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2500mA

C Energy - Range dilemma

ENERGY BRADIO RANGE

| CAN WE HAVE SEVERAL YEARS

OF AUTONOMY-
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C\ nnnnnnnn Wireless technologies
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&\ nnnnnnnn - Wireless technologies
__/

EEEEEEEEEEEEEE

SN ENERGY  RANGE g RANGE ENERGY

I P LAN ' WAN

NOTHING ADAPTED TO CONNECT LOW-
POWER IOT SYSTEMS ON SEVERAL KMS

ENERGY @ urcas

(7] zigbee

NFC

im 10m 100m 1km 10km+

DISTANCE —
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ENERGY RANGE

€3 Bluetooth
G9 THREAD

74 2|gbee

NFC |RFID'

Im 10m

ENERGY

RANGE

_________________

DISTANCE —

From 2015: LPWAN!

g RANGE ENERGY
| WAN LPWAN | _

Cellular loT

E o ENERGY
LTE-@‘ & NB-loT RANGE

$

o e =

Cellular

..........................

[rPwan ENERGY
L§Ra‘ 'sngfox RANGE

2% LoRa # LoRA - Long Range # Low RAnk in Al




£ From 2015: LPWAN

LPWAN

Cellular loT
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| CELLULAR
S TECHNOLOGIES

8  ©Bluetooth
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RANGE JEX=ENIsalialn
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DISTANCE TECHNOLOGIES
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esrrve [he |leaders... TIPSR ENERGY
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C =z and the other technologies

/

‘ © LPWAN technologies
anr

Licensed spectrum Unlicensed spectrum

Low-power techno”lrbgies that operate in Low-power tec'hnoiogies that operate in the unlicensed
the licensed spectrum spectrum

COME FROM = NOT FROM
CELLULAR | CELLULAR

TECHNOLOGIES TECHNOLOGIES

Telensa
> NB-Fi

EC-GSM-loT 8 CTPUX 5

¥os

o~

B R o
helium

THINGSTREAM o
SAT4M2M

Source: loT Analytics LPWAN Market Report 2018 - 2023
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2026: the 3 that counts!

LPWAN market share (by number of connections in %)

o%go IOT ANALYTICS

Your Global loT Market Research Partner

Global LPWAN market 2015-2027: Market shares of key technologies

NB-loT

LoRa
LTE-M
Others
SigFox

Excluding China

LoRa
()
35% LTE-M
x37) NB-loT

Others
SigFox

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024E 2025E 2026E 2027E

Source: loT Analytics Research 2024 - Global LPWAN Market Tracker. We welcome the republishing of images but ask for source citation with a link to the original post and company website.

' mioty
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LTE-M and NB-loT: not everywhere...




Attenuation limits the range!
Iy

P =—

2?7 @

>

Depends mainly on distance, with :
= P, =transmitted power
= P,=received power
= d =distance between antennas

= afrom2to4
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~ Wireless attenuation, let’s take a quizz!

anr FOR A 2.4GHZ SIGNAL AT 2m

3,500 times smaller !
2 5mW ! Free Space Path Loss model
10,000 times smaller !! -
C2 IP |
18,345 times smaller !!! P — t
39,810 times smaller !I! " (47rf)2:d2 l
I
2,511,886 times smaller !!!!

4m 8m 16en Destance im
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Wireless attenuation, let’s take a quizz!

FOR A 2.4GHZ SIGNAL AT 2m

B 3,500 times smaller !

Free Space Path Loss model
DX 10,000 times smaller !

0.0025mW 0.00062mW
x10,000 smaller!

x39,810 smaller!

2 1
B 18,345 times smaller !!! P C Pt I
{71 39,810 times smaller 1! 4 (47Tf)2ld2 |
B 2,511,886 times smaller !!!!
: . >
4m 8m 16en Distance im

1

0.0000099526mW
x2,511,886 smaller! K]
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(\ i Attenuation in image - simplified

Digital signal ‘ 1 O 01110} 1 O 0 O| 110} 1 J
representing ------Jd-c-decmemnn- e R e e e L LY bt bt EEEE EEE T
binary data

Frequency

.
shift SRR A & 1y 5 P S S S HiH$b bbb bt cd ol b d bt e
keyi

below noise fi ""
LOT’S OF (%/ .
ATTENUATION!!! very weak received power
.

\




C\ ,,,,,,,, Increase receiver sensitivity?

7
anr’ |
Digital signal ‘ 1 O 01110} 1 O 0 O| 110} 1 J
representing ------Jd-c-decmemnn- e R e e e L LY bt bt EEEE EEE T
binary data

Frequency
111 | Q————— 1 £ Y § SR S W
keying

NN N’
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C\ ,,,,,,,,, Chirp for even more robustness!

