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1 Reason for Change

This CR proposes the implementation for the LPPe requirement LPP-AD-002:
LPPe SHALL support more precise ionosphere models. 

Informational Note: More precision may be obtained for instance by new model types or limiting the validity area and period.
R01: Added Telecom Italia as co-signer. Added the second-order ionosphere correction surface using the periodic AD framework.
R02: Minor ASN.1 corrections
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:  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 GNSS-CommonAssistData; otherwise it is not present.

	GenADReq
	This field is mandatory present if the target device requests GNSS-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 {



ionosphericModelReq 



OMA-LPPe-AGNSS-IonosphericModelReq

OPTIONAL, --cond IonoReq

...

}

-- ASN1STOP

	Conditional presence
	Explanation

	IonoReq
	The field is mandatory present if the target device requests LPPe ionosphere models.


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

-- ASN1START
OMA-LPPe-AGNSS-GenericAssistDataReq ::= SEQUENCE (SIZE (1..16)) OF 















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

gnss-ID






GNSS-ID,

waIonoSurfaceRequested


NULL 
OPTIONAL, --cond WAiono

...

}
-- ASN1STOP
	Conditional presence
	Explanation

	WAiono
	The field is mandatory present if the target device requests Wide Area Ionosphere Surface model for this GNSS, otherwise it is not present.


	AGNSS-GenericAssistDataReqElement  field descriptions

	waIonoSurfaceRequested 

This field specifies, if wide area ionosphere correction surface is requested for the SVs of this GNSS. The GNSS-independent request parameters for the wide area model are carried in OMA-LPPe-AGNSS-IonosphericModelReq.


Change 2:  Assistance data request element

6.5.2.4 AGNSS Assistance Data Request Elements
– 
OMA-LPPe-AGNSS-IonosphericModelReq
The IE OMA-LPPe-AGNSS-IonosphericModelReq is used by the target device to request for the ionospheric model from the location server.
-- ASN1START

OMA-LPPe-AGNSS-IonosphericModelReq ::= 
CHOICE {

staticModels
SEQUENCE {


ionoreq

BIT STRING { klobucharModel (0),







  
  
 ionoStormWarning (1),








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



requestBeginTime
Gnss-SystemTime


OPTIONAL,



duration


INTEGER (1..63)
,


...


},

periodicModels
CHOICE {



waIonoSurface

OMA-LPPe-AGNSS-WideAreaIonoSurfaceControlParametersRequest,



...


},

...
}

-- ASN1STOP

	AGNSS-IonosphericModelReq  field descriptions

	 staticModels
This field is used to request for the one-shot ionosphere models.

	ionoreq

This field specifies, which ionosphere models are being requested for. 

If bit 0 is set, the local Klobuchar model, as specified in OMA-LPPe-AGNSS-LocalKlobucharModel, is requested. 

If bit 1 is set, ionosphere storm warnings, as specified in OMA-LPPe-AGNSS-IonoStormIndication, are requested.

	requestBeginTime

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

	duration

This field specifies for how long period the ionospheric model is requested. 

The scale factor is 15 min.

	periodicModels
This field is used to request for periodic ionosphere models. These ionosphere model types utilizes the periodic AD procedure and thus their use mandates the inclusion of periodic AD control parameters in the common part of the AD request.

	waIonoSurface
This field is used for requesting Wide Area ionosphere surface corrections as specified in Appendix C.z
.


– 
OMA-LPPe-AGNSS-WideAreaIonoSurfaceControlParametersRequest
The IE OMA-LPPe-AGNSS-WideAreaIonoSurfaceControlParametersRequest is used by the target device to request for the periodic ionosphere corrections from the location server.

-- ASN1START

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


duration


INTEGER(1..255) OPTIONAL,
--cond FirstOrDurModify


rate



INTEGER(1..64)
OPTIONAL,
--cond FirstOrRateModify

...

