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Wireless and Mobile Networks: Overview

Chapter goals:
= understand principles of wireless networks:
- physicallayer: radio, influence on higherlayers
« accessnetwork: link-layer challenges/solutions in any wireless networks
« corenetwork:the “network” layerin awireless network
« user/device mobility: among access networks
« application-specific wireless networks: Bluetooth, satellite, loT
= wireless networks inpractice:
« WiFi
« 5G(withabitof4G)
- Bluetooth, satellite, loT

For amore extensive treatment of wireless and mobile networks visit:

Wireless and Mobile Networks: 7 -2


https://gaia.cs.umass.edu/wireless_and_mobile_networks

Chapter 7 Outline aofi0)

= introduction
= radio: the physical layer
= the wireless access network
» principles, WiFi
= Satellite, loT wireless networks

Wireless and Mobile Networks:7 -3



Wireless and Mobile Networks: Context

= more mobile-broadband- 8000
connected (cellular) devices than 7000
fixed-broadband-connected
devices devices (5-1in2019)!

« wireless connectivity even great
when WiFiusers considered
(80% of broadband homes use
WiFi)

e 60% ofInternet traffic from -
majorweb sites destinated to
mobile device

6000

Mobile broadband subscribers (M)

Broadband subscribers (M)

Fixed (wired)broadband subscribers (M)

Data source: (1/25)
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http://www.statista.com/

Wireless Applications their Needs

Six application areas: Application needs:

= \Wide-area Mobile Wireless
nternet Access

= | ocal-area Mobile Wireless
nternet Access

= Fixed Wireless Internet | | . ; energy
Access

= Satellite Networks for
Internet Access and Sensing

= Cablereplacement
= Internet of Things (loT)

efficiency
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Elements of a Wireless Network gofs)

wired network
infrastructure

D o
-z 5 R B

@D &c:i"» « :’
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Elements of a Wireless Network ¢ofs)

— wireless hosts ——
B> &2
= laptop, smartphone, loT n CI!
= run applications '
* may be stationary (non-mobile) or

C@ ; mobile
< wired network reless d i o -
infrastructure « wireless does not always mean mobility!

wigh importance
Y user data
. rate
medium /

! ,/'\\ \ow_
- . VR ¥ \ :
area traffic ¥ .’ HEEAN :, : 1t':efn_'ugrgy
capacity 4 \ \ Fa ;  efficiency
X \ \ \ ' s

device
density
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Elements of a Wireless Network zots)

- base station @ _

» typically connected to wired network
= relay-responsible for sending

packets between wired network and
:, w e wireless host(s) in its “area”

infrastructure * e.g., 4G/5G cell towers, 802.11
(WiFi) access points (APs)
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Elements of a Wireless Network @4os5)

— wireless link (CC"D> -

= typically used to connect device(s) to base
station, also used as backbone link

= multiple access protocol coordinates link
access (random access, FDMA, TDMA,

. CDMA, polling)
ﬁ «U wired network = various transmission rates and distances,
infrastructure frequency bands

Ad hoc networks: not all
wireless networks are
connected into alarger
network
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Elements of a Wireless Network of5)
@

— wireless device radio
= wireless device has different
radios for different networks Peg
= iPhone16: has ~11 different
radios, many antennae
g K , = 5 different cellular radios,
< < Vf;]rff:s’t‘rit;’:jrrg WiFi, Bluetooth, UWB, |
@)/ satellite NFC, GPS D
ay B lr =
B =2 Ad hoc networks: not all
;’r, ) o wireless networks are
connectedinto alarger
network
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Characteristics of Selected Wireless Links

N
14 Gbps - 802.1lax
10 Gbps - 56
sscops | NSOZEECHN
802.11 af,ah

oot BN e s eMas
54 Mbps - LEOS
11 Mbps
2 Mbps |

Indoor Outdoor Midrange Long range  Space (100’s

outdoor outdoor of Km)

10-30m 50-200m 200m-4Km 4Km-15Km
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Wireless Networks: Edge and Core Networks
WiFi: 5G:

CCC]!))

Mobile device

Basljzsc"catg))n
Institutional —— ~ o

wired network

4
WLAN 2 c@z» ((CI!J?QEH (!,) ..

l—— edge >l core — l—— edge > core —
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Chapter 7 Outline 2of10)

introduction
radio: the physicallayer

= radio principles

= radiochannels

= radiospectrum

= codingand modulation
the wireless access network
Satellite, loT wireless networks
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Electromagnetics: Enabling Communication

ireceiver

transmitter (N)currentatone location (transmitter)....

