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} Goal: Localization (geolocation) of RF emitters in multipath 

environments 

 

} Challenges: 

ƁLine-of-sight (LOS) paths 

ƁNon-line-of-sight (NLOS) paths 

ƁBlocked LOS paths (e.g. indoor) 

 

} Applications: 

ƁCellular map services 

ƁDefense applications 

ƁLocation based services  

ƁE911 



Goal 

} Estimate emitters locations 

Assumptions 

} Network of distributed sensors with fixed, known locations 

} Sensors have ideal communication with fusion center 

} Emittersô waveforms and their timing are known 

} Synchronization 

ƁTime synchronization between sensors and emitters  

ƁNo phase synchronization 

} Observation time << channel coherence time 

FTime-invariant multipath channel 

} No prior information on multipath channel 

 

Fusion  

center 



} Relies on TOAôs 

VThe eNodeB assists the UE so it 

can synchronize with the GNSS 

signals faster. 

UNot more accurate than GNSS 

UChallenged in dense urban and 

indoor situations 

 

 

} Relies on TDOAôs 

VFaster than A-GNSS 

URequires synchronization among 

base stations. 

URequires signals from at least 3 

eNodeB 

UChallenged in dense urban and 

indoor situations 

 

Assisted Global Navigation 

Satellite System (A-GNSS) 

Positioning 

Observed Time Difference of 

Arrivals (OTDOA) 

Satellite 

 

eNodeB 

 

Positioning signal 

 

Assisting information 



VConnection needed to only a 

signle eNodeB 

UVery coarse accuracy 

 

} Relies on TDOAôs 

} Uses uplink signals 

VComputation done in the 

eNodeBôs instead of the UE. 

URequires synchronization among 

eNodeBôs 

UChallenged in dense urban and 

indoor situations 

Cell-ID-based Positioning Uplink TDOA (RAN) 

Cell 

 

eNodeB 

 

Positioning signal 



} Future LTE releases may include Cloud Radio Access Network (Cloud-RAN 

or C-RAN) 

ƁCentralized processing architecture for cellular networks. 

ƁBase stations downconvert signals and relay them to a fusion center. 

VImproved uplink positioning accuracy compared to RAN? 

 

Optic fiber 

Cloud computing 

Å Localization over multipath channels still an open problem!  

 



Signal at the ὰ-th sensor: 

ὶὲ ὦί ὸ †Ἰ ὦ ί ὸ † ὲ ὸ 

 

} ὗ emitters and ὒ sensors 

} ί ὸ: the signal of the ή-th emitter 

} LOS parameters: 

} ὦȡ complex amplitude of the LOS path between emitter q and 

sensor ὰ 

} †Ἰ : propagation time from location Ἰ  to sensor ὰ 

} NLOS parameters 

} ὦ ȡ complex amplitude of the ά-th NLOS path between emitter q 

and sensor ὰ 

} † : propagation time from location Ἰ  to sensor ὰ 
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Sensor 2 

  

  

Sensor 3 

Indirect localization 

Direct Positioning Determination (DPD) [Weiss 2004] 

Estimate TOAôs 

Downconverted 

baseband  

signals 


