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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]


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
In the contribution, the use cases of IMU and how to support IMU positioning will be discussed.
2. Discussion
As to the use case of IMU, whether IMU needs feedback or not, and if yes, what kind of feedback is needed and the reference point issues 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.

                             

  


2.1 The use case-Movement of a UE during Positioning

The use case (using IMU during position session or /and filling it in the gap when a primary positioning method is lost) was discussed at the last meeting. In this section, we first analyze the use cases, as shown in Figure 1.




Fig1: The use cases of IMU

· During position session, as shown in figure 1, scene 1, it is feasible using IMU optimize the positioning accuracy and reliability location session. But using IMUs with the consideration of a UE's movement during a location session can assist the E-SMLC in correcting location errors caused by the UE movement and/or in estimating a more accurate uncertainty for the location in Qualcomm's paper [3] , we think the exact meaning of ‘location session ‘or the ‘duration of positioning ‘may be kind of confusing. When it first occured, it was described as about 20 seconds long and could even be 30seconds for the E911 case. But later in the measurement of RSTDs for OTDOA or pseudorange for GNSS and in the formulas (1)-(8) also with reference to the explanation given by Qualcomm at the last workshop, the duration should be the first and last SFN of the measurements. But we don't think this timing difference could be as long as 20seconds. Sometimes it is a little longer when using base station than using satellites, but still not long enough to cause considerable error, because in the scenarios using base station, the UE would not move very fast . So we think this problem may need to be reconsidered.
· IMU may be used to reduce the primary positioning's measuring and reporting frequency or to increase positioning sensitivity, as shown below in figure 1, scene 2. In the case of OTDOA, a very quick estimate indicates the message size of the necessary measure data of a cell is around 11 bytes and at least four cells need to be reported, a total of 44 bytes or more may need to be reported. If the IMU only need to report the relative displacement, even compared with the existing location unit “Ellipsoid-Point”, the amount of reporting data will be greatly reduced. Furthermore, IMU is the direct feedback of the user's movements, more sensitive to minor movements. 

· IMU can be used in the gap when a primary positioning method is lost, as shown below in figure 1, Scene3. In open spaces, the GPS and base station signals is strong enough, the GPS and base station can be used for location services alone like scene 4. But, if they can’t find enough satellites or base station to locate, the absolute position is updated with the IMU and the previous main positioning result.

Proposal 1: Please give a specific scene with the large enough duration of the first and last SFN of the measurements.
Proposal 2: IMU can be applied during the gap of primary positioning and to optimize primary positioning.
2.2The report of IMU positioning

According to the agreement in RAN2#98, we consider IMU as the view of Hybrid positioning including IMU. 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, the hybrid positioning occurs on network side. IMU measurements or location information need to be reported to the network side. 

· UE-based

For the UE-based mode, the hybrid positioning occurs on the UE side. The location information needs to be reported to the network side by hybird positioning. However, the network side does not know whether it has applied the IMU positioning even though UE side has IMU positioning capability, for example, distinguish scenes scene1, 3 and scene 4. So the indication information needs to be added.
· 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.

2.3 The reporting information of UE-assisted IMU positioning
About the reporting information of UE-assisted IMU positioning has the following two options. 

Option1：reporting raw data, such as accelerometer measurement data, gyroscope measurement data.

Option2：reporting result data, such as relative displacement.

The contrast between raw data and result data of IMU

Table.1 Data comparison between raw data and result data of IMU

	
	Option1：IMU raw data
	Option2：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

	Period 
	80ms
	1s


Due to the direct feedback of the user's movements in high rate, IMU has short-term precision and good stability. So the option1 update rate should be higher in order to achieve good accuracy. If the option1 uses a lower frequency to report, the positioning results computed at the network side will introduce large errors and lose the advantages of IMU because it accumulates with over filtering raw data. According to the simulation results of R2-1707994[4], if you want similar positioning accuracy, the reported frequency of option 1 is 10 times that of option 2. So we prefer to report the result data. It can be calculated with the fastest update frequency and select appropriate reporting period, such as 1s. Reporting result data can be used as a basis. Then the usefulness of the raw data and the reporting frequence are investigated.
Proposal 3:  Further investigations are needed to identify the reporting length/duration and reporting periodicity related to IMU based positioning.
Proposal 4: For UE-assisted mode, IMU positioning should at least support reporting the information of relative displacement.
3.4 Reference point information

This section considers reference point information in terms of result data. IMU positioning as an auxiliary positioning need a reference point information. We think the reference point information is the starting time of a cumulative process that may have something to do with an absolute position. And the output of IMU should be aligned with a standardized earth bounded coordinate system. Based on the above discussion, we have the following proposal.

Proposal 5: The starting time of the cumulative process of IMU should be investigated as reference point information.
Proposal 6: IMU should be included in LPP elementary messages, such as Request and Provision of Capabilities and Location Information and Assistance Data.

3. 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.

Proposal 1: Please give a specific scene with the duration of the first and last SFN of the measurements is large enough.
Proposal 2: IMU can be applied to the gap of primary positioning and to optimize primary positioning.

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

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

Proposal 3: Further investigations are needed to identify the reporting length/duration and reporting periodicity related to IMU based positioning.

Proposal 4: For UE-assisted mode, IMU positioning should at least support reporting the information of relative displacement.
Proposal 5: The starting time of the cumulative process of IMU should be investigated as reference point information.
Proposal 6: IMU should be included in LPP elementary messages, such as Request and Provision of Capabilities and Location Information and Assistance Data.
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