}

-- ASN1STOP

	Conditional presence
	Explanation

	FirstOrDurModify
	This field is mandatory present, when initiating a new WA Iono AD session or when requesting for the modification of the duration. Otherwise it is not present.

	FirstOrRateModify
	This field is mandatory present, when initiating a new WA Iono AD session or when requesting for the modification of the rate. Otherwise it is not present.


	AGNSS-WideAreaIonoSurfaceControlParametersRequest  field descriptions

	duration
This field specifies the length of the continuous periodic assistance session.
Scale factor 10 seconds. Range [10, 2550] seconds , i.e. up to 42.5 minutes.

	rate 

This field specifies the interval between the assistance data deliveries in seconds.


Change 3:  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
OMA-LPPe-GNSS-CommonAssistanceData is used to provide GNSS-independent assistance for UE-based and UE-assisted AGNSS-based methods.

-- ASN1START

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

ionosphericModel 

OMA-LPPe-AGNSS-IonosphericModel


OPTIONAL,

...

}

-- ASN1STOP

–
OMA-LPPe-AGNSS-GenericAssistanceData

The OMA-LPPe-AGNSS-GenericAssistanceData is used to provide GNSS-dependent assistance for UE-based and UE-assisted AGNSS-based methods.

-- ASN1START

OMA-LPPe-AGNSS-GenericAssistData ::= SEQUENCE (SIZE (1..16)) OF OMA-LPPe-AGNSS-GenericAssistDataElement
OMA-LPPe-AGNSS-GenericAssistDataElement ::= SEQUENCE {

gnss-ID






GNSS-ID,

wideAreaIonoSurfacePerSVlist









OMA-LPPe-AGNSS-WideAreaIonoSurfacePerSVlist OPTIONAL, --cond WideAreaIono

...

}

-- ASN1STOP

	Conditional presence
	Explanation

	WideAreaIono
	The field is mandatory present if the target device requested Wide Area Ionosphere Surface model and such can be provided to the target by the server, otherwise it is not present.


Change 4:  Assistance data delivery elements

6.5.2.2 AGNSS Assistance Data Elements

– 
OMA-LPPe-AGNSS-IonosphericModel
The IE OMA-LPPe-AGNSS-LocalIonosphericModel is used by the location server to provide local parameters to model the propagation delay of the GNSS signals through the ionosphere. Proper use of these fields allows a single‑frequency GNSS receiver to remove parts of the ionospheric delay from the pseudorange measurements. The well-known Klobuchar ionospheric model is supported with the fields for the spatial and temporal validity. The parameters of the model can be localized where appropriate. The ionospheric storm indication reports the level of ionospheric activity in the region.
Periodic models, on the other hand, are based on the real-time GNSS observations and thus updated frequently to the target. The supported models include Wide Area Ionosphere Surface corrections that are provided to the target using the periodic AD procedure.
-- ASN1START

OMA-LPPe-AGNSS-IonosphericModel ::= CHOICE {

modelInfo 
SEQUENCE {



localKlobucharModelList


OMA-LPPe-AGNSS-LocalKlobucharModelList
 
OPTIONAL,



ionoStormIndication



OMA-LPPe-AGNSS-IonoStormIndication 


OPTIONAL,


waIono






OMA-LPPe-AGNSS-WideAreaIonoSurfaceCommon
OPTIONAL,


...


},


periodicModels
CHOICE {



waIonoSurface
OMA-LPPe-AGNSS- WideAreaIonoSurfaceControlParametersProvide,



...


}

...

}
-- ASN1STOP
– 
OMA-LPPe-AGNSS-LocalKlobucharModelList
The OMA-LPPe-AGNSS-LocalKlobucharModelList consists of multiple local Klobuchar models. The list can consist of up to 16 models. For instance, seven subsequent models, each with validity time of one hour, would result in totally seven hours of valid ionospheric model.

