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1. Introduction
A new WI of UE Positioning Accuracy Enhancements for LTE was approved in RAN plenary #75 meeting. The objective of this work item includes:
· 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]
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Specify support for IMU positioning:
· [bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Specify the signalling and procedure to support IMU positioning over LPP and hybrid positioning including IMU related estimates. [RAN2, RAN1]
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30]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, specific signaling and procedures changes will be discussed to support IMU positioning over LPP and hybrid positioning including IMU related estimates.
2. Background
IMU sensors like accelerometer, gyroscope and magnetometer have become standard equipment on devices/UEs in the market. IMU measurements combination of accelerometers and gyroscopes, sometimes also magnetometers, can be used to calculate attitude, angular rates, linear velocity and position. These calculated data can be used to optimize indoor positioning, such as orientation, velocity and position.
The generation of attitude, position and velocity involves, in part, integration of the sensor measurements. Therefore, any error on the output of the sensors leads to correlated attitude, position, and velocity errors that are potentially unbounded. IMU produces an error that increases over time because of the sensor biases. IMU is not appropriate to be used for positioning alone. Integrating IMU with other technologies is very popular in navigation systems. The reason is the complementarity of errors between IMU sensors and the geometric-based approaches for position estimation. So the combination of IMU with other techniques can be expected to provide improved positioning accuracy and/or availability. The observations can be summarized as follows.
Observation 1: Due to the limitations, IMU positioning is suitable as an auxiliary positioning method. 
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3.1 IMU positioning
Through observation 1, we can find IMU positioning method is not suitable for independent positioning. Hybrid positioning including IMU is the main research in the paper. The reporting information of IMU sensor should also be considered on the view of hybrid positioning. In the positioning phase, sensors data from accelerometer and gyroscope are collected and preprocessed in real time. It is not suitable to report these information directly. IMU positioning should measure and report the velocity, orientation, and relative position of two measurement intervals of device, using a combination of accelerometers and gyroscopes, sometimes also magnetometers.
Proposal 1: On the view of hybrid positioning, IMU positioning should measure and report the velocity, orientation, and relative position of two measurement intervals of device.
Proposal 2: IMU should be included in LPP elementary messages，such as Request and Provision of Capability and Location Information and Assistance Data.
3.2 Hybrid positioning including IMU 
Proper data fusion of an IMU with other techniques brings more precise positioning results. Obviously, the three positioning modes UE-assisted, UE-based and standalone, should be supported by hybrid positioning. The specific signaling interaction should be considered in Table 1 to support hybrid positioning including IMU in different hybrid positioning modes.
Table 1： The signalling to support hybrid positioning including IMU in different modes
	
	hybrid positioning E-SMLC-based
	hybrid positioning
 UE-based
	hybrid positioning
 standalone

	E-SMLC to UE
	1.Request of IMU Capability and Location Information 
2. Provision of Assistance Data:
① Calculation and reporting time interval of IMU measurement information;
② Reference point information;
③Error correction information 
	1.Request of IMU Capability and Location Information 
2. Provision of Assistance Data:
① Calculation and reporting time interval of IMU measurement information;
② Reference point information;


	1.Request of IMU Capability and Location Information

	UE to E-SMLC
	1. Provision of IMU Capability and Location Information.
2. The Location report Information, including velocity, orientation, and relative position, the UTC time of IMU measurement and estimate error.

3. Request of Assistance Data
	1. Provision of IMU Capability and Location Information.
2. The Location report Information to indicate that IMU as method has been used to enhance the positioning calculation.
3. Request of Assistance Data
	1. Provision of IMU Capability and Location Information.
2. The Location report Information to indicate that IMU as method has been used to enhance the positioning calculation.  


Based on the above discussion, we have the following proposal.
Proposal 3: Three positioning modes should be supported by hybrid positioning including IMU.
4. Conclusion
In this paper, specific signaling and procedures changes are discussed to support IMU positioning and hybrid positioning including IMU related estimates. Based on the above discussion, we have the following observation and proposals.
Observation 1: Due to the limitations, IMU positioning is suitable as an auxiliary positioning method.
Proposal 1: On the view of hybrid positioning, IMU positioning should measure and report the velocity, orientation, and relative position of two measurement intervals of device.
Proposal 2: IMU should be included in LPP elementary messages, such as Request and Provision of Capability and Location Information and Assistance Data.
Proposal 3: Three positioning modes are supported by hybrid positioning including IMU.
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