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Overview - State of the Art with LTE/5G Positioning
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1 - Extension of TOA estimation for indoor environments.
Cell 1D Number of antennas

= Mixed Line-Of-Sight (LOS) / Non-Line-Of-Sight (NLOS)
environment.
= Reducing NLOS errors through [6]:
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= SOTALTE receiver [3][5]:
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LTE signal introduction and MuSNAT implementation

LTE tracking approach -> generation of a single time-domain replica of the LTE SSS or CRS signal and using conventional GNSS-like DLL,PLL and FLL tracking.

* Code tracking achieved by cross-correlating measured signal with SSS/CRS code replica for complete LTE frame length (= 10 ms)

Each ‘vertical’ thin line represents an
OFDM symbol of duration 66.6 us.

LTE frame within a measured signal transmitted from Amarisoft BS
- - — e Time series of LTE CRS signal code replica for 10 subframes and 50 RBs
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SSS vs CRS signal comparison

SSS

with a

3D autocorrelation function of the SSS

of 10 ms

Transition from SSS based tracking to CRS based tracking
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CRS

3D correlation of the LTE CRS AP0 signal for 50 RB and a coherent integration time of 10 ms
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LTE transmitter localization - Context

Observation Model

Simultaneous Localization And Mapping (SLAM) using cellular signals as
Signal Of Opportunity (SoP). T

Use of carrier phase of LTE has been previously investigated within:

« Differential navigation framework with Base/Navigator for: ,‘

* indoor environments [12] i

« UAV navigation [13] .

« Absolute positioning framework leveraging frequency stability of LTE VS e
base station clocks for UAV navigation [13] \. T

Experimental results published so far assume an a-priori known transmitter
position obtained beforehand through a collaborative mapping [14] of the

transmitter. e mm OLE (om)- o)
57—[ I‘l OTL
With dynamic receivers or UAVS - estimation of transmitter states with carrier

phase measurements can potentially be realized. TETX posmonand Known from GNSS PVT

clock offset
LTE pseudorange

The ‘knowledge’ of transmitter states can be broadcasted as part of pseudolite T ey o
signals in future.
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Latitude

Filter setup and simulation results

Simulated GNSS
and LTE signals

IF zamples
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»
acquisition and tracking

v
MATLAB based KF
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Processing chain for simulated signal
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112E

Ground track of simulated RX trajectory

Trajectory
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Longitude

Localization filter set-up — a six states Kalman Filter using

code and carrier phase LTE measurements
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Carrier Residuals [m]

Code Residuals [m]

Localization Filter Results

Horizontal Error
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KF_states = [PosX, PosY, PosZ, floatAmbi, clkBias, clkDrift]

Estimation of carrier phase float ambiguity allows to use
carrier phase for LTE transmitter localization



Experimental set-up for real-signals

Real GNSS and GNSS observations

X ) MuSNAT SDR ’ .
LTE signals acquisition and tracking RTKLib
1Q samples

. GNSS satellite

fe

LTE observations

Commercial LTE base station antenna

RTK position &
MATLAB based KF SPP receiver clock offset

4\

Processing chain for real signal

GNSS + LTE antenna

Converter
USRP Multichannel Recorder

UAV - DJI Matrice 600 Pro drone

)

— USRP 2974

: Baseband conversion State Wia) | Vo) | Rw) o

Power splitter ' 21910 samoing USRP OFF 0.06 14.98 0.94
'

. Pl o 1 Software appicatons | — USRP Stand-by 2.50 14.88 | 37.20
Ground vehicle — VW Transporter _—
/ |USRP Recording 3 streams @ 20 MHz 5.00 14.74 73.70
M B L / USRP Recording 4 streams @ 20 MHz 5.20 14.73 76.60

easurement us LTE Band 20 USRP Recording 4 streams @ 40 MHz 5.50 14.71 | 8091

USRP Recording 4 streams @ 50 MHz 5.78 14.70 | 8497 o o . !
Ha rd ware set-u p USRP 2974 tests with external battery USRP 2974 IV-curve with DC-DC converter
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Target base station — Amarisoft BS