(2)createsanEMfield inspace ....

(3)induces a currentatremote location
(receiver)....
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Radio Basics: Electromagnetic Waves

Electric field
l—— A: wavelength —]
Wld B

amplitude

wave propagation:
E

Electromagnetic wave has:

= wavelength (A1)
= frequency: speed of light/ wavelength=c/A

= directionality (of propagation)

= time-varying amplitude

slide concept: S. Rangan (NYU)
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Radio Basics: Phase

The phase of a periodic
signal, represents the
fraction of the period

covered up until time t

= often measured in angular 8 88 18 27 30 degres
units (0 to 360) 0 0 0

. time
|

we can code information bitvalue 0 0
into signal by changing

1 B 1
signal’s phase (keeping s/gna/[\ [\ m [\ ﬂ X

frequency the same!) U W \./U \j time
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Radio Signal Characteristics aof2)

Power: antennareceive/transmit energy per Power spectral density:
unittime = power present in signal as a function
= linear: measured inwatts (or milliwatts) of frequency

= |logarithmic: measuredindecibels (db)

Pm
PdBm =10 ’|091o (1m\\//VVj

= example:

power spectral density

P, =250 mW (typical max mobile transmit power)

250 mWJ
MW

9975 1.00 1.0025 frequency (GHz)
]

P.s» =10 log, (

carrier(center) frequenc
=24 dBm ( ) 9 Y
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Radio Signal Characteristics of2)

Bandwidth: width (measured in Hz) of range of
frequencies use by radio signal

= radio frequency usage characterized by
power spectral density (psd of zero means no
signal power atthat frequency)

= bandwidth = “band” + “width” (width of
frequency band used)

two meanings/usage of “bandwidth”

Radio signal “bandwidth” different from
link “bandwidth” (maximum transmission
rate) term used by network engineers!

22 IIV|Hz
bandwidth
I

power spectral density (psd)

2427 2438

2.449

carrier (center) frequency

frequency
(GHz)

Radio signalwith 22 MHz bandwidth,
evenly spread between 2.427,2.429 GHz.
This 22 MHz bandwidth channel
correspondsto channel 6 in WiFi network)
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Signals and Noise

= nterference; othertransmitters/EM
radiaters in same frequency band

original /Chart Area
. signal
« hundreds of consumer devices VVVVVVVVVVVYV

operate inunlicensed 2.4 GHz band
(aka: Industrial, Scientific, and
Medical band): WiFi, Bluetooth,

Zigbee, satellite TV, microwave "
ovens, garage-dooropeners, baby  sinal /\\//\\///\\//\\/\UAHUAU[\VA\/M\/AVA\//\\/\\J :

monitors, cordless phones, wireless
mics/speakers, radio-controlled . . . |
drones and toys, amateur radio, ... Original signal, noise, and noisy

. L . received signal
= thermaland electronic noiseinreceiver: 9

- naturalthermal variations,
imperfectionsin electronics

Wireless and Mobile Networks: 7 -19



Signal to Noise Ratio (SNR)

SNR: ratio of signal power to noise power (often measured indB)

= fundamental measure of channel “quality”
SNR (dB) =10 log, [receweq signal powerj g "V NANANNNNNNN
noise power
= SNRof Oimplies equal signaland noise - [maq/\ RS e
= high (orlow) SNR: easy(orhard)to

extract signal fromsignal+noise

received
signal 7 —>
= Typicalrangesforcurrentradios: %%ﬂﬂqmﬁwbvﬂ%

 |lowerlimitforcellular: -10 to -6 dB

Original signal, noise, and
« lowerlimitfor WiFi: 20dB noisyreceived signal

Wireless and Mobile Networks: 7 - 20



Channel Capacity

Shannoncapacity (of acommunication channel): maximum rate at which data can
be transmitted, given bandwidth, SNR constraints

C=B-log, (1+ received signal powerj
noise power
where: Observations:
« Ciscapacity (bits/sec) « CscaleslinearlywithB (for constant SNR)
« Bisbandwidth(in Hz) « high SNR: C scales logarithmically: little
. power measured linearly value inincreasing SNR beyond a certain
(e.g.,inmW) point

