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1 Reason for Change

The current indoor positioning technologies supporting in LPPe 1.0 or 2.0 mostly require the installation of RF infrastructure (e.g. Base Station, WLAN or SRN AP) for its operation. Furthermore, the positioning accuracy and availability is highly dependent on density and constellation of its deployment. So the alternative infra-less indoor positioning technology should be considered for seamless positioning.

To fulfil it, geomagnetic field (GMF) can be one of possible resources considering the following characteristics:

1) The phenomena of geomagnetic field anomalies resulting from ferromagnetic material in indoor can be used to generate its unique geomagnetic field Heat-map.

2) In the view of time variation, the geomagnetic field has short and long term stability. It means that GMF heat-maps can be generated as a static database in the spatial-invariant indoor environment.

3) In the view of spatial variation, the change of the magnetic field in a small area (grid size: 5cm x 5cm) as well as a large area (grid size: 30.5cm x 30.5cm) is signification. It enables GMF to be applied for precise positioning.

However, even its positive features, several following problems should be resolved for GMF to be applied to UE based positioning.

1) Lack of the Degree Of Freedom (DOF) in GMF heat map (the number of DOF: 2 if no declination angle) for determining the uniqueness compared to WLAN heat map (the number of DOF: matched WLAN APs). In heat map based positioning, the more elements of heat map, the better accuracy for positioning.
2) When users move freely, the inconsistency of coordinate system between GMF measurements and GMF Heat maps makes the positioning accuracy degraded.
To solve this problem and to enable GMF Heat map supported in LPPe2.0, this CR propose the following: 

1) Introduce GMF Heat map expressed by true north navigation frame (true northward, eastward and downward components). By providing 3 degree of freedom GMF heat map to a target as an assistance data, the uniqueness of its heat map is increasing

2) Introduce Declination angle Heat map as an assistance data. Declination angle is defined by the angle on the horizontal plane between true north and magnetic north. This information cannot be made by a target standalone but be generated by using true north from indoor map or other references during survey process. By using declination angle Heat map, a target enable its GMF measurement to be expressed by true north navigation frame. The frame consistency between a GMF Heat map in a Server and a GMF measurement in a target is inevitable for precise pattern matching and can also enhance the positioning accuracy compared to frame inconsistency cases.
3) Introduce Inclination angle Heat map as an assistance data. Inclination angle is defined by the angle made with the horizontal by the Earth's magnetic field line. This information can be made by a target standalone if magnetometer and gravity sensor (or accelerometer) is supported. If any target without this capabilities, inclination angle Heat map is also necessary for its GMF measurement expressed by true north navigation frame.
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4) Except for the addition of GMF, declination and inclination angle maps, most of IEs such as reference grid etc. are re-used from RF Heat Maps (e.g. WLAN or SRN AP) in order to minimize the duplication of IEs.
5) To support not only the request/provision of GMF Heat maps as an assistance data but also the request/provision of its capabilities and errors, several new IEs are added to Sensor Positioning IEs. 
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 to this CR and apply the proposed changes to LPPe 2.0 TS.
6 Detailed Change Proposal

6.5.10
Sensor Positioning

5.2.1.1 Sensor Assistance Data

–
OMA-LPPe-Sensor-ProvideAssistanceData

The OMA-LPPe-Sensor-ProvideAssistanceData is used to provide assistance for sensor-based methods.

-- ASN1START

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


...,


atmosphericPressureAD
OMA-LPPe-AtmosphericPressureAD
OPTIONAL,
-- version 2.0 extension elements

ver2-0-gmf-DataSet
SEQUENCE (SIZE (1..maxGMFDataSets)) OF OMA-LPPe-ver2-0-GMF-DataSet
OPTIONAL, 


ver2-0-sensorError
OMA-LPPe-Sensor-Error
OPTIONAL,


ver2-0-server-tracking
NULL
OPTIONAL
}
maxGMFDataSets INTEGER ::= 8
-- ASN1STOP

	OMA-LPPe-Sensor-ProvideAssistanceData  field descriptions

	atmosphericPressureAD

This field is used to provide reference atmospheric pressure at nominal sea level, EGM96 to the target.

	ver2-0-gmf-DataSet

This parameter provides data for up to 8 sets of geomagnetic fields, This parameter is optional.

	ver2-0-sensorError
This field is used to provide Sensor error causes related to the assistance data requests.

	ver2-0-server-tracking

This parameter indicates whether the server tracks Sensor assistance data sent to a target. A target need not indicate to a server its possession of any assistance data received previously for Sensors that is tracked when sending an LPPe Request Assistance Data for Sensors. This parameter is optional and encoded as a null value. Inclusion of the parameter indicates the server tracks data for Sensors and omission indicates the server does not.


5.2.1.2 Sensor Assistance Data Elements

–
OMA-LPPe-AtmosphericPressureAD. 

The OMA-LPPe-AtmosphericPressureAD is used to provide reference atmospheric pressure at nominal sea level, EGM96 to the target.

-- ASN1START

OMA-LPPe-AtmosphericPressureAD ::= SEQUENCE {

referencePressure



INTEGER (-20000..10000),


period

SEQUENCE {





pressureValidityPeriod


OMA-LPPe-ValidityPeriod,





referencePressureRate


INTEGER (-128..127)

OPTIONAL,





...





