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1 Reason for Change

This CR proposes to provide step length estimation model as part of Sensor Assistance Data to support UE-based Pedestrian Dead Reckoning (PDR) which is an agreed requirement ‘LPP-MLI-026’ as written below. 
	LPP-MLI-026
	LPPe SHALL support UE-based/UE-assisted Pedestrian Dead Reckoning (PDR).
Informational Note 1: The requirement relates to use case B.3.
	2.0


2 Impact on Backward Compatibility

None
3 Impact on Other Specifications

None
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

Review and Agree to this CR and apply the proposed changes to LPPe 2.0 TS if it is acceptable.
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- stepLengthEstimationModelAD
SEQUENCE (SIZE(1.. maxStepLengthEstimationModelSets)) OF











OMA-LPPe-ver2-0-Sensor-StepLengthEstimationModelList

OPTIONAL,

...
}
maxStepLengthEstimationModelSets
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-stepLengthEstimationModelAD
This field is used to provide step length estimation model to the target.


5.2.1.2  Sensor Assistance Data Elements

- 
OMA-LPPe-AtmosphericPressureAD. 

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

-- ASN1START

OMA-LPPe-AtmosphericPressureAD ::= SEQUENCE {

referencePressure



INTEGER (-1024..1023),


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 (hPa) at 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 0.1 hPa. The value is added to the nominal pressure of 1013hPa.

	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-Sensor-StepLengthEstimationModelList
The OMA-LPPe-ver2-0-Sensor-StepLengthEstimationModelList is used by the location server to provide parameters to model the step length estimation. The step frequency-user’s height model is supported with the fields for the parameters which relate variables to step length. This model is simple and appropriate for the target at which the step frequency information is only available.
The linear sensor combination model, on the other hand, is supported with the fields with the coefficients and nominal value of various sensors which related to step length. Proper use of this model allows the target to provide more accurate step length if the various sensors is supported.
-- ASN1START

OMA-LPPe-ver2-0-Sensor-StepLengthEstimationModelList ::= CHOICE {


sfHeightModel
OMA-LPPe-ver2-0-Sensor-StepFrequencyHeightModelList,


linearSensorCombiModel
OMA-LPPe-ver2-0-Sensor-LinearSensorCombinationModelList,

...
}

-- ASN1STOP

– 
OMA-LPPe-ver2-0-Sensor-StepFrequencyHeightModelList
The OMA-LPPe-ver2-0-Sensor-StepLengthEstimationModelList consists of multiple step length estimation model Sets. The list can consist of up to 16 models. Each step length estimation model set includes pedestrian state and assoicated step length estimation parameters. For instance, three subsequent models, each with different pedestrian state, would result in totally three different pedestrian applicable step length estimation models.  For more detail, see the Appendix C.x
-- ASN1START

OMA-LPPe-ver2-0-Sensor-StepFrequencyHeightModelList ::= SEQUENCE {


pedestrianMotionState
OMA-LPPe-Sensor-MotionStateElement,


modelParams
SEQUENCE {



 alpha

INTEGER (-128..127),


 beta

INTEGER (-128..127),


 gamma

INTEGER (-128..127),


...


},


...
}

-- ASN1STOP

	 OMA-LPPe-ver2-0-Sensor-StepFrequencyHeightModelList field descriptions

	pedestrianMotionState

This field specifies the pedestrian motion state for which the step length estimation models are applicable.

	alpha
This field specifies the coefficient of step frequency times user’s height which linearly relates the change of step frequency to the change of step length∙user’s height in the given pedestrian state. 

Scale factor 10-2 1/Hz. Range [-1.28, 1.28) 1/Hz.

	beta
This field specifies the coefficient of step frequency which linearly relates the change of step frequency to the change of step length in the given pedestrian state. 

Scale factor 10-2 m/Hz. Range [-1.28, 1.28) m/Hz. 

	gamma
This field specifies the coefficient of bias in the given pedestrian state. 

Scale factor 10-2 m. Range [-1.28, 1.28) m. 


