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Introduction
The WI on “UE Positioning Accuracy Enhancements for LTE” approved in RAN #75 includes support for IMU positioning. The objective of this work item as defined in [1] includes:
· Specify support for IMU positioning:
· Specify the signaling and procedure to support IMU positioning over LPP and hybrid positioning including IMU related estimates. [RAN2, RAN1]
In the email discussion that was agreed in RAN2#101 (summarized in [2]) several options were discussed on the considerations needed to support the movement model. This contribution aims to provide details on the signalling of UE motion state information over LPP and provides our view on the importance of supporting UE movement models along with the displacement measurements.
Recap of the Email discussion [101#80]
In [2] an offline discussion has been carried to identify the role of movement models in positioning. The recognized observations and proposals from this email discussion are refreshed below:

· The signaling of motion state information is beneficial and should be considered.
· Motion state information should be signaled independently and not linked to specific positioning methods.
· IMU based measurements resulting in the signaling over LPP of displacement and velocity may optionally be accompanied by motion state information, i.e. one detected motion state or several plausible motion states associated with probabilities as well as quality indicators.

In addition, discussions on the approaches adopted to handle the motion state information ambiguity and the list of a UE possible motion states were not concluded within this discussion. Other aspects like supporting triggered measurements based on the motion state information or change in motion state need to be studied further. 
Motion States and the associated signaling
[bookmark: _Ref415123869][bookmark: _Ref426028042]In the IoT context that modern communications standards are to be employed, the localization capabilities of devices vary highly. They range from devices equipped with a multitude of sensors, like autonomous cars, to IoT devices with which might only include e.g. a low quality IMU. 
In this context, the information that a device can generate about its physical state ranges from an accurate position and orientation to a very inaccurate estimate of the state. In this case, the IMU measurements can be used to obtain a displacement but the transformation and alignment of the positioning data are challenging. As shown with both recorded data and simulation results in [3], particularly for longer time intervals and sensors of low quality, the time range in which the device can generate a meaningful displacement estimate is very short. 
Especially for devices with low capabilities it is therefore very interesting to use the generated information in a more abstract manner than directly obtaining positioning estimates. By classifying the movement state of the object, valuable information can be obtained, e.g. whether a UE is standing still or moving, whether the holder of a handheld device is walking , cycling, or transported by a vehicle (examples of such a classification using IMU data are included in [4]). A possible list of movement states can include e.g.:
	Motion State List
	Comments

	Unknown
	Default state (motion state is not determinable)

	Stationary
	The object is stationary. This is a default state for a still-standing object that is relevant for all kinds of objects (standing pedestrian, standing bicycle, halting train, …)

	pedestrianWalking
	The device is attached to a walking pedestrian

	pedestrianRunning
	The device is attached to a running pedestrian

	Cycling
	The device is attached to a person riding a bike

	vehicleHighway
	The vehicle (or device in vehicle) is moving on a highway (this implies almost-constant velocity for longer time-intervals and only gradual changes of direction)

	vehicleUrban
	The vehicle (or device in vehicle) is moving in city traffic (this implies many velocity and direction changes)

	vechicleTrafficJam
	The vehicle (or device in vehicle) is stuck in a traffic jam. It moves slowly and stops frequently

	droneHovering
	A drone is hovering (staying at a location while airborne)

	droneFlying
	A drone is flying

	Train
	A train (or device in train) moving on a railway track.


Table 1 - Movement state list.
The obtained information has many uses:the first and most obvious one being the incorporation into a positioning filter as a movement model, the benefit of which was shown e.g. in [3] and concluded the observation bellow. The movement state of the object also defines its role in an environment, e.g. a walking pedestrian move differently at a crowded crossroads than a cyclist or a passenger in a bus. 
Observation 1:  Movement models help dealing with noisy data by exploiting available knowledge about the tracked object that yields in better results for many positioning scenarios.
To enable additional information sources to contribute to the overall classification result, two aspects have to be taken into account: How to handle ambiguity of the information and how to weight the reliability of the information sources. To capture the ambiguity, we propose to use a structure similar to a probability mass function (PMF). For each movement model that is relevant for the UE type, a probability of occurrence is given by the information source. The structure is shown in Table 2: For each of the possible motion state identifiers MID1 to MIDN, where N is the number of valid motion states defined for the type of UE, a matching probability is given. While this representation also includes the reliability, the information source assigns to itself (the higher the highest probability among states within the PMF in relation to the others, the more “sure” the source is of its estimation), another quality measure assigned by the system is proposed for weighting the information sources. The number of transmitted state should be limited, so that the probabilities of unlikely motion states are not transmitted. 
	MID1
	MID2
	…
	MIDN

