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1. 
Introduction

A new work item on "UE Positioning Accuracy Enhancements for LTE" was approved at RAN#75 [1]. The objectives of this work item include support for Inertial Measurement Unit (IMU) positioning:
· Specify support for IMU positioning:

· Specify the signalling and procedure to support IMU positioning over LPP and hybrid positioning including IMU related estimates. [RAN2, RAN1]
As justification for this, the WI in [1] states that:

Inertial measurement units (IMUs) are now becoming increasingly widely adopted in terminals as a means of updating position estimates while out of range of GNSS or other positioning mechanisms; they use accelerometers and gyroscopes (and sometimes also magnetometers) to track movement of the UE, and were identified in the LTE Rel-13 indoor positioning study item as one potential indoor positioning enhancement technology.
This contribution discusses some possible ways of making use of IMUs to improve the accuracy of existing position methods such as A-GNSS and OTDOA. 
2. 
Movement of a UE during Positioning

Movement of a UE while being positioned can lead to significant errors in the positioning result for several reasons.
First, the position obtained for a UE may refer to some preceding time and not the current time. For example, a location estimate that is 10 seconds old for a UE travelling at a constant velocity of 20 meters per second (about 45 mph) would generally be in error by at least 200 meters. A location session can typically occupy around 20 seconds for high accuracy (e.g. the maximum location time allowed for E911 in the US is 30 seconds [2]), so if a UE chooses the mid-point in a location session as a reference point to align GNSS pseudorange measurements or OTDOA RSTD measurements, the resulting location estimate could be significantly off (e.g. by 200 meters in the previous example) when obtained by an E-SMLC.
In addition, measurement of RSTDs for OTDOA or alignment of pseudorange measurements for GNSS to a common point in time may introduce significant error. For example, assume that a UE measures pseudoranges for two different SVs for GNSS or TOAs for two different cells for OTDOA at times T1 and T2 and at locations X1 and X2 (e.g. where X1 and X2 are each 2-tuples or 3-tuples comprising x,y or x,y,z coordinates). In the case of OTDOA, if one of the TOAs is for a reference cell and the other is for a neighbor cell, the UE would compute an RSTD given by the difference between the two TOAs . However, because the TOAs refer to different locations X1 and X2, the RSTD will be in error as it will not apply to the location of the UE at a common time. This will lead to an erroneous location result and, in addition, possibly to an erroneous estimation of the uncertainty for the location result if the E-SMLC assumes that the UE is stationary during the location session. The same type of error can occur when pseudorange measurements for the two different times T1 and T2 and two different locations X1 and X2 are used to derive a UE location. 
Observation 1:
Positioning of a UE that is moving during the positioning session can introduce significant error into both the location result and any estimate of the uncertainty of the location result. 
3. 
Mitigating Movement of a UE during Positioning

Currently in LPP there is no support for a UE to inform an E-SMLC that the UE is moving during a location session. However, if a UE was able to provide information on its movement during a location session using IMUs, an E-SMLC would potentially be able to:

1. Extrapolate a UE position for a previous time to a position for a current time;
2. Make allowance for UE measurements obtained for different UE locations;
3. Adjust an estimate of the uncertainty of a location estimate to take account of movement of the UE during a location session.
Item 1 would be possible if an E-SMLC was aware of the trajectory of the UE during positioning and the time for which a computed location was applicable.

Item 2 would be possible if a UE was to provide an E-SMLC with timestamps for individual measurements (e.g. pseudorange measurements for GNSS or TOA measurements for OTDOA) and provide information on UE movement (e.g. trajectory with timestamps). As an example, an E-SMLC could use the trajectory information to infer the location X of the UE at any time T relative to, and as a function F of, the location X* of the UE at the current time T* or at some specific time T* in the past. Thus, the E-SMLC could determine:

X
=
F (X*, T - T*)







(1)
For example, if the UE moves at a constant velocity V along the y axis in the direction of increasing y, then the trajectory information would align with the following equations relating the x,y,z coordinates for X to the x*,y*,z* coordinates for X*.
x
=
x*








(2)

y
=
y*  +  (T – T*) V







(3)

z
=
z*








(4)

