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The need to access information on the Internet  

The desire to access entertainment content and 
social media from anywhere in the home 

The growing focus on streaming media, which has 
the highest level of consumption overall 

 

Freedom from Ethernet cable hassles  

Free roaming (inside and outside the home) for laptop, 
tablets, and smartphones 

Video streaming to TV monitors throughout the house 
without being concerned with coax outlet availability  

 

Driving Factors 

 

Wireless Homes are the Norm 



Media tablet will pull customers into the era of the 
digitally connected home 

 

Wireless connectivity has become the predominate 
means to access the content on the Internet 

 

Consumers view speed as the prime metric when 
considering a broadband service 

 

Despite knowing wireless connections can be slower, 
they increasingly choose Wi-Fi as the preferred method 

 

Operators benefit from understanding the extent to 
which the last “air” mile can affect performance 

Explosive Growth of Internet Capable Devices 



Explosive Growth of Internet Capable Devices 

18% of global 
handsets 

Smartphones 
Consume 92% of global 
mobile data traffic 

Smartphones, 
tablets, laptops, 
Internet-capable 
phones will 
outnumber 
humans in 2013. 

2011 2012 

18% 

Smartphone data traffic is 
skyrocketing. 

189 
MB/mo 

342 
MB/mo 

Mobile video makes up the lion’s 
share of worldwide data 
transmissions.  

Over ½ Over ⅔ 

2013 2017 



Based on ITU data: 
Estimated 2.8 billion Internet users Worldwide March, 2013  

A day of usage in the USA 

 

Applications Driving Wi-Fi Adoption 

Usage Consumption 

Information/Web Browsing 78,900 Trillion Bytes 

Emails 294 Billion Bytes 

Facebook Visits 172 Million 

Photos Uploaded 22 Million Hours 

Videos Uploaded 864 Thousand Hours 

Music Streamed 18.7 Million Hours 

Videos Watched on Netflix 22 Million Hours 

Apps Downloaded 35 Million 



Proliferation of Devices in the Home 



Wireless Overview 



Timeline of 802.11 Standards 
 

802.11 / 2.4 GHz 
1-2 Mbps 

802.11a / 5 GHz 
Up to 54 Mbps 

802.11b / 2.4 GHz 
11 Mbps 

802.11g / 2.4 GHz 
54 Mbps 

802.11n / 2.4 & 5GHz 
450 Mbps 

MIMO 

1997 1999 2003 2009 



WiFi Spectrum 

 

 
Source: WiFi Alliance 

Wireless 
Technology 

Frequency 
Bands 

Max Data Rate (PHY) Bandwidth 

802.11a 5.8 GHz 54 Mbps (OFDM) 20 MHz 

802.11b 2.4 GHz 11 Mbps (DSSS) 22 MHz 

802.11g 2.4 GHz 54 Mbps (OFDM/DSSS) 20 MHz 

802.11n 2.4 or 5.0 GHz 

72.2/150 Mbps/Stream 
216/450 Mbps  for x3 
Up to 4 Streams 
(SDM/OFDM) 

20/40 MHz 

802.11ac 5.0 GHz 
87/180/390/780 Mbps/Stream 
Up to 8 Streams 
(MU+SDM/OFDM) 

20/40/80/160 MHz 



Multiple Data Streams 

MIMO = Multiple Input, Multiple Output 

Multiple antennas at both the source (transmitter) and destination 
(receiver) 

Spatial Division Multiplexing (SDM) enables sending multiple streams of 
data simultaneously on the same channel 

Benefits 

 Increased Throughput 

 Increased Range 

802.11n Products use MIMO Technology 



Data Rates – 802.11n 

MCS INDEX VALUE (Modulation Coding Scheme) 
Unique reference for the combination of "number of spatial streams + 
modulation type + coding rate". 

SPATIAL STREAMS 
MiMo technology allows up to 4 spatial streams. to use the same area 
of frequency space to transmit and receive multiple streams of data. 
This will be increased to 8 spatial streams for 802.11ac. 

MODULATION TYPE 
Method by which data is communicated through the air.  More 
complex modulations require better conditions such as less 
interference and a good line of sight. 

CODING RATE 
Indication of how much of the data stream is being used to transmit 
usable data. This is expressed as a fraction with the most efficient rate 
being 5/6 or 83.3% of the data stream being used. 