The local ionospheric model is given for the last known location of the target. It’s possible that there are several valid models for the target location, or that the target location uncertainty area is so large that the area includes more than one model. In this case, the server can provide the target with multiple models, and the target makes the decision which model to use. 
-- ASN1START
OMA-LPPe-AGNSS-LocalKlobucharModelList ::= SEQUENCE (1..16) OF OMA-LPPe-AGNSS-LocalKlobucharModel
OMA-LPPe-AGNSS-LocalKlobucharModel ::= SEQUENCE {


validityPeriod
OMA-LPPe-ValidityPeriod,

validityArea
OMA-LPPe-ValidityArea,

alfa0


INTEGER (-128..127),


alfa1


INTEGER (-128..127),


alfa2


INTEGER (-128..127),


alfa3


INTEGER (-128..127),


beta0


INTEGER (-128..127),


beta1


INTEGER (-128..127),


beta2


INTEGER (-128..127),


beta3


INTEGER (-128..127),


...

}

-- ASN1STOP

	AGNSS-LocalKlobucharModel  field descriptions

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

	validityArea

This field specifies the validity area of the local Klobuchar model parameters. Representation of the validity area is described in Appendix C.x
. The interpretation of the validity area is such that in case the target is within the validity area, the target may utilize the model.

	alpha0
This field specifies the 0 parameter of the Klobuchar model.
Scale factor 2-30 seconds.

	alpha1
This field specifies the 1 parameter of the Klobuchar model.
Scale factor 2-27 seconds/semi-circle.

	alpha2
This field specifies the 2 parameter of the Klobuchar model.
Scale factor 2-24 seconds/semi-circle2.

	alpha3
This field specifies the 3 parameter of the Klobuchar model.
Scale factor 2-24 seconds/semi-circle3.

	beta0

This field specifies the 0 parameter of the Klobuchar model.
Scale factor 211 seconds.

	beta1

This field specifies the 1 parameter of the Klobuchar model.
Scale factor 214 seconds/semi-circle.

	beta2

This field specifies the 2 parameter of the Klobuchar model.
Scale factor 216 seconds/semi-circle2.

	beta3

This field specifies the 3 parameter of the Klobuchar model.
Scale factor 216 seconds/semi-circle3.


– 
OMA-LPPe-AGNSS-IonoStormIndication
The IE OMA-LPPe-AGNSS-IonoStormIndication provides the capability to carry ionospheric activity warnings to the target. In the IE OMA-LPPe-AGNSS-IonoStormIndication the area is given as a grid, coded in the same way as the IE OMA-LPPe-ValidityArea, but instead of valid/non-valid –indications for the regions, the level of ionospheric activity in the region is indicated. The usage of the IonoStormIndication is explained in Appendix C.y
, The ionospheric storm indication should be given for a sufficiently large area around the target.
In case the server provides several models, each for a different time period, the validity area stays the same. 
-- ASN1START

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


area

OMA-LPPe-ValidityArea,

--rleList shall not be included and is replaced by the stormList below 


stormList
OMA-LPPe-AGNSS-StormList,

...

}

OMA-LPPe-AGNSS-StormList ::= SEQUENCE (1..16) OF OMA-LPPe-AGNSS-StormElement
OMA-LPPe-AGNSS-StormElement ::= SEQUENCE {


validityPeriod




OMA-LPPe-ValidityPeriod,


rleListIono





OMA-LPPe-AGNSS-RleListIono,


...

}
OMA-LPPe-AGNSS-RleListIono ::= SEQUENCE (1..65535) OF OMA-LPPe-AGNSS-RleIonoElement
OMA-LPPe-AGNSS-RleIonoElement ::= SEQUENCE {


ionoIndex

CHOICE {







noaaScales

OMA-LPPe-AGNSS-NoaaScales,







...







},

regionCount


INTEGER (0..255),


...