– 
OMA-LPPe-ver2-0-Sensor-LinearSensorCombinationModelList
The OMA-LPPe-ver2-0-Sensor-LinearSensorCombinationModelList consists of multiple step length estimation model Sets. The list can consist of up to 16 models. Each step length estimation model set includes pedestrian state and its assoicated step length estimation parameters. For instance, three subsequent models, each with different pedestrian state, would result in totally three different pedestrian applicable step length estimation models. For more detail, see the Appendix C.x
-- ASN1START

OMA-LPPe-ver2-0-Sensor-LinearSensorCombinationModelList ::= SEQUENCE {

pedestrianMotionState
OMA-LPPe-Sensor-MotionStateElement,


modelParams
SEQUENCE {



stepfreqCoeff


INTEGER (0..127),


stepfreqNominalVal

INTEGER (0..511), 


peakdiffAccelCoeff

INTEGER (0..255)

OPTIONAL,


peakdiffAccelNominalVal
INTEGER (0..255)

OPTIONAL,


varAccelCoeff


INTEGER (0..255)

OPTIONAL,


varAccelNominalVal

INTEGER (0..255)

OPTIONAL,


peakGyroCoeff


INTEGER (0..4095)

OPTIONAL,


peakGyroNominalVal

INTEGER (0..511)

OPTIONAL,


varGyroCoeff


INTEGER (0..1022)

OPTIONAL,


varGyroNominalVal

INTEGER (0..1022)

OPTIONAL,


...


},


...
}

maxStepLengthEstimationModelSets
INTEGER ::= 8
-- ASN1STOP

	OMA-LPPe-ver2-0-Sensor-LineareSensorCombinationModelList field descriptions

	pedestrianMotionState

This field specifies the pedestrian motion state for which the step length estimation models are applicable.

	stepfreqCoeff

This field specifies the step frequency coefficient which linearly relates the change of step frequency to the change of step length from the nominal value of step frequency in the given pedestrian state. 

Scale factor 10-2 m/Hz. Range [0, 1.28) m/Hz. 

	stepfreqNominalVal

This field specifies the nominal value of step frequency in the given pedestrian state. 

Scale factor 10-2 Hz. Range [0, 5.12) Hz. 

	peakdiffAccelCoeff

This field specifies the peak difference of 3-axis acceleration norm coefficient which linearly relates the change of peak difference of 3-axis acceleration norm to the change of step length from the nominal value of peak difference of 3-axis acceleration norm in the given pedestrian state. The peak difference of 3-axis acceleration norm means the difference between maximum and minimum 3-axis acceleration norm values during each step.
Scale factor 10-3 m/(m/s2). Range [0, 0.256) m/(m/s2). 

	peakdiffAccelNominalVal

This field specifies the nominal value of peak difference of 3-axis acceleration norm in the given pedestrian state. 

Scale factor 10-1 m/s2. Range [0, 25.6) m/s2.

	varAccelCoeff

This field specifies the variance of 3-axis acceleration norm coefficient which linearly relates the change of the variance of 3-axis acceleration norm to the change of step length from the nominal value of the variance of 3-axis acceleration norm in the given pedestrian state. 

Scale factor 10-3 m/(m/s2)2. Range [0, 0.256) m/(m/s2)2.

	varAccelNominalVal

This field specifies the nominal value of the variance of 3-axis acceleration norm in the given pedestrian state. 

Scale factor 1 (m/s2)2. Range [0, 256) (m/s2)2.

	peakGyroCoeff

This field specifies the peak of 3-axis gyro norm coefficient which linearly relates the change of peak of 3-axis gyro norm to the change of step length from the nominal value of peak of 3-axis gyro norm in the given pedestrian state. 

Scale factor 10-3 m/(rad/s). Range [0, 4.096) m/(rad/s).

	peakGyroNominalVal

This field specifies the nominal value of peak of 3-axis gyro norm in the given pedestrian state. 

Scale factor 10-2 rad/s. Range [0, 5.12) rad/s.

	varGyroCoeff

This field specifies the variance of 3-axis gyro norm coefficient which linearly relates the change of the variance of 3-axis gyro norm to the change of step length from the nominal value of the variance of 3-axis gyro norm in the given pedestrian state. 

