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The Rel-15 Work Item on “UE Positioning Accuracy Enhancements for LTE” has objective to specify solutions for positioning enhancements in LTE in respect of positioning accuracy, availability, reliability and scalability, for both Normal UEs and BL UEs [1].
· 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. 

At the RAN2#98 meeting it was agreed that [[2]]
· Only support hybrid positioning for IMU as mentioned in WID scope. 
· FFS on the details of IMU raw data;

At RAN#99bis [5], RAN2 continues with an email discussions [6] on the usage of IMU for positioning and the summary is given in [3].
In this contribution, we provide our view on IMU positioning, particularly providing some clarifications on IMU raw data and its computation efforts. 

Discussion
Almost all smartphones and tablets contain IMUs as orientation sensors. This gives a good opportunity for E-SMLC to utilize UE-assisted IMU positioning estimate for hybrid positioning with other positioning methods to enhance the precision and reliability in the location estimate or just utilize the UE-based IMU positioning estimate, when cellular and GNSS based positioning methods are limited. In [4], we have described IMU computation that utilize sensors such as accelerometer, gyroscope, and magnetometer. The IMU computation can be used for finding the orientation, velocity estimation, and pedestrian dead reckoning (PDR). Moreover, IMU raw data calculation, reporting size, and use-cases/scenarios have also been given. 
Given the above, we have the following definitions: 
· Raw IMU measurements – measurements directly from the IMU in UE-bound coordinate system, which can have a sampling rate of several 100 Hz.
· Processed IMU measurements – any processing of the raw IMU measurements to filter, down-sample, and extract statistical properties of the raw measurements, still in a UE coordinate system 
· Transformed IMU measurements – any processing of the raw IMU measurements to fuse and align with an earth-bounded coordinate system
From the main views in the email discussion, it seems that raw IMU measurements may not be handled. With respect to the IMU operation at the UE, we can consider the other two possible operations modes Figure 1 or combinations of them:
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[bookmark: _Ref506362425]Figure 1: IMU operation with the transformed output (A) and with the processed output (B)
In Figure 1, the IMU has multiple sensors and a CPU. It is up to the implementation whether the CPU resides in IMU or re-use the existing main CPU in the UE. Figure 1A illustrates when the IMU output to be reported to the E-SMLC via LPP protocol are the transformed IMU data. It can be the UE vertical velocity, horizontal velocity, orientation/direction, etc., all in an earth-bounded coordinate system These may require relatively high CPU computation. The output accuracy also varies depending on the number/type of sensors and sensor quality. Figure 1B illustrates that the IMU provides processed IMU measurements in an UE-bounded coordinate system. Note, the processed IMU data output is not necessarily the instantaneous sensors output. It can also be based on the statistical analysis of the sensors, such as the average and variance. Producing such outputs consumes relatively low CPU computation. This type of output provides more flexibility to the E-SMLC, for example to compute both vertical and horizontal velocity or only horizontal velocity, and also to perform hybrid positioning.
In practice, the IMU in a UE can produce both processed output and transformed data output. Depending on the use-cases and UE capability, both IMU output should be supported and the network can configure the operation.
Observation 1: The IMU raw data output is not necessarily the instantaneous sensors output. It can also be based on the statistical analysis of the sensors, such as the average and variance.
Observation 2: Processed IMU data from the UE provides more flexibility to the E-SMLC, for example to compute both vertical and horizontal velocity or only horizontal velocity and also to perform hybrid positioning.
Proposal 1: Depending on the use-cases and UE capability, both IMU output (processed and transformed data) should be supported and the network can configure the operation.
The corresponding IMU data representation is provided in the TS 36.355 CR [7].
Proposal 2: Agree on the IMU introduction in the TS 36.355 CR [7]

Conclusion
In this contribution, we have discussed the usage of IMU for positioning and obtained the following observations and proposals: 
Observation 1: The IMU raw data output is not necessarily the instantaneous sensors output. It can also be based on the statistical analysis of the sensors, such as the average and variance.
Observation 2: IMU raw data from the UE provides more flexibility to the E-SMLC, for example to compute both vertical and horizontal velocity or only horizontal velocity and also to perform hybrid positioning.
Proposal 1: Depending on the use-cases and UE capability, both IMU output (post process and raw data) should be supported and the network can configure the operation.
Proposal 2: Agree on the IMU introduction in the TS 36.355 CR [7]
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