}

OPTIONAL,


area

SEQUENCE {





pressureValidityArea


OMA-LPPe-PressureValidityArea, 





gN-pressure





INTEGER (-128..127)

OPTIONAL,





gE-pressure





INTEGER (-128..127)

OPTIONAL,





...





}

OPTIONAL,


...

}
OMA-LPPe-PressureValidityArea ::= SEQUENCE {


centerPoint


Ellipsoid-Point, -- coordinates of the center of the rectangular validity area


validityAreaWidth


INTEGER (1..128), -- units in Kilometers

validityAreaHeight


INTEGER (1..128), -- units in Kilometers


...

}

-- ASN1STOP
	OMA-LPPe-AtmosphericPressureAD  field descriptions

	referencePressure

This field specifies the atmospheric pressure (Pa) at nominal sea level, EGM96 to the target. If pressureValidityArea is provided, the referencePressure applies to the center of the pressureValidityArea. The pressure within the pressureValidityArea outside the center can be calculated using the pressure gradients (gN-pressure and gE-pressure) if provided. If no northward and eastward pressure gradients are provided, the pressure is assumed to be constant throughout the pressureValidityArea. If no referencePressureRate is provided, the pressure is assumed to be constant at each location throughout the pressureValidityPeriod. The scale factor is 1 Pa. The value is added to the nominal pressure of 101325 Pa.

	pressureValidityPeriod

This field specifies the start time and duration of the reference pressure validity period. If this parameter is not present, the atmospheric pressure assistance data is valid only at precisely the time the assistance data is received at the target.

	referencePressureRate

This field specifies the rate of change of pressure. When this field is included, the referencePresssure applies only at the start of the pressureValidityPeriod. The scale factor is 10 Pa/hour,

	pressureValidityArea

This field specifies the area within which the provided atmospheric reference pressure is valid. If this field is not present, the provided atmospheric reference pressure is only valid at the target’s position at the moment the atmospheric reference pressure is provided.

The pressure validity area is a rectangle defined by its Center Point (centerPoint), width (validityAreaWidth) and height (validityAreaHeight). Width is measured from the center along the latitude and height is measured from the center along the longitude. Width and height are measured as the total width and height of the rectangle. The scale factor is Km.  

	gN-pressure

This field specifies the northward gradient of the reference pressure calculated from the center of the pressureValidityArea. The scale factor is 10 Pa/Km. If this field is not provided, the gradient is assumed to be zero. 

	gE-pressure

This field specifies the eastward gradient of the reference pressure calculated from the center of the pressureValidityArea. The scale factor is 10 Pa/Km. If this field is not provided, the gradient is assumed to be zero.


–
OMA-LPPe-ver2-0-GMF-DataSet
The IE OMA-LPPe-ver2-0-GMF-DataSet is used by the location server to provide geomagnetic field information.

-- ASN1START

OMA-LPPe-ver2-0-GMF-DataSet ::= SEQUENCE {


ver2-0-gmf-heatmap



OMA-LPPe-ver2-0-GMF-HeatMap
OPTIONAL
}

-- ASN1STOP

	OMA-LPPe-ver2-0-GMF-DataSet field descriptions

	

	ver2-0-gmf-heatmap

This parameter applies only to LPPe 2.0 and provides GMF heat map data in the form of geomagnetic field strength and/or declination angle and/or inclination angle data. This parameter is optional. A target that receives new GMF heat map data SHALL delete any previously received GMF heat map data.


– 
OMA-LPPe-ver2-0-GMF-HeatMap
The IE OMA-LPPe-ver2-0-GMF-HeatMap is used only in LPPe 2.0 and provides geomagnetic field heat map information expressed by true northward, eastward and downward components. Refer to Appendix G for more information.

-- ASN1START

OMA-LPPe-ver2-0-GMF-HeatMap ::= SEQUENCE {


heatMap-ID



OMA-LPPe-ver2-0-GMF-HeatMap-ID,


validity-period


OMA-LPPe-ValidityPeriod



OPTIONAL,


referenceGrid


OMA-LPPe-ver2-0-ReferenceGrid

OPTIONAL,


heatMap-Source


OMA-LPPe-ver2-0-HeatMap-Source

OPTIONAL,


x-offset



INTEGER (-32768..32767)



OPTIONAL,


y-offset



INTEGER (-32768..32767)



OPTIONAL,


x-length



INTEGER (1..4096),


y-length



INTEGER (1..4096),


compression



ENUMERATED {none (0), jpeg (1), ...},


reorientation


SEQUENCE {








orientation-angle

INTEGER (-900..900),








shifting



ENUMERATED {x-direction (0), y-direction (1)},








...








}

OPTIONAL,


run-lengths



OMA-LPPe-RleList
OPTIONAL, 


updateReqGridPoints

OMA-LPPe-RleList
OPTIONAL,


gmf-map




SEQUENCE {








gmf-N-mean-value


OCTET STRING,








gmf-E-mean-value


OCTET STRING,








gmf-D-mean-value


OCTET STRING,








gmf-N-standard-deviation
OCTET STRING

OPTIONAL,








gmf-E-standard-deviation
OCTET STRING

OPTIONAL,








gmf-D-standard-deviation
OCTET STRING

OPTIONAL,








range




SEQUENCE {














gmf-minimum


INTEGER (-128..-10),














gmf-range


INTEGER
(10..256)














}




OPTIONAL,








...







