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Cellular Network Generations ool
CNAZILE)

It is useful to think of cellular Network/telephony
in terms of generations:
J0G: Briefcase-size mobile radio telephones
J1G: Analog cellular telephony
J2G: Digital cellular telephony

J3G: High-speed digital cellular telephony (including
video telephony)

J4G: IP-based “anytime, anywhere” voice, data, and
multimedia telephony at faster data rates than 3G

J5G: more throughput, smaller latency, M2M, loT,...



Evolution from 2G 5
“IAZIUC)

2G I1S-95 GSM- IS-136 & PDC
!
$ GPRS
) 50 1S-95B v
' HSCSD EDGE
1xRTT: 1 times Radio Transmission Technology
EV-DO: Evolution Data Optimized Also called
EV-DV: Evolution Data and Voice UMTS
Cdma2000-1xRTT r——

Cdma2000-1xEV-DV/DO EDGE

\
Cdma2000-3xRTT TD-SCDMA
3GPP2 3GPP EDGE



CDMA =
CNAZIUSY)

A Allow usage of the whole bandwith for each
end-user

d Orthogonal spread spectrum code

Frequency

Code1'\ Code2“ CodeN

Forward Link : o ’

a composite signal I

:vhitlzlh is transrtr’litted -

0 8l users an = CDMA in which each channel is assigned a unique code
differentiated by codes Mobile Stations which is orthegonal to codes used b;? other users.



(some) key technologies
WNAZIUCY

Higher order modulation and
ive modulation

Figure 1: Dual-Cell HSDPA Figure 2: Four-Cell HSDPA

Base Station

Figure 3: Single-Frequency Figure 4: Dual-Frequency
Dual-Cell HSDPA Multiflow Four-Cell HSDPA Multiflow
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Orthogonal Frequency Division Multiplexing
(OFDM)

Orthogonally spaced overlapping subcarriers

Subcarrier Peaks“____A

* Closely spaced subcarriers overlap

* Note that subcarrier nulls correspond
to peaks of adjacent subcarriers for
Zero Inter-Carrier-Interference.

Sinc function
side lobes

™\

Frequency

" subcarrier Nulls

OFDM Signal Frequency Spectra 5



MIMO - Multiple Input Multiple "

Output WNAZILTY

Radio |nn
Radio pan| DSP

1 Radio ’u

MIMO Aserage Capecity lor Rayleigh Fading Chennel

.o
18— 1 1:SISO ------ -------------- ----------- - i i

— 1SS0 | 5 §% Each multipath route is treatgd
16 k-] — 3G MIMO }-oevev R > . ] ) as a separate channel, creating
» : = o e i many “virtual wires” over which

to transmit signals

Traditional radios are confused
by this multipath, while MIMO
takes advantage of these
“echoes” to increase range and
throughput

Capacity (bils/sec/Hz)
2 .
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OFDM

subcarrier Nulls

Orthogonally spaced overlapping subcarriers
Subcarrier Peaks.__ o .
Sinc function
side lobes

—— Frequency

OFDM Signal Frequency Spectra

m ]

¢ Closely spaced subcarriers overlap

* Note that subcarrier nulls correspond
to peaks of adjacent subcarriers for
Zero Inter-Carrier-Interference.

(O X0)

CNAZIUT)

FDMA Spectrum

—® Frequency

OFDM Spectrum

* Frequency

L

~~.._ (52 data subcarriers, 4 pilot subcarriers,

_ 8unused subcarriers)




beam forming on Massive MIMO
ENAZIUDY

Patch antenna FD-MIMO 2D
antenna array

Feed
network

Connector

- - & 4
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o High-order
i FD-MIMO baseband MU-MIMO

infrastructure



3.5G (HSPA) @ﬂfm

WNAZIUTY)

High Speed Packet Access (HSPA) is an amalgamation of two
mobile telephony protocols, High Speed Downlink Packet Access

(HSDPA) and High Speed Uplink Packet Access (HSUPA), that
extends and improves the performance of existing WCDMA

protocols.
14 Mbit/s in the downlink and 5.76 Mbit/s in the uplink

3.5G introduces many new features that will enhance the UMTS
technology in future. 1xEV-DV already supports most of the
features that will be provided in 3.5G. These include:

- Adaptive Modulation and Coding (16-QAM & 64-QAM)

- Fast Scheduling (prioritizes users with the most favorable channel conditions)
- MIMO



http://en.wikipedia.org/wiki/W-CDMA_(UMTS)

HSPA+ @ﬁ:‘g

NAZIUCY

J Evolved HSPA (also known as: HSPA Evolution, HSPA+) is a
wireless broadband standard defined in 3GPP release 7
and 8 of the WCDMA specification.

