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Introduction
RAN2#101bis has agreed that 
	Provide reference altitude information (including threshold) to UAV UE provided by eNB to assist UE to identify its status (i.e., airborne status).  


In this paper, we further discuss UE airborne status and reference altitude information. 
[bookmark: _Ref178064866]Discussion
Barometer 
In the stage 2 description of UE positioning methods [1], UEs can acquire its altitude or vertical component of the position through A-GNSS, barometric pressure sensor, WLAN and Bluetooth, while the latter two are not suitable for drones since they are more for indoor UEs. 
1. [bookmark: _Toc510010303][bookmark: _Toc510011985][bookmark: _Toc510012446][bookmark: _Toc510514665][bookmark: _Toc510515222][bookmark: _Toc510515289][bookmark: _Toc510515929][bookmark: _Toc510517593][bookmark: _Toc510517642][bookmark: _Toc510727530][bookmark: _Toc510729959][bookmark: _Toc510730056]In LTE, drone UE can obtain altitude information by barometric pressure sensor or A-GNSS. 
However, it is well-known that altitude information from GNSS is not accurate. Horizontal position accuracy is usually well under 10 meters while vertical accuracy is on the order of 10 to 20 meters. Although A-GNSS is defined in LTE, it only assists the UE with the GNSS common and generic data and it does not improve the fundamental accuracy in the vertical component. 
1. [bookmark: _Toc510010304][bookmark: _Toc510011986][bookmark: _Toc510012447][bookmark: _Toc510514666][bookmark: _Toc510515223][bookmark: _Toc510515290][bookmark: _Toc510515930][bookmark: _Toc510517594][bookmark: _Toc510517643][bookmark: _Toc510727531][bookmark: _Toc510729960][bookmark: _Toc510730057]In LTE, altitude information from A-GNSS is not accurate. 

Barometric pressure sensor methods on the other hand can provide a very accurate information on the vertical component of the location in the order of decimeters. In the barometric pressure sensor positioning method, the UE vertical component of the position is estimated by combining the measured atmospheric pressure and a reference atmospheric pressure at a reference position including a reference altitude. This is accomplished through barometric sensors measuring atmospheric pressure at the UE and applying a height determination algorithm using the reference atmospheric pressure. The UE measures barometric pressure and sends the measurements to the positioning server for position calculation.
In addition to that, barometric pressure sensor has already been equipped on mobile phones since iPhone6 in 2014 and it is a very common accessory in mobile phones nowadays, i.e., it is neither a new nor an expensive accessory. 
1. [bookmark: _Toc510515224][bookmark: _Toc510515291][bookmark: _Toc510515931][bookmark: _Toc510517595][bookmark: _Toc510517644][bookmark: _Toc510727532][bookmark: _Toc510729961][bookmark: _Toc510730058]In LTE, altitude information from barometric pressure sensor is accurate and barometer is a very common accessory in mobile phones. 

Reference altitude information by barometric pressure 
It has been agreed to provide reference altitude information (including threshold), but it is not clear what exactly the reference altitude information is. In aviation industry (where the drone UE also falls into), altitude is obtained from the altimeter which measures atmospheric pressure and used to describe the height of an aircraft in flight. In another sense, it is a barometric measurement expressed relative to the height of mean sea level in a given location. From the above three observations and the relevance of drones to the aviation industry, we propose that
1. [bookmark: _Toc510730059][bookmark: _Toc506487691][bookmark: _Toc506487606][bookmark: _Toc506487457][bookmark: _Toc506487271][bookmark: _Toc506487254][bookmark: _Toc506473275][bookmark: _Toc506407204][bookmark: _Toc506407146][bookmark: _Toc506295689][bookmark: _Toc506295678][bookmark: _Toc506295668][bookmark: _Toc506292576][bookmark: _Toc505868727][bookmark: _Toc505861227][bookmark: _Toc505858626][bookmark: _Toc505858567][bookmark: _Toc505858513][bookmark: _Toc505858350][bookmark: _Toc505353792][bookmark: _Toc505353646][bookmark: _Toc505349082][bookmark: _Toc505348940][bookmark: _Toc505348916][bookmark: _Toc505348893][bookmark: _Toc505347014][bookmark: _Toc505346998][bookmark: _Toc505346991][bookmark: _Toc505346974][bookmark: _Toc505342072][bookmark: _Toc505256271][bookmark: _Toc505256158][bookmark: _Toc505255174][bookmark: _Toc505254648][bookmark: _Toc505254233][bookmark: _Toc505254225][bookmark: _Toc505253945][bookmark: _Toc505253911]Introduce support for reference altitude information (including threshold) expressed in a reference pressure value. 