« Shannon: classic 1948 paper

Wireless and Mobile Networks: 7 - 21



Antennas

Antennas both transmitandreceive radio waves MIMO: Multiple input

single antenna: old school multiple output antenna

multiple antenna: common now inwireless
networks

= Gigabit LTE with
4 x4 MIMO

= Wi-Fi 6(802.11ax)
with 2x2 MIMO

Wireless and Mobile Networks: 7 - 22



Wireless Radio Spectrum:

= radio spectrum: nationalasset, owned by the nation
= nationalgovernment determine how spectrumisused “locally”
= different spectrum use types:

. unlicensed:

licensed: shared:

] . = open (free)foranyone
?eoilc':cjlteg usr?, " spectrum to use, conforming to
“Z)F\ivner}/(eygo CeeIIuIar cynamicaly shared ules (e.g., power

9., amongusers ey
carrier such as AT&T. ” transmission levels)
Verizon) " “incumbent” may = 2.4G Hzand 5 Ghz WiFi
get preferential
= oftenallocated by access, others = 3.5GHz"Private 5G”

spectrum auction “back off” (aka CBRYS)

Wireless and Mobile Networks: 7 - 23



WiFi Spectrum Bands

802.11
b/g/n/ax

= other 802.1TWiFispectrum bands, but notin widespreaduse

Wireless and Mobile Networks : 7 - 24



5G Spectrum: Three Spectrum Bands*

*No single, well-acceptedranges for “low”, “mid” and “high”

Highlband

Mid-band

Eowiband

Wireless and Mobile Networks: 7 - 25



Chapter 7 Outline zof10)

introduction

radio: the physicallayer

= radio principles

= radio channels

= antennas: MIMO

= radiospectrum

= codingand modulation

the wireless accessnetwork

the wireless core network

mobility

Bluetooth, satellite, loT wireless networks
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Physical Layer: Coding and Modulation

+<—— Coding > Modulation >

1010001011100110101 ’ Digital
> Codin . ——> Pulse Shapin RF Modulation
d: original data = Modulation PIng

Add error detection, correction
bits at physical layer

match tralA/@swon’t cover this
Choose digital modulation technique (/OOk at ECEfOI’ COUI’SES)

that maximizes number of reliably
transmitted bits/sec based on
observed channel impairments
e.g., in family of Quadrature

amplitude modulation (QAM)

Carrier: waveform at a given frequency, f_ (carrierfrequency), modified
(modulated) with aninformation-bearing signal

Wireless and Mobile Networks: 7 -27



Modulation

v

Modulation

A

+<—— Coding >

1010001011100110101 Digital

Codin — ) —> Pulse Shapin RF Modulation
d: original data s Modulation PIng

bitvalue 0 0 1 0 1 1 R
digital modulation time

: : , )N amplitude _UOUD_UDUDUDUD_.
encoding bits(1's, O’s) into analog RF modulation time
carrier S|gr.1al E>y changing o Rrequency UDUQPUAUQUDUDU(\P_’
(“modulating”) a characteristic of the modulation time
RF carrier signal: amplitude, hase DUOUDUGWDUMUOWDUDUDUO_'
frequency, or phase. modulation time

Wireless and Mobile Networks: 7 -28




Modulation Schemes: ASK, PSK

Amplitude shift keying (ASK): bit value  Q

0 1 0 1 1
sighal’s amplitude encodes bits

time

0 —— q
1 signal r\ R
. IV
Binary Phase shift keying (BPSK):
signal’s phase encode bits

0: It s,-gnaxppm W f rMM\ :
1 JuuMVJMhu "

PSK: 0 and 1 signals out of phase
by 180°, but at same carrier
frequency

Wireless and Mobile Networks: 7 -29



Modulation Schemes: QPSK

Why stop at just two phases?

= two bits groupedto become one “symbol” (2 bits -> 4 symbols)

= QPSK: Quadrature Phase Shift Keying: 4 symbols encoded using 4 phases

symbol signal . . |

o ’\_UI\_U, 010 0{1 110 011 111 1!