	
	
	…
	


[bookmark: _Ref505333725]Table 2: Representation of motion state estimates in form of probability mass functions.

Observation 2:  To capture both ambiguity of estimates and quality, the representation of the motion states with a structure in form of probability mass function is preferable.
[bookmark: _Ref513448033]Signaling over LPP 
This section shows the additional signaling to report motion state information over the LPP using the signaling information from the section above. The current discussion on the LPP to include displacements reporting is used as a baseline. 
	Beginning of changes



The IE Sensor-MeasurementInformation is used by the target device to provide UE sensor measurements to the location server.

-- ASN1START

Sensor-MeasurementInformation-r13 ::= SEQUENCE {
	measurementReferenceTime-r13			UTCTime						OPTIONAL,
	uncompensatedBarometricPressure-r13 	INTEGER (30000..115000)		OPTIONAL, -- Cond Barometer
	...,
	[[
	uncertainty-r14					SEQUENCE {
									range-r14		INTEGER (0..1000),
									confidence-r14	INTEGER (1..100)
									}									OPTIONAL
	]],
	[[
		displacements-r15			Displacements-r15	OPTIONAL
		motionStateInformation-r15				MotionSensorInformation-r15		OPTIONAL
	]]
}

-- ASN1STOP


-- ASN1START

MotionStateInformation-r15::= SEQUENCE {
	motionStateSource-r15				 ENUMERATED{
											Baramoter,
											IMU,
											...
											},						OPTIONAL    

	motionStateList-r15					MotionStateList-r15		OPTIONAL,
    quality-r15							INTEGER (1 .. 100) 			OPTIONAL,
	...
}
-- ASN1STOP

	Sensor-MotionStateInformation field descriptions

	MotionStateSource
This field contains the source technology for the estimation of the motion states.

	MotionStateList
This field specifies one or more elements for the motion state list detected by the target device.

	Quality 
This field specifies a measure derived by the UE on the quality of the obtained motion state information.





-- ASN1START

MotionStateList-r15	::= SEQUENCE (SIZE(1..)) OF MotionStateElement-r15

MotionStateElement-r15::= SEQUENCE {
     MotionState		              ENUMERATED{
                                          unknown,
                                          stationary,
                                          pedestrian,
                                          running,
                                          cycling,
                                          vehicleHighway,
                                          vehicleUrban,
										  vechicleTrafficJam,
                                          droneHovering,
										  droneFlying,
                                          train,
                                          ...
                                          },
     Probabilty                     INTEGER(1..100),
     
}


-- ASN1STOP

	Sensor-MotionState-Element field descriptions

	MotionState 
This field contains the identified motion state.

	Probabilty
This field provides an estimation probability for the motion state to handle estimation ambiguity in percent. The total sum of probabilities in one motion state list has to be 100 percent.



	End of changes



Observation 3: The overhead for signaling motion state information over the LPP is low and requires small modifications.
Proposal 1: The signaling of motion states together with the displacement information is beneficial and should be considered in LPP.



Conclusions
Based on the above discussion, we have the following observations:
Observation 1:  Movement models help dealing with noisy data by exploiting available knowledge about the tracked object which yields in better results for many positioning scenarios.
Observation 2:  To capture both ambiguity of estimates and quality, the representation of the motion states with a structure in form of probability mass function is preferable.
Observation 3: The overhead for signaling motion state information over the LPP is low and requires small modifications.
Following proposals are made as a result:
Proposal 1: The signaling of motion states together with the displacement information is beneficial and should be considered in LPP.
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