specifies the start time and duration of the altitude assistance validity period.

	pressure

Local atmospheric pressure measurement (hPa) at the altitude given by refAltitude.
The scale factor is 0.1 hPa. The value is added to the nominal pressure of 1013hPa. 

	pressureRate

Rate of change of pressure. When calculating the pressure, the origin of time is the begin time of the validity period.

The scale factor is 0.1 hPa/hour,


Change 6:  Capability information 

6.5.2.9 AGNSS Capability Information

–
OMA-LPPe-AGNSS-ProvideCapabilities
The OMA-LPPe-AGNSS-ProvideCapabilities is used by the target to provide its LPPe AGNSS capabilities to the server. 

-- ASN1START

OMA-LPPe-AGNSS-ProvideCapabilities ::= SEQUENCE {


oma-lppe-agnss-assistanceDataSupportList
OMA-LPPe-AGNSS-AssistanceDataSupportList
OPTIONAL,  








  --Cond SupportListReq

...

}

OMA-LPPe-AssistanceDataSupportList ::= SEQUENCE {


oma-lppe-agnss-CommonAssistanceDataSupport
OMA-LPPe-AGNSS-CommonAssistanceDataSupport,


oma-lppe-agnss-GenericAssistanceDataSupport
OMA-LPPe-AGNSS-GenericAssistanceDataSupport,


...

}

-- ASN1STOP

	Conditional presence
	Explanation

	SupportListReq
	The field is mandatory present if the target device requests AGNSS-assistanceDataSupportList; otherwise it is not present.


6.5.2.10 AGNSS Capability Information Elements
–
OMA-LPPe-GNSS-CommonAssistanceDataSupport
The OMA-LPPe-GNSS-CommonAssistanceDataSupport is used by the target to provide its GNSS-independent GNSS assistance data capabilities to the server. 

-- ASN1START

OMA-LPPe-GNSS-CommonAssistDataSupport ::= SEQUENCE {

troposphereModelSupport

OMA-LPPe-AGNSS-TroposphereModelSupport
OPTIONAL, --cond TropoSupport

altitudeAssistanceSupport
NULL
OPTIONAL, --cond AltAssistSupport

...

}

-- ASN1STOP

	Conditional presence
	Explanation

	TropoSupport
	The field is mandatory present if the target device supports LPPe troposphere models, otherwise it is not present.

	AltAssistSupport
	The field is mandatory present if the target device supports altitude assistance, otherwise it is not present.


– 
OMA-LPPe-AGNSS-TroposphereModelSupport
-- ASN1START

OMA-LPPe-AGNSS-TroposphereModelSupport ::= 
SEQUENCE {

tropoModel

BIT STRING { localTroposphereDelay (0),









 surfaceParameters     (1),









...  } (SIZE (1..8)),


supportForMultipleGridPoints
BOOLEAN,

...

}

-- ASN1STOP

	AGNSS-TroposphereModelSupport  field descriptions

	tropoModel

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


Change 7:  Usage

Appendix C. Use of Information Elements

C.x Troposphere Delay Model
The tropospheric delay is divided into two components, hydrostatic (dry) and non-hydrostatic (wet). Atmospheric gases that are in hydrostatic equilibrium cause the hydrostatic delay. This is usually the case for the dry gases and part of the water vapour. The wet delay, caused by water vapour that is not in hydrostatic equilibrium, varies widely, both spatially and temporally. Although the wet component is much smaller than the hydrostatic component, the uncertainties in the wet tropospheric delay modelling limit the achievable performance of the high precision GNSS applications given that carrier phase measurements themselves have an accuracy of a few millimeters.

Each of these components can be expressed as the product of the delay experienced by the radio signals in the zenith direction, the zenith delay, and a mapping function, which models the elevation angle dependence of the tropospheric delay:
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 is the tropospheric delay at a given SV elevation angle 
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C.x.1 Mapping Zenith Delays to Target Altitude
The hydrostatic and wet zenith delays can be determined based on numerical weather predictions or some other meteorological data. Parameters for the troposphere zenith delay model are then determined by e.g. least-squares-fit of the computed zenith delay profiles. The model parameters are referred to the reference altitude 
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. The zenith delays can be scaled to the user altitude as follows: 
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 wet zenith delays in meters at the user altitude 
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 are the hydrostatic and wet zenith delays at the reference altitude given in the IE OMA-LPPe-AGNSS-LocalTroposphereDelay. Finally, the terms 
[image: image18.wmf]h

e

 and 
[image: image19.wmf]w

e

 are the exponential fit parameters for the hydrostatic and wet zenith delays. 
C.x.1.1 Gradient Parameters

The total tropospheric slant delay can be considered as a combination of the azimuthally symmetric and asymmetric parts. Consequently, the notation for the neutral delay becomes 
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where the tropospheric delay is first modelled into zenith direction and then projected into the direction of the satellite using a mapping function that is not only a function of the elevation angle, but also of azimuth angle 
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, which is a specific mapping function for the gradient terms can be chosen equal to 
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. The asymmetric components are determined by a horizontal gradient model, where 
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 are the path delay gradient parameters in the North and East direction, respectively, from the IE OMA-LPPe-AGNSS-LocalTroposphereDelay. These terms describe the total horizontal gradients, including both hydrostatic and wet components.
Horizontal gradients in the refractivity field result from pressure, temperature, and humidity gradients. Path delay exhibits thus both hydrostatic and wet gradients, though of different spatial scales and temporal correlation. Gradient parameters can be modelled either deterministically or stochastically as random walks in the estimation algorithm. Typically gradients are smaller than 1mm in zenith direction, which translates to a delay of a few centimeters at 10 degrees elevation. The importance of accounting for the azimuthal asymmetry increases, when the satellite elevation angle mask, i.e. the minimum elevation angle from which the measurements are accepted, decreases. This is because then the distance travelled in the troposphere increases.
C.x.2 Mapping Function

The tropospheric delay in the direction of zenith is scaled to lower elevation angles by using a mapping function defined by:
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  is the  zenith delay and 
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 the slant delay.  
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 is either computed from the surface parameters in the IE OMA-LPPe-AGNSS-LocalSurfaceParameters  or given as a parameter in the IE OMA-LPPe-AGNSS-LocalTroposphereDelay.
The approach taken here assumes in principle a horizontally stratified atmosphere with separated mapping functions for the hydrostatic and the wet part. The total slant delay thus becomes:
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where the mapping functions are presented in the continued fraction expansion form proposed by Herring: 
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Three coefficients a, b, and c are enough to map zenith delays down to elevations of 3 degrees. The values for the hydrostatic and wet mapping functions can be derived from numerical weather prediction (NWP) models. The mapping function is independent of the target altitude.
The mapping function 
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 is obtained using the mapping function parameters ah, bh and ch from the IE OMA-LPPe-AGNSS-MappingFunctionParameters. Likewise, 
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 is obtained using the mapping function parameters aw, bw and cw from the IE OMA-LPPe-AGNSS-MappingFunctionParameters.
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