}
OMA-LPPe-AGNSS-NoaaScales ::= 
ENUMERATED{ g1,g2, g3, g4, g5, unknown, none, ... }
-- ASN1STOP

	AGNSS-IonoStormIndication  field descriptions

	area
This field specifies the area for which ionosphere storm indications are given. See Appendix C.x. and C.y 
for further information.

	Stormlist

This field provides information on the ionospheric activity in the area defined by area in temporal dimension.

	validityPeriod

This field specifies the time interval over which the storm data is valid.

	rleListIono

This field specifies the ionospheric activity in the region.

	ionoIndex
This field specifies the level of ionospheric activity as explained in Appendix C.y
.

	 regionCount
This field indicates the number of subsequent regions with the same level of ionospheric activity. See Appendix C.y
. for further information.


– 
OMA-LPPe-AGNSS-WideAreaIonoSurfaceControlParametersProvide
The  IE OMA-LPPe-AGNSS-WideAreaIonoSurfaceControlParametersProvide carries the control parameters of the periodic Wide Area ionosphere surface corrections.
Wide Area Ionosphere correction surface is another approach for providing ionosphere correction data to the target. Here real time ionosphere corrections are estimated by, say, a wide area reference station network. Ionosphere delay is calculated for each satellite by all the stations and a second-order interpolation model is estimated. The model is exploited by the target to estimate the ionosphere delay at the target position. The wide area corrections approach reduces the ionosphere residual to the decimetre-level.
The wide area ionosphere corrections are provided using the periodic AD framework. The framework handles the periodic AD session control by the inclusion of periodic AD session ID in each LPP provide/request AD message that carries periodic AD. The WA Iono level control, on the other hand, provides the request mechanism as well the provision of the duration of the session, rate of the deliveries, the model reference position and the validity area.

The model is provided to the vicinity of the target so that the model reference position is as close to the last known location of the target as possible. The target location must at least lie within the validity area of the model. In case the target is moving out of the validity area, the target may update its location to the server, in which case the server may update the WA iono model control parameters to the target using the update procedure.
-- ASN1START
OMA-LPPe-AGNSS-WideAreaIonoSurfaceControlParametersProvide ::= SEQUENCE {


duration



INTEGER(1..255) 

OPTIONAL,
--cond FirstOrDurModify


rate




INTEGER(1..64)


OPTIONAL,
--cond FirstOrRateModify

referencePosition

Ellipsoid-Point


OPTIONAL,
--cond FirstOrPosModify

validityArea


OMA-LPPe-ValidityArea
OPTIONAL,
--cond FirstOrAreaModify

...


}

-- ASN1STOP

	Conditional presence
	Explanation

	FirstOrDurModify
	This field is mandatory present, when providing a first message of a new WA Iono AD session or when providing the modification of the duration. Otherwise it is not present.

	FirstOrRateModify
	This field is mandatory present, when providing a first message of a new WA Iono AD session or when providing the modification of the rate. Otherwise it is not present.

	FirstOrPosModify
	This field is mandatory present, when providing a first message of a new WA Iono AD session or when providing the modification of the reference positiong. Otherwise it is not present.

	FirstOrAreaModify
	This field is mandatory present, when providing a first message of a new WA Iono AD session or when providing the modification of the validity area. Otherwise it is not present.


	AGNSS- WideAreaIonoSurfaceControlParametersProvide field desccription

	duration
This field specifies the length of the continuous periodic assistance session.
Scale factor 10 seconds. Range [10, 2550] seconds , i.e. up to 42.5 minutes.

	rate 

This field specifies the interval between the assistance data deliveries in seconds.

	referencePosition
This field specifies the reference postion of ionospheric delay model according to WGS84 coordinates system

	validityArea

This field specifies the validity area of the ionospheric interpolation model estimated by a wide area reference network. The interpretation of the validity area is such that in case the target is within the validity area, the target may utilize the model.


