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Introduction
The objectives of the newly agreed work item [1] is to specify solutions for positioning enhancements in LTE in respect of positioning accuracy, availability, reliability and scalability, for both Normal UEs and BL UEs. 

· 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. 

In the following contribution, we discuss signalling support required for IMU positioning over LPP and OTDOA hybrid positioning including IMU measurements. 
[bookmark: _Ref178064866]Discussion
Most of the UEs in the market today are equipped with an inertial measurement unit (IMU). The IMU contains for example a 3-axis gyroscope and a 3-axis accelerometer. The use of IMU can increase the positioning performance, they could also be used to reduce the need of measurement conducted at the device. The measurements of these sensors can be fused to form an estimate of UE’s position. However, a positioning system solely based on IMU is a relative positioning system, i.e., it can estimate the position of a UE relative to a known coordinate. Other types of sensory information should also be investigated, previously, barometric pressure sensors have been included in LPP. Other types of sensors of interest are for example light sensors where recent investigations have indicated that UE light sensors can be used to detect whether the UE is indoors [2]. For example, the UE uses the light sensor/camera to measure the ambient light, which is used to classify whether the UE is indoors or outdoors. The sensor can for example measure the light intensity, but it can also analyze the spectral properties of the ambient light to identify characteristics of light bulbs, LEDs, fluorescent light, halogen lights or other light sources typically found indoors. An indication whether the UE has moved from outdoor to indoor or vice versa can thus be estimated using the light sensors.
IMU aspects considered in this work item could be divided in three different categories,
· IMU measurements are reported from the UE,
· IMU measurements are used to trigger another positioning related measurement. 
· IMU measurements are fused with other positioning information in the UE for positioning
The three options are further explained below. 
Report of IMU Measurements
The report of sensor measurements varies depending on the scenario. In situations where both IMU and one or more of RSTD, GNSS, ECID measurement are available, it would be useful to report IMU measurements such as the velocity and direction of a UE. This would allow the location server to not only estimate the current UE position, but also estimate the UE future trajectory. The UE can also use the gravitation field to align the velocity to the horizontal plane in order to separate the velocity into two components, one in the horizontal plane and one along the vertical axis aligned with the gravity. The UE can also report an estimate of whether the UE is located indoors, for example by using light sensors, or that the UE experience a lack of GNSS coverage. The estimate of the indoor location could be reported as a probability of indoor coverage. 
Proposal 1: The UE should be able to report velocity and probability of indoor located together with RSTD, GNSS and/or E-CID.

[bookmark: _GoBack]When no E-CID, RSTD, or GNSS data is available, for example when the GNSS are out of coverage due to an indoor located UE, the IMUs can be used at the UE to estimate its relative position in respect to the placement when the last positioning measurement was conducted. The relative displacement could be reported to the network via LPP, along with a quality measure of the relative displacement estimate. In case a UE is not capable of estimating its relative displacement, the UE can periodically transmit raw IMU data via LPP to E-SMLC and then the E-SMLC will estimate the UE position based on the received periodic update.
Proposal 2: UE reporting of relative displacement information in relation to a previously reported location information should be introduced.
Proposal 3: Periodical UE reporting of raw IMU measurements should be introduced to the E-SMLC.

To limit the signalling from the UE, the UE can set a criterion for reporting IMU measurements, for example the relative displacement should be above a configurable threshold, or e.g. the accelerometer has changed a certain magnitude.
Proposal 4: The UE may minimize the number of measurement reporting based on certain defined criterion e.g. a relative displacement. The criterion should be known at the location server, or can be set and transmitted from the location server.

Further, LPP should be extended with information of UE IMU capabilities, for example if it supports relative displacement, or what IMU that it can periodically report. 
Proposal 5: LPP should be extended with information of UE IMU capabilities.

Triggering Positioning Measurements Based on IMU
The IMU measurements could be used to reduce the amount of GNSS/RSTD/ECID measurements needed at the UE. Based on the IMU measurements, one should be able to trigger a new RSTD measurement, or a new ECID measurement based on the IMU. The UE could be given criterions from the location server that includes certain rules that the relevant or indicated sensor measurements must fulfil in order to trigger an ECID/GNSS/RSTD measurement report update to the location server. The UE should report its capabilities of triggering a positioning measurement based on IMU.
Proposal 6: The UE should trigger an update on the RSTD/ECID/GNSS location information message transmission to the location server (i.e. E-SMLC) based on a IMU criterion set by the location server.
Proposal 7: LPP should be extended with the UE capabilities of triggering an RSTD/ECID/GNSS location information message transmission based on IMU

Fusing the IMU measurements with other positioning information
The UE can also be capable of using the IMU data together with other positioning information such as GNSS measurements to improve the positioning estimation by fusing different positioning information components info by one positioning estimate, or a positioning trajectory over time. This capability can also be indicated via LPP.
Proposal 8: The UE should indicate via LPP associated a capability of fusing positioning information including IMU measurements into positioning estimates. 
Conclusion
Here is the list of proposals for this contribution:
Proposal 1: The UE should be able to report velocity and probability of indoor located together with RSTD, GNSS and/or E-CID.
Proposal 2: The UE should be able to report relative displacement information in relation to a previously reported location information.
Proposal 3: Periodical UE reporting of raw IMU measurements should be introduced to the E-SMLC. 
Proposal 4: The UE may minimize the number of measurement reporting based on certain defined criterion e.g. a relative displacement. The criterion should be known at the location server, or can be set and transmitted from the location server.
Proposal 5: LPP should be extended with information of UE IMU capabilities.
Proposal 6: The UE should trigger an update on the RSTD/ECID/GNSS location information message transmission to the location server (i.e. E-SMLC) based on a IMU criterion set by the location server.
Proposal 7: LPP should be extended with the UE capabilities of triggering an RSTD/ECID/GNSS location information message transmission based on IMU
Proposal 8: The UE should indicate via LPP associated a capability of fusing positioning information including IMU measurements into positioning estimates. 
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