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e we present a method to estimate a users position based on
mmWave channel state information (CSl), using: angle of
arrival (AOA), angle of departure (AOD) and time of flight (TOF)

e an approach to overcome dependence on an angular reference,
using differential AOA & AOD is shown

e performance is analyzed with respect to accuracy of AOA-/AOD-
and TOF estimation and compared to theoretical limit (Cramér-
Rao lower bound (CRLB))

— using absolute AOA/AOD
— using differential AOA/AOD

— In indoor scenario
— in absence of LOS (NLOS)

— Results show:

— user localization is possible even without angular reference

— partial CSI of NLOS-channels holds valuable information for
positioning

— for viable accuracy of input data, user localization can reach
a positioning error of < 30 cm in 90 % of observations

Introduction

¢ indoor localization is still not widely deployed, as classical ap-
proaches like GPS are not applicable

e multiple approaches have been discussed as solutions

— dedicated infrastructure — geomagnetic fingerprinting

— installed infrastructure for communications like WiFi or 5th-
Generation Wireless Cellular Systems (5G)

e |[EEE already develops scalable standard using WiFi

— |[EEE 802.11az (11az) will specify Fine Time Measurement
(FTM) in 5- and 60 GHz-spectrum [1]

e physical properties in mmWave spectrum allow to estimate ge-
ometrical channels properties like AOA, AOD and TOF

e this geometrical CSl can hold information on a users location
e usage for outdoor positioning already known [2, 3, 4]

e common drawback of known methods is assumption on pres-
ence of an angular reference e.g. “Geographical North”
e we focus on:

— typical indoor scenario for - problem of angular refer-
mmWave-WiFi ence

Differential Angular Measurement

Eq. (2) resulting in (4) requires all angles to be measured against a
common reference direction e.g. r-axis in Fig. 1 or Geographical
North in an implementation.

To overcome this restriction we measure all angles relative to a
reference-path k¢ € {1...4}

Leading to relative observation vector:
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Geometrical Problem Formulation
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Fig. 1: Scenario with Access Point (AP), Station (STA) and scatterers s; 4
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Observation vector:

y = F(s) = (z(sg, (85, au(8), - -
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with scenario vector s = (s, s1,...,5x) .

To simulate inaccuracy of measurements, observed values are
superimposed by IID Gaussian noise with n; , ~ N(0,0%) for
angular- and n;.; ~ N(0, o7) for temporal noise, respectively:
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We get the resulting noisy observation vector:
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Position Estimation

e the problem of finding an estimated scenario vector s and there-
fore 5, can the be formulated as

§ = arg min |[§—F(s)|];. (8)

e to solve (8) based on (4) or (7), we use the Levenberg-Marquardt
(LM)-method using initial values that are systematically derived
from y:

— to find initial values for sy = (%0uit, Yo.nit), We span a grid
with edge length of .. = max(l], o lNK)

— for initial values of scatterers siinit = (%% init, Yk.init), W€ USE
T =T1" Zk -cosar and y, =1 - Zk - sin Q.

- Leaving r = |0, 1] as an implementation specific parameter.

e using the LM-method, we iterate over the set of initial seeds:
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e most promising solution is selected by evaluation of respective

residual vector
p(Nseed) — g L F (§(Nseed)> (9)

e finding the best solution for estimated Station position

2
N (10)

8) = (:CéNS>, yéNS)) with Ns = arg min || p(i)

Cramer-Rao lower bound

e as lower performance bound, we evaluate the CRLB:
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e for systematic characterization, the (2 x 2) sub-matrix > and its
elements 0;; = ®;; with ¢, j € {1,2} is interpreted as covariance-
matrix of estimated z- and y-coordinates of the station (STA)

e by diagonalization of the covariance matrix, we get variances
0%.0% for two independent Gaussian distributed random vari-
ables X and Y’

e the resulting positioning error (eq. (12)) which corresponds to
the Euclidean norm of these independent random variables is

Hoyt distributed [5]

e Q/Q,.: covariance matrix of TOA and AOA/AOD measurements
(diagonal for absolute angles) and modified respectively for dif-
ferential angular measurements

Simulation parameters:

Conference Room STA-AP

Scenario r=-—15...1.0m
y=—225...2.25m
STA-Position =0: 10 x 19-gnic,
margin at walls: ds, = 0.1m
AP-Position (0,0)

absolute: N, = 100
differential: N = = 20

Noise Realizations

Temporal Noise
Angular Noise

o = 6 or 600 ps

oc=1or4°

Seed-Grid (10 x 10), Ny = 100, r = 1/2
Initial damping
factor for Ao = 0.01
LM-method

As performance metric we are interested in the distribution of the
positioning error:
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Complementary Cumulative Histogram and CCDF:

In presence of an absolute angular reference
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Using differential angular measurements
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= User localization is possible even without angular reference
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Gap to CRLB is relatively large for low temporal and angular
noise when no angular reference is present

= Accuracy of <8 cm in 50 % of situations is possible without an-
gular reference
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Even <4 cm in 50 % possible with angular reference
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Non-LOS parts of CSl holds information for user localization

Additionally scenario information can be extracted from s
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— potential use-cases: beamforming, virtual reality, SLAM
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