'&7 'OE

EEEEEEEEEEE

anr’

Digital signal ‘ 1 O 01110} 1 O 0 0| 1
representing ------Jd---d-cecm-o SRR EEE R EEEEEEEEEEES -——
binary data

Frequency
Shit — ~cccccaiHiH-f=cd-cf-ctHtb-F-HiH4tb-ft-btdadgtitd-d-dtHIH-====
keying

Immunity to Interference & Jamming
Resistance to Multipath Fading
Doppler Shift Tolerance

UL m Tr g
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anr’ ® Ultra-narrow band (UNB) of about only 100Hz (e.g. [ZASEELS

@© But decoding is much more complex... Credit: disk91.com - the loT blog
NARROWBAND = A
SIGNAL
868.0 868.1
TRANSMITTING
ENERGY SPREAD-SPECTRUM

ULTRAWIDEBAND

/ SIGNAL / SIGNAL

-------------------------------- NOISE FLOOR

FREQUENCY
Credit: https:/lwww.edn.com/ultrawideband-the-next-wireless-panacea/

> LoRa




@ AGRI FUTUR
Toward Future Agroe

\ RRRRRRRRR
FRANCE \ Dt RECHERCHE

= ALMOST INVISIBLE: where to search?

@® Decoding is much more complex
@® The "needle in a haystack” problem

® You need to have some clue
® Top? Bottom?
@ Left? Right?
®© Middle?

@ Sigfox base stations operate with
very wideband receivers (typically
tens of kHz to several MHz).

® Continuously monitor the whole
usable ISM band = need high-
end & costly hardware!

LI

W

1AM

" OR BEABLE TO |
LOOK EVERYWHERE
... AT THE SAME

2% TIME!
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Time matters!

® Decoding is much more complex Congratolations,

@® The "needle in a haystack” problem (it only took you |,

® You need to have some clue

® Top? Bottom?
@ Left? Right?

© Middle?
@® Sigfox base stations operate with \_ YOUALSO
very wideband receivers (typically NEED TO DO IT
tens of kHz to several MHz). FAST!

© Continuously monitor the whole
usable ISM band = need high-
end & costly hardware!

Wiy jolyon.co.uk
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Distribute AND try to be invisible!

' mioty

® A new comer: mioty technology
based on Telegram-Splitting-UNB

@®@ Developed by Fraunhofer IIS —
now an ETSI standard

ADD REDUNDANCY FOR MORE ROBUSTNESS

subpackets

aaaaaaaa

,.
(=)
g

B

‘-@ St

Transmission of entire data package

A
%
o
: |
: X
o
o
= Data not
Interferer received
: >
Time
Transmission of partial data packages
A
— 7 — —
[T i e W = oy

> &= [
= = = ==
2| W _ - |
] g W un
| m y MIOTY™ Data

/ Interferer subpackage received

- >
Time
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Teleg ram-Splitting

©® Random time intervals & frequency carriers
©® Decoding is more complex...but mioty uses 8 pre-defined time-freq patterns

. Packet (telegram) split into a |0 11213 .. Telegram ... | 51| Random time intervals

minimum of 24 burst (core frame) l \‘\‘ \
Each burst is senton a 2 |—>[3]| —>
Q TRB(1 ) Qf TRB(Z) Q TRB(3) B TRB§S‘1)@

different frequency (up to 34)

[0i1i2i3}] .. Telegram ...}

Each burst is separated from
the others by a certain time

Each burst includes 1/3 of
sync data (but no identification)

Author — Paul Pinault / Disk91.com

frequency —»

Information is triplicated to
support collision

Creates time and frequency
diversity with redundancy

% RANDOMNESS EVERYWHERE!
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—== Needle in a haystack?
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l‘@ ® mioty uses TS-UNB, so do we have the "needle in a
haystack" issue?

® mioty uses time and frequency diversity

(T2 Telegam T &9 BUT USES 8 PRE-DEFINED PATTERNS

Q=g - ¥ I ...SO DECODING IS MUCH EASIER!

RB(1 ) Tre(2) Tre(3)

[0i1i2i31 .. Telegram ... | 51| 4 ; j : : : 1 : : : — — — |

Sl E

Ele|g|r
gl = 12
10

frequency —
= 4"”/’—

oN B O

e 1 1T - o 0 05 1 15 2 25 3 35
sub-packets time —» — time [sec] — 26 l 43
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LoRa, Sigfox, mioty: common point?