– 
OMA-LPPe-AGNSS-WideAreaIonoSurfaceCommon
The  IE OMA-LPPe-AGNSS-WideAreaIonoSurfaceControlParametersProvide carries the common parameters of the periodic Wide Area ionosphere surface AD.
-- ASN1START
OMA-LPPe-AGNSS-WideAreaIonoSurfaceCommon ::= SEQUENCE {


validityPeriod




OMA-LPPe-ValidityPeriod,


...


}

-- ASN1STOP

	AGNSS-WideAreaIonoSurfaceCommon field desccription

	validityPeriod
This field defines the validity period of the widea area ionosphere correction.


– 
OMA-LPPe-AGNSS-WideAreaIonoSurfacePerSVlist
The OMA-LPPe-AGNSS-WideAreaIonoSurfacePerSVlist consist of second order correction surface coefficients for each visible SV. The use of the model is explained in Appendix C.z
. For more information on the usage, refer to OMA-LPPe-AGNSS-WideAreaIonoSurfaceProvideParameters. Calculating the delay using the parameters and the formula presented in Appendix C.z
, yields the slant delay directly, i.e. there is no need to apply further scaling factors.
Wide Area Ionosphere Correction Surface is provided for each visible SV in each GNSS constellation for which corrections are requested. Visible in this context means an SV that can be observed within the validity area of the correction surface.

-- ASN1START
OMA-LPPe-AGNSS-WideAreaIonoSurfacePerSVlist ::= 








SEQUENCE (SIZE (1..64) OF OMA-LPPe-AGNSS-WideAreaIonoSurfacePerSVelement
OMA-LPPe-AGNSS-WideAreaIonoSurfacePerSVelement ::= SEQUENCE {


svID
SV-ID,

a0

INTEGER (0..8191),

e1

INTEGER (-4096..4095),


n1

INTEGER (-4096..4095),


e2

INTEGER (-4096..4095) OPTIONAL, --cond SecondOrder

n2

INTEGER (-4096..4095) OPTIONAL, --cond SecondOrder


en

INTEGER (-4096..4095) OPTIONAL, --cond SecondOrder


...
}

-- ASN1STOP
	Conditional presence
	Explanation

	SecondOrder
	The field is mandatory present if the 2nd-order model is being provided, otherwise it is not present.


	AGNSS-WideAreaIonoSurfacePerSVelement field desccription

	svID
This field specifies the SV for which correction is applicable.

	a0
This parameter specifies the ionosferic delay for the SVat the reference position. Scale factor 0.1 TECU.

	e1
This parameter describes the ionosphere first order dependency eastward from the origin. Scale factor                 0.001 TECU/km.

	n1
This parameter describes the ionosphere first order dependency northward from the origin. Scale factor               0.001 TECU/km.

	e2
This parameter describes the ionosphere second order dependency eastward from the origin. Scale factor                10-5 TECU/km2.

	n2
This parameter describes the ionosphere second order dependency northward from the origin. Scale factor                10-5 TECU/km2.

	en

This parameter describes the ionosphere second order dependency cross-term. Scale factor 10-5 TECU/km2.


Change 5:  Error

6.5.2.12 AGNSS Error Elements

–
OMA-LPPe-AGNSS-Error
The IE OMA-LPPe-AGNSS-Error is used by the target or server to provide GNSS Error Reasons.
-- ASN1START

OMA-LPPe-AGNSS-Error ::= CHOICE {


oma-lppe-agnss-locationServerErrorCauses
OMA-LPPe-AGNSS-LocationServerErrorCauses,


oma-lppe-agnss-targetDeviceErrorCauses

OMA-LPPe-AGNSS-TargetDeviceErrorCauses,


...

}

-- ASN1STOP
–
OMA-LPPe-AGNSS-LocationServerErrorCauses
The IE OMA-LPPe-AGNSS-LocationServerErrorCauses is used by the server to provide GNSS Error Reasons to the target. 
-- ASN1START

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


 waIonoErrorCauses
ENUMERATED {
waIonoNotSupportedByServer,











waIonoNotSupportedInTargetArea,











waIonoNotSupportedForAnyRequestedGNSS,











...