J Provides extensions to the existing HSPA definitions and is
therefore backwards compatible all the way to the
original Release 99 WCDMA network releases.

] Data rates up to 84 Mbit/s in the downlink and 10.8
Mbit/s in the uplink (per 5 MHz carrier) with multiple
input, multiple output (2x2 MIMO) technologies and
higher order modulation (64 QAM). With Dual Cell
technology, these can be doubled.
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4G .

NAZILEC)

1S-95 = = == — CDMA 2000
CDMA
1X- DO
ANALOG = I5- 136 TDMA/CDMA
i FDMA TDMA \ / OFDM

AGLOBALTNITIATI:E » GSM = EDGE — UMTS

TDMA TDMA CDMA

1G 2G 2.5G 3G 4G

CDMAone->CDMA2000
EGDE: Enhanced Data Rates for GSM Evolution
UMTS:Universal Mobile Telecommunications System (W-CDMA) .



2G, 3G & 4G network architecture .
NAZILC)

Data (IP) Voice (PSTN)
________________________________ Network Network
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More throughput in near future!
WNAZIUCH

Reloase 11+
Release 10 <572 Mbps
40 MHz
Release 8 22 | 4x4
- MIMO
Release 7 20 MHz
2x2 MIMO
Mbps 10 MHz
2x2 MIMO
§ 10 MHz c
No MiMO .8
5 MHz Release 11+ 5
22 MIMO [}
S MHz 5
No MIMO 0 Mops =
7]
T
5
10 MHz o
B40AM §
10 Mz MG o
16QAM 2
SMHz -g
160AM
5 MMz %
QPSK 2
£
e
[N
2013 2014 2015 2016+
" Dual-Carrier :
Higher Ord 10 MHz Up to 4x/20MHz o MultiFl HSPA+ HetNets&UL Enh.
Modulation & MIMO  Dual-Carrier e Gg};‘s:gg“ds’ Wit Carrer—® Up to 8 Mul-Carrier® WCDMAs, S-UMTS

Rel-9 ReH10 Rel-11 Rel-12 & Beyond

HSPA+ HSPA+ Advanced

DL: 42 Mbps' DL: 84 -168 Mbps? DL: 336+ Mbps*
UL: 11 Mbps UL: 11 Mbps UL: 23 Mbps? UL: 69+ Mbps*

Rel-12

WCDMA WCDMA+

High Quality, Reliable, Ubiquitous Voice Frees up resources 1 3

From QualComm for HSPA+ data




Cellular network standards

CNAZIUTY

V'T-E
0G (radio telephones)

1G

2G transitional
(2.5G, 2.75G)

3G (IMT-2000)

3G transitional
(3.5G, 3.75G, 3.9G)

4G
(IMT-Advanced)

5G

Links

Cellular network standards
MTS - MTA * MTB * MTC - IMTS - MTD - AMTS - OLT - Autoradiopuhelin
AMPS family AMPS (TIA/EIAMS-3, ANSI/TIA/EIA-553) - N-AMPS (TIA/EIA/IS-91) - TACS - ETACS
Other NMT - C-450 - Hicap - Mobitex + DataTAC
GSM/3GPP family GSM-CSD
3GPP2 family
AMPS family
Other
GSM/3GPP family
3GPP2 family
Other
3GPP family UMTS (UTRAN) - WCDMA-FDD - WCDMA-TDD - UTRA-TDD LCR (TD-SCDMA)
3GPP2 family CDMA2000 1xEV-DO Release 0 (TIA/IS-856)
3GPP family HSPA - HSPA+ - LTE (E-UTRA)

[hide]

cdmaOne (TIA/EIA/IS-95 and ANSI-J-STD 008)
D-AMPS (IS-54 and IS-136)