1 QPSK frequency same as
» BPSK, but twice the data rate!

llo—lll |n{\ “OTO” “0-1 N 170” “0.1” “1.1” “1.1”

Il 5 A RN

ll1 OII J{l‘,ﬂr S/g na. : tlme

wian N : '
B I1"

Funinteractive QPSKtool:
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Constellation Diagrams

graphical characterization of modulation: amplitude, phase of symbols

o o = pointin constellation diagram depicts
: R/ symbol’s phase (degrees

@@Q / counterclockwise from east) and

. . amplitude (distance from origin)
//\\ = QPSKconstellationdiagram: four

zzsk)\g\wo symbols represented by four signal

5@ waveforms:

) N » fourdifferent phases

o ® = identical amplitude

QPSK constellation diagram

Wireless and Mobile Networks : 7 - 31



QAM: Quadrature Amplitude Modulation

= generalizihng QPSK

= m-QAM : using mdifferent amplitude/phase values to encode log2(m) bits

16-QAM

0010 0110 1110 10 10

5.5 ® e — o ®

4-QAM byb,

01 11 0011 0111 1111 10 11

® T @ o e — o ©

% 1 { T T T
00 10 0001 0101 11 01 10 01

© €} e | o ()
00 00 01.00 11 00 10 00

© e | o [2]

bit encodings for 4-QAM, 16-QAM, 64-QAM (for WiFi)

64-QAM

OO(HOO 0()8]00 0]5]0()

000,101
[}

000111
@

000110
[

00 &l 01

001111
[

()05110
!

()l&l()l

011111
[ ]

1)]5]]()

()1%10() 1(300
l)l(‘ll)l I(l.l()l
(]l().lll l(J.lll

010110 0110
S ™

byb,bybsb,bs

111,100 101,100 100_100
! s e
111101 101101 100101
¢’ % o
111111 101111 100111
. ° ®

111110 10L110 100110
[ [ ) [

(l()(wl(i O(PH)IU (JI“HU OI(H)]() I(“)l(i ||l‘)|() l()l‘)l() l(l(“ll()

()()(“’ll ()(PH)II (ll“)ll ()I(g)ll IO&II ||]‘)|] ]0]‘)[] lﬂﬂ‘l]l

000001 00LO01 01L001 010001 10,001 111 001 101,001 100 00 1
® . . @' 1" Y e

000,000 00L000 01L000 010000 10,000 111 000 101,000 100,000
@ © ° @0 1"e Y Y °
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Chapter 7 Outline sof10)

= introduction

= radio: the physical layer

= the wireless accessnetwork
 WiFiwireless LAN

= Satellite, loT wireless networks
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802.11 Wireless Link Layer

WLAN
Link layer

«— 802.11

data
plane

Application

control

Transport pIane

Network A

‘[ 802.11 MAC oSS

Physical \

v
a

control data
plane plane

802.3
MAC

PHY

|
A 20D

“u
oy
°

8023 —=

802.3
MAC

PHY

@ Switch o, router

Internet

_ e

BSS 2
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802.11 Downlink (AP-to-device) Frame Flow

IP datagram
IP datagram
IP datagram

data frame
data frame
data frame

control frame

control frame

gueue of frames
awaiting transmission
(MAC scheduling)

data plane

mngmnt frame
mngmnt frame-

reliable

data transfer

energy

management
channel

measurement

discovery,
attachment

RTS/CTS

h 4 PHY

= dataframes: containingIP
datagrams

= Control, management frames

to/from institutional _

=2 network, Internet
o AP

Wireless and Mobile Networks: 7 - 35



802.11 Frame: Addressing (10f2)

0-2312
Address 1: MAC address Address 4: used only in
of wireless host or AP to ad hoc mode

receive this frame

Address 3: MAC address of
Address 2: MAC address router interface to which AP

of wireless host or AP is attached
transmitting this frame

Wireless and Mobile Networks: 7 - 36



802.11 Frame: Addressing zof2)

&2
¥ ﬂ
g ; Internet

802.3 Ethernet frame

MAC dest addr MAC source addr

address 1 address 2 address 3

802.11 WiFi frame

Wireless and Mobile Networks : 7 - 37



802.11 Frame

duration of reserved frame sequence # (for  |P datagram, link-layer control or
transmlssmn time (RTS/CTS) reliable data transfer) management message
0- 2312

0 management type of management, control, or data frame
1: control
2: data

Wireless and Mobile Networks: 7 - 38



Retrospective: “A dayin the Life”” (WiFi)

data plane (1) HTTP/3 request in UDP
@ APPEIRE segment, in IP datagram, into

802.11 frame. Enter, wait,
MAC frame scheduling queue

[ twork control  data @ Device sends RTS control

plane  plane .

frame (using CSMA/CA); AP
E [CACK ] ’
e @ responds with CTS.