@©@ LoRa: Spread Spectrum with innovative use of chirp signals
@ Sigfox: Ultra-Narrow-Band with complex decoders

® mioty: Ultra-Narrow-Band + Telegram Splitting

WHY ALL THESE HASSLES?
BECAUSE THEY USE UNLICENSED BANDS!
AND SO?

ANYBODY CAN USE THESE BANDS, NEED
TO BE MORE ROBUST & SMARTER!

WHAT IF LICENSED BAND?




%x NB-10T & LTE-M solutions RS =001\ )

ANK°  ® Coming from mobile cellular, they operate in licensed bands _A

assigned to operators eNodeB @
- Can transmit at higher power O)
@® They use scheduled channel access RESOURCE BLOCK ()
—> Devices cannot transmit whenever they want et
s

- When, how long, and on which subcarriers (e.g. frequency) \

LTE-M is optimized for mobile, higher-data, low-latency loT with
support for voice and handover-> ~lightweight 4G for loT

NB-loT is optimized for massive, deep-coverage, low-power,
low-data, static loT > specifically designed for loT




p -_\F A
LTE-1J G NB-loT

1
[ /e \
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Non-cellular vs Cellular

UNLICENSED BAND!

il scroxl 4 mioty

LICENSED BAND!

LTE-/7} @NB-loT

DCI
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e Non-cellular vs Cellular
C.J

P - P : : N »
anr LoRa | EEEH @ mioty LTE'@I? @NB-IOT

1
’ \

You need mnovatlve tricks,

including camouflage!
= 'v o 5"\!%1 Y




mance)\ TROSAnNE
(_/ UNLICENSED BAND!

@ = Y, = - .
anr LoRa'"| RGN @ mioty

; 2y
You need innovative tricks,

including camouflage!
VT MY
ol ; 0

LICENSED BAND!
LTE-() @ Na-ioT

|
/Y
o0Nno
LICENSED
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ey LlsLmnE
C_/ . UNLICENSED BAND!

© —_ o ; .
anr LoRa | EEEH @ mioty

You need mnovatlve tricks,

including camouflage!
= 'v o 5"\!%1 Y

Non-cellular vs Cellular

LICENSED BAND!
N »
@3 NB-IoT
‘I

LTE-//
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C\ === Understanding commercial loT specs

DE RECNERCHE

“»
r@ (é'l WEEN AT https://weenat.com/en/sensors/

'ia
K4

WEENAT

(& )[o)[id)

Sonde Capacitive Sonde de Fertirrigation Anémométre Capteur gel
Pilotage de I'irrigation Irrigation et nutriments Météo connectée Protection des cultures
Sending data to the Weenat application (—)
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¢ Wearables, alarms, emergency devices

~ N * Smart appliances
r© p \\ _ - Industrial monitoring requiring more data
/ \ 7 THE ONLY LPWAN WITH REAL
. . 'l \/ 4 MOBILITY SUPPORT AND
Dominant in DOWNLINK PERFORMANCE
e Agriculture
e Municipal or campus networks
e Smart buildings
. . . \ D [
» Logistics sensors with low message frequency N -
. LTE-M is only™>
/ interesting when «
oGS hds DI S SN N /v 7\ A there are needs for \UN} TV Xl AN =N £
OPERATORS CANNOT MATCH - \moblllty Y K[ts {\/@ PREFER LICENSED SPECTRUM,
mioty an ‘ rate NATIONAL OPERATOR
THE ONLY LPWAN DESIGNED NB-loT COVERAGE, AND LONG-TERM

SySemresaN. FROM DAY ONE FOR ULTRA- . )’ may 1 STANDARDIZATION
, ROBUST INDUSTRIAL miot compete | -
ISR ECENE ENVIRONMENTS AT MASSIVE on smart / Dominant in
* Mining SCALE ‘\ metering/ « Water/gas/electricity smart metering
o Industry 4.0 \ / * Parking
e High-noise or high-interference environments \ « Smart city sensors
e Large-area monitoring (pipelines, railways) ~ P < 7

~ ¢ Environmental monitorin
\__—’ \\ ’/ 9 ‘:II-EJ
~_ e -
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C\ RRRRRRRRR What your mother never told you...

AnNI'”  © Despites all these smart mechanisms, obtaining several kms
range at low power is still very challenging!

HIGH OVERHEAD, LOW TRANSFER EFFICIENCY!