CDPD - iDEN - PDC + PHS

HSCSD + GPRS - EDGE/EGPRS (UWC-136)
CDMA2000 1X (TIA/EIA/IS-2000) - 1X Advanced
WIDEN

CDMA2000 1xEV-DO Revision A (TIAEIA/IS-856-A)
3GPP2 family
EV-DO Revision B (TIA/EIA/IS-856-B) - DO Advanced
Mobile WiMAX (IEEE 802.16e) - Flash-OFDM - IEEE 802.20

LTE Advanced (E-UTRA)

IEEE family
3GPP family

|IEEE family WiMAX-Advanced (IEEE 802.16m)

Research concept, not under formal development

Related articles Cellular networks - Mobile telephony - History - List of standards - Comparison of standards - Channel access methods *
Spectral efficiency comparison table - Cellular frequencies - GSM frequency bands - UMTS frequency bands + Mobile broadband - NGMN Alliance - MIMO

3rd Generation Partnership Project (3GPP) g - Third Generation Partnership Project 2 (3GPP2) & + IMT-2000/IMT-Advanced Portal &7 *
Institute of Electrical and Electronics Engineers Inc. (IEEE) & - International Telecommunication Union (ITU) &9 -
Telecommunications Industry Association (TIA) &

External links
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LTE-M (Cat M1, LTE-MTC) e ]

 3GPP Extension of LTE (4G) for Machine Type
Communication (MTC) to propose lower
throughput (up to 1Mbps) and low-power
operation

d No need to change much

3GPP Narrowband Cellular Standards [eit]

h G rd WO re LTE-M
Vn;als LTECat1 | LC-LTEMTCe

J Can handle voice and

. 3GPP Release Rel 8 Rel 12 Release 13
video - 4
Downlink Peak Rate 10 Mbit/s 1 Mbit/s 1 Mbit/s
handl oilit
D C O n O n e m O I I y Uplink Peak Rate 5 Mbit/s 1 Mbit/s 1 Mbit/s

(roaming inherited from  we T

Number of Antennas 2 1 1

4 G ) Duplex Mode Full Duplex | Full or Half Duplex | Full or Half Duplex
Device Receive Bandwidth | 1.4 —20 MHz | 1.4 - 20 MHz 1.4 MHz
Receiver Chains 2 (MIMO) 1 (SISO) 1 (SISO)
Device Transmit Power 23 dBm 23 dBm 20/23 dBm

16



LTE-M by Orange ,
CANRZIUT)

Orange developing end-to-end loT
ecosystem from device to platform

98% population

Coverage map online : i Vi
https://www.orange-business.com/fr/reseau-LTE-M LTE ’“‘;
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5G? :
WNAZILCH

A set of objectives, various tfechnologies

" Massi 100 Mbps
ngkodagbrae:ig Massive Broadband whenever neEded WImleSS “ﬂm" Nmo‘* Function

Defined Netwo Virtualization
10000

x more traffic

10-100

x more devices

Ultra
M2M reliability
ultra low cost
10 years <1Tms
on battery radio latency
. Massive machine Critical machine
type communication type communication
(Low power) Wide area Crowd UkiereMee Outdoor G'een B'u Data & mile
Atrillion of devices with different needs GB transferred in an instant Mission-critical wireless control and automation

Figure 1. 5G will enable very diverse use cases with extreme range of requirements

<
5G WIRELESS ACCESS < 300MH: 300 GHz

Inter-vehicular and Vehicle- LTE-A/ Multistream/Multiflow

HSPA : :
to-road communication I~ Pigenell” " _ICamer Aggr eg‘at_lon
r ! Macrocell i © :/Dual Connectivity

Virtual/augmented reality

ultiple integrated wireless/access solutions enabling the long-|
term Networked Society

Business cloud

Entertainment
Novwel senices

Muiti-hop

Device-to-device

@ commumc

1
- S U ON | LTE-A/WiFi
: ((5) ! Integration
1
- @ !
1
1

mmWave and Terahertz
Communication

Ultra-dense deployments

3;— - Spectrum mo:
sagmies /Z

Inter-vehicular / vehicular-to-road
communication

Device-to-Device

L ! Communication
Massive machine type

communication

Ultra-reliable
communicati

Machine
communication

) .
300 MHz 3GHz 30 GHz 300 GHz 1 8




5G demo at ITU Telecom World'19 E= "=
((NQZIL, )
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NB-loT (LTE Cat NB1)

