3GPP TSG RAN WG1 Meeting #90                           
                  R1-1712104
Prague, Czech Republic, 21st – 25th August 2017

Agenda Item:
5.2.8.5
Source:
Huawei, HiSilicon
Title:
Positioning for drones
Document for:
Discussion and decision 
1 Introduction

A new SID on enhanced support for aerial vehicles has been agreed in RAN plenary #75 meeting. In terms of LTE enhancements, positioning for aerial vehicle is the objective of the SID if time allows. 
· Positioning: If time allows as the 2nd priority, assess the achievable accuracy with existing positioning techniques and identify potential enhancements [RAN1]

In this contribution, we discuss the positioning of aerial vehicle and provide initial simulation results for OTDOA. 
2 Evaluation on TDOA for drones
The simulation assumption is referring to [2] and [3]. CDL-D based model from [4] is used for fast fading channel.
The simulation approach in this paper is based on TR36.855 and TR37.857 with some modifications for 3D drone positioning. It is a static snapshot-based simulator with integrated link-level behavior in a multi-cell environment. A simulation comprises the following steps:

Step 1. System generation

( Generate network, drop users randomly with uniform spreading over the network,

( Generate interferers, taking into account the network deployment and reference signal pattern.

Step 2. OTDOA measurements generation at the link level, while collecting the signal quality statistics
( Generate the transmitted signal,

 ( Generate the propagation channel using fast fading channel model and model the received signal at the UE receiver, 

( Apply a UE receiver algorithm to estimate OTDOA for different neighbor cell. 

Step 3. Based on OTDOA measurements, calculation UE positions in 3D space for a given set of neighbor cells.

Step 4.  For each UE, finding positioning accuracy (position error in meters)

The simulation results for link level simulation are shown in table 1 in unit of Ts for RSTD measurement error. The simulation results for system level are shown in table 2 in unit of meter for overall positioning error.

Table 1: TDOA link level simulation results
	Number of PRS subframes measured per cell
	BW [MHz]
	SINRs [dB]
<reference cell, neighbour cell1, neighbour cell2>
	RSTD error, [Ts]

	
	
	
	AWGN
	CDL-D
	ETU

	1
	10
	<-6,-13,-13>
	0.9
	2.1
	6.3

	1
	40
	<-6,-13,-13>
	0.3
	0.5
	2.8


Table 2a: OTDOA horizontal positioning error [m]

	Bandwidth (MHz)
	50%
	70%
	80%
	90%

	10
	18
	26
	29
	40

	40
	8
	10
	12
	15


Table 2b: OTDOA vertical positioning error [m]

	Bandwidth (MHz)
	50%
	70%
	80%
	90%

	10
	90
	129
	148
	201

	40
	30
	58
	90
	149


As shown in table 1 and table 2, TDOA has well enough horizontal positioning accuracy. However the vertical positioning accuracy is not enough.
Observation 1: OTDOA has well enough horizontal positioning accuracy. 
Observation 2: OTDOA has poor vertical positioning accuracy.
Proposal1: Support OTDOA as baseline technologies for horizontal drone positioning

It can be observed that 20-40MHz PRS can achieve horizontal accuracy equal or higher than GNSS. Large bandwidth can be achieved either by carrier aggregation or frequency hopping over multiple bands. Coherent detection over multiple bands can form a large bandwidth for positioning measurement. GNSS has big power consumption and requires additional GNSS receiver. UE complexity and power consumption can be reduced by using OTDOA.

Proposal2: Assess the positioning accuracy enhancement based on carrier aggregation or frequency hopping to improve positioning accuracy with more carriers/layers.

Currently, OTDOA assistance data is uni-cast. Considering large number of drones deployed in the future and the high probability of Los link condition between drones and eNBs, UE based mode for aerial vehicles OTDOA is beneficial. It enables OTDOA assistance data broadcasting to improve spectrum efficiency. It can also enable drone positioning in idle mode. UE only needs to receive OTDOA assistance data via SIB in order to perform OTDOA by itself.

Proposal3: Study the feasibility of UE based mode for aerial vehicle OTDOA. 
· Barometric sensor positioning

Vertical positioning is important for aerial vehicle to determine UE height. OTDOA has poor vertical positioning accuracy since base stations usually have similar height, thus provide limited vertical resolution. Barometric sensor is a mature technology that can be used by aerial vehicles to derive altitude. In the barometric pressure positioning method, the UE vertical component of the position is estimated by combining the measured atmospheric pressure and a reference atmospheric pressure. This is accomplished through barometric sensors measuring atmospheric pressure at the UE, and applying a height determination algorithm using the reference atmospheric pressure. The 3D coordinate can be derived by combining barometric sensor with other positioning methods. 
Proposal4: Consider hybrid barometric sensor for vertical positioning for drones.

3 Conclusions

In this contribution, we discuss on the positioning of aerial vehicle and provide initial evaluation results and a candidate list of potential positioning solutions.
Observation 1: OTDOA has well enough horizontal positioning accuracy

Observation 2: OTDOA has poor vertical positioning accuracy

Proposal1: Support OTDOA as baseline technologies for horizontal drone positioning

Proposal2: Assess the positioning accuracy enhancement based on carrier aggregation or frequency hopping to improve positioning accuracy with more carriers/layers.

Proposal3: Study the feasibility of UE based mode for aerial vehicle OTDOA. 
Proposal4: Consider hybrid barometric sensor for vertical positioning for drones.
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