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' The CITI lab in a nutshell

Urbanet

(H. Rivano)

Privatics
(D. Le Metayer)
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Socrate
(T. Risset)

Dice
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Social
networks

* Privacy

* Pervasived
computation

e Distribued
approaches

» Energy, delay, » Capacity, energy
reliability » Multi-standards

e Self-* » Software radio
* [.ow resources e Self-*

» Dedicated OS or  Applications
middleware deployment

Y
loT, Digital human, Digital society




'New context
——

New challenge:
« Human connected to the Digital Society »
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Main targets
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&Z s

High WSN and
Performance Home

Multi-* Networks

Software
Defined Radio
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Software Defined Radio: principle citi=e

Samplingfli]nsamp]ing
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Digital ”"T:"' : Analog

DSP/FPGA : ASIC ' Dedicated Hardware
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SDR for multimode: limitation  citl=

Mode 1

Signal l
Processing — =

&L 7
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Mode 2
Signal
Processing — RF I
.1

Af

Mode n

=) - |
Processing ~—
A

Source: C. Moy, HDR




Key issues of multi-* receivers
' EER / Eﬂﬁrw .

WENTELRS DU MONDE MUMERIQUE

w\ \ LowlF or ZerolF

Space/time/frequency
procTssing

Standard 1

Standard 2

Standard 3

Detection and digital channel selection
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_Multi-channel multi-antenna receiver Cit]]
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\ . -
Main goal: to allow the simultaneous " \\N
\ reception of overlapping WiFi
channels in the 2.4 GHZ ISM band ) J
w\\ LowlF oJr’ ZerolF A
/ Space/time/frequency fra hecam
M\ —>— Down | AccH can|— g procgssing . /i e
NN B
/ E Standard 1
—F\—>— Down | Acc caN |— §
\]\\ g’ Standard 2
/ E Standard 3

_ﬂ—>— Down | AccH can |4
| |
| |

» 1st phase: ADS+radio testbed
» 2nd phase: SDR




FF irst prototype

First experience of developing a software defiend radio
prototype

\
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_Multi-band, multi-antenna

LTE-Advanced receiver for fractional bandwidths
combined with MIMO

| 100MHz B
l I |4-20MHZ—> |
Frequency

Fract‘ional bandwidth
o
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100MHz

‘ .4‘20MHZ—>|
- —» Frequency
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Multi-* relaying
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\
Dmode Rmode
q‘-—-—-—-—-— q‘-—-—-—-—-—
1.----- 1‘-—-—-—-—-—
\ ‘------
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— d —w— d —
e T s T Network simulator: WSNet
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L - ;t []
S relay multi-mode SISO ’ v
_Sdirem MIMO ; - _
2[ | ——S, MIMO A ]
+Sne|ay mono—mode MIMO > ,"

1.5
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Home Networking
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\ _________________ Wakeup signal L L o o o e e e e e

_______ > L,.' — Main data 2

* Power ON/OFF

:
Power ON/OFF ('
1

o

Wake-up || @:101
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voie directe
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Specific scenario: UNB it/

DE NUMERIGUE
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Source: Sigfox

Ultra Narrow Band communications for very
wide range WSN




Medium Access with UNB
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Freq

Channel

------ Freq Slot
© _gmesjot ¢
- -
Time
Other MAC

Random-Frequency Multiple Access (R-FDMA) schemes
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Solution: SDR gateway cit

g
N

nnnnnn tional GFSK signals p nting around 40% resource loadin
3 collis| have oc d during this sequence

210 UNB SigFox g als, p ntin gl s tha
No collis! dd ing this sequ

A T i I| ||| ”" I’I
4/ | H |\‘ﬁ||

i ﬂ'm)l |

GFSK signal

,’H i 'm I\

The drastic reduction of complexity for the
emitter side is compensated by the capacity
of the SDR basestation
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. Solution: SDR gateway Citlies

» High capacity « SDR cognitive » station
"Qutdoor” | +* Designed for extreme RF environment
| % No equivalent SDR Design
| »7 No equivalent signal processing techniques
= Original State of the art critical system techniques
=7 Highly configurable
» Total distant control
“ More than 1000 square miles coverage comes true
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Antenna