},

...

}

-- ASN1STOP
–
OMA-LPPe-AGNSS-TargetDeviceErrorCauses
The IE OMA-LPPe-AGNSS-TargetDeviceErrorCauses is used by the target to provide GNSS Error Reasons to the server. 

-- ASN1START

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


...

}

-- ASN1STOP
Change 6:  Common low level IEs

6.4 LPPe common IEs

The present chapter defines common IEs that are applicable to more than one LPP positioning methods.
6.4.1 LPPe Common low level IEs
– 
OMA-LPPe-ValidityPeriod
The IE OMA-LPPe-ValidityPeriod is used to define the validity time of the given assistance data. 

-- ASN1START

OMA-LPPe-ValidityPeriod ::= SEQUENCE {


beginTime

Gnss-SystemTime,


duration

INTEGER (1..2881),


...

}

-- ASN1STOP
	ValidityPeriod  field descriptions

	beginTime
This field specifies the start time of the model validity period. The time is given as GNSS-SystemTime information element. 

	duration

This field specifies the duration of the validity period after the beginTime. 

The scale factor is 15 min. Range from 15 minutes to 43215 min = 30 days.


– 
OMA-LPPe-ValidityArea
The IE OMA-LPPe-ValidityArea is used to define the area in which the given data (e.g. a local troposphere model or a local ionosphere model) are valid. The validity area is constructed with grid regions using Run-Length Encoding as specified in Appendix C.x
. The parameters areaWidth and rleList are optional. If these parameters are left out, the validity area gets its simplest form: a rectangle in spherical coordinates. 

-- ASN1START
OMA-LPPe-ValidityArea ::= SEQUENCE {


regionSizeInv


INTEGER (1..255), 


areaWidth



INTEGER (2..9180)  

OPTIONAL,


codedLatOfNWCorner

INTEGER (0..4589),   


codedLonOfNWCorner
 
INTEGER (0..9179),


rleList




OMA-LPPe-RleList 

OPTIONAL, 


...

}

OMA-LPPe-RleList ::= SEQUENCE (1..65535) OF INTEGER (0..255) 

-- ASN1STOP
	ValidityArea  field descriptions

	regionSizeInv
This field specifies the inverse of the size of each side of the region in degrees.

For value N the size is 10/N degrees.

	areaWidth
This field specifies the number of regions in the area in East-West direction. If the field is not present, the value is 1. 

	codedLatOfNWCorner

This field specifies the latitude of the North-West corner of the area, encoded as explained in Appendix C.x
.

	codedLonOfNWCorner

This field specifies the longitude of the North-West corner of the area, encoded as explained in Appendix C.x
.

	rleList

This field lists the regions in which the data is valid. If the field is not present, the data is valid in all the regions in the area. The field is not valid, when the IE OMA-LPPe-ValidityArea is included in the IE OMA-LPPe-AGNSS-IonoStormIndication.


Change 7:  Capability information elements

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 {

ionosphericModelSupport

OMA-LPPe-AGNSS-IonosphericModelSupport 
OPTIONAL, --cond IonoSupport

...

}

-- ASN1STOP

	Conditional presence
	Explanation

	IonoSupport
	The field is mandatory present if the target supports LPPe ionosphere models, otherwise it is not present.


–
OMA-LPPe-AGNSS-IonosphericModelSupport
The OMA-LPPe-AGNSS-IonosphericModelSupport information element is used by the target to specify to the server which ionospheric model or models the target supports.
-- ASN1START

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

ionoModel

BIT STRING { 
localKlobuchar 
(0),










ionoStormWarning (1),










wideAreaIonoSurface (2),










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


...

}

-- ASN1STOP

	AGNSS-IonosphericModelSupport field descriptions

	ionoModel

This field specifies the ionospheric 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 ionospheric model is supported; a zero‑value means not supported.
If bit 2 for wide area ionosphere correction surface is set, the target shall support the corrections for all supported GNSSs.