 Narrow-Band loT uses much smaller bandwitdh
than LTE-M to offer very low-power operation
mode to small devices

d Throughput up to 250kbps

3GPP Narrowband Cellular Standards |edit]

VeT°E
[718]

3GPP Release

Downlink Peak Rate

Uplink Peak Rate

Latency

Number of Antennas
Duplex Mode

Device Receive Bandwidth
Receiver Chains

Device Transmit Power

LTE Cat 1

Release 8

10 Mbit/s

5 Mbit/s

50-100ms

2

Full Duplex
1.4 -20 MHz
2 (MIMO)

23 dBm

LC-LTE/MTCe
LTE Cat 0

Release 12

1 Mbit/s

1 Mbit/s

not deployed

1

Full or Half Duplex
1.4 - 20 MHz

1 (SISO)

23 dBm

LTE-M
eMTC
LTE Cat M1 LTE Cat M2 | non-BL

Release 13 Release 14 | Release 14

1 Mbit/s

1 Mbit/s

10ms-15ms

1

Full or Half Duplex
1.4 MHz

1 (SISO)

20/23 dBm

NB-loT

LTE Cat NB1

Release 13

250 kbit/s

250 Kbit/s (multi-tone)
20 kbit/s (single-tone)

1.65-10s
1

Half Duplex
180 kHz

1 (SISO)

20 /23 dBm

21



NB-loT by SFR ,
CANRZIUT)

BESOINS

o= 0 { »9 &Q&

Automonie, tracking. Geston ae L ererge Agreunure
o

F @ NOS

Tewsurvetiance SOLUTIONS

ot securie

Qs

ot e-sante

NOTRE
EXPERTISE

SFR BUSINESS

C-SGN Cellular loT Serving Gateway Node
NB-IOT — ARCHITECTURE BOUT-EN-BOUT HSS  Home Subscriber Server
IPSec  Security Architecture for IP
MME  Mobility Management Entity
NAS Non-Access Stratum
NB-loT Narrow-Band loT
PE Provider Edge (router)
RLC Radio Link Control
RRC Radio Resource Control
SCTP  Stream Control Transmission Protocol

SeGW  Security Gateway -

P
L2 L2
Uf. stite | e LT ) u 1
NB-loT Uu S1-lite L
al
acbon L piow
: PE._ (B1B) 1
= £ '
NB-loT / : : interco ;
| i | |
E VRF (réputée non E de confiance H E
: fiable 4 100%) i {

L'architecture BeB du NB-loT est tres largement heritée du réseau cellulaire 4G en place

22




ptimizing for loT

“WAAZI

500mA 8s BB E
: 2500/1.11=2252h = 93 days
2500mA
In most cellular networks, the device is still
maintaining communication with BS even if it
is inactive
0.005mA
3600s

NB-1OT - OPTIMISATION ENERGETIQUE (1/3)
POWER SAVING MODE (PSM)

Consommation
1 - Le terminal est virtuellement

électrique
éteint (Injolgnable) pendant la période 3. Le terminal reste ensuite en
de PSM mode IDLE (jolgnable) pendant
une courte période (T3324)

VATTACH et du TAU

temps

e | e |

2. Le terminal ne sort de cet état 13324 0 (disabled) 1|
DL DownlLink qu'd l'occasion des TAU périodiques, 2
PSM  Power Saving Mode ou s'll a des données a transmettre
T3412 (extended) 2s /3

(P-)TAU (Periodic) Tracking Area Update
UE
uL

(4.n’importe quel moment et sans
besoln de ré-attach)

User Equipment (=terminal)
UpLink

+ PSM = mécanisme de mise en sommeil profond du UE pour réduire la consommation énergétiq
» Adapté aux cas d'usage MO (UE injoignable entre 2 envois de données): smart metering, smart