GUARD INTERVAL 
The Guard Interval (GI) is effectively a very short pause between 
packet transmission to allow for any false information to be ignored. 
Longer Guard Intervals make for more reliable wireless. 

CHANNEL WIDTH 
This is how much of the channel is being used, the maximum being 
40MHz. 

Theoretical versus Actual Throughput 
The “Actual” throughput is typically between 40%-70% of the PHY 
“Theoretical” throughput. 

 



Received Signal Strength Indicator (RSSI) 
“Generic” radio receiver technology metric 

 Often measured in the intermediate frequency (IF) 

Sampled by an internal ADC Value, often based on a DC analog level 

Used to determine the amount of radio energy in the channel  

There is no standardized relationship of any particular physical parameter 
to the RSSI reading, the 802.11 standard does not define any relationship 
between RSSI value and power level in mW or dBm 

Vendors and chipset makers provide their own accuracy, granularity, and 
range for the actual power and their range of RSSI values (from 0 to 
RSSI_Max). 

Signal Measurement 

http://en.wikipedia.org/wiki/Milliwatt
http://en.wikipedia.org/wiki/DBm


Receiver Sensitivity 

Greater Rx 
sensitivity 
allows device to 
receive weaker 
signals 

Greater 
transmission 
distances 
supported 

Receiver Minimum Input Level Sensitivity 

Modulation Rate (R) 
Adjacent 
Channel 

Rejection (dB) 

Nonadjacent 
Channel 

Rejection 
(dB) 

Minimum Sensitivity 
(20 MHz channel 
spacing) (dBm) 

Minimum 
Sensitivity (40 MHz 

channel spacing) 
(dBm) 

BPSK 1/2 16 32 -82 -79 

QPSK 1/2 13 29 -79 -76 

QPSK 3/4 11 27 -77 -74 

16-QAM 1/2 8 24 -74 -71 

16-QAM 3/4 4 20 -70 -67 

64-QAM 2/3 0 16 -66 -63 

64-QAM 3/4 -1 15 -65 -62 

64-QAM 5/6 -2 14 -64 -61 

Receiver Sensitivity per Modulation Coding Scheme 



Signal to Noise Ration (SNR) 
Measurement that compares the level of a desired signal to the level of 
background noise 

Signal-to-noise ratio is defined as the power ratio between a signal 
(meaningful information) and the background noise (unwanted signal) 

 

SNR Range of Values 
> 40dB SNR = Excellent signal (5 bars) 

25dB to 40dB SNR = Very good signal (3 - 4 bars) 

15dB to 25dB SNR = Low signal (2 bars); typically fast performance 

10dB - 15dB SNR = Very low signal (1 bar); very low throughput 

5dB to 10dB SNR = No signal; not associated with AWG 

 

Signal Measurement 

http://en.wikipedia.org/wiki/Signal_(electrical_engineering)
http://en.wikipedia.org/wiki/Noise
http://en.wikipedia.org/wiki/Power_(physics)
http://en.wikipedia.org/wiki/Signal_(information_theory)
http://en.wikipedia.org/wiki/Noise_(electronic)


Wireless Signal Attenuation 

  
Known values: Wireless gateway transmit power and wireless client typical receiver 
sensitivity 

(Transmit Power) – (Receiver Sensitivity) = Allowable Free Space Loss 

(-30dBm)  - (-91dBm) = 61 dB allowable free space loss for a 1Mbps connection 

(-30dBm)  - (-67dBm) = 37 dB allowable free space loss for a 54Mbps connection 

Example: 1 stream, 20MHz wide channel 
Link Speed vs Receiver Sensitivity 
  1Mbps @ -91dBm 
54Mbps @ -67dBm 

 
Sources: Furr, Oak Ridge National 

Labs, 2008, and IEEE 

   

Free Space 

Loss 



There is only 5MHz separation 
between channels 
 
Each carrier signal requires between 
16.25 to 22 MHz of separation 
between adjacent channels 

 
This leaves you with only three 
channels (channels 1, 6, and 11 for the 
U.S.) that you can use without causing 
interference 
 
802.11n (40MHz) operates as if it was 
two separate 802.11g access points.  
One set of frequencies is the "primary 
lobe" and operates just like an 
802.11g access point.  This set of 
frequencies is 20 MHz wide, so any 
clients that are 802.11g-only will 
connect to this primary lobe. The 
secondary channel is 20MHz away. 