}

OPTIONAL,


declAngle-map


SEQUENCE {








declination-angle-mean-value


OCTET STRING,








declination-angle-standard-deviation
OCTET STRING

OPTIONAL,








range




SEQUENCE {














da-minimum


INTEGER (-180..-10),














da-range


INTEGER
(10..360)














}




OPTIONAL,








...







}

OPTIONAL,


inclAngle-map


SEQUENCE {








inclination-angle-mean-value


OCTET STRING,








inclination-angle-standard-deviation
OCTET STRING

OPTIONAL,








range




SEQUENCE {














ia-minimum


INTEGER (-90..-10),














ia-range


INTEGER
(10..180)














}




OPTIONAL,








...







}

OPTIONAL,

}
-- ASN1STOP

	OMA-LPPe-ver2-0-GMF-HeatMap  field descriptions

	heatmap-ID

This parameter provides a unique ID for the heat map.

	validity-period

This parameter defines the validity period for a heat map and, if present, overrides any other validity period provided by a server for any assistance data that may contain the heat map. A target that receives a heat map should only make use of the heat map during the validity period. This parameter is optional.

	referenceGrid

This parameter defines the origin, orientation and grid spacing for a reference grid relative to which the heat map is defined. This parameter is optional. If included, the provided reference grid overrides any default reference grid provided by means of common group parameters (e.g. for a WLAN AP or SRN AP). If absent, a reference grid is taken from common group parameters (e.g. for a WLAN AP or SRN AP),

	heatMap-Source

This parameter defines the source of the heat map and may provide information associated with the source. This parameter is optional. If absent, the source is undefined.

	x-offset

This parameter provides the x coordinate offset relative to the reference frame origin for the corner of the heat map rectangular area that has minimum X and Y coordinates. This parameter is encoded as an integer with range -32768 to 32767 which expresses a length in units of the grid spacing. This parameter is optional. If not present, the x-offset is zero.

	y-offset

This parameter provides the y coordinate offset relative to the reference frame origin for the corner of the heat map rectangular area that has minimum X and Y coordinates. This parameter is encoded as an integer with range -32768 to 32767 which expresses a length in units of the grid spacing. This parameter is optional. If not present, the y-offset is zero.

	x-length

This parameter defines the length of the rectangular area for the heat map in the X direction in units of the grid spacing. This is encoded as an integer in the range 1 to 4096.

	y-length

This parameter defines the length of the rectangular area for the heat map in the Y direction in units of the grid spacing. This is encoded as an integer in the range 1 to 4096.

	compression
This parameter defines the method used to compress the included heat maps. Possible values are none (meaning no compression) and JPEG (meaning JPEG compression).

	reorientation

This parameter enables a heat map area to be reoriented at an angle θ (-90° ≤ θ ≤ 90°) to the local Y axis as described in Appendix G.4.1. The reorientation is defined by the following fields:

orientation-angle     gives the angle θ in units of one tenth of a degree

shifting                  defines whether rows of grid points are shifted in the positive X direction or columns of grid points are shifted in the positive Y direction as defined in Appendix G.4.1
This parameter is optional and is only included when reorientation is used.

	run-lengths

This parameter enables a heat map area to fit an arbitrary shape by defining alternating run lengths of excluded and included grid points as defined in Appendix G.4.2. The parameter contains a sequence of integers I1, I2, I3, I4 etc. with values between 0 and 255 where integers in odd positions (I1, I3, I5 etc.) define a consecutive sequence of excluded grid points and integers in even positions (I2, I4 etc.) define a consecutive sequence of included grid points. The total number of all included and excluded grid points SHALL be less than or equal to the total number of original grid points. When the former is less than the latter, all remaining grid points (not so far included or excluded) SHALL be assumed by a receiver to be excluded. This parameter is optional and SHALL only be included when run lengths are used to create an arbitrary heat map area.

	updateReqGridPoints
This parameter provides a set of grid points for triggering a request for new transmitter assistance data from a target if the target estimates its position near to one of these grid points. This parameter is optional, but if this parameter is provided by the server, the server may send this information only for one of the grouped transmitter heat maps (and not for all of the heap maps). The parameter contains a sequence of integers I1, I2, I3, I4 etc. with values between 0 and 255 where integers in odd positions (I1, I3, I5 etc.) define a consecutive sequence of grid points that do not trigger updates and integers in even positions (I2, I4 etc.) define a consecutive sequence of grid points that do trigger updates. The total number of all included and excluded grid points SHALL be less than or equal to the total number of original grid points. When the former is less than the latter, all remaining grid points (not so far included or excluded) SHALL be assumed by a receiver to not trigger an update. The selection of update grid points is out-of-scope of this specification. Refer to Appendix G.5 for more information.