Change 8:  Usage 1
Appendix C. Use of Information Elements
C.x Use of Validity Area Parameters
RLE (Run-Length Encoding) is an efficient method to encode areas. The building element of the area definition is a region of the grid. The size of the region, i.e. the number of degrees on each side of the region, is defined by 10/RegionSizeInv, where RegionSizeInv is given in the ValidityArea IE. Regions are rectangular in spherical coordinates, i.e. as many degrees in the north-south direction as in the east-west direction. A single region is described as a red box in Figure C.x-1
.

The area to be described is fixed in the global coordinate system by expressing the coordinates of the north-west corner of the area. Let RS be the size of the grid region in degrees. Then


RegionSizeInv = 10 / RS

And


North-West corner latitude in degrees = RS * CodedLatOfNWCorner – 90 degrees


North-West corner longitude in degrees = RS * CodedLonOfNWCorner – 180 degrees

And vice versa


CodedLatOfNWCorner = floor ( (North-West corner latitude in degrees + 90 degrees ) / RS )


CodedLonOfNWCorner = floor ( (North-West corner longitude in degrees + 180 degrees )  / RS )

The latitude in degrees is expressed in range [-90, 90] degrees and longitude in range [-180, 180) degrees.

Further, the width of the area is expressed in terms of how many regions fit into the area, i.e.


AreaWidth = Area Width in degrees / RS.

NOTE: This assumes that the area width has been chosen appropriately so that it is divisible by RS.



Figure C.x-1. Run length encoding.

In the example of Figure C.x-1 RS = 1 degree, i.e. the Inverted RS = 10 / 1 = 10.

The AreaWidth = 8 degrees / RS = 8.

CodedLatOfNWCorner = floor ( (-15°+90°)/1° )=75. CodedLonOfNWCorner = floor ( (83°+180°)/1° ) = 263.

The final aspect of the RLE encoding is to describe, in which regions the provided data is valid. In the case illustrated in Figure C.x-1 the provided data is valid in regions marked with green dots. The blue line shows the order, in which the area is run through, i.e. always from left to right and starting from the upper left corner. 

The RLE list SHALL begin with the number of regions for which the data is not valid. Therefore, the first element in the RLE list is “1”. Note that if the data was valid in the first region (the region in the left upper corner), the first element would be “0”. 

Next, there are five regions for which the data is valid. Hence, the second element is “5”. Next, there are four regions for which the data is not valid. Thus the next element is “4”. Note that the knowing the width of the area in regions allows changing the line at the correct place. After this there are nine regions for which data is valid and the next element is “9”.

The full RLE list, therefore, is: 1 ; 5 ;  4 ; 9 ; 1 ; 3 ; 2 ; 6 ; 1.

In case there is more than 255 regions for which data is valid/non-valid, one can present this by “255 ; 0 ; x” denoting that there are 255+x regions for which data is valid/non-valid.

Finally, Figure C.x-2
 shows another example for which the RLE list reads 0 ; 6 ; 4 ; 6 ; 1 ; 2 ; 1 ; 3 ; 2 ; 6 ; 1.