Scale factor 10-1 m/(rad/s)2. Range [0, 102.3) m/(rad/s)2.

	varGyroNominalVal

This field specifies the nominal value of the variance of 3-axis gyro norm in the given pedestrian state. 

Scale factor 10-2 (rad/s)2. Range [0, 10.23) (rad/s)2.


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,
pedestrianStateReq




OMA-LPPe-Sensor-MotionStateList
OPTIONAL,
-- version 2.0 extension elements


ver2-0-stepLengthEstimationModelReq
OMA-LPPe-ver2-0-Sensor-StepLengthEstimationModelAD
OPTIONAL,

 
...
}

-- ASN1STOP

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
–
OMA-LPPe-ver2-0-Sensor-StepLengthEstimationModelAD
The IE OMA-LPPe-ver2-0-Sensor-StepLengthEstimationModelAD is used by the target to request for the step length estimation model which is available in the target. 

-- ASN1START

OMA-LPPe-ver2-0-Sensor-StepLengthEstimationModelAD ::= SEQUENCE {

stepLengthEstModelreq



BIT STRING
{sfHeightModel (0),










  
 



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


...

}

-- ASN1STOP
	OMA-LPPe-ver2-0-Sensor -StepLengthEstimationModelAD  field descriptions

	stepLengthEstModelreq

This field specifies, which step length estimation models are being requested for. 

If bit 0 is set, the step frequency-user’s height model, as specified in OMA-LPPe-ver2-0-Sensor- StepFrequencyHeightModelList, is requested. 

If bit 1 is set, the linear sensor combination model, as specified in OMA-LPPe-ver2-0-Sensor-LinearSensorCombinationModelList, is requested.


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,


...

}

-- 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.


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) } (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.


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


...

}

-- ASN1STOP

	Conditional presence
	Explanation

	MotionStateReq
	The field is mandatory present if the server requests for primary motion state 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.


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


barometricPressureSupport


NULL
OPTIONAL, --Cond BarometricPressureSupport

stepLengthEsimtationModelSupport
NULL

OPTIONAL, --Cond StepLengthEstimationModelSupport

...
}

-- 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.

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

	StepLengthEstimationModelSupport
	The field is mandatory present if the target supports step length estimation model assistance data; otherwise it is not present.


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,

locationServerError
OMA-LPPe-ver2-0-Sensor-LocationServerError,

...

}

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


motionStateError
ENUMERATED { primaryMotionStateNotAvailable,










 primaryMotionStateNotSupported,










 ... } 
OPTIONAL,


secondaryMotionStateError
ENUMERATED { secondaryMotionStateNotAvailable,









  
 
 secondaryMotionStateNotSupported,










 ... } 
OPTIONAL,

...
}

OMA-LPPe-ver2-0-Sensor-LocationServerError ::= SEQUENCE {


stepLengthModelErrors 
ENUMERATED {undefined,










 
someStepLengthModelUnknown,










 
allStepLengthModelUnknown,










 
... }
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.

	stepLengthModelErrors

This field specifies the server error causes related to the step length estimation model assistance.


5.2.1.13 Common Sensor Information Elements

Void. 
Change 1:  Appendix C.
C.X
Use of step length estimation models

The step frequency-user’s height model in the units of meter for the i-th motion state at the target can be given by
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} is a set of model parameters according to the i-th motion state. This step length estimation model can be used not only to provide immediate step length at the arbitrary target but also to give a first approximation for any calibration filter that would offer tuning functionality of these model parameters. 
The linear sensor combination model is modelled with the linear combination of one or more walking characteristics such as step frequency, peak difference of accelerometer, variance of accelerometer, peak of gyroscope, variance of gyroscope etc. One exemplary step length estimation model using three walking characteristics inputs from both 3-axis accelerometer and 3-axis gyroscope can be expressed as follows.
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 are, respectively, the nominal value of step frequency,  peak difference of 3-axis acceleration norm and peak  difference of 3-axis gyroscope for the i-th motion state. 
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are, respectively, the coefficients of step frequency, peak difference of 3-axis acceleration norm and peak  difference of 3-axis gyroscope for the i-th motion state. 
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. Note that the combination of available walking characteristics is dependent on the available sensors at the target. 
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