1L

gxgmmg gjlll§g,‘
envoi de 200octets, ECL=1,
UE Inactivity Timer = 20s

NB-1OT - OPTIMISATION ENERGETIQUE (2/3)
RELEASE ASSISTANCE INDICATION (RAI)

Consommation
électrique

Temps

mode

IDLE

Lors de son
envoi montant le
UE demande le
reléchement de
la connection
RRC (champ RAI
renseigné)

Réveil du UE
Procédure RACH
Envoi données UL (Tx)

o

Le UE attend le reldchement de la
connection RRC (déclenché par l'eNB
a l'expiration du timer d’inactivité)

Le RAI réduit drastiquement la consommation électrique du UE lorsqu'il envoie ses données




Wireless space — long range -~
ANRZILTY)

Energy-Range dilemma

Energ

Long-rangenNBs

Low-power L=
2G/3G/4G

%02.15.3

802.15.3a
802.15.3¢c

802.15.4 Biluetooth
802.15.1

0.01 0.1 1 10 100 1000
Low throughput pata Rate (Mbps)

Transmitting: TC/22.5/HUM/67 .7 ; about 20 bytes with packet header
Time on air can be 1.44s with LoRa

24



3802.16: WIMAX m‘g

Worldwide Interoperability for Microwave Access NAZIUTY
0 802.16e (10-66 GHz and 2-11 GHz) uses WIMAX and WiFi
Scalable OFDMA to carry data, supporting TSR SW I NOTENOE S0 h
channel bandwidths of between 1.25 MHz 0
and 20 MHz, with up to 2048 sub-carriers. L e ai ‘;‘ é fo@
Users have allocated slots oty L : Fit.}“f , WiNAX
0 Adaptive modulation and coding: in M 0 e -
conditions of good signal, a highly efficient i
64 QAM coding scheme is used, whereas WINAXActss Point

when the signal is poorer, a more robust
BPSK coding mechanism is used. In
intermediate conditions, 16 QAM and €802 16-2008 iE€e902 160
QPSK can also be employed. . Noma

~

Mobile Data

d Support for Multiple-in Multiple-out
(MIMO) antennas to provide good non-
line-of-sight propagation (NLOS)
characteristics or higher bandwidth

FULL

O Itis still popular in some countries but 4G
MOBILITY

has been replacing it

e



302.22 WRAN ,
WNAZIUCH

Wireless Regional Area Networks

uses white spaces in the television (TV)
frequency spectrum.

using cognitive radio (CR) techniques to
allow sharing of geographically unused
spectrum allocated to the television
broadcast service.

Weightless-W was one of the first
proposition

WVEIGHTLESS"'



Cognitive radio wireless mesh
networks

— — —— — — — — — —
—— = —
—_— -
-
-~

Internet

N\ _router
router route

N\
\

- L=
~
< Internet

\
—_
MN\
Gatewayl

| Gateway
| Router

\\

Cognitive,
opportunistic,
multi-channel

radio for large-
scale wireless
infrastructures
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Bandwidth

Radio Chipset
Costs

THE TRUE LPWAN REVOLUTION!

Theoretical capacity of 125kHz and
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Orange LoRa il

Orange loT LoRaWAN® network deployments

France : Nationwide coverage in 2018.
95% population coverage, 30 000 cities
4900 Gateways deployed on mobile site

Densify our networks on demand depending
on customers needs

SLOVAKIA

5 Cities
LoRa

ROMANIA

several cities

LoRa

More than 300 business customers

use our LoRaWAN® network (. A targeted LoRaWAN coverage in other countries, in cities, airports,

() Figures as of early July 2018 ports or industrial sites for B2B Market

29



For France
(NAZIUE)

Couverture LoRa® Orange

Métropole v Rechercher une adresse... Q Légende

g

Couverture

. LoRa indoor L LoRa outdoor

Frankfurt Prague
. .

Nornber
. > L

Munich
.

Bilbao® )
Pampelune
.

~
Ourense Andorr®

L ESPAGNE
Valladolid Saragosse
. .

