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[bookmark: _Ref298777854]Introduction
The Rel-15 Work Item on “UE Positioning Accuracy Enhancements for LTE” has objective to specify solutions for positioning enhancements in LTE in respect of positioning accuracy, availability, reliability and scalability, for both Normal UEs and BL UEs [1].
· GNSS positioning enhancements:
· Specify the signalling and procedure to support RTK GNSS positioning over LPP and LPPa, taking into account both UE and network complexity. [RAN2, RAN3, RAN1]
· 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]
· Specify the signalling and procedure to support UE-based OTDOA positioning [RAN2]
· Broadcasting of assistance data [RAN2, RAN3, SA3, SA2]
· Specify a new SIB to support signalling of positioning assistance information for A-GNSS, RTK and UE-based OTDOA assistance information. 
· Specify optional encryption procedure for broadcast assistance data, including mechanism for delivery of UE-specific encryption keys. 

During LTE indoor positioning rel.13 study item phase, a first part for text proposal related to Inertial Measurement Unit (IMU) sensor based positioning was endorsed for[4], in[5].

In this contribution, we provide our view on IMU for indoor positioning, especially the benefit and the open issues. 

Background

An inertial measurement unit (IMU) is an electronic device that measures and reports a body's specific force, angular rate, and sometimes the magnetic field surrounding the body, using a combination of accelerometers and gyroscopes, sometimes also magnetometers.
The IMU may be based on a number of sensors giving input to the measurement unit, like Accelerometer, Gyroscope and Magnetometer. The Barometric pressure sensor is also a sensor that can be used, but is normally not regarded as part of the IMU. 
The accelerometer measures the acceleration of the device (in m/s2), by measuring the forces affecting the sensor. The acceleration is related to the 3 axes (x,y,z) of the device coordinate system.
The gyroscope measures the angular velocity around the three axes of the phone. The measurements returned are expressed in degrees or radians per second, and indicate how the device is rotating. Integrating the gyroscope output provides the total change in angle during the integration time.
The magnetic sensor measures the strength and direction of the magnetic field affecting the phone in three axis. The measurements are expressed in micro-Tesla
An Inertial Navigation System (INS) estimates the position and orientation of a moving body by continuously tracking the output from a number of sensors in an Inertial Measurement Unit (IMU) attached to the body. 
The IMU equipped INS forms the backbone for the navigation and control of many commercial and military vehicles such as manned aircraft, missiles, ships, submarines, and satellites. 
Besides navigational purposes, IMUs serve as orientation sensors in many consumer products. Almost all smartphones and tablets contain IMUs as orientation sensors. Other example of products using an IMU is the Segway personal transporter, where the IMU is the central part of the balancing technology.
In order to navigate and relate the sensor input to geographical position, a well-defined coordinate system as reference is needed. This could consist of 3 axes related to the planet earth defined by longitude, latitude and an axis that points towards the sky. Another system that can be used may be represented by the corridors of a building and is typically suitable for indoor positioning.
The orientation of the phone or device also needs to be defined in three directions, (x,y,z), which then is related to the defined co-ordinate system to determine the orientation and movements of the phone/device. 
By using the input from the sensors in the IMU, Pedestrian Dead reckoning (PDR), is a method to calculate a new position of e.g. a mobile phone carried by a person, based on current position and recognizing the steps taken by the person. PDR can be used as a complement to other navigation methods, like GNSS based, or cellular based, e.g. OTDOA etc.

Discussion
In this work item [1], IMU positioning has been agreed to be included, and the main aspect is to define the signaling impact.
As mentioned above, almost all smartphones and tablets contain IMUs as orientation sensors. This gives a good opportunity for E-SMLC to utilize UE-based IMU positioning estimate for hybrid positioning with other positioning methods to enhance the precision and reliability in the location estimate or just utilize the UE-based IMU positioning estimate, when cellular and GNSS based positioning methods are limited
Proposal 1: IMU based calculation can be used as a complement to other navigation methods, like GNSS based, or cellular based, e.g. OTDOA etc.
Proposal 2: Introduce LPP signaling support for UE-based IMU positioning.

There are several aspects that can be considered in the usage of IMU for positioning: 
Positioning calculation:
It has been specified in [4], that the position calculation option is the standalone/autonomous, where the UE performs the computation without network assistance. And that the only protocol impact would be for the UE in the measurement/location report message to indicate that IMU as method has been used to enhance the positioning calculation. UE-assisted IMU positioning where the UE reports the available sensor output quantities to E-SMLC and have E-SMLC use this information for position estimation should now also be investigated.
Proposal 3: To further investigate calculation options, such as calculation in the network by the E-SMLC. 


Positioning Reporting:
The sensors in IMU can potentially generate a huge amount of “raw” data. What needs to be discussed is what data should be reported to the network, and whether the UE should send unfiltered sensor data, or calculate a relative position change before reporting that change to the network.
An example of gyroscope and accelerometer output in a smart phone is shown as an example in Figure 1. It shows the data related to the three vectors or axis. 
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[bookmark: _Ref481655255][bookmark: _Ref481655237]Figure 1: Output data from gyroscope and accelerometer



Observation 1: Depending on reporting interval and type of the reports, the amount of “raw” data can be rather large.

Proposal 4: Further investigations are needed to identify the amount of data that can be expected when the device would send “raw” data or filtered data, to the positioning server, E-SMLC.

[bookmark: _GoBack]Proposal 5: Further investigations are needed to identify the reporting length/duration and reporting periodicity related to IMU based positioning.



Conclusion
In this contribution, we have presented the IMU and opened up for discussion on a number of observations. 
Proposal 1: IMU can be used as a complement to other navigation methods, like GNSS based, or cellular based, i.e. OTDOA etc.
Proposal 2: Introduce LPP signaling support for UE-based IMU positioning.
Proposal 3: To further investigate calculation options, such as calculation in the network by the E-SMLC. 
Observation 1: Depending on reporting interval and type of the reports, the amount of “raw” data can be rather large.
Proposal 4: Further investigations are still needed to identify the amount of data that can be expected when the device would send “raw” data or filtered data, to the positioning server, E-SMLC.
Proposal 5: Further investigations are needed to identify the reporting length/duration and reporting periodicity related to IMU based positioning.
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