	gmf-map

This parameter provides a sequence of true northward, eastward and downward mean geomagnetic field strength values and an optional sequence of true northward, eastward and downward geomagnetic field strength standard deviations for successive included grid points within the heat map area as defined in Appendix G. Each mean geomagnetic field strength values are encoded as integers in the range 0 to 2559 as follows:

encoded value = 0 :              true (northward, eastward or downward) mean geomagnetic field strength <= gmf-minimum

encoded value = 1-2549 :     true (northward, eastward or downward) mean geomagnetic field strength = (gmf-minimum + (encoded value / 2550)*gmf-range)

encoded value = 2550 :        true (northward, eastward or downward) mean geomagnetic field strength >= (gmf-minimum + gmf-range)

where:   gmf-minimum = minimum geomagnetic field strength in units of μT (default is -128 μT)
gmf-range = range of geomagnetic field strength in units of μT (default is 255 μT)
Each geomagnetic field strength standard deviations are encoded as integers in the range 0 to 2550 as follows:

true (northward, eastward or downward) gmf strength standard deviation = (encoded value / 10) μT 

Successive geomagnetic field strength values appear according to a scan order of grid points as defined in Appendix G. When JPEG compression is used, this parameter contains an octet string that results from JPEG compression of the original encoded geomagnetic field strength values. When JPEG compression is used with run-lengths, dummy geomagnetic field strength values are included for all grid points defined to be excluded by the run-lengths parameter.

	declAngle-map
This parameter provides a sequence of mean declination angle values and an optional sequence of declination angle standard deviations for successive included grid points within the heat map area as defined in Appendix G. Declination angle is defined by the angle on the horizontal plane between magnetic north and true north. 

Mean declination angle values are encoded as integers in the range 0 to 3599 as follows:

encoded value = 0 :            mean declination angle <= da-minimum

encoded value = 1-3598 :   mean declination angle = (da-minimum + (encoded value / 3600)*da-range)

encoded value = 3599 :      mean declination angle>= (da-minimum + da-range)

where:   da-minimum = minimum declination angle in units of degree (default is -180 degree)

da-range = range of declination angle in units of degree (default is 360 degree)
Declination angle standard deviations are encoded as integers in the range 0 to 3599 as follows:

Declination angle standard deviation = (encoded value / 10) degree 
Successive declination angle values appear according to a scan order of grid points as defined in Appendix G. When JPEG compression is used, this parameter contains an octet string that results from JPEG compression of the original encoded declination angle values. When JPEG compression is used with run-lengths, dummy declination angle values are included for all grid points defined to be excluded by the run-lengths parameter.

	inclAngle-map

This parameter provides a sequence of mean inclination angle values and an optional sequence of inclination angle standard deviations for successive included grid points within the heat map area as defined in Appendix G. Inclination angle is defined by the angle between the horizontal plane and the total geomagnetic field vector, measured positive into Earth. 

Mean inclination angle values are encoded as integers in the range 0 to 1799 as follows:

encoded value = 0 :            mean inclination angle <= ia-minimum

encoded value = 1-1798 :   mean inclination angle = (ia-minimum + (encoded value / 3600)*ia-range)

encoded value = 1799 :      mean inclination angle>= (ia-minimum + ia-range)

where:   ia-minimum = minimum inclination angle in units of degree (default is -90 degree)

da-range = range of inclination angle in units of degree (default is 180 degree)
Inclination angle standard deviations are encoded as integers in the range 0 to 1799 as follows:

Inclination angle standard deviation = (encoded value / 10) degree 
Successive inclination angle values appear according to a scan order of grid points as defined in Appendix G. When JPEG compression is used, this parameter contains an octet string that results from JPEG compression of the original encoded inclination angle values. When JPEG compression is used with run-lengths, dummy inclination angle values are included for all grid points defined to be excluded by the run-lengths parameter.


– 
OMA-LPPe-ver2-0-GMF-HeatMap-ID

The IE OMA-LPPe-ver2-0-GMF-HeatMap-ID is used only in LPPe 2.0 and provides a unique ID for a geomagnetic field heat map.

-- ASN1START

OMA-LPPe-ver2-0-GMF-HeatMap-ID ::= SEQUENCE {


vendorOrOperator

OMA-LPPe-VendorOrOperatorID,


heatmap-ID



OCTET STRING (SIZE (1..16)),


...

}
-- ASN1STOP

	OMA-LPPe-ver2-0-GMF-HeatMap-ID  field descriptions

	vendorOrOperator

This parameter defines the vendor or operator who has assigned the heat map ID. This parameter is mandatory,


	heatmap-ID

This parameter defines the heat map ID for the particular vendor or operator. The heat map ID may contain a version or timestamp using proprietary encoding. The heatmap-ID should change whenever a heatmap is updated. The heatmap-ID is encoded as an octet string of length 1 to 16 octets. This parameter is mandatory.


5.2.1.3 Sensor Assistance Data Request

–
OMA-LPPe-Sensor-RequestAssistanceData

The OMA-LPPe-Sensor-RequestAssistanceData is used to request assistance for sensor-based methods.