Light
mechanical
setup equipment AC and/or
IP Battery
connectivities supply

No wind
study
needed

1 |

Mast
Supply

T Inxrrx -

= Ve Pt s, i
Light low cost
50 Ohms cable

“Indoor”
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SmartSantander System
Interconnecting Infrastructure { ‘ Platform
SmartSantander Testbed
. Access/ Gateway
o/ Ry
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SmartSantander Node
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SDR: Urban Sensors Gateway

CitlEs

Spectrum of received signals at the gateway

Signal 3
J
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Sporadic reception of multiple channels with multiple
waveforms in the whole 868 MHz band
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| Case of two signals
1 ?

SN

FTN

— — — Strong signal
"""" Weak signal
Strong plus weak signal

Time (s)

E 05 |
g | J \\ Quantization step
-] - .
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_Required number of bits

Required ADC resolution

theoretical required ADC resolution

theoretical required number of quantization states

T simulated required ADC resolution
25 +33554432
23 48388608
21 32097152
19 1524288
17 . L 1131072
15 i 432768
13 2 % 18192
11 = +—32048
9 —512
11128

" B
SE:I: : 132
3 : : : : : - g

0 20 40 60 80 100

Power ratio between strong and weak signals (dB)

Required number of quantization states




Different companding solutions citlR
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E 1 — — — Strong signal
y | VARYA N B Weak signal
' 7 SO
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2" 05 : y/ \ . .
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N
\s' . . .
0 - I — S without companding,
iiiizii'?f'iai_i?_iig; ﬁﬁ?ﬁ?ﬁﬁ?ﬁ?,['ﬁﬁfﬁﬁﬁﬁﬁﬁﬁfﬁﬁﬁﬁﬁ with companding,
S\ R SRR N e S RSEREEEETREREN u=100, Ss/Sw=20 dB
o N SR A= S N _ without companding,
TR N AR B = @ = ggg 50 dB
o Q\b\_a_wnhcompandmg
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10 _b\\®\ Ss/Sw=80 dB
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g, With d
_ ________ ________ ------ """"" """ """" """" R~ ],L=100, Ss/Sw=80 dB
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ADC resolution (bits)
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....................................................

ETE e . No companding
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107 BNy g g NG | T B~ B states
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= Vcomp ressed
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'Other possible solution
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\ RF IF BB Digital Domain

I | I
I | I
| I |
NS -~ | | ~y | = N | —
- - R Y +
P | = | R
Gain Highpass I LO1 Notch filter Highpass I LO2 Lowpass Gain (16 bits)
filter (noise (strong signal filter (noise filter (ADC's l DSP
aliasing) | attenuation) aliasing) I anti-aliasing filter) I
_____________ |
v l - I ADCS5 bits
Gain Highpass | Lowpass Gain |
filter (noise | LO fitter (ADC's |

aliasing) anti-aliasing filter)
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h»

Gain in resolution

Required resolution

N
w

theoretical required ADC resolution
theoratical required number of quantization states

: o %
1524288 5 =
2%
132768 2 §
DT
12048 2.2
=
] >
l128 o

8388608




Simulated results
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'Sensitivity to frequency

INWENTEURS DU MONDE MUMERIQUE

BER
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Gain Highpass | 01 Notch filter Highpass I L02 Lowpass Gain (16 bits)
filter (noise (strong signal filter (noise fitter (ADC's I DSP B
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e - I
N ey L = | p—
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Conclusion
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Combination of flexible RF front-ends and flexible processing
capabilities is the key to offer multistandard gateways. A
common equipment combining wireless standards plus RFID
reader could be developed with the same approach.

DSP -

K Tx Front-End N
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New testbed: FIT-CorteXlab

A 200 m? experimental testbed, entirely
faradized and partially anechoid, based on SDR
nodes remotely configurables.

> 42 industrial PCs Aplus
> 24 USRP National Instruments R

> 18 picoSDR Nutaq (5 MIMO 4x4, 13 MIMO 2x2)

www.cortexlab.fr
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