
Essential Knowledge for Cable Professionals™
© SCTE 2023

Operational Practices for 
Wi-Fi
Deployment

© 2021 Society of Cable Telecommunications Engineers, Inc. All rights reserved.   |   scte.org© 2021 Society of Cable Telecommunications Engineers, Inc. All rights reserved.   |   scte.org

Presenter: Steve Harris
VP, Global Market Development
sharris@scte.org
February 2023

ACCELERATE THE DEPLOYMENT OF TECHNOLOGY

TO THE ADVANTAGE OF OUR INDUSTRY.

Authorized 
Learning Center



Essential Knowledge for Cable Professionals™
© SCTE 2023

2Agenda

• Understand the current state of Wi-Fi

• Brief review of  Wi-Fi Standards

• Wi-Fi channels and RF operation 

• Wi-Fi deployment

• New features of Wi-Fi 6 and Wi-Fi 6E

• Troubleshooting Wi-Fi
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4Quality of Experience!

There is no longer a difference
between a Wi-Fi and a wired
telecommunication service.

Each service must provide the
same level of quality of
experience.
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5What is going in our Industry with Wi-Fi?

• Global Wi-Fi Analytics Market estimated to reach US $39.44 Bn 
by 2027, CAGR of 20.4% from 2022.

• Successful Smart City with Wi-Fi models are already being used 
in cities.

• 82% of Latin American population lives in urban areas. 72% 
have Internet.

• Operators will increase deployments of public Wi-Fi across 
physical venues. Managed Wi-Fi growth will continue to grow. 

• Xfinity & Spectrum Mobile pass 8 million Total Subscribers, 
using Wi-Fi to offload cellular data.  

• Xfinity has 19 million Wi-Fi hotspots!
• More than 30.9B IoT devices worldwide by 2025
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6What is going in our Industry with Wi-Fi?

• Global Wi-Fi Analytics Market estimated to reach US $39.44 Bn 
by 2027, CAGR of 20.4% from 2022.

• Successful Smart City with Wi-Fi models are already being used 
in cities.  Santo Domingo DR, Larimar City 1

st

in Caribbean!
• 50%+ Internet connectivity in Caribbean average.
• Operators will increase deployments of public Wi-Fi across 

physical venues. Managed Wi-Fi growth will continue to grow. 
• Xfinity & Spectrum Mobile pass 8 million Total Subscribers, 

using Wi-Fi to offload cellular data.  
• Xfinity has 19 million Wi-Fi hotspots!
• More than 30.9B IoT devices worldwide by 2025



Average fixed broadband download speeds, 2019-2022 (quarterly) (Mbps)



Average Download Speeds (10/2021)

Among the countries with the 
fastest download speeds and 
in addition to the Cayman 
Islands, were the Aruba, with 
an average download speed 
of 70.66 Mbps, and Barbados, 
with 55.92 Mbps.



Essential Knowledge for Cable Professionals™
© SCTE 2023

https://www.linksys.com/us/home-wifi-internet-speed-evolution

Evolution of IEEE Wi-Fi

1999

11 Mbps

2003

2009
2012

2015

2019

802.11b

54 Mbps 802.11g

Boost Range 
& Throughput 
for Streaming 

Video

802.11n
Wi-Fi 4

1 Gbps+
OFDM

802.11ac
Wi-Fi 5

Next-gen 802.11ac 
MU-MIMO

OFDM802.11ac
Wi-Fi 5

4x4 MIMO
8x8 MIMO

OFDMA
1024 QAM

802.11ax
Wi-Fi 6

With ratification of 
Wi-Fi 6 it sets the stage for 

the Wi-Fi 6E standard.

2020

802.11ax
Wi-Fi 6E

2023
?

802.11be
Wi-Fi 7
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Tale of the Tape
802.11ac 802.11ax

BANDS 5 GHz 2.4 GHz and 5 GHz
CHANNEL 
BANDWIDTH

20 MHz, 40 MHz, 80 MHz, 
80+80 MHz & 160 MHz

20 MHz, 40 MHz, 80 MHz, 
80+80 MHz & 160 MHz

FFT SIZES 64, 128, 256, 512 256, 512, 1024, 2048
SUBCARRIER 
SPACING 312.5 kHz 78.125 kHz

OFDM SYMBOL 
DURATION 3.2 us + 0.8/0.4 us CP 12.8 us + 0.8/1.6/3.2 us CP

HIGHEST 
MODULATION 256 QAM 1024 QAM

MULTIPLEXING
OFDM OFDMA

DATA RATES 433 Mbps (80 MHz, 1 SS)
6,933 Mbps (160 MHz, 8 SS)

600.4 Mbps (80 MHz, 1 SS)
9,607.8 Mbps (160 MHz, 8 SS)

WPA3 Security
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Unlicensed National Information Infrastructure
(U-NII-1 to U-NII-4)