Physical Physical @ Device sends DATA frame to

contrcl

plane AP. Buffers DATA frame
@ AP responds with ACK, device

j! ((“@ removes transmitted frame

AP can now forward frame to
router

Wireless and Mobile Networks: 7 - 39
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Satellite Applications

Sensing: Broadcast:

. . = consumer: DirecttoHome
e”"'rﬁ”mle”t g TV/video, radio (Dish,
weather, landuse, SiriusXM)
various human

= business: contentto many

| | cable head ends
= resolution: : m/pixel _ GPS

activity

= |leverage broadcast: one
sendreaches many users

Internet:

= connectivity tounserved
regions, alternative to wired
Internet

= lowlatency overlong
distances

= accessinairplanes

{

STARLINK

Fly-Fi

e Viasat™

Wireless and Mobile Networks: 7 -40



GEO and LEO Satellites

LEC):

= geosynchonous: stationary with
respect to ground
= 35,768 km above earth

: = ~800 msec RTT

(o]

latency (ms)
s
T
L ™ ™=
o ™ |
2
38

4 =N\ —

B © S e =

Starlink
OneWeb -
03b/SES
SSI 4
Hellas-sat -
TelAlaska
ViaSat
Kacifi
Isotropic
Eutelsat -
SES
Intelsa
UltiSat 4
Globalsat 4

103_; . i é.;, l L ﬂ] ; é é 7 ; l H = wide area coverage / satellite

= [ow Earth Orbit: satellite moves with
respect to ground: 27,000 km/hour
 within line of sight (LOS) of ground
station for 5-15 mins
= 550 - 1200 km above earth
= ~30 msec RTT in practice
= smaller area coverage / satellite
 constellation (network) of multiple
LEO satellites to cover wide area
* inter-satellite links (ISL)
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Satellites: Why all the Fuss?

Lots of (LEOS) satellites being launched

2500

N
o
o
o

1500
1000

500

#Communication Satellites
(@]

1974
1990
1994
1997
2000

2021

LEOS constellations

# deployed # planned ISL
(2025) planned?
Starlink 7,239 12,000-42,000 | Yes
EutelSat 648 716 - 6,372 No
Oneweb
Kuipers 27 3,236 ?
(Amazon)
Telesat 1 298 -1671 Yes

Sources: A. Raman, LEO Satellite Mega Constellations, networkingchannel.eu; N.Pachleretal., An
Updated Comparison of Four Low Earth Orbit Satellite Constellation Systems to Provide Global
Broadband; company literature
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Components of a LEO Satellite Network

intersatellite links (ISL)

------------------- @-@
% —  LEO satellites in motion

satellite channel
» Broadcast (multicast) down

® unicast up

rural,
remote
communications

airborne,

maritime ground

vehicles stations

“footprint’"—— R

Starlink satellite dish:
“Dishy McFlatface”

Wireless and Mobile Networks: 7 -43



Satellite Networking: aLink or a Network?

links in the sky network in the sky:

= single satellite hop

between base stations = multiple satellite hops
) L between base stations
" AKA"bentpipe = routing among satellites

architecture

Wireless and Mobile Networks: 7 - 44



Starlink

= April 2025: : 7,239 operational LEO satellites (planned:
12K, requesetd: 30K)

= firstlaunches; 2019
= threelow-Earth-orbit orbital shells, at

y

¢ S
R, \“ S
/N

/ & g

525’ 530’ 535 km |é/(')Sr/i‘ink seIIite.s'st.acked togfather before
= satellites: 500 -2700lbs deployment on 24 May 2019
= services:

= |nternetservice: 4Msubscribersin Sept 2024
(residential US: $120/mo)

= service in Ukraine (terrestrial networks damaged)

= 2024 testing direct-to-smartphone tests would use
cellularspectrum from SpaceX’s U.S. mobile partner
T-Mobile
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loT: Many, Many Use Cases!