Esri France — données IGN — 2021 Barcelone @S
7

https://www.orange-business.com/fr/reseau-iot 30



LoRaWAN coverage from Semtech Py

CNAZIUTY

Today’s LoORaWAN® Coverage Availability

www.semtech.com

LPWAN19 Conference

113+ LoRaWAN network
operators

* 74 countries with LoRaWAN

networks

« 300K deployed LoRa®-

based gateways

* 97M deployed LoRa-based

endpoints

4
SEMTECH
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LTE-M vs NB-loT vs LoRa vs SigFox? B ™
NAZIUCH

LoRaWAN® Will Be The De Facto LPWAN Standard

Orange loT LPWA network deployments

Roaming in place for

New
Press release: 5 June 19

 ATT- KPN - Swisscom  eoanp LPWA Public Connections, Global Market 2014-2021 (Mu) o
(¥ " 7411 151.8%
LTE-(4
- LTE-O B M LoRaWAN M Sigfox M LTE LTE-M ® LTE NB-loT M Other
’

161.1%
I s cites 377.7 178.4%
Coming soon 80.9%
181.0
158.4%
Loravcol e
(LM coming soon 92 15 36 1214 ‘ ‘
/ . 2014 2015 2016 2017 2018 2019 2020 2021

Source: IHS Markit, February 2019

Several sites

LoRaWAN is forecasted to be the dominant LPWAN technology with > 50% marketshare,

SEMTECH

Source: GSMA loT Programme -
MOBILE 10T GLOBAL COVERAGE

April19

TELUS
< 2 @ 1hied '..,.":a"
o B
Ty -
°. om
~ o
A @ 9
B Raon O
wase) ] oo
O
. -2
s S
= atar - - verizon’ ¥ Owos

o o &

=tm O >

D S arar ) ,
» N B -
oo LAl \!" e} ais true
Avril 2019: 110 lancements - Towa
commerciaux de réseaux Mobile loT FETIM T D s
79 réseaux NB-loT v
31 réseaux LTE-M O
O
T % 2
[ LTEM | NBdoT O %
Both LTE-M and NB-loT

e 32



Wireless space — short range —
CNAZIUS)

Energy-Range dilemma

Energ

Longﬁfmge NB-=

Low-power L EE=y
2G/3G/4G

%02.15.3

802.15.3a
802.15.3¢c

802.15.4 Biluetooth
802.15.1

0.01 0.1 1 10 100 1000
Low throughput pata Rate (Mbps)

Transmitting: TC/22.5/HUM/67 .7 ; about 20 bytes with packet header
Time on air can be 1.44s with LoRa
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Bluetooth 802.15.1 o st T

© Bluetooth Spec. Evolution =) B

specications | 11 | 12 | 20 | 20| 30 | a0
kbl i +EDR | + EDR| +HS

2002 2005 2004 2007 2009 2010

Transmission 7231 7231 2.1 3 24 25
Rate kbps kbps Mbps Mbps Mbps Mbps
Standard
10m MTm 1M0m 1M0m 10m 50m

Improved Pairing
without a PIN Yes Yes Yes

Yes Yes Yes Yes Yes
ecuri

__NFC Support _ Yes Yes Yes Yes

34




loT Key Enabling Wireless Technologies Summary

LTE-M ] lower speed and power
Category 0/1  LTE band 1amHz  200K0PS™ oeny 1000m  WMAN versions of the LTE standard
(LTE Rel12/13) 1 Mbps defined in Rel12/13
Target for Internet of Things,
802.11ah Sub GHz 1to16 150kbps OFDM 1000m  WLAN wearable devices or extend
MHz to 78 Mbps
range
5/10/20  1.5Mbpsto Wireless access in vehicle
802.11p Sub GHz MHz 54Mbps OFDM 1000m WLAN Sl
Bluetooth automotive, healthcare,
Remote controls, smoke
Z-Wave 868.42 MHz 9.6 kbps BFSK ’
200 kHz " 100cm WPAN alarm, security sensors
(|TU G,9959) 908.42 MHz 100 kbps GFSK GRnedlbyIDenmatkiZensys
Zigbhee ISM 40kbits/s, Home automation, smart grid,
(802.15.4) <2 4GHz 5 MHz 250kbis/s BPSKOQPSK  10m WPAN Sxee oo
Thread ISM 40kbits/s,  BPSK, FSK Mesh network for home and
(802.15.4) <2.4GHz > MHz 250kbis/s ~ OQPSK 10m WPAN support 6LoOWPAN
. 200kHz FAN and HAN
et ISM <2.4GHz  to 1.2 ig/l';bzs to (F)Sgl;;f DM, j00om  wPaN Smart Utility Networks, Smart
(802.15.4g) MHz P Grid, Smart Metering
22
Contactless payment, easy other
NFC 13.56 MHz 1MHz 848Kbps FSK, ASK 20cm P2pP connection (Wi-Fi, BT), identity

