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1 Introduction

In RAN#75[1], a new work item on “UE Positioning Accuracy Enhancements for LTE” was agreed [1]. IMU positioning is one of the major objective of the WID. 

	· 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. 




In this paper, we provide discussion on the IMU positioning.
2 Discussion
IMU positioning has been studied in TS37.857 section 7.2.5. 

	Inertial measurement unit (IMU) sensor can be used as potential 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. 

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.




· Standalone mode:

In TR37.857, IMU sensor information will not impact RAN1 specifications. 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, which is the standalone mode.
Proposal1: Support standalone mode where UE report its location estimation and indication that IMU as method has been used.

· UE assist mode:

An IMU can measure and report the velocity, orientation, and gravitational forces of a device to the E-SMLC. E-SMLC then calculates UE’s position. Usually IMU sensor will continuously produces raw measurement data, e.g. acceleration, orientation. The position of UE is calculated using time elapse, acceleration and orientation by integral. The sample rate of IMU sensor should be high enough in order to achieve good accuracy. 

If UE assist mode is supported, the calculation will take place at E-SMLC using IMU measurement report from UE. Some minimum requirement on IMU measurement should be defined. The sample rate of IMU sensor should be high enough in order to achieve good accuracy. Also the measurement accuracy of IMU sensor should be defined.
Although IMU can be found in many existing devices in the market, whether there are requirements to the IMU sensor performances, e.g. measurement delay, sample rates, measurement accuracy, is still unclear. If RAN1 define new measurements for IMU sensor, RAN4 will define corresponding measurement requirements. However it is unclear how to derive these new requirements.

Proposal2: Study the feasibility of defining measurement accuracy requirements and sample rate requirements for IMU sensor measurements in order to determine whether UE assist mode is supported or not.
3 Conclusion

In this contribution, the IMP positioning is discussed, and some proposals are listed as following. 
Proposal1: Support standalone mode where UE report its location estimation and indication that IMU as method has been used.

Proposal2: Study the feasibility of defining measurement accuracy requirements and sample rate requirements for IMU sensor measurements in order to determine whether UE assist mode is supported or not.
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