[image: image2.emf]
Figure C.x-2. Run length encoding –example 2.
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C.y Use of Ionospheric storm indications
The ionospheric storm indications are used for warning the user of possible performance degradation due to high ionospheric activity. The storms tend to have high dynamics, and thus, the prediction may need to be divided in short validity periods, e.g. one hour periods. The prediction periods for the same area are listed in the IE StormList. The elements of StormList, StormElements, comprise of the validity period and the rle list, that indicates the ionospheric activity during the validity period, on each of the regions in the area. 
The area coding is carried out using a RLE list as above with the validity area. In this case, however, each region is assigned with a ionospheric index instead of Boolean valid/non-valid values. For example, if the first RleIonoElement in the RleListIono has the index value G2 and regionCount value 11, it means that in the 11 first regions in the area, starting from the North-West corner as explained above, the ionospheric activity level is G2, which means negligible effect on satellite navigation.
The NOAA ionospheric storm grading is as follows: G5 is an “extreme” storm, G4 “severe” and G3 “strong”. There are also G1 (minor) and G2 (moderate). Storms G3-G5 affect satellite navigation. G1 and G2 have negligible effect on satellite navigation. The values “unknown” and “none” describe the cases when there is no ionospheric data available or there is no activity, respectively. The NOAA storm definitions are available at http://www.swpc.noaa.gov/NOAAscales/ and from American Geophysical Union’s Eos (weekly newspaper of geophysics) Vol. 81, No. 29, July 18, 2000, Pages 322, 328.
As an example, consider the case in Figure C.y-1. In this scenario, the field rleListIono in the IE OMA-LPPe-AGNSS-StormElement would read {1,G3} ; {4,G4} ; {2,unknown} ; {1,G4} ; {2,G5} ; {1,G4} ; {2,G3} ; {1,G4} ; {1,G5} ; {6,G4} ; {2,G3} ; {1,G0}.
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Figure C.y-1. Ionosphere storm region
Change 10:  Usage 3

C.z Periodic wide area ionosphere corrections
C.z.1 Periodic procedure

[image: image4.emf]Target Server
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2. (alt 3)LPP Provide Assistance Data(end transaction)

Transaction ID=1, AD CP(AD Session ID=1, Type=responseToInitialRequest)

AGNSS-Error::WAiono not supported in the target area

2. (alt 4)LPP Provide Assistance Data(end transaction)

Transaction ID=1, AD CP(AD Session ID=1, Type=responseToInitialRequest)

AGNSS-Error::WAiono not supported for requested GNSS

2. (alt 1)LPP Abort (end transaction)

Transaction ID=1, AD CP(AD Session ID=1)

Cause::PeriodicADprocedureNotSupported


Figure C.z.1-1 Periodic procedure in the context of wide area ionosphere surface corrections

1. The target requests for the periodic AD for WA Ionosphere Surface AD. The request contains the requested WA Iono Control Parameters (duration, rate) and the list of GNSSs for which the corrections are being requested for.

2.  (alternative 1) In case the server does not support periodic AD, the server shall abort the ongoing procedure.

2. (alternative 2) In case the server does not support WA Ionosphere Surface assistance, the server shall send back LPP Provide Assistance Data with AGNSS error code “WA iono not supported by server”. The transaction gets terminated.

2. (alternative 3) In case the server does not support WA Ionosphere Surface assistance for the target area, the server shall send back LPP Provide Assistance Data with AGNSS error code “WA iono not supported in the target area”. The transaction gets terminated.

2. (alternative 4) In case the server cannot provide the target with WA Ionosphere Surface assistance for any requested GNSS, the server shall send back LPP Provide Assistance Data with AGNSS error code “WA iono not supported for any requested GNSS”. The transaction gets terminated.
2.  (alternative 5) The server sends LPP Provide AD message with the WA Iono Control. The first message carries the duration, rate, validity area and the model reference position. Note that the duration and/or rate may or may not be the same as requested by the target.

All the control parameters may updated in a later phase either unsolicited by server or based on the target request using the periodic AD update procedure.
3. Server starts to provide periodic WA Ionosphere Surface AD to the target. The actual WA Ionosphere Surface AD is provided to the target in a new transaction (ID=2). The AD session AD stays at ID=1.

K. 
Periodic session terminates, when the duration of the session expires.

C.z.2 Use of Wide Area Ionosphere Correction Surface parameters

The ionosphere slant delay 
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 in the units of TECU (1016 e-/m2) for the SV i at the target location can be given by
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 are the model coefficients. Further, 
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 are the distances from the model reference position to the target position in the east and north directions expressed in kilometres, respectively. The distances are calculated along the surface of the geoid.
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