and access




Bluetooth Low Energy Channel Allocations

WERICR ‘ Wi-Fi Ch.6 ‘ Wi-Fi Ch.11

N - @0 tfujolr~]= ~ alclczlclolzlclelo
- R - P~ il Rl Bl Rl Bl Bad Bl Bl B ™~ Nnnmnmnnn

Frequency/
RF Channel

Bluetooth Low Energy:

3 advertising channels (37, 38, 39)
37 data channels
0.6-1.2 ms for scanning

¥ ZEERH

Classic Bluetooth:

<10 - 20 times less power * 32 hop frequencies for same task
22.5ms

© 2015 ATEAM SCIENTIFIC

KEYSIGHT
TECHNOLOGIES

Authorized Technology Par tnes




IEEE 802.15.4 in ISM 2.4GHz

 Low-power radio in the 2.4GHz band offering 250kbps
throughput at physical layer

« Power transmission from TmW to 100mW for range from

100m to about Tkm is LOS

-  CSMA/CA
« BPSK, used as physical layer
in ZigBee
A
@.(t)
Decision
- L/_ Boundary/
& - Threshold
o :‘y’? | SO ! Sl @, (t)
Transmitted ! I '_
. bit =0 \"Er l VE:
|
v

1EQ

CNAZIUT)
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@ 1E3
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3 TITWERN
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@ 1ES

1E.7 R x X

1E8 % l L\

15‘?10 5 - 0 )!' vno +15
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IEEE 802.15.4 in ISM 2.4GHz Py

CNAZIUT)

Low-power radio in the 2.4GHz band offering 250kbps
throughput at physical layer

° @ | Chipcon Products 0”242”
- | from Texas Instruments
® Parameter Min. Typ. Max. Unit Condition / Note
Current Consumption,
® transmit mode:
P =-25dBm 85 mA The output power is delivered
P =-15dBm 2.9 mA differentially to a 50 Q singled —
P=-10dBm 1 mA ended load through a balun, see ‘
P=-5dBm 14 mA also page 55.
P=0dBm 174 mA
A -, i W
¥ Threshold 2 e A \
. | @ 1ES E
” | > ) ik, X
@, (t
L — 1E.7
\ | v )
Transmitted " l - 1E8 e
bit =0 VE; VEs l
l 1E9 4 Y A 4
' 10 5 0 + +10 +16
Signal-to-Noise Ratio (SNR)
v

38



IEEE 802.15.4 in industry (%;Cg)

LigBee

Member

EEEL, /Frame Beacons\ut‘y CyC| N Frame Beacons\
i

Medium access control ‘
T T f TR
- ' Active Peniad Inactive Period »ntentnon i
Physical layers T - nactive Perio oss Period |

ZigBit ATS6RF230 (ATMEL)

MRF24J40MA (Microchip)

CC2420 (TI)

Xbee (Digi)
39



Ultra Wide Band | I e
(former 802.15.3) — pulse radio ENAZIUDY

Short-range high-speed wireless communication

Bandwidth is over 110 Mbps (up to 480 Mbps) which can satisfy
most of the multimedia applications