2.4GHz Channel Assignments 



Specification has expected throughput of up to 1.3Gbps. 
Ultimately speeds up to 6.9Gbps  

Wider RF bandwidth (up to 160 MHz) 

More MIMO spatial streams (up to 8) 

High-density modulation (up to 256-QAM). 

 

 
 

Migrating to 802.11ac 



Beam Forming 

Focuses Wireless Signals  

Improves Wireless Performance by 2 – 3x 

Implicit vs. Explicit Beam Forming 

Today’s Wi-Fi 802.11ac Beam Forming Technology 



802.11ac Beam-Forming 
Focuses transmission energy towards the client 

Improves Rate-Over-Range performance 

Uses antenna arrays to dynamically alter the 
transmission pattern  

Increases throughput to mobile devices   
(1x1 and 2x2 and 3x3 )11ac WiFi devices 

Minimizes performance variation due to orientation 

Provides up to 10 dB of gain to 1x1 11ac client devices 

Virtually all 11ac client devices will have standards 
based 11ac explicit beam-forming capability 

Enhanced Beam-Forming (a.k.a. AnyBeam)  

Leverages Broadcom developed implicit beam-forming 
to achieve significant rate vs. range performance gains 
vs. any client device 

AnyBeam technology is completely agnostic of the 
client device and works with any client 

Largest gains seen vs. 1x1 11n clients which are 
commonly used in legacy smartphones, PCS, and 
tablets 

Used on both 2.4GHz and 5.0GHz radios 

BCM4360 Beam-Forming Technology 

Ubee Interactive Corporation Confidential and Proprietary Information – Use Pursuant to NDA 20 



Data Rates – 802.11ac 

VHT MSC Index (0-9) based 
on number of Spatial 
Streams (only 4 shown) 

The 80MHz channel will 
consist of two adjacent, 
non-overlapping 40MHz 
channels.  

The 160MHz channels will 
be formed by two 80MHz 
channels which may be 
adjacent (contiguous) or 
non-contiguous. 



Based on vendor specific proprietary implementations for 
802.11n based access points. 

Band steering sends 802.11n clients to the 5 GHz band and 
leaves the 802.11b/g clients in 2.4 GHz to operate at their 
slower rates. 

When there is a request from a client to associate on both the 
2.4 GHz and 5 GHz bands, it steers the client by responding only 
to the 5 GHz association request and not the 2.4 GHz request. 

Band Steering  



In 11n MIMO, the access point transmits multiple data streams 
to a single station at a time 

In 11ac DL MU-MIMO, the access point simultaneously 
transmits data streams to multiple stations 

Example: 
Access point with 6 antenna 

One hand-held client device with one antenna (STA1) 

One laptop client device (STA2) with two antennas 

One TV set top box client device with three antennas (STA3) 

Access point simultaneously transmits one stream to STA1, two streams to 
STA2, and three streams to STA3 

 

 

Multi-User MIMO 



802.11ac Will Ultimately Over Crowd the 5GHz Band 

Like 802.11n, has a 40 MHz bandwidth mode that consumes 
two channels.  

However it also supports 80 MHz and 160 MHz bandwidth 
modes, which require four and eight channels, respectively. 

24 non-overlapping 20 MHz wide channels, but due to possible 
interference with radar systems, only the bottom four and top 
five channels are available 

Available 5GHz Channels - Residential (Yellow), DFS (Red) 

802.11ac Over Crowding 



WiFi Installation 



Location of Wireless Gateway (WG) 
Determine which floor of home to install WG 

Select on open location free of obstacles if possible 

Mounting method (table top or wall mount) 

 

Location of fixed and mobile wireless devices (STA) 
Distance between WG and STA 

Consider what 802.11 clients are being used (mixed a/b/g/n) 

5.0GHz with decreased range 

 

Obstructions between WG and STA’s 
Number of walls and floors 

Construction materials 

 

Wireless Installation Considerations 



Signals will not penetrate metal or 
concrete walls 

Metal studs, concrete fiber board 
walls, foil-backed installation, pipes, 
electrical wiring, and furniture 

Wireless equipment, cordless 
phones, