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Introduction
The objectives of the newly agreed work item [1] is to specify solutions for positioning enhancements in LTE in respect of positioning accuracy, availability, reliability and scalability, for both Normal UEs and BL UEs. One of the agreements is to 
· 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]
Also, the following were agreed during RAN2#98 meeting:
- Only support hybrid positioning for IMU as mentioned in WID scope. 
- FFS on the details of IMU raw data
This contribution further discusses the IMU measurements and the related signaling aspects.
Background
Inertial Measurement Unit (IMU) can enable the location server to estimate the UE trajectory between, after, or during an OTDOA/E-CID positioning session, and can reduce the need of frequent OTDOA/E-CID measurements. The use of IMU data together with position estimate is illustrated in Fig. 1. 
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Figure 1: Example of hybrid positioning for IMU
IMU data can also indicate the environment of a UE, where a high speed UE is more probable to be located outdoors. In order to fuse the radio measurements with the IMU data, it is required that the data reported from the IMU equipped UE is aligned with a standardized earth bounded coordinate system. Therefore, to get the UE position in world-coordintates, the orientation of the device is needed, and a common method to determine the orientation is to use gyroscope, magnetometer and accelerometer. After the orientation is estimated, one can use the orientation and accelerometer to estimate the acceleration relative the coordinate system (accelerometer minus gravity). By having the relative acceleration, it is possible to estimate the relative displacement of the device by for example double integration (but UE implementations can consider more accurate displacement estimation methods.). Some of the steps above can already be supported by UEs, and hence it would be benefitial in terms of hybrid positioning to receive these IMU measurement reports at the location server. Therefore in the signalling, it is important to consider the capabilities of the UE in terms of measuring and reporting all these parameters. The device capabilities can be separated into a
· Device that can estimate relative distance,
· Device that can estimate relative acceleration in earth bounded world-coordinates,
· Device that can measure raw IMU data in UE-bounded coordinates
The support of different device types should be considered and the reporting format should reflect each device type. 
[bookmark: _Ref178064866]Discussion
Some UEs have capabilities to estimate a relative position, by for example using Pedestrian Dead Reckoning (PDR), or by double integration of the linear acceleration. However, the acceleration may not be constant or linear over the considered time window between positioning reports. Therefore, it can be relevant to segment the time window into multiple time segments, each with an assessment about the IMU measurement that can be described with a reasonable complexity. Just to illustrate the situation, an example IMU measurement is enclosed in Appendix A. In case of UE reporting multiple relative displacements, a UE trajectory can enable the E-SMLC to better predict the future UE position without requiring frequent RSTD measurements according to Figure 1, or when no other positioning measurements are available. The format of the relative displacement report should therefore support more than a single relative displacement measure, and also include an associated relative displacement uncertainty measurement.
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[bookmark: _Toc488391139][bookmark: _Toc488391154][bookmark: _Toc488394068][bookmark: _Toc488396393][bookmark: _Toc490058772]Support multiple relative displacements in the relative displacements report
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Some UEs have capabilities to estimate the acceleration in eath-boundend world coordinates. The accelearation reporting frequency needs to reflect the UE motion characteristics. More specifiallty, in order to accurately estimate the UE trajectory, the UE should report multiple time segments, where each segments are the piece-wise linear or constant  acceleration between two points in time. Given a relative constant or linear acceleration between multiple time points, a UE trajectory can be estimated at the location server. The report of relative acceleration needs to be reported in a standardized earth bounded coordinate system, preferably the coordinate system used to describe velocity defined in [3], where a bearing and horizontal speed is specified. It is proposed that the relative acceleration report follows the same coordinate system, and to add an acceleration description to [3]. The report should also include an uncertainty measurement of each sample. 
[bookmark: _Toc488132224][bookmark: _Toc488134964][bookmark: _Toc488139788][bookmark: _Toc488152550][bookmark: _Toc488391141][bookmark: _Toc488391156][bookmark: _Toc488394070][bookmark: _Toc488396395][bookmark: _Toc490058774]Introduce an acceleration description in [3] according to CR [5].
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Since the IMU data is a relative measurement, a common element among the device types should be a time stamp indicating the time of each IMU measurement. 
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The reporting needed to support relative displacement and relative acceleration in earth-bounded world coordinates is described in the related CRs [4] and [5].
The UE that only can measure raw IMU data needs to report both magnetometer, gyroscope and accelerometer data in order to enable the network to translate the measurments into world-coordinates. This is further described in [6]. 
[bookmark: _Toc488069394]Conclusion
Proposal 1	Capable UEs can be requested to report relative displacement based on IMU measurements
Proposal 2	Support multiple relative displacements in the relative displacements report
Proposal 3	Support relative displacement uncertainty
Proposal 4	Introduce an acceleration description in [3] according to the LS [5].
Proposal 5	Capable UEs can be requested to report relative acceleration and associated uncertainty.
Proposal 6	Introduce a time stamp indicating the time of IMU measurement.
 Appendix A - Example IMU measurement
Figure 1-3 illustrates IMU measurements in a specific scenario to exemplify such data. The data is collected during a roller-coaster ride with Wildfire at Kolmården, Sweden. Figure 1 illustrates the 3-axis accelerometer measurements, Figure 2 the 3-axis gyro measurements, and Figure 3 the barometric pressure measurements. After about 90 seconds, the car starts the ascent up to the top, and after a distinct descent, the ride continues with acceleration in varying directions, and in the end, the car is subject to a 1G braking force.
From these measurements, some observations can be made:
· There are several time segments, where the acceleration and gyro measurements are constant or linear.
· The time segments can be identified based on the accelerometer data itself, but also gyro data and barometer can be used to identify separate time segments 
· Magnetometer measurements was not recorded, but can also be used to identify separate time segments.
· In time segments where the IMU measurements are not constant nor linear, IMU measurement statistics can be relevant to represent the IMU measurements of a time segment. For example the accelerometer magnitude statistics (or statistics per axis) can be used to characterize vibration that the device have been subject to.
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Figure 2 Measurement example, Accelerometer 
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Figure 3 Measurement example, Gyroscope 
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Figure 4 Measurement example, Barometer 
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