I Time-domain behavior “ Frequency-domain behavior I
c
- .2
€T 0 1 0 1
Bhistooth - H
| TP o o |
Emitted ___ Cordless Phones » = : e
Signal Microwave Ovens
Power g 25 4 A 1
g i L)
o = -E 'g Impulse AN
£ Zl E £ Modulation VU U VV time 3.1 frequency 106 GHz
; = £ g (FCC Min = 500 MHz)
9 o
“FCC Part 15 Limit”
-41 dBm/Mhz = = = - o -
| UWB Spectrum I
o ]
16 1.9 24 31 5 10.6 UWB versus other radio
Note: not to scale Frequency(Ghz) communications systems
. . 10° 2G mobile phones
* UWB s a form of extremely wide spread spectrum where RF 10 -
energy is spread over gigahertz of spectrum ) :g": 3G mobile phones,
. wireless LAN
— Wider than any narrowband system by orders of §
magnitude §
— Power seen by a narrowband system is a fraction of the K gl uws
total UWB power , >
I |
— UWB signals can be designed to look like imperceptible 10k 100k 1M 10M 100M 1G  10G

random nnice tn conventinnal rading Frequency bandwidth (Hz)



loT Key Enabling Wireless Technologies Summary

LTE-M N lower speed and power
Category 0/1  LTE band 1.4 MHz PS™ orpm 1000m  WMAN versions of the LTE standard
(LTE Rel12/13) 1 Mbps defined in Rel12/13
Target for Internet of Things,
802.11ah Sub GHz i;:zls ':cl(f(;;blasb . OFDM 1000m  WLAN wearable devices or extend
P range
5/10720  I.5NVIbpSto WITEIEssS access in venicie
802.11p Sub GHz MHz 54Mbps OFDM 1000m WLAN environment (WAVE)
Bluetooth automotive, healthcare,
Remote controls, smoke
Z-Wave 868.42 MHz 9.6 kbps BFSK ’
200 kHz - 100cm WPAN alarm, security sensors
(ITU G.9959)  908.42 MHz 100 kbps GFSK S [ Bane T s
Zigbee ISM 40kbits/s, Home automation, smart grid,
(802.15.4) <2.4GHz 5 MHz 250Kkbis/s BPSKOQPSK  10m WPAN remote control
Thread ISM 40kbits/s,  BPSK, FSK Mesh network for home and
(802.15.4)  <2.4GHz >MHZ - osokbis/s  0QPSK R support 6LOWPAN
. 200kHz FAN and HAN
8(‘)’;‘ 15;’: ISM <2.4GHz  t0 1.2 imbzs to E‘)SgPI;)If °M." 1000m  weaN Smart Utility Networks, Smart
( T g) MHz P Grid, Smart Metering
18
Contactless payment, easy other
NFC 13.56 MHz 1MHz 848Kbps FSK, ASK 20cm P2P connection (Wi-Fi, BT), identity

and access



PHY Differences between 802.11ac and 802.11ak

Channel bandwidth
FFT size
Data subcarriers /
Pilot Sub-carriers
Pilot Type
Subcarrier spacing
OFDM symbol duration

Guard interval
(short/normal/long)

Preamble duration
Modulation types
Coding rates
MCS

Transmission Mode

I.¥ ZEERHY

BPSK/QPSK/16QAM/64QAM/256QAM

1/2, 2/3, 3/4, 5/6
0-9
VHT mode, non-HT duplicate mode

© 2015 ATEAM SCIENTIFIC

| Feawe | 802Mac | 82ftah |
20/40/80/160 MHz 1/2/4/8/16 MHz

64/128/256/512 32/64/128/256/512
52/108/234/468 24/52/108/234/468

4/6/8/16 2/4/6/8/16

Fixed pilot Fixed pilot or traveling pilot

312.5kHz 31.25 kHz

4.0/3.6 us 40/36 us
0.4/0.8/1.6 us 4/8/16 us

16 us 320 us(1M BW)/160 us

BPSK/QPSK/16QAM/64QAM/256QAM
1/2 rep2, 1/2, 2/3, 3/4, 5/6
MCS0-9, 10

Normal mode S1G, 1 MHz duplicate mode,
2 MHz duplicate mode

Duplicated PPDU Non-HT PPDU S1G_DUP_1M, S1G_DUP_2M
MIMO Upto 8 Upto4
Multi-user Upto4 Up to 4, only available in S1G_LONG PPDU
Beamformin Support Su
- Source: Draft Amendment l?r’c)) osed by 802.11 TGah Working Grou pport 1=

A,
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Lower energy means shorter range! E-3
WNAZIUTY

d Shorter range means multi-hop to gateways

- Routing issues
- Medium Access issues
- Higher packet loss rate