-- ASN1START

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


...,


pressureSensorAD




OMA-LPPe-PressureSensorAD
OPTIONAL
-- version 2.0 extension elements


ver2-0-geoMagneticFieldAD
BIT STRING {
ver2-0-gmfHeatMap
(0),












ver2-0-declAngleHeatMap

(1),












ver2-0-inclAngleHeatMap

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


ver2-0-GMF-HeatMaps

SEQUENCE (SIZE (1..ver2-0-maxGMFHeatMaps)) OF OMA-LPPe-ver2-0-GMF-HeatMap-ID
OPTIONAL,


ver2-0-GMF-HeatMapUpdateReq
SEQUENCE
{









heatMap-ID


OMA-LPPe-ver2-0-GMF-HeatMap-ID,









updatingIndex

INTEGER (1..16777216),









targetHeading

OMA-LPPe-HighAccuracy3Dvelocity

OPTIONAL,









...


}
OPTIONAL
}
ver2-0-maxGMFHeatMaps

INTEGER ::= 4096
-- ASN1STOP
	OMA-LPPe-Sensor-RequestAssistanceData field descriptions

	ver2-0-geoMagneticFieldAD 

This parameter specifies the geomagnetic field assistance data requested. This is represented by a bit string, with a one‑value at the bit position means the particular assistance data is requested; a zero‑value means not requested. The following assistance data types are included:

ver2-0-gmfHeatMap:
include an geomagnetic field strength heat map if available and, optionally, group data containing a reference grid. This bit only applies to LPPe 2.0. 

ver2-0-declAngleHeapMap:  include a declination angle heat map if available and, optionally, group data containing a reference grid. This bit only applies to LPPe 2.0.
ver2-0-inclAngleHeapMap:  include an inclination angle heat map if available and, optionally, group data containing a reference grid. This bit only applies to LPPe 2.0.


	ver2-0-GMF-HeatMaps

This parameter applies only to LPPe 2.0 and enables a target to indicate to a server the identities of all GMF heap maps previously received from this server for geomagnetic field. This may enable a server to avoid resending the same heat maps. This parameter is optional. A target need not include this parameter if a server included the ver2-0-server-tracking field in the OMA-LPPe-Sensor-ProvideAssistanceData data type for all RF heat maps provided by this server for geomagnetic field. Otherwise, a target should include this parameter for any previously received GMF heat maps for geomagnetic field that were indicated as not tracked by the server if the target is requesting additional GMF heatmaps from the server for geomagnetic field.

	ver2-0-AP-HeatMapUpdateReq
This parameter applies only to LPPe 2.0 and provides the ID of a heat map and an index of a reference grid point within the heat map that has triggered an update request for new assistance data when the target estimates its position at or near to this grid point. The heat map and the reference grid point would have been provided earlier to the target via the  updateReqGridPoints parameter in the OMA-LPPe-ver2-0-GMF-HeatMap IE. Appendix G.5 contains more information on this update request. Optionally, the target may also send its heading and velocity information. This parameter is optional.


5.2.1.4 Sensor Assistance Data Request Elements

–
OMA-LPP-PressureSensorAD
 
The OMA-LPPe-PressureSensorAD is used to request atmospheric reference pressure assistance data.

-- ASN1START

OMA-LPPe-PressureSensorAD ::= SEQUENCE {


...

}

-- ASN1STOP
5.2.1.5 Sensor Location Information

–
OMA-LPPe-Sensor-ProvideLocationInformation

The OMA-LPPe-Sensor-ProvideLocationInformation is used to provide location information for sensor-based methods.

-- ASN1START

OMA-LPPe-Sensor-ProvideLocationInformation ::= SEQUENCE {


motionStateList


OMA-LPPe-Sensor-MotionStateList 
OPTIONAL,


sensorError



OMA-LPPe-Sensor-Error



OPTIONAL,


...,


atmosphericPressure

OMA-LPPe-AtmosphericPressure

OPTIONAL
}

-- ASN1STOP

	OMA-LPPe-Sensor-ProvideLocationInformation  field descriptions

	motionStateList

This field is used to provide one or more motion states to the server. The motion state may indicate e.g. that the target is stationary or that it is moving in a car.

	sensorError

This field is used to provide error information on the sensor location information.

	atmosphericPressure

This field is used to provide the atmospheric pressure as measured by the target’s pressure sensor. This field SHALL be included if requested and available.


5.2.1.6 Sensor Location Information Elements

–
OMA-LPPe-Sensor-MotionStateList

The OMA-LPPe-Sensor-MotionStateList carries target motion state information. The list allows for reporting up to eight motion state elements. Each element contains one primary motion state (the one with the highest sustained velocity) and optionally multiple secondary motion states in order to be able to describe, say, that the person carrying the target is walking (secondary motion) in a train (primary motion). The confidence represents the confidence of the primary motion state if no secondary motion state is included or the combination of primary+secondary, in case the secondary motion state is included.

-- ASN1START

OMA-LPPe-Sensor-MotionStateList ::= SEQUENCE (SIZE(1..8)) OF OMA-LPPe-Sensor-MotionStateElement

OMA-LPPe-Sensor-MotionStateElement ::= SEQUENCE {


primaryMotionState 

ENUMERATED{









unknown,









stationary,









pedestrian,









running,









cycling,









car,









train,









aeroplane,









boat,









fidgeting,









...