The function F in equation (1) in this example would then embody equations (2) to (4) or some approximation to them as provided by the trajectory information.
In the case of OTDOA, the time T* might refer to the time of measurement of a TOA for the reference cell which could be common to all RSTD measurements. Similarly, for GNSS, the time T* might refer to the time of a particular pseudorange measurement. A measurement (e.g. a TOA for a neighbor cell for OTDOA or a pseudorange for GNSS) for the location X and time T would generally provide one equation relating the location X coordinates and possibly the time T to known quantities, such as eNB locations and timing differences for OTDOA or SV positions and timing for GNSS, and possibly other fixed but unknown quantities such a UE inter-frequency bias for OTDOA, a UE time bias for GNSS and the location X* and possibly time T*. By replacing each occurrence of X (and T) in such an equation with X* (and T*) using Equation (1), an equation for the location X* (e.g. X* coordinates) would be obtained. 
For example, for OTDOA, the TOA (
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) at time T* and location X* for the reference cell 1 would relate to the distance between the UE location X* and base station location (x1,y1,z1): 
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and a TOA measurement for a neighbour cell 2 at location (x2,y2,z2) made at a time T and UE location X would provide:
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which results in a RSTD as
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The UE locations X and X* at times T and T* would be the same in case of a stationary UE and could be solved by using multiple RSTD measurement equations as usual. However, for the moving UE, X and X* would be different, but could be transformed to the same location using the trajectory information (1), which would with the example of (2)-(4) result in:
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With multiple RSTD measurements and applying the transformation as above a set of equations would be obtained for the location X* at time T*, from which it would be possible to determine the correct UE location X* as if the UE would have been stationary. 

Item 3 would be possible if the UE provides an E-SMLC with information on UE movement such as an average UE velocity or change in UE velocity since the E-SMLC can determine likely errors caused by the movement to UE measurements such as RSTD values or GNSS pseudoranges. 
Observation 2:
Providing information to an E-SMLC obtained using IMUs concerning the movement of a UE during a location session can assist the E-SMLC in correcting location errors caused by the UE movement and/or in estimating a more accurate uncertainty for the location.

4. 
Mitigating Movement of a UE during Positioning using LPP

The following new types of information in LPP [3] could be used to mitigate the effects of movement of a UE during positioning.

1. Duration of positioning;
2. Average velocity of a UE during positioning; 

3. Change in velocity of a UE during positioning;
4. Timestamp for each measurement provided by a UE;
5. UE trajectory (e.g. sequence of relative locations with timestamps).
The duration of positioning combined with the average velocity (items 1 and 2) would provide an approximation to the UE trajectory (item 5) which might be used together with timestamps (item 4) to correct or partially correct for movement errors as described in section 3. A change in velocity for the UE during positioning combined with the duration of positioning (items 1 and 3) may not allow correction of location errors but could be used to estimate an uncertainty for the location – e.g. by assuming that the average UE velocity is greater than the change in UE velocity. 
TS 23.032 [4] provides a definition of a velocity vector (including uncertainty) which might be used to support items 2 and 3. In the case of OTDOA, a timestamp for item 4 could be provided for each RSTD measurement indicating when the associated TOA measurement was obtained for the neighbor cell and one extra timestamp could be added for the TOA obtained for the reference cell. Providing a UE trajectory for item 5 would consume more signaling but seems feasible.

It should be noted that IMUs may not always be able to provide every item above – e.g. while change in velocity may be easy to determine reliably using accelerometers, determining an average velocity or trajectory may be error prone when the velocity of a UE at the start of positioning is not known accurately. However, providing even some information (e.g. just items 1 and 3) may help an E-SMLC determine a better uncertainty for a location estimate.
Observation 3:
Providing information to an E-SMLC concerning the movement of a UE during a location session will be possible via additions to LPP.
5. 
Proposal 

The previous observations were as follows: 

Observation 1:
Positioning of a UE that is moving during the positioning session can introduce significant error into both the location result and any estimate of the uncertainty of the location result. 

Observation 2:
Providing information to an E-SMLC obtained using IMUs concerning the movement of a UE during a location session can assist the E-SMLC in correcting location errors caused by the UE movement and/or in estimating a more accurate uncertainty for the location. 

Observation 3:
Providing information to an E-SMLC concerning the movement of a UE during a location session will be possible via additions to LPP.
This leads to the following proposal:

Proposal:
Enhance LPP to enable a UE to provide information to an E-SMLC concerning movement of a UE during a location session. Minimally support for items 1-4 in section 4 is proposed for OTDOA. However, item 5 can be considered for OTDOA as well as application of items 1-4 (or 1-5) to other position methods.
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