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Introduction
In RAN2#105 meeting, it was agreed to include the sensor related information as part of the MDT report to aid the network in optimizing the network parameters.  
[bookmark: _Hlk3808102]Agreements of NR MDT:
1	In addition to location and time information, NR MDT measurements can be tagged with information fields informing the network about UE orientation in a global coordinate system if additional measurement is not needed if the information available. FFS the details.
 
In this contribution, we discuss the usage of the barometric sensor as part of the MDT report and how is it useful for the network.  
[bookmark: _Ref178064866]Discussion
Background from LTE and Rel-15 status
In LTE, the height related information was found to be useful and is included as part of the RRM measurement reporting and report triggering mechanism. 
[bookmark: _Toc535571314]5.5.4.16	Event H1 (The Aerial UE height is above a threshold)
The UE shall:
1>	consider the entering condition for this event to be satisfied when condition H1-1, as specified below, is fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition H1-2, as specified below, is fulfilled;
Inequality H1-1 (Entering condition)


Inequality H1-2 (Leaving condition)


The variables in the formula are defined as follows:
Ms is the Aerial UE height, not taking into account any offsets.
Hys is the hysteresis parameter (i.e. h1-Hysteresis as defined within ReportConfigEUTRA) for this event.
Thresh is the reference threshold parameter for this event given in MeasConfig(i.e. heightThreshRef as defined within MeasConfig).
Offset is the offset value to heightThreshRef to obtain the absolute threshold for this event. (i.e. h1-ThresholdOffset as defined within ReportConfigEUTRA)
Ms is expressed in meters.
Thresh is expressed in the same unit as Ms.
[bookmark: _Toc535571315]5.5.4.17	Event H2 (The Aerial UE height is below a threshold)
The UE shall:
1>	consider the entering condition for this event to be satisfied when condition H2-1, as specified below, is fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition H2-2, as specified below, is fulfilled;
Inequality H2-1 (Entering condition)


Inequality H2-2 (Leaving condition)


The variables in the formula are defined as follows:
Ms is the Aerial UE height, not taking into account any offsets.
Hys is the hysteresis parameter (i.e. h2-Hysteresis as defined within ReportConfigEUTRA) for this event.
Thresh is the reference threshold parameter for this event given in MeasConfig(i.e. heightThreshRef as defined within MeasConfig).
Offset is the offset value to heightThreshRef to obtain the absolute threshold for this event. (i.e. h2-ThresholdOffset as defined within ReportConfigEUTRA)
Ms is expressed in meters.
Thresh is expressed in the same unit as Ms.
The values provided as part of configuration from the network side is the height above the sea level. However how the UE calculates the height is not included in either the RAN2 specification or the RAN4 specification. 
	heightThreshRef
Reference height threshold for eventH1 and eventH2 in reportConfig. Value 0 refers to -420m, value 1 refers to –120m, and so on until value 30 refers to 8880m. The actual value is height in meters relative to sea level. Value 31 is reserved.

	heightUE
Indicates height of the UE in meters relative to the sea level. Value 0 corresponds to sea level (i.e., negative value indicates depth of the UE below sea level). Value -400 corresponds to -400 m, value -399 corresponds to -399 m and so on.