},


confidence 



INTEGER(0..99),


secondaryMotionState
BIT STRING { 









stationary 
(0),









pedestrian 
(1),









running 
(2),









cycling

(3),









car


(4),









train

(5),









aeroplane
(6),









boat

(7),









fidgeting
(8),

-- version 2.0 extension elements








ver2-0-hold


(9),









ver2-0-onear

(10),









ver2-0-inpocket

(11),









ver2-0-swing

(12),









ver2-0-elevator

(13),








ver2-0-escalator
(14)} (SIZE(1..16))
OPTIONAL,


...

}

-- ASN1STOP

	OMA-LPPe-Sensor-MotionStateList  field descriptions

	primaryMotionState

This field specifies the primary motion state, i.e. the one with the heighest sustained speed.

	confidence

This field specifies the confidence that the target is in the indicated motion state (primary+secondary). 

Confidence is encoded as a truncated percentage. An encoded value of 0 therefore represents a confidence C where 0% <=C <1% percent. An encoded value of 1 represents a confidence C where 1%<=C<2%, and so on. An encoded value of 99 represents a confidence C where 99%<=C<100%.

	secondaryMotionState

This field specifies one or more seconday motion states. Secondary motion states are indicated by the bit string, in which each bit position indicates a distinct secondary motion.  The presence of two or more secondary motion states indicates that all occur simultaneously – e.g. fidgeting while stationary on a train.

Note: a secondary motion state which is set to false implies that the target is asserting that the motion state is not in effect.

Note: The following bits indicate secondary motion states applicable to the pedestrian primary motion state.

hold: identifies a motion state where a pedestrian holds the UE while viewing the screen.
onear: identifies a motion state where a pedestrian holds the UE to his ear.

inpocket: identifies a motion state where a pedestrian has the UE close to his body (e.g. in his pocket).

swing: identifies a motion state where a pedestrian swings the UE in his hands while walking.
elevator: identifies a motion state where a pedestrian is in a moving elevator.

escalator: identifies a motion state where a pedestrian is on a moving escalator.


–
OMA-LPPe-AtmosphericPressure

The OMA-LPPe-AtmosphericPressure represents the atmospheric pressure measured by the target.

-- ASN1START

OMA-LPPe-AtmosphericPressure ::= SEQUENCE {


pressureMeasurement



OMA-LPPe-PressureMeasurement,


pressureStats




PressureStats

OPTIONAL,


calibrationPoints



CalibrationPoints
OPTIONAL, 

    ...}

PressureStats ::= SEQUENCE {


sensorMeanPressure

INTEGER

(30000..115000),


sensorStddevPressure
INTEGER

(0..2000) 

OPTIONAL,


duration



INTEGER

(5..40),

...}

CalibrationPoints ::= SEQUENCE (SIZE (1..10)) OF SEQUENCE {


pressure

OMA-LPPe-PressureMeasurement,


time


UTCTime,


location

EllipsoidPointWithAltitudeAndUncertaintyEllipsoid,


motionState

OMA-LPPe-Sensor-MotionStateList

OPTIONAL,


velocity

Velocity






OPTIONAL,


locationSource
OMA-LPPe-LocationSource



OPTIONAL,


...

}

-- ASN1STOP

	OMA-LPPe-AtmosphericPressure  field descriptions

	pressureMeasurement

This field provides an instantaneous current atmospheric pressure at the target.

	pressureStats

This field corresponds to the mean and (optional) standard deviation of the sensor(s) pressure measurement without any added or subtracted adjustment that prevailed for a time period (duration) immediately before the pressure measurement reported by the target was obtained. The scale factor for mean and standard deviation is 1 Pa. Time units are in seconds. 

For the pressureStats to be reported, the duration MUST be at least 5 seconds (maximum duration is 40 seconds).

This field enables a server to remove noise from the current pressure measurement through averaging and evaluate the stability of the current pressure measurement (e.g. whether increasing or decreasing). A target may obtain the statistics while performing any other measurements requested by the server. The current pressure measurement  (in pressureMeasurement) should be obtained exactly at the end of the duration for pressureStats.

	calibrationPoints

This parameter  provides a sequence of up to 10 calibration points for the target where both a 3D location and a pressure measurement were obtained by the target. Each calibration point includes the following mandatory and conditional fields.

pressure
the measured pressure in units of Pa (mandatory)

time
UTC time (mandatory)

location
location of the target which MUST have been obtained without use of either the pressure measurement or a terrain map (mandatory)

motionState
the motion state of the target (mandatory if available)

velocity
the velocity of the target (mandatory if available)

locationSource
the source(s) of the reported location (mandatory if available)

This parameter enables the server to calibrate the barometric sensor for the target and/or estimate its accuracy and stability. This parameter is compiled from historic pressure and location data stored in the target prior to reporting an atmospheric pressure measurement to the server. The parameter SHALL be included when calibration points are available. If possible, one calibration point should be reported for each of the last 10 days starting with the current day and should each correspond to the 3D location with minimum uncertainty volume obtained each day which may be approximated by the product of the X, Y and Z uncertainty values. A target that is unable to report 10 calibration points over a 10 day period should report up to 10 calibration points over a shorter or longer period in the same manner. If possible, a target that is environmentally aware (e.g. via use of other sensor data) should not report calibration points that appear to correspond to indoor or in vehicle locations when other calibration points are available that appear to correspond to outdoor locations.


