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Abstract
Positioning with terrestrial telecommunication systems, such as digital TV (DVB-T [1],[2]) or mobile
communication systems (4G [3],[4],[5]), has been a topic of research in the last recent years. These
techniques usually employ modified synchronization techniques in order to compute a time-of-arrival
(ToA) measurements from several emitters. This positioning technique requires solving the issue of
emitter synchronization, which can be dealt with by synchronizing the emitter network or by estimating
of the emitters’ clock offsets by a monitoring station or within the mobile receiver.
The introduction of 5G in the coming years is also seen as favorable for positioning purpose based on
TOA measurements due to increase signal bandwidth, but will also allow the possibility to use angle-ofarrival (AoA) measurements. Indeed, massive multiple-input multiple-output (MIMO) technology, based
on the use of antenna arrays at the emitter and receiver side, is a prevalent feature of the 5G standard
([6],[7]) notably due to the higher carrier frequency used by the system, leading to a reduction of the
antenna size and the possibility to use antenna arrays with many elements.
This paper does not deal with the signal processing required to obtain a ToA or AoA measurements, but
rather focuses on the positioning algorithm using these measurements and the impact of the network
geometry on the relative positioning accuracy. Relative positioning accuracy will provide guidance on
the relative accuracy gain for different network geometries, measurement combinations or receiver
locations compared to a reference point. The absolute positioning accuracy would require assumptions
on the signal structure, the signal processing performed by the receiver, and the receiver/emitter
hardware characteristics, which are very specific to particular system deployments. Only relative
positioning accuracy will be evaluated in order to provide the impact of the emitters’ network geometry
for a large variety of systems. This relative accuracy analysis is similar to the analysis of the dilution of
precision (DOP) factor for GNSS performance analysis, where the DOP is used to characterize the
satellite geometry quality, without taking into account other error sources such as the one coming from
the atmospheric propagation, receiver processing, multipath, interference, etc.
The paper will first introduce the (Weighted) Least Squares 2D positioning algorithm for ToA only, AoA
only and ToA+AoA-based positioning. A simpler case will be first presented where the measurements’
accuracy does not depend on the distance to the emitter. In a second time, a more complex case will be
considered where the measurements’ relative accuracy follows a logarithmic degradation with the
distance. The formulas to obtain the 2D relative accuracy will be provided for all cases, and an
illustration of the relative accuracy will be provided in a simplified scenario containing only 3 emitters.
The relative accuracy analysis will then be performed on larger emitter networks: first, on a theoretical
hexagonal grid network, and then on the actual 4G emitter network deployed over Toulouse (for a single
telecommunication operator and for all available operators). Different assumptions will be made on the
availability of ToA and AoA measurements, and conclusions will be drawn on the expected impact of the
network geometry for the different combinations of measurements.
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