5 MHz 250 THz1000 MHz
1 GHz

100 THz100 GHz50 GHz25 GHz5 GHz2 GHz

902
MHz

928 
MHz

2.4
GHz

2.4835
GHz

1310 nm 1550 
nm

OPTICALCABLE

FM

Cellular

Satellite

Public Safety

5.0
GHz

6.0
GHz

ISM
2.400 – 2.4835

ISM
902 - 928

ISM
5.725 – 5.875

LOWER
5.15 – 5.25

U-NII-1

MIDDLE
5.25 – 5.35
U-NII-2/2A

NEW
5.35 – 5.47
U-NII-2B

EXTENDED
5.470 – 5.725
U-NII-2C/2E

UPPER
5.725 – 5.825

U-NII-3

NEW
5.850 – 5.925

U-NII-4
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Tip = U-NII-2C/2E

U-NII-2C/2E (2C NEW) (13 Channels) - Extended

5.470
GHz

5.725
GHz

96
5.480
GHz

100
5.500
GHz

104
5.520
GHz

108
5.540
GHz

112
5.560
GHz

116
5.580
GHz

120
5.600
GHz

124
5.620
GHz

128
5.640 
GHz

132
5.660
GHz

136
5.680
GHz

140
5.700
GHz

144
5.720
GHz

144
5.720
GHz

Channel 144 is new to 802.11ac and 
not usable by older 802.11n devices
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Unlicensed National Information Infrastructure
(U-NII-1 to U-NII-8)

5.0
GHz

6.0
GHz

LOWER
5.15 – 5.25

U-NII-1

MIDDLE
5.25 – 5.35
U-NII-2/2A

NEW
5.35 – 5.47
U-NII-2B

EXTENDED
5.470 – 5.725
U-NII-2C/2E

UPPER
5.725 – 5.825

U-NII-3

NEW
5.850 – 5.925

U-NII-4

Wi-Fi 6E
5.925 - 6.425

U-NII-5

Wi-Fi 6E
6.425 - 6.525

U-NII-6

Wi-Fi 6E
6.875 - 7.125

U-NII-8

Wi-Fi 6E
6.525 - 6.875

U-NII-7

7.0
GHz

5 MHz 250 THz1000 MHz
1 GHz

100 THz100 GHz50 GHz25 GHz5 GHz2 GHz

1310 nm 
1550 nm
1310 nm 
1550 nm

OPTICALCABLE

FM

Cellular

Satellite

Public Safety

2.4 ISM900  ISM

Not all 
devices 

support all 
channels!
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MULTIPLEXING – OFDM/OFDMA

OFDMA Sub Carriers
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Wi-Fi 5 vs Wi-Fi 6

Wi-Fi 5 (802.11ac) OFDM uses 52 data-carrying sub-carriers in a 20 MHz RF channel.

20 MHz
52 sub-carriers

20 MHz
234 sub-carriers

Wi-Fi 6 (802.11ax) OFDM uses 234 data-carrying sub-carriers in a 20 MHz RF channel.

AP is able to track all the sub-carriers simultaneously, and 
demodulate the symbols independently (‘orthogonal’).
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Wi-Fi 6 (OFDMA)

SU-
OFDM

MU-OFDMA

frames contention

time

frequency

time

frequency

OFDM and OFMA difference lies in contention and preamble overhead reduction!

One Preamble

frames contention reduced
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MULTIPLEXING - OFDMA

User 0

User 1

User 2

User 3

User 4

User 5
OFDMA Sub Carriers  vs Time



Essential Knowledge for Cable Professionals™
© SCTE 2023

Deployment - Multi-User MIMO (MU-MIMO) w/ Wi-Fi 6

8x8:8
802.11ac

Stream 1

Stream 2
Stream 3

Stream 4
Stream 5

Stream 6

Stream 7
Stream 8

8 AP to STA

8 STA to AP Station = STA

Upstream via Trigger Frame 
“OFDMA”

Downstream
“OFDMA”
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Modulation Methods and Techniques

New to Legacy

1024 QAM
Wi-Fi 6

256 QAM 64 QAM 16 QAM

Lower bits per Hz to Higher bits per Hz

Symbols

4096 QAM
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HE Modulation & Coding Scheme: Spatial Streams 1 and 2 
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Frequency
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Amplitude

+3 dB doubles the power!   
(100 mW is now 200 mW)

attenuated
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RF Loss

More RF is lost 
through objects such 

as walls, glass and 
flooring.

Free Space Path Loss (FSPL)



What is your Wi-Fi Channel Power?



