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PhD context
In constrained environments, as urban or indoor environments, GNSS (Global Navigation Satellite System) receivers cannot provide accurate positioning mainly due to the
existence of strong multipath and the lack of
visibility.
To improve the positioning accuracy in constrained environments, a possibility is to use Signals of Opportunity (SoO), such as telecommunication systems: the 4G-LTE (Long Term
Evolution) signals or the future 5G signals, in combination with GNSS.

Objective
PhD general objectives:
- To study the potential capabilities provided by 5G systems and to develop a 5G signal generic positioning module scheme
- To design a hybridized architecture using both GNSS and 5G signals to provide an accurate and continuous positioning in urban environments.
- To improve the quality of the measurements used for positioning measurements purposes adapted to the hybridization schemes
Current phase objectives:
- To select and to study a 5G compliant propagation channel
- To develop a 5G correlator output mathematical model considering the CIR determined. This step is mandatory for developing optimal 5G signal processing techniques as well as
for encoding reduced-complexity simulators.

Limitations of previous work
5G signal processing technique for positioning
5G Signal structure:
5G standards propose one set of pilots that can be used: SSPBCH 4-OFDMOFDM modulation with scalable numerology (subcarrier spacing, CP length)
symbols-length block (Synchro. Signal)
5G correlator output mathematical model for a constant propagation channel:
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Propagation channel
5G constraints:
5G compliant propagation channel:
Frequency bands: 410MHz to 52.6GHz (mmW propagation properties from cmW)
3GPP & ITU standards: lots of efforts of implementation
Antenna: massive MIMO (lots of antenna in small volume)
QuaDRiGa: willing to be an implementation of 3GPP
Denser network (smaller cell size)
standards. QuaDRiGa is a time-evolving propagation channel
Usual propagation channel cannot be used!
QuaDRiGa: Impact of the channel evolution on the
Limitation
correlation function
When the CIR provided by the selected propagation channel is not considered as constant over the duration of the correlation, i.e. a CIR sampling interval higher than one OFDM
symbol duration, the correlator output mathematical models are slightly different from the mathematical models developed for a constant channel.
Objectives
To determine the required CIR sampling interval to use to get a realistic channel
To derive 5G correlator output mathematical models considering the CIR determined

Sampling interval
Motivation
There is a trade-off between the simulator complexity and the realism of the
simulator propagation channel as a function of the CIR sampling interval, which must
be addressed.
Scenario
Constraint:
To define few scenario to represent most of
realistic cases
Choice:
2 scenarios: LOS (good conditions) NLOS (bad
Propagation channel coefficients (Delays, Powers) LOS
conditions at 100 m from BS
Determination
of the required CIR:
Determination of the CIR sampling interval LOS
scenario
Method:
Absolute
Relative
To compute demodulation, correlation and DLL
evolution
Evolution
CIR
µ
µ
outputs using 1, 10, 20 and 100 (the reference) CIR
1 4,5e-09 2,6e-09 4,5518 4,6372
per OFDM symbol
Demod
10 4,5e-10 2,1e-10 0,3837 0,3724
20 2,3e-10 1,0e-10 0,1802 0,1753
To compare in terms of absolute and relative
1 0,0200 0,0133 4,0929 4,0485
Correlation 10 0,0016 0,0010 0,3370 0,3286
evolution the results obtained with 1, 10, 20 wrt the
20 0,0007 0,0004 0,1486 0,1455
Discri
1 3,871 m 35,61 m
reference
output
10 0,242 m 1,193 m
(noiseless) 20 0,107 m 0,537 m
Results:
The CIR sampling interval adopted is 10 CIR
Effect of a non-constant channel
If the propagation channel is constant over the duration
of the correlation, then, the FT provides a periodic Dirac
function. If the channel evolves, then the FT will generate
a spectral broadening effect. This spectral broadening
implies the loss of the orthogonality between the
subcarriers of the OFDM signal.
Consequences of a non constant propagation channel

5G model
Motivation
The development of mathematical models of the processed 5G signals at each stage
of the receiver, for realistic 5G signals and for realistic propagation channel models, is
mandatory for developing optimal 5G signal processing techniques as well as for
encoding reduced-complexity simulators.
CIR channel model:

Correlator output mathematical model

Correlator output model:
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Correlation function: useful and interference term contribution

Where
The interference term is proved to be negligible
Simplified model
Objective: Simplification of
reduction of the CIR to be simulated by the
propagation channel model by a factor of 10
Adopted model:

Where

is the initial phase of symbol k,

is the Doppler frequency.

Future Work
Simulator GNSS/5G creation

Improvement of the measurements for positioning calculation

Study of hybridization schemes

