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At a Glance

1 Goal: Localization (geolocation) of RF emitters in multipath
environments

} Challenges:
B Line-of-sight (LOS) paths
B Non-line-of-sight (NLOS) paths
B Blocked LOS paths (e.g. indoor)

1 Applications:
B Cellular map services
B Defense applications

B Location based services
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Problem Statement

Goal

1 Estimate emitters locations
Assumptions

Network of distributed sensors with fixed, known locations

Sensors have ideal communication with fusion center

Emitterso6 waveforms and their ti mi
Synchronization

B Time synchronization between sensors and emitters

B No phase synchronization
} Observation time << channel coherence time Y Y
F Time-invariant multipath channel

}
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1 No prior information on multipath channel
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Context - LTE Positioning Methods (l)

Assisted Global Navigation _ _
Satellite System (A-GNSS) Observed Time Difference of

Arrivals (OTDOA)

Positioning
» Reli es on TOAOS y Reli es on TDOAOSs
V' The eNodeB assists the UE so it V Faster than A-GNSS
can synchronize with the GNSS U Requires synchronization among
signals faster. base stations.
U Not more accurate than GNSS U Requires signals from at least 3
U Challenged in dense urban and eNodeB
indoor situations U Challenged in dense urban and
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LTE Positioning Methods (lI)

Cell-ID-based Positioning Uplink TDOA (RAN)
\V Connection needed to only a y Reli es on TDOAOGS
signle eNodeB 1 Uses uplink signals
U Very coarse accuracy \V Computation done in the

e N o d eist@ad of the UE.

U Requires synchronization among
eNodeBOSs

U Challenged in dense urban and
indoor situations
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Cloud-RAN Positioning

»  Future LTE releases may include Cloud Radio Access Network (Cloud-RAN
or C-RAN)

B Centralized processing architecture for cellular networks.
B Base stations downconvert signals and relay them to a fusion center.
V Improved uplink positioning accuracy compared to RAN?
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Cloud computing

A Localization over multipath channels still an open problem!



Signal Model

Signal at the &th sensor:
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1 0 emitters and 0 sensors F

1 1 0:the signal of the n-th emitter @L/

y LOS parameters:
1w deomplex amplitude of the LOS path between emitter g and
sensor a
y T (’I ): propagation time from location’l to sensor &

1 NLOS parameters

1 @ dcomplex amplitude of the & -th NLOS path between emitter g
and sensor O

} T : propagation time from location’l to sensor a




Indirect and Direct Localization

Esti mat e ToAbmgdirectlocalization

\* o4

100

O

Multila-
> teration

Sensor 2

1 ‘ ‘
00—CZI’.OOO -500 O 500 1000

N

Sensor 3

Downconverted
baseband

signals +
§

-1000 -500 O 500 1000