However, there is no height-based reporting and report triggering mechanism available in NR.
1. [bookmark: _Toc4417080][bookmark: _Toc5672907][bookmark: _Toc5673135][bookmark: _Toc5872990][bookmark: _Toc5888938][bookmark: _Toc5890714][bookmark: _Toc6407487][bookmark: _Toc7004725][bookmark: _Toc7004735]Height based measurements are already included in LTE for aerials.
1. [bookmark: _Toc5888939][bookmark: _Toc5890715][bookmark: _Toc6407488][bookmark: _Toc7004726][bookmark: _Toc7004736]How the height is calculated by the UE is not specified in LTE specifications.
1. [bookmark: _Toc5888940][bookmark: _Toc5890716][bookmark: _Toc6407489][bookmark: _Toc7004727][bookmark: _Toc7004737]No height-based reporting is available in NR.
Height information usage and availability
The height information from the UE aids the network in identifying whether the UE is in a tall building, is airborne, is on the ground or is in the basement of a building. This information is useful to the network as most of the times the poor coverage experienced by an indoor UE is due to being on either the top most floors of the tall building (due to the antennas being deployed at a lower height of the neighbouring building with a down tilt to cover the lower floors) or in the basement of the building. 
1. [bookmark: _Toc5890717][bookmark: _Toc6407490][bookmark: _Toc7004728][bookmark: _Toc7004738]In general, the coverage is poor for airborne UEs or for UEs in the top most floors of tall buildings due to the antennas deployed on the neighboring buildings that are of lower height and due to antenna down tilt.
1. [bookmark: _Toc5890718][bookmark: _Toc6407491][bookmark: _Toc7004729][bookmark: _Toc7004739]The coverage in basements of buildings are also known to be poor due to lack of line of sight with the externally deployed base stations and due to the penetration losses from the walls.  
It has been agreed that the location information is included in the MDT report in NR, if available. The location information calculated based on the GNSS measurements includes the latitude, longitude and altitude measurements. However, the GNSS measurements from the UE when the UE is in an indoor environment is known to be of poor performance. The GNSS altitude estimate is also typically inaccurate due to the geometry of the satellites.   
1. [bookmark: _Toc5890719][bookmark: _Toc6407492][bookmark: _Toc7004730][bookmark: _Toc7004740]Altitude measurements based on the GNSS receiver in indoor environments or airborne is quite poor. 
Measurements of uncompensated barometric pressure was introduced in LPP Rel. 13 [1] to enable estimation of vertical positions of devices. The barometric pressure decreases with increasing altitude according to the barometric formula [2], which means that given a reference barometric pressure at a reference altitude and a barometric pressure measurement from the device, it is possible to estimate the absolute height of the device. 
The barometer sensor is available in most of the modern smart phones and this sensor provides a much better measurement associated to the relative height of the UE compared to the GNSS based measurements. 
1. [bookmark: _Toc7004731][bookmark: _Toc7004741][bookmark: _Toc5890720][bookmark: _Toc6407493]Altitude measurements based on the barometer sensor is more accurate height measurements. 
Based on the above reasoning related to why the height information is useful for the network and the lack of quality altitude measurements in the GNSS based measurement report and the fact that the barometer-based altitude measurements are much better indicators of the height of the UE, we propose to include uncompensated barometric pressure measurements in the RLF report, accessibility failure report and the MDT report.
1. [bookmark: _Toc5888941][bookmark: _Toc5890721][bookmark: _Toc6407497][bookmark: _Toc7004716][bookmark: _Toc1046624][bookmark: _Toc1059611][bookmark: _Toc1061181][bookmark: _Toc1062132][bookmark: _Toc3216785][bookmark: _Toc3267461][bookmark: _Toc4417083][bookmark: _Toc4607281][bookmark: _Toc5872996]The uncompensated barometric pressure measurement is included in the RLF and accessibility failure report.
1. [bookmark: _Toc5888942][bookmark: _Toc5890722][bookmark: _Toc6407498][bookmark: _Toc7004717]The uncompensated barometric pressure measurement is included in the MDT report.
1. [bookmark: _Toc5888943][bookmark: _Toc5890723][bookmark: _Toc6407499][bookmark: _Toc7004718]FFS: Whether the uncompensated barometric pressure measurement is included in both logged MDT and immediate MDT 
Conclusion
In section 2 we made the following observations:

Observation 1	Height based measurements are already included in LTE for aerials.
Observation 2	How the height is calculated by the UE is not specified in LTE specifications.
Observation 3	No height-based reporting is available in NR.
Observation 4	In general, the coverage is poor for airborne UEs or for UEs in the top most floors of tall buildings due to the antennas deployed on the neighboring buildings that are of lower height and due to antenna down tilt.
Observation 5	The coverage in basements of buildings are also known to be poor due to lack of line of sight with the externally deployed base stations and due to the penetration losses from the walls.
Observation 6	Altitude measurements based on the GNSS receiver in indoor environments or airborne is quite poor.
Observation 7	Altitude measurements based on the barometer sensor is more accurate height measurements.

Based on the discussion in section 2 we propose the following:
Proposal 1	The uncompensated barometric pressure measurement is included in the RLF and accessibility failure report.
Proposal 2	The uncompensated barometric pressure measurement is included in the MDT report.
a.	FFS: Whether the uncompensated barometric pressure measurement is included in both logged MDT and immediate MDT
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