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1 Reason for Change

This CR proposes the implementation for the LPPe requirement LPP-AD-002.

LPPe RD 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.

The CR also utilizes LPPe RD requirement LPP-C-001:

LPPe SHALL support request and provide of capabilities needed to implement the LPPe use cases including indicating support for any new assistance data, any new measurements and other new location features.

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 requirements.
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-GNSS-IonosphericModelReq

OPTIONAL,

...

}

-- ASN1STOP

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 the ionospheric model from the location server.
-- ASN1START

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


ionoreq






BIT STRING { KlobucharModel (0),













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


requestBeginTime



Gnss-SystemTime


OPTIONAL,


duration





INTEGER (0..63),

...
}

-- ASN1STOP

	AGNSS-IonosphericModelReq  field descriptions

	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 how long time the ionospheric model is requested for. 

The scale factor is 15 min.


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

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.
-- ASN1START

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


localKlobucharModelList


OMA-LPPe-AGNSS-LocalKlobucharModelList 
OPTIONAL,

ionoStormIndication



OMA-LPPe-AGNSS-IonoStormIndication 

OPTIONAL,

...

}

-- ASN1STOP
– 
OMA-LPPe-AGNSS-LocalKlobucharModelList
The OMA-LPPe-AGNSS-LocalKlobucharModelList consists of multiple local Klobuchar models. The list can consist of up to 15 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 many models, and the target makes the decision of which model to use. 
-- ASN1START
OMA-LPPe-AGNSS-LocalKlobucharModelList ::= SEQUENCE (1..15) 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.

	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.x, The ionospheric storm indication should be given for a sufficiently large area around the target.
In case the server provides several models, each for 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..15) 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.

	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.


Change 5:  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
[note for the editor: this data type is also included in LOC-CR-0109 and LOC-CR-0115] 

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 (0..63),


...

}

-- 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.


– 
OMA-LPPe-ValidityArea
[note for the editor: this data type is also included in the LOC-CR-0109 and LOC-CR-0115] 

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 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 6:  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,

...

}

-- ASN1STOP

–
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) } (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.


Change 7:  Usage 1
Appendix C. Use of Information Elements
C.x Use of Validity Area Parameters
[note for the editor: this data type is also included in the LOC-CR-0109 and LOC-CR-0115] 

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.
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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.

Change 8:  Usage 2

C.x 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.
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
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