–
OMA-LPPe-PressureMeasurement

The OMA-LPPe-PressureMeasurement is used to define an atmospheric pressure measurement.
-- ASN1START

OMA-LPPe-PressureMeasurement ::= SEQUENCE {


sensorMeasurement



INTEGER (30000..115000),


adjustment





INTEGER (-5000..5000)


OPTIONAL,


uncertainty





SEQUENCE {










range

INTEGER (0..1000),










confidence
INTEGER (1..100)










}







OPTIONAL,


temperature





INTEGER (-100..150)



OPTIONAL, 


...

}
-- ASN1STOP

	OMA-LPPe-PressureMeasurement  field descriptions

	sensorMeasurement

This field specifies the measured atmospheric pressure in units of Pa (corresponding to a numerical altitude resolution of about 0.1m at sea level). This field SHALL be obtained from the measured atmospheric pressure output of one or more sensors on the target prior to any adjustment made externally to the sensor(s).

	adjustment

This field specifies any adjustment in units of Pa applied by a target to the output of the sensor(s) to produce a more accurate atmospheric pressure. The adjustment  may be enabled by previous calibration by the target of the sensor output using a known reference atmospheric pressure for a known location and altitude, by more accurate temperature related calibration data from the vendor of the sensor or by other means. The more accurate atmospheric pressure is obtained as follows and is not reported directly but only via the measurement and adjustment components:

    accurate atmospheric pressure  =  sensorMeasurement + adjustment

The adjustment SHALL be provided whenever applied. If there is no adjustment, a target may omit the adjustment field. When omitted, a server SHALL assume a value of zero for the adjustment.

	uncertainty

This field provides the expected range for the pressure measurement and the confidence as a percentage that the true pressure lies in a range of (measurement + adjustment – range) to (measurement + adjustment + range). This field is optional and SHALL be provided if available.

	temperature

This field provides the temperature in degrees Celsius associated with the sensor(s) used for the pressure measurement and SHALL be provided if available. Note that the sensor temperature is internal to the target and may differ from the temperature outside the target if a different sensor is used to measure outside temperature.


5.2.1.7 Sensor Location Information Request 

–
OMA-LPPe-Sensor-RequestLocationInformation

The OMA-LPPe-Sensor-RequestLocationInformation is used to request location information for sensor-based methods.

-- ASN1START

OMA-LPPe-Sensor-RequestLocationInformation ::= SEQUENCE {


motionStateReq


OMA-LPPe-Sensor-MotionStateRequest
OPTIONAL, --Cond MotionSateReq


...,


atmosphericPressureReq
OMA-LPPe-AtmosphericPressureRequest
OPTIONAL --Cond AtmosphericPressureReq
}

-- ASN1STOP

	Conditional presence
	Explanation

	MotionStateReq
	The field is mandatory present if the server requests for primary motion state measurements; otherwise it is not present.

	AtmosphericPressureReq
	The field is mandatory present if the server requests for atmospheric pressure measurements; otherwise it is not present.


	OMA-LPPe-Sensor-RequestLocationInformation  field descriptions

	motionStateReq

This field is used to request the motion state of the target. The motion state may indicate e.g. that the target is stationary or that it is moving in a car.


5.2.1.8 Sensor Location Information Request Elements

–
OMA-LPPe-Sensor-MotionStateRequest
The OMA-LPPe-Sensor-MotionStateRequest is used to request motion state information.

-- ASN1START

OMA-LPPe-Sensor-MotionStateRequest ::= SEQUENCE {


secondaryMotionStateRequest

NULL
OPTIONAL,

...

}

-- ASN1STOP

	OMA-LPPe-Sensor-MotionStateRequest  field descriptions

	secondaryMotionStateRequest 

This field is used to request the secondary motion state of the target.


–
OMA-LPPe-AtmosphericPressureRequest
The OMA-LPPe-AtmosphericPressureRequest is used to request atmospheric pressure (as measured by the target) information.

-- ASN1START

OMA-LPPe-AtmosphericPressureRequest ::= SEQUENCE {


...

}

-- ASN1STOP
5.2.1.9 Sensor Capability Information
–
OMA-LPPe-Sensor-ProvideCapabilities

The OMA-LPPe-Sensor-ProvideCapabilities is used to provide capabilities for sensor-based methods.

-- ASN1START

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


motionStateSupport




NULL
OPTIONAL, --Cond MotionStateSupport


secondarySupport




NULL
OPTIONAL, --Cond SecondarySupport


...,


atmosphericPressureADSupport

NULL
OPTIONAL, --Cond AtmosphericPressureADSupport


atmosphericPressureSupport


NULL
OPTIONAL, --Cond AtmosphericPressureSupport
-- version 2.0 extension elements

ver2-0-geomagneticfieldADSupport
BIT STRING
{ ver2-0-gmfHeatMap

(0),










 



ver2-0-declAngleHeatMap
(1),













ver2-0-inclAngleHeatMap
(2)}(SIZE(1..8))
OPTIONAL
}

-- ASN1STOP

	Conditional presence
	Explanation

	MotionStateSupport
	The field is mandatory present if the target supports motion state measurements; otherwise it is not present.