0 /ﬂ
's
r//l_ghtl nbgjﬁqtrafﬁc

z'

Crowds, ‘infrastructure; sharing

charge, voltage, Ieaks, cracks,
strain gauges, fill levels ...

smart [RELeting; == infall’temperaturelwind, S5 I Seclrity, enwrp condmons ....and
(de)actlvatlon efﬁaency : t Sy

8. 0] ,, (temp,falr lights, 'p’o'wer),~ 8/ ’
momtormg, remote diagnosis, ‘health', soil condmon : prealctlve‘ infrastructure there S
asset surveillance, quality

monitoring infrastructure monltorlng momtormg, many more!
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Lots of Connected loT Devices, and More Soon!

Growth in Connected Devices (2014-2028)

N ) I <=~ ——

30 Y 50
Number of devices (billions)

= Fixed phones mmm PC/Laptop / Tablet ~ wmm Wide-area loT
mmm Mobile phones mmm Short-range loT

https://www.statista.com/statistics/512650/worldwide-connected-devices-amount/
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https://www.statista.com/statistics/512650/worldwide-connected-devices-amount/
https://www.statista.com/statistics/512650/worldwide-connected-devices-amount/
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loT Communication Requirements

= wireless
» distance: from meters to kilometers

= datarate: 100’sbps when active

. . range: WiFi,
(metering)to : 1Mbps (video BLE, Zigbee

.t. .
. ~ad
' .~ o
- .
- -
. .
v .
. .
. ‘
o 5
. .
- .
., o
. &
" )&
e o
. .
G2
g

R wide area: traditional
= energy: always a consideration AR stvoll I
ITEEM | A5G

* Up : 10 yearswithout external power

wide area coverage

 local energy harvesting
loT technical tradeoffs

Wireless and Mobile Networks:7 -48



	Slide 1
	Slide 2: Wireless and Mobile Networks: Overview
	Slide 3: Chapter 7 Outline (1 of 10)
	Slide 4: Wireless and Mobile Networks: Context
	Slide 5: Wireless Applications their Needs
	Slide 6: Elements of a Wireless Network (1 of 5)
	Slide 7: Elements of a Wireless Network (2 of 5)
	Slide 8: Elements of a Wireless Network (3 of 5)
	Slide 9: Elements of a Wireless Network (4 of 5)
	Slide 10: Elements of a Wireless Network (5 of 5)
	Slide 11: Characteristics of Selected Wireless Links
	Slide 12: Wireless Networks: Edge and Core Networks
	Slide 13: Chapter 7 Outline (2 of 10)
	Slide 14: Electromagnetics: Enabling Communication
	Slide 15: Radio Basics: Electromagnetic Waves
	Slide 16: Radio Basics: Phase
	Slide 17: Radio Signal Characteristics (1 of 2)
	Slide 18: Radio Signal Characteristics (2 of 2)
	Slide 19: Signals and  Noise
	Slide 20: Signal to Noise Ratio (S N R)
	Slide 21: Channel Capacity 
	Slide 22: Antennas
	Slide 23: Wireless Radio Spectrum:
	Slide 24: WiFi Spectrum Bands
	Slide 25: 5G Spectrum:  Three Spectrum Bands*
	Slide 26: Chapter 7 Outline (3 of 10)
	Slide 27: Physical Layer: Coding and Modulation
	Slide 28: Modulation
	Slide 29: Modulation Schemes: A S K, P S K
	Slide 30: Modulation Schemes: Q P S K
	Slide 31: Constellation Diagrams
	Slide 32: Q A M: Quadrature Amplitude Modulation
	Slide 33: Chapter 7 Outline (5 of 10)
	Slide 34: 802.11 Wireless Link Layer 
	Slide 35: 802.11 Downlink (A P-to-device) Frame Flow
	Slide 36: 802.11 Frame: Addressing (1 of 2)
	Slide 37: 802.11 Frame: Addressing (2 of 2)
	Slide 38: 802.11 Frame
	Slide 39: Retrospective: “A day in the Life”* (WiFi)
	Slide 40: Satellite Applications
	Slide 41: G E O  and L E O Satellites
	Slide 42: Satellites: Why all the Fuss?
	Slide 43: Components of a L E O Satellite Network
	Slide 44: Satellite Networking: a Link or a Network?
	Slide 45: Starlink
	Slide 46: I o T: Many, Many Use Cases!
	Slide 47: Lots of Connected IoT Devices, and More Soon!
	Slide 48: I o T Communication Requirements

