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[bookmark: _Ref298777854]Introduction
The Rel-13 Study Item on “Study on Indoor Positioning Enhancements for UTRA and LTE” has objective to study potential 3GPP positioning enhancements in indoor and other challenging environments [1].
RAT-independent positioning techniques have also been discussed. In RAN1 #80 meeting in Athens, Barometric sensor information is relevant for this study item but will not impact RAN1 specifications [2]. In RAN1 #80b meeting in Belgrade, existing WiFi and/or Bluetooth can be used for positioning and should be introduced in the TR as one of the potential enhancement techniques for RAT-independent indoor positioning [3]. At the RAN1#81 meeting in Fukuoka a first part for text proposal related to Inertial measurement unit (IMU) sensor based positioning was endorsed for [8], in [7].

Inertial measurement unit (IMU) sensor can be used as potential indoor positioning enhancement techniques. An IMU can measure and report velocity, orientation, and gravitational forces of a device, using a combination of accelerometers and gyroscopes, sometimes also magnetometers. IMU can also be found in many existing devices/UEs in the market.

In this contribution, we provide our view on IMU sensor for indoor positioning to the RAN2 group, and further text proposal that is currently FFS in [8]

Discussion
The latest FCC requirements mandate barometer-equipped handsets or user equipment (UE) should be available within three years [4]. WiFi and Bluetooth are already available in almost all type of handsets/UEs. Moreover, IMU sensor can also be found in many handsets. It has been reported that those sensors can be used to assist indoor positioning [5]. 
Observations 1: Most of the existing UE in the market are already equipped with WiFi, Bluetooth, and IMU sensor (e.g. accelerometers, gyroscopes, magnetometers).
Each of these items can be used for UE positioning purposes. However, it will bring more advantages if all or part of those items can jointly work together in order to obtain accurate UE positioning measurement and precise UE positioning estimation. 
Proposal 1: Consider IMU sensor (e.g. accelerometers, gyroscopes, magnetometers) in a UE for positioning purposes. This will not impact RAN1 specifications. The detailed aspects that may affect RAN2 specification are given in the proposed text proposal below.

Conclusion
In this contribution, we discussed our views on UE based RAT-independent positioning techniques. The observations and proposals based on the discussion are given as follow:
Observations 1: Most of the existing UE in the market are already equipped with WiFi, Bluetooth, and sensors (e.g. accelerometers, gyroscopes, magnetometers).
Proposal 1: Consider IMU sensor data (accelerometers, gyroscopes, magnetometers) in a UE for positioning purposes. This will not impact RAN1 specifications. The detailed aspects that may affect RAN2 specification are given in the proposed text proposal below.
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3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [2]. 
A-GNSS	Assisted-Global Navigation Satellite System
CDF	Cumulative Distribution Function 
CRS	Cell-specific Reference Signal 
D2D	Device-to-Device
E-CID	Enhanced Cell Identification
FDD	Frequency Division Duplex
IE	Information Element
IMU	Intertial Measurements Unit
LCS		LoCation Services
LCS-AP	LCS Application Part
LPP	LTE Positioning Protocol
OTDOA	Observed Time Difference of Arrival
PCAP	Positioning Calculation Application Part
PCI	Physical Cell Identity
PDSCH	Physical Downlink Shared Channel
PRS	Positioning Reference Signals
RANAP	Radio Access Network Application Part
RFPM	Radio Frequency Pattern Matching
RRC	Radio Resource Control
RSTD	Reference Signal Time Difference
SCE	Small Cell Enhancements
SRS	Sounding Reference Signal
UTDOA	Uplink Time Difference of Arrival
TBS	Terrestrial Beacon System
UL-RTOA	Uplink Relative Time of Arrival
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7.2.4 IMU sensor based positioning 

Inertial measurement unit (IMU) sensor can be used as potential indoor positioning enhancement techniques. An IMU can measure and report the velocity, orientation, and gravitational forces of a device, using a combination of accelerometers and gyroscopes, sometimes also magnetometers. 
IMU can be found in many existing devices/UEs in the market. It has been widely reported that IMU sensor information can be used for positioning purposes, in particular for indoor positioning. 
IMU sensor information is relevant for this study item, but will not impact RAN1 specifications. 
Details are FFS. 
RAN2 identified the following Inertial measurement unit (IMU) based positioning options which may operate in the following mode:
· Standalone/autonomous:
The UE performs IMU related sensor measurements and computation without network assistance. 

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.  

For specification impact, the following specifications would be affected, for E-UTRA, 36.355 and 36.305, and for UTRA, 25.331, 25.305, 25.453 and 25.413. Main chapters affected would be, references, abbreviations, and Information Element (IE) chapters related to positioning methods to be used in measurement/location report message, and optionally in capability signalling.
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