Research oriented BS operated by institute ETTI within UniBW M
campus

— -PCl1 atf =2.665GHz

- Omni-directional antenna

- No inter-PCl clock bias or MIMO effects

— * PosDiff w.r.t Google Maps coordinate: [-29.71,-6.11, -33.78] m

Top-view of ISTA building Amarisoft LTE TX antenna

Amarisoft BS

Correction of the vertical angle_

Ground-truth coordinate of Amarisoft BS TX antenna .
of the base point

measured for reference using:

: ] 3 AR IR I
- Trimble R10 used for positioning of 02 static points 3 it | | :; :, ir n

- Leica MS60 used for triangulation of antenna : = . FHN B Dol of the

coordinates i O i .= Measurement to the base bracket
—_— ke ‘ point using reflector

using GNSS Antenna Trimble R10 e by
- Measurement of ground-truth coordlnate for Amarisoft BS
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Ground vehicle with code-only measurements
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Localization results using code-only measurements
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* Pos differences with respect to Google Map coordinates N_

CRS results are better than SSS results
due to more stable signal tracking

North Error [m]

Localization filter results
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Code minus carrier [m]
N RN
S & B © o

i
S

CMC Time series

cycle slip
. phase lock
«  no phase lock

20

L L .
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(a) Amarisoft BS CRS tracking using Measurement Bus

e plot indicates
several cycle-slips for
Ground Vehicle




UAV with code and carrier phase measurements

* For code + carrier measurements, 03 flights of UAV conducted near Amarisoft BS to sweep as much arc around
the BS antenna as possible:
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Tracking results of UAV Flight 3
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Localization results of UAV Flight 3 with code and carrier phase measurements
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Residuals [m]

Error sources -> GNSS SPP receiver clock error

USRP 2974 Front-end

* Receiver clock offset gets eliminated in RTK

* For localization = filtered GNSS SPP clock error was used.

Internal TCXO
OK Clk source
r——

e 1storder polynomial fitted on measured receiver clock error Intemal OCXO ©

External Clock (atomic standard) ©

e Alternatively, a more stable on-board clock can be used. Front-end setup

2lgSRP2974 RTKLib SPP clock Bias and polynomial fitting resi 2l‘jlsRF'2974 RTKLib SPP clock Bias and polynomial fitting residuals USRP2974 RTKLib SPP clock Bias and polynomial fitting residuals
‘ ; : : : : w : 15 - - : T
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10
10 10
=} E s5f
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) .%\' L \;-,va.‘ N Sty = | Al . g of polynomial for a static receiver
O N e o I i S measurement
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Conclusions

LTE signal tracking can be realized in a GNSS oriented tracking architecture.

CRS provides a better tracking performance with high C/N,than SSS due to narrower correlation
function and more distant Doppler side-peaks.

Amarisoft Base station serves as a good platform for verifying calibration procedure due to easy
access and availability of ground truth.

It is possible to use carrier phase tracking of LTE signal for the purpose of transmitter
localization given an accurate information of the receiver states

Efficient cycle-slip detection scheme should be employed.

With combined code and carrier-phase observations, a position accuracy of within 0.3 m is
achieved in North and Up directions and within 1 m in the Up direction for at least one UAV flight.

One of the biggest error sources is the SPP receiver clock offset.
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Way forward

' LTETX1

02 LTE transmitters:
Each with a different PCI
and line-of-sight position

Transmitter settjp

03 receivers:

- Static (base)
Ground Vehicle (rover)
UAV with on-board
atomic clock (rover)

)
]

.

Testcases planned for future:

) Computation of LTE DD observations
using two LTE transmitters and two
receivers

) Evaluation of code and carrier phase noise
of LTE CRS as function of carrier-to-noise
ratio

) Comparison of code and carrier phase
noise for Ground Vehicle and UAV receiver
platforms

) Localization of LTE transmitter through a

UAV receiver platform with on-board
atomic clock
. Precise localization of LTE transmitter

using LTE DD observations

. Differential positioning of a Ground Vehicle
with GNSS and one LTE signal using a-
priori known LTE transmitter position

Ground Vehicle - VW Transporter

o,

Measurement Bus

Hardware set-up

Gnss + u7m

Bias T

Powek spiitter
Lis

USRS Multichannel Recorjer

USRP 2074
Baseband conversion

& hfé ‘._;;:
4
|

03 receivers -> Ground Vehicle,
UAYV and static base

Receiver setup
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