	SecondarySupport
	The field is mandatory present if the target supports secondary motion state measurements; otherwise it is not present.

	AtmosphericPressureADSupport
	The field is mandatory present if the target supports atmospheric pressure assistance data; otherwise it is not present.

	AtmosphericPressureSupport
	The field is mandatory present if the target supports atmospheric pressure measurements; otherwise it is not present.


	OMA-LPPe-Sensor-ProvideCapabilities field descriptions

	ver2-0-geomagneticfieldADSupport
This field specifies the geomagnetic field assistance data supported by the target device. This is represented by a bit string, with a one‑value at the bit position means the particular assistance data is supported; a zero‑value means not supported. A zero-value in all bit positions or absence of this field means no assistance data is supported. The following bits are assigned for the indicated assistance data.
ver2-0-gmfHeatMap: geomagnetic field heatmap
ver2-0-declAngleHeatMap: declination angle heatmap

ver2-0-inclAngleHeatMap: inclination angle heatmap


5.2.1.10 Sensor Capability Information Elements

Void.
5.2.1.11 Sensor Capability Information Request

–
OMA-LPPe-Sensor-RequestCapabilities

The OMA-LPPe-Sensor-RequestCapabilities is used to provide capabilities for sensor-based methods.

-- ASN1START

OMA-LPPe-Sensor-RequestCapabilities ::= SEQUENCE {


...

}

-- ASN1STOP

5.2.1.12 Sensor Error Elements

–
OMA-LPPe-Sensor-Error

The OMA-LPPe-Sensor-Error is used to provide Sensor Error Reasons to the server.

-- ASN1START

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


targetError


OMA-LPPe-Sensor-TargetError,


...,
-- version 2.0 extension elements

ver2-0-LocationServerError
OMA-LPPe-Sensor-LocationServerError
}

OMA-LPPe-Sensor-TargetError ::= SEQUENCE {


motionStateError
ENUMERATED { primaryMotionStateNotAvailable,










 primaryMotionStateNotSupported,










 ... } 
OPTIONAL,


secondaryMotionStateError
ENUMERATED { secondaryMotionStateNotAvailable,









  
 
 secondaryMotionStateNotSupported,










 ... } 
OPTIONAL,


...,


atmosphericPressureError
ENUMERATED {pressureNotAvailable, pressureNotSupported,










...}
OPTIONAL,
-- version 2.0 extension elements

ver2-0-gmfNotAvailable





NULL
OPTIONAL,

ver2-0-declAngleNotAvailable



NULL
OPTIONAL,

ver2-0-inclAngleNotAvailable



NULL
OPTIONAL
}
OMA-LPPe-Sensor-LocationServerError ::= SEQUENCE {

ver2-0-gmfHeatMapsUnavailable



NULL

OPTIONAL, 


ver2-0-declAngleHeatMapsUnavailable


NULL

OPTIONAL,

ver2-0-inclAngleHeatMapsUnavailable


NULL

OPTIONAL
}
-- ASN1STOP

	OMA-LPPe-Sensor-Error  field descriptions

	targetError

This field is used to provide target error information to the server. 

	motionStateError

This field is used to provide error information on the motion state measurement to the server.

	ver2-0-gmfUnavailable
This field applies to LPPe 2.0 only. When present it indicates that a geomagnetic field in a target device is not available.

	ver2-0-declAngleUnavailable
This field applies to LPPe 2.0 only. When present it indicates that a declination angle in a target device is not available.

	ver2-0-inclAngleUnavailable
This field applies to LPPe 2.0 only. When present it indicates that an inclination angle in a target device is not available.

	ver2-0-gmfHeatMapsUnavailable

This field applies to LPPe 2.0 only. When present it indicates that a geomagnetic field Heat Map assistance data is not available.

	ver2-0-declAngleHeatMapsUnavailable

This field applies to LPPe 2.0 only. When present it indicates that a declination angle Heat Map assistance data is not available.

	ver2-0-inclAngleHeatMapsUnavailable

This field applies to LPPe 2.0 only. When present it indicates that an inclination angle Heat Map assistance data is not available.


5.2.1.13 Common Sensor Information Elements

Void. 
Appendix G. Encoding of RF Heat Maps (Normative) – version 2.0

This appendix applies only to LPPe 2.0 and defines how RF heat maps are encoded for a transmitter (e.g. an WLAN AP or SRN AP) using an octet string and with optional compression.

G.X   Geomagnetic Field Information for a Heat map

G.X.1 Declination and Inclination Angle

The declination angle (D) is defined by the angle on the horizontal plane between magnetic north and true north. It can be given by
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 is the yaw angle of a target or survey device. 
The inclination angle (I) is defined by the angle between the horizontal plane and the total geomagnetic field vector, measured positive into Earth. It can be given by
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 is the acceleration or gravity vector with respect to the body-fixed frame of a target or survey device, 
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B is the inner product of vector A and vector B. 
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 is the Euclidean norm of vector A. 

G.X.2 Geomagnetic Field w.r.t true north navigation frame

To express the geomagnetic field vector of a target or survey device with respect to true north navigation frame, the declination angle as well as the inclination angle of a target or survey device are used as follows.
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Figure xx: Geomagnetic Field w.r.t true north navigation frame
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