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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]


Support for IMU positioning was discussed at RAN2#98 with the following agreements [2]:

Only support hybrid positioning for IMU as mentioned in WID scope.

FFS on the details of IMU raw data.

Support for IMU positioning was discussed at RAN2#99[2]:

Discussed a use case where OTDOA positioning and other positioning methods could be augmented using information derived using IMU in the UE e.g. average velocity of a UE during positioning, change in velocity of a UE during positioning, UE trajectory etc

Discussed UE-based and UE-assisted IMU positioning and what UE can report to E-SMLC but no conclusions yet
An email discussion was held with two open issue left[3]:

Open Issue 1: The type of processed measurements (i.e. acceleration, velocity and displacement) that needs to be signalled in UE assisted mode and in UE based mode need further discussion.

Open Issue 2: The periodicity of signalling acceleration, velocity and displacement by the UE needs further discussion. 
This contribution mainly focuses on the left open issue also with other problems derived from this point.
Discussion
As to open issue 1, there are two kinds of opinions:

(1) UE-assisted mode – a mode where the UE provides measurements to the location server that can be used to estimate the UE position. This includes raw IMU measurements but also processed IMU measurements restricted to acceleration and velocity. 

UE-based mode – a mode where the UE provides relative position information to the location server. For the IMU sensor measurements, this includes one or a sequence of relative displacements in relation to a reference position.

The term”definition 1” will be used to refer to this kind of definition in the following paper.

(2) UE-Assisted: The UE provides the IMU sensors measurements (velocity, attitude,relative displacement) to the network side to compute the final absolute position of the UE.the calculation of the final absolute position take place on the network side. 
-
UE-Based: The UE performs  IMU sensors measurements (velocity, attitude,relative displacement)and calculates its  position combined with other positioning methods with network assistance. The calculation of the final absolute position take place on the UE side.

The term “definition 2” will be used to refer to this definition in the following pages.

1The IMU navigation terminology

To figure out which is the right definition, the IMU data transformation procedure should be made clear first.

The commonly used terms for coordinate frame should be introduced first instead of two in [4], they used two terms”UE-bounded”,”earth-bounded” coordinates. Referring to the IMU navigation for aircraft, this kind of division is not accurate enough and may bring ambiguity .Besides, only two classification is not enough to describe the procedure clearly.The terminology in IMU navigation are as follows:

the geodetic coordinate system, 

the earth-centered earth-fixed (ECEF) coordinate system, 

the local north-east-down (NED) coordinate system, 

the vehicle-carried NED coordinate system, 

the body coordinate system.

The commonly used terminology for IMU navigation should also be used in the future specification or discussion.
2.2The IMU data transformation procedure

The IMU positioning is very similar to the IMU navigation, a typical SINS procedure is just like Figure 1, whose coordinate frame transformation procedure is in general like shown in Figure 2: 
5.the body coordinate system 
3.the local NED→
2. the earth-centered earth-fixed(ECEF) coordinate system. 
One thing need to be emphasized is that the displacement in ECEF could only be obtained after the exact position of the starting point was involved, and once the starting point’s exact position is known, the final exact position can be obtained so that there would be no need to report the displacement to the network side but the final result. So, the choice in R2-1711476 [4], which is the origin of the definition 1:”UEs supporting the UE-based Sensor positioning method are capable of reporting displacement, acceleration or velocity in earth-bounded coordinates” is not fully justified What UE can report is displacement in local/fixed NED and obviously it should be called the UE-assisted mode which also match the definition 2.
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Figure 1
 b represent the body frame,e represent the navigation frame, gyroscope signal is described by 
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, accelerometer measurement is written as
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, attitude is represented by the rotation matrix
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Figure 2
Proposal 2: the coordinate transformation procedure should be made clear:5.the body coordinate system→3.the local NED（with initial position or other coordinate origin）→2. the earth-centered earth-fixed(ECEF) coordinate system,and the term “displacement in earth-bounded coordinate system” in definition 1 is not reasonable.

2.3 The status of IMU positioning 

According to a agreement in [2]:

“Only support hybrid positioning for IMU as mentioned in WID scope.”

So at the very least, no matter what kind of results the UE would report, it’s just a kind of auxiliary information in hybrid positioning. Just think about one use case, where one positioning method is UE-assisted OTDOA with the result sending back to the UE, the UE can also report displacement to the network side, then the definition 1 would be very unclear for the reader. The mode should be decided by where the final absolute position is calculated.All other data before the final absolute position is got should be treated as auxiliary information.

Proposal 3:Considering all above, the definition2 is more reasonable and can minimize the ambiguity for hybrid positioning.
2.4 Reporting the processed measurements 

There is no benefit to report the raw data, and according to the research above, the definition of processed IMU measurements should be corrected:

Processed IMU measurements – any processing of the raw IMU measurements to filter, down-sample, fuse the raw measurements, possibly also aligning with an local NED coordinate system.

Also ,to get the final position, the reporting of the displacement only seems to be enough, the benefits to report acceleration should be discussed further.

Proposal 4:The definition of processed IMU measurements should be corrected and the benefit and procedure of reporting acceleration should be specified.
Conclusion

In this paper, the terminology and the coordinate frame transformation procedure for IMU positioning were described quite clear, which is a baseline for the IMU positioning discussion. With a scientific and logical inference, we have the following proposals.
The commonly used terminology for IMU navigation should also be used in the future specification or discussion.
the coordinate transformation procedure should be made clear:5.the body coordinate system→3.the local NED（with initial position or other coordinate origin）→2. the earth-centered earth-fixed(ECEF) coordinate system,and the term “displacement in earth-bounded coordinate system” in definition 1 is not reasonable.

Considering all above, the definition2 is more reasonable and can minimize the ambiguity for hybrid positioning
The definition of processed IMU measurements should be corrected and the benefit and procedure of reporting acceleration should be specified.
5. References

RP-170813, New WID: UE Positioning Accuracy Enhancements for LTE.

R2-1705821, “Report from LTE breakout session (Rel-15 positioning)", Huawei (Session Chair).
Email Discussion [99bis#58][LTE/Positioning] Measurements for IMU positioning
RR2-1711476, IMU Sensor based positioning, Intel Corporation, Ericsson, Sony

PAGE  
第5页

_1234567891.unknown

_1234567892.unknown

_1234567893.unknown

_1234567890.unknown