The barometric pressure can be reported via LPP [2] and the vertical component information is then at UE or E-SMLC, but eNB is not aware of the vertical component.  To let eNB acquire altitude information, this barometric measurement can be sent on RRC using a similar framework to the current measurement reporting framework.  
In addition, in LPP protocol, for UE to know the vertical component, it requires E-SMLC to provide reference updates when the pressure changes, but E-SMLC is not a real time node in the same sense as an eNB.  Thus, sending on RRC would be better for drone application. 
Lastly, it is more cumbersome to ensure a correct computation of the altitude information at the UE side which requires a reference pressure information. The reason is that an obsolete reference pressure information might lead to an incorrect reporting of the UE’s altitude, and that leads to an incorrect airborne status. Hence, it is more beneficial to let UE report barometric pressure measurement and the network convert that to meters and consequently derive UE’s altitude status. 
1. [bookmark: _Toc510730060]Introduce support for barometric pressure measurement configuration and reporting via RRC. 

In such case, eNB can send a pressure threshold value to the UE, and the UE triggers the reporting once its measurement is below the threshold, i.e., UE might be above a given altitude. 
1. [bookmark: _Toc506487692][bookmark: _Toc506487607][bookmark: _Toc506487458][bookmark: _Toc506487272][bookmark: _Toc506487255][bookmark: _Toc506473276][bookmark: _Toc506407205][bookmark: _Toc506407147][bookmark: _Toc506295690][bookmark: _Toc506295679][bookmark: _Toc506295669][bookmark: _Toc506292577][bookmark: _Toc505868728][bookmark: _Toc505861228][bookmark: _Toc505858627][bookmark: _Toc505858568][bookmark: _Toc505858514][bookmark: _Toc505858351][bookmark: _Toc505353793][bookmark: _Toc505353647][bookmark: _Toc505349083][bookmark: _Toc505348941][bookmark: _Toc505348917][bookmark: _Toc505348894][bookmark: _Toc505347015][bookmark: _Toc505346999][bookmark: _Toc505346992][bookmark: _Toc505346975][bookmark: _Toc505342073][bookmark: _Toc505256272][bookmark: _Toc505256159][bookmark: _Toc505255175][bookmark: _Toc505254649][bookmark: _Toc505254234][bookmark: _Toc505254226][bookmark: _Toc505253946][bookmark: _Toc505253912][bookmark: _Toc510730061]Barometric measurement reporting can be triggered by an event, e.g., the measured pressure is below a RRC-configured reference threshold. 
[bookmark: _Toc505342074][bookmark: _Toc505347000][bookmark: _Toc505346993][bookmark: _Toc505346976]After the triggered-event that UE might be over an altitude (i.e., it might be airborne), it is beneficial to continuously track that UE’s airborne status. Thus, the event-based periodic triggering can also be supported. 
1. [bookmark: _Toc505342075][bookmark: _Toc506487693][bookmark: _Toc506487608][bookmark: _Toc506487459][bookmark: _Toc506487273][bookmark: _Toc506487256][bookmark: _Toc506473277][bookmark: _Toc506407206][bookmark: _Toc506407148][bookmark: _Toc506295691][bookmark: _Toc506295680][bookmark: _Toc506295670][bookmark: _Toc506292578][bookmark: _Toc505868729][bookmark: _Toc505861229][bookmark: _Toc505858628][bookmark: _Toc505858569][bookmark: _Toc505858515][bookmark: _Toc505858352][bookmark: _Toc505353794][bookmark: _Toc505353648][bookmark: _Toc505349084][bookmark: _Toc505348942][bookmark: _Toc505348918][bookmark: _Toc505348895][bookmark: _Toc505347016][bookmark: _Toc505347001][bookmark: _Toc505346994][bookmark: _Toc505346977][bookmark: _Toc510730062]Barometric measurement reporting can be periodically sent after triggering the event. 
In addition, a periodic triggering shall also be supported. 
1. [bookmark: _Toc510730063]Barometric measurement reporting can be periodically sent. 
A draft CR can be found in [3]. 
Conclusion
In section 2 we made the following observations:
Observation 1	In LTE, drone UE can obtain altitude information by barometric pressure sensor or A-GNSS.
Observation 2	In LTE, altitude information from A-GNSS is not accurate.
Observation 3	In LTE, altitude information from barometric pressure sensor is accurate and barometer is a very common accessory in mobile phones.
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Based on the discussion in section 2 we propose the following:
Proposal 1	Introduce support for reference altitude information (including threshold) expressed in a reference pressure value.
Proposal 2	Introduce support for barometric pressure measurement configuration and reporting via RRC.
Proposal 3	Barometric measurement reporting can be triggered by an event, e.g., the measured pressure is below a RRC-configured reference threshold.
Proposal 4	Barometric measurement reporting can be periodically sent after triggering the event. 
Proposal 5	Barometric measurement reporting can be periodically sent.
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