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1. Introduction
A new WI on “UE Positioning Accuracy Enhancements for LTE” was approved in RAN plenary #75 meeting [1]. The objective of this work item includes:

	· 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]


In the contribution, the benefits of IMU and how to support IMU positioning will be discussed.
2. Background
The Inertial measurement unit (IMU) contains a number of sensors, like3-axis Accelerometer, Gyroscope and Magnetometer. 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. So IMU is not suitable to be used for positioning alone. And integrating IMU with other technologies is very popular in navigation systems for reason of the complementarity between IMU sensors and the geometric-based approaches used in its 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. 

Proposal 1: IMU positioning can be seen as an auxiliary positioning method. Its signaling and process should be considered from the point of view of hybrid positioning.
3. Discussion
What are the benefits of IMU, whether IMU needs feedback or not, and if yes, what kind of feedback is needed, are the focuses of contention at the last meeting. In the following conversation, we will follow the logical structure displayed in the diagram below to illustrate our viewpoint and suggestions on the core issues.

                             

  



3.1 The benefits of IMU positioning
In this part, the benefits of IMU positioning are discussed. This section describes the advantage of IMU and the disadvantage of GPS (and it belongs to all geometric-based positioning). Then the benefits of hybrid positioning including IMU will be discussed. 

The advantage of IMU

· IMU sensors like accelerometer, gyroscope and magnetometer have become standard equipment on devices/UEs in the market, which can provides convenience for the use of IMU.
· This autonomous system does not depend on any external information, radiates no energy and is not affected by any external electromagnetic interference. All these characteristics endow IMU with a good concealment.

· It can provide data, location speed, heading and attitude angle, the navigation information generated by the good continuity and low noise.

· The data update rate is high and it is the direct feedback of the user's movements, also it has short-term precision and good stability.

The disadvantage of GPS

· It is not very efficient in detecting sudden, minor movements of UE which leads to inaccuracy of measurements and hence inaccurate computation of user’s position computation, especially in indoor scenarios.

· Positioning accuracy will be affected in the case that the GPS signals are partially or completely interrupted. And the estimated standard deviation of the GPS-only position estimate will also grow very rapidly over time under these circumstances. This rapid increase is due to the relatively large amount of process noise that is required in the GPS filter to account for vehicle dynamics, and the situation was similar when only two or three satellites remain visible during a simulated partial data outage. Such as in the viaducts, tunnels, and densely urban areas, GPS receivers can’t find enough satellites to locate, then the positioning results will become very bad or it is just totally impossible to locate. In this situation, the IMU can be integrated to improve position accuracy. 

The benefits of hybrid positioning including IMU
· As shown in the following figure, in open spaces, the GPS and base station signals is strong enough, the GPS and base station can be used for location services alone. But, if they can’t find enough satellites or base station to locate, other methods, such as IMU, will be integrated to improve position accuracy.
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Fig 1 IMU was integrated to improve position accuracy in Elevator or viaduct

· Integrating IMU with other technologies is very popular in navigation systems. The reason is the complementarity 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 in other scenes. 

Observation 2: The IMU can be integrated with geometric-based approaches to improve position accuracy and performance.
3.2 The report of 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. Obviously, the three positioning modes, UE-assisted, UE-based and standalone, should be supported by hybrid positioning including IMU. So what information needs to be reported by IMU should be discussed in different modes of hybrid positioning including IMU.
· UE-assisted

For the UE-assisted mode, IMU measurements or location information need to be reported to the network side. 

· UE-based

For the UE-based mode, adds report Information indicating that IMU as method has been used to enhance the positioning calculation.
· Standalone

For the standalone mode, adds report Information indicating that IMU as method has been used to enhance the positioning calculation.
1. For the UE-assisted mode, IMU measurements or location information need to be reported to the network side; 

2. For the UE-based mode, adds report Information indicating that IMU as method has been used to enhance the positioning calculation;

3. For the standalone mode, adds report Information indicating that IMU as method has been used to enhance the positioning calculation.

3.3 The report information of UE-assisted IMU positioning
As is known to everyone, the raw-data update rate should be higher in order to achieve good accuracy. So it is not suitable to report the information directly. Due to the direct feedback of the user's movements in high rate, IMU has short-term precision and good stability. If you want to keep the balance of the report data and performance, it is wise to choose the result data. The result data of IMU positioning can be calculated with the fastest update frequency and select appropriate reporting period, such as 1s. And the result data of IMU positioning can include the velocity, orientation, and relative position of two measurement intervals of device. Finally, we compared the amount and frequency of raw data and result data to illustrate the benefits of feedback result data.
The contrast between raw data and result data of IMU

·  the amount of single reporting
Table.1 Data comparison of single report between raw data and result data of IMU

	
	IMU raw data
	IMU result data

	Parameter 
	accelerometer
	gyroscope
	magnetometers
	velocity
	orientation
	relative position

	The amount of data estimation
	（10-24）bit*3
	（15-18）bit*3
	（16bit）*3
	(10+10+8)bit
	10bit
	8 bit*3

	 Total size
	123-174 bit
	62 bit


Observation 3: Raw-data is 2 times as much result data as in once feed.
· The period of feedback
As shown in the above table, the amount of raw data is twice times as large as result data only for single feedback. In this part, the report period of raw data and result was investigated. The report period of result data can be consistent with the GPS update period, such as 1s. And it also can protect the better feedback of the user's movements because it is calculated by high-frequency raw data. However, if the raw data uses a lower frequency to report, the positioning results computed at the network side will introduce large errors and lose the advantages of IMU. This can be proved by simulation. It will introduce more errors with the increase of report period. And if we want to keep the error within a certain range, the report frequency of raw data will be high and the amount will be large. For example If the deviation of raw data and result data do not exceed 5m within 20s, the reported frequency of raw data is at least 5 times that of result data.
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Fig.2 Horizontal positioning error of different raw data reporting period
Observation 4: As the report period increases, the error of the raw data increases, and the result data is not affected.

Observation 5: If you want raw data and result data to maintain close accuracy, raw data is 5 times the reporting frequency of result data, and the reporting amount is 10 times that of result data.
Proposal 2: For UE-assisted, IMU positioning should measure and report the velocity, orientation, and relative position of two measurement intervals of device.

Proposal 3: IMU should be included in LPP elementary messages, such as Request and Provision of Capabilities and Location Information and Assistance Data.

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 observations and proposals.
Observation 1: Due to the limitations, IMU positioning is suitable as an auxiliary positioning method. 

Observation 2: The IMU can be integrated with geometric-based approaches to improve position accuracy and ambiguity resolution performance.
Observation 3: Raw-data is 2 times as much result data as in once feed.

Observation 4: As the report period increases, the error of the raw data increases, and the result data is not affected.
Observation 5: If you want raw data and result data to maintain close accuracy, raw data is 5 times the reporting frequency of result data, and the reporting amount is 10 times that of result data.
Proposal 1: Due to the feature of IMU, IMU positioning should be considered as the view of hybrid positioning including IMU.
1. For the UE-assisted mode, IMU measurements or location information need to be reported to the network side; 

2. For the UE-based mode, adds report Information indicating that IMU as method has been used to enhance the positioning calculation;

3. For the standalone mode, adds report Information indicating that IMU as method has been used to enhance the positioning calculation.
Proposal 2: For UE-assisted, IMU positioning should measure and report the velocity, orientation, and relative position of two measurement intervals of device.
Proposal 3: IMU should be included in LPP elementary messages, such as Request and Provision of Capability and Location Information and Assistance Data.
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