REDUNDANCY & REPETITION FOR ROBUSTNESS
LORAWAN RECOMMENDS 2-3 REPETITIONS, SIGFOX USES 3
MIOTY'S OVERHEAD IS USUALLY 300-500%

NB-loT CAN HAVE FROM 2 TO 128 REPETITIONS (DEEP)

LTE-M CAN HAVE 2, 4 OR 8 REPETITIONS
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C\ S Rea”y anywhere on Earth.

_/

anr’ @ Deployment of LEO satellite constellations make Satellite 10T a reality!

LEO Satellite

User Lin

LINK BUDGET: JRRcPT
SAT. VISIBILITY?

S
S

POWER SAVING-
' loT Devi

/S S
ce Q

Gateway Network Server
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loT connectivity battle going to space!

@® Satellites belong to so-called Non-Terrestrial Networks (NTN)
@® 3 approaches for Satellite I0T connectivity (mostly to LEO satellites)

1/ Use terrestrial LPWAN technologies: adaptations of terrestrial LPWAN
technologies to satellite links

Direct-to-Satellite (DtS) means device - satellite

Indirect access means device = gateway - satellite
2/ Extending cellular technologies for NTN: satellites provide connectivity to
ordinary or adapted cellular devices using spectrum traditionally associated
with terrestrial cellular mobile networks

3/ Use satellite-native LPWAN: low-power devices communicate with
satellites using protocols or waveforms specifically designed for satellite 0T



@© DtS version of LoRa CSS for more robustness - LR-FHSS
Long-Range Frequency Hopping Spread Spectrum

T T T A=

CHIRP -> FREQUENCY VARIES IN TIME | LoRa}|
iy i” i ‘

I

| 10dB link budget

— : // & B inprovement results

LA | B / — ] in 3X free-space and
[e | / [ ] 1.5X terrestrial range
7

1 J
- 102.4 ms each up to 102.4ms

= 233.472 ms ez

improvement

https://news.rakwireless.com/lora-css-vs-lora-fhss/ ~ Time

® mioty can be more easily extended to DtS communications due to its
native FHSS-like operating mode
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@® Extending 3GPP cellular technologies
= NB-IoT NTN & LTE-M NTN

© Advantage - Can leverage compatible
cellular loT chipsets and standards

® Main challenge - Adapting cellular
procedures and devicesto NTN

conditions

@© Adoption - Utilities and governments
prefer licensed spectrum, national
operator coverage, and long-term
standardization

@® E.g. Sateliot (Spain): 11 LEO for 5G NTN

= 2/ Cellular technologies for NTN

NB-loT NTN is optimized

for low-rate loT
communications

LTE-M NTN supports loT
applications requiring

greater mobility or
throughput
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©
anr @ Kinéis (France): 25 LEO nanosatellites
® Myriota (Australia): ~30 nanosatellites
@® Astrocast (Switzerland): 100 LEO nanosatellites

@ Iridium (US): 66 LEO satellites, Short Burst Data (340
bytes) service

® Apogeo Space (ltaly): 9 picosatellites, expanding
@® Globalstar (US): 48 LEO satellites, with expanding plan!

® Swarm: 150 picosatellites. Bought by SpaceX in 2021.
Now has ceased activity = included in Starlink

@ Starlink (US): Jumps into satellite loT but rather with
L TE Direct-to-Device approach

3/ Satellite-native LPWAN, mostly LEO
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C\ ,,,,,,,,, Satellite-native vs Adaptation of Terrestrial

CLUNEN ADAPTATION OF TERRESTRIAL LPWAN

@© Terrestrial LPWAN have been designed to provide a high link budget
@ In LoS conditions, this link budget can allow to reach a LEO satellite
@© BUT,OTHER PARAMETERS ARE NOT EASY TO OPTIMIZE

® Receiver synchronization, satellite constellation, ground infrastructures, collisions,
protocols, ...

SATELLITE-NATIVE LPWAN

®© When designing a whole, new, satellite-native LPWAN solution, all
parameters can be optimized altogether to reach higher system-level
link performance and not only link budget
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6 == Conclusions

ancE\ PASANE e
anr’  ® ~1999: Smart Objects and Internet-of-Things
® 2026: Technology maturation is here!
® From application perspective, it is great!
® From research perspective, well...we can study, evaluate, propose...
@® ... but probably marginal change to "standards"

® Can contribute to innovative applications with more open technologies
@®@ Collaboration between devices in P2P & mesh

@ Hybrid and continuity of access: multi-radio, terrestrial, non-terrestrial, ...

©® Ad-hoc deployments with application-specific mechanisms in
agriculture, agroecology, environment, wildlife, ...

STILL A LOT OF EXCITING RESEARCH BEFORE | RETIRE!