VIDEO #1
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Implicit vs Explicit Beam Forming

User 1

User 2

User 3

Without BF

With BF



Avoid Bad Wi-Fi
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Installation Steps

 Perform RF Site Survey w/ customer
 Qualify the drop and bond to the premises 
 Verify premises wiring/cabling
 Install the CM/AP/GWR
 Verify successful modem or ONT 

initialization and provisioning  
 Verify Wi-Fi services 
 Connect client to the Internet
 Review services / Educate the Customer

Image: Cable Guy



Installation Steps - Qualify the Drop 

HFC FTTx
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Optical Network with Poor Connection

Source: Viavi 2020

Source: Viavi 2020
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Cabling Issues with mGig Connections
IEEE 802.3bz Ethernet operates at 10 Gbps, ½ at 5 Gbps 
and ¼ at 2.5 Gbps (MGBASE-T)

Category Maximum Rated Capacity

1 Analog and digital voice and low-speed data applications

2 Voice, ISDN and medium-speed data up to 4 Mbps

3 Voice, HSD and LAN traffic up to 16 Mbps

4 Long-distance LAN traffic up to 20 Mbps 

5 Up to 100 Mbps LAN technologies (Fast Ethernet), 100 m, 100 MHz

5e Up to 1,000 Mbps LAN technologies (GigE), 100 m, 350 MHz (beyond 1 GigE NBASE-T)

6 Up to 10,000 Mbps LAN technologies (10 GigE) 55 m, 250 MHz (MGBASE-T)

6e Up to 10,000 Mbps LAN technologies (10 GigE) 55 m, 250 MHz (MGBASE-T / Data Center)

6a Up to 10,000 Mbps LAN technologies (10 GigE) 100 m, 500 MHz (MGBASE-T)
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Installation Steps - Install the CM/AP/GWR and EasyMESH Standard Products

• Using site survey data, install Wi-Fi devices. 

• Verify successful modem initialization and 

provisioning. 
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Installation Steps - Verify Wi-Fi Services & Connectivity  

~950 Mbps

Wi-Fi 5
802.11ac
1.3 Gbps

Samsung Galaxy
1x1, 2x2
802.11ac

433 - 866 Mbps

Test Laptop

Wi-Fi TV
802.11n

150 Mbps
HD only

1.5 Gbps



What is your RSSI value?



Post Site Survey
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Common Causes of Wi-Fi Failure
• High number of users on a single AP, latency

• RF propagation issues, building materials

• Security mismatches/unknown password

• DHCP not working

• Distance from an AP, low S/N or low RSSI

• ISM band channel limitation, co-channel interference

• High multi-path environment

• Standards capability of the client

• Power surges or firmware on AP significantly out of date

• Channel Bonding in the ISM band

• Hidden node

• RFI, CCI, ACI issues
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Netgear Nighthawk® Tri-Band Wi-Fi 6E Router 
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3 9Wi-Fi Metrics



Wi-Fi Metrics: RSSI

-65 dBm or better
GIGI = - 49 dBm



Wi-Fi Metrics: Signal to Noise

S/N 25 dB or >
GIGI = - 45 dB



Wi-Fi Metrics: 2.4 GHz



Essential Knowledge for Cable Professionals™
© SCTE 2023

Spectrum
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Video 2
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Spectrum
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Performance Management / Benchmarking

• Realistic 802.11 a/b/g/n/ac/ax WLAN 
clients emulation (2.4 GHz & 5 GHz).  

• Connection with an AP via cable or OTA 
link. 

• Multiple IEEE 802.11ax radios
• Supports MU-MIMO, OFDMA, longer 

symbol duration, BSS color, etc.
• Up to 8 spatial streams per client
• Traffic generation
• Radar signal generation 
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USB Noise from External Hard Disk or Memory Stick
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Band Steering Concern
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Conclusion
• Wi-Fi is critical for customers

• Know the Wi-Fi to install, troubleshoot 

and educate your customers

• Know the common ways to troubleshoot 

Wi-Fi networks

• Leverage the SCTE recommend practices 

255 and the Wi-Fi professional 

certifications

• Benchmark the CPE before putting in 

the field (Kyrio)
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THANK YOU!

Presenter: Steve Harris
sharris@scte.org

February 2023

ACCELERATE THE DEPLOYMENT OF TECHNOLOGY

TO THE ADVANTAGE OF OUR INDUSTRY.



Become and Expert in Wi-Fi!!
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About SCTE

Offering Unparalleled Value
ACCELERATING THE DEPLOYMENT OF TECHNOLOGY TO THE ADVANTAGE OF OUR INDUSTRY.

TRAINING & 
CERTIFICATION

Learning at the Speed of 
Innovation keeping cable 
telecommunications 
professionals up-to-date in 
an ever-changing technology 
landscape: 
Online training, onsite 
training, professional 
certifications, and our 
Leadership Institutes.

Robust Ecosystem of people, 
partners, programs, and 
resource: Membership and 
Chapter participation result 
in a highly-skilled workforce 
that helps to drive business 
results. 

Operationalizing products 
and services 140+ member 
organizations and 300+ 
approved standards; Early 
Onset of Knowledge Sharing 
= Ahead of the Curve = 
Increased Customers.

5 4

Showcasing technology, 
networking, professional 
development brings 
together upwards of 10,000 
professionals and 250+ 
prominent technology 
companies from 150 
countries around the globe.

D R I V E S  B U S I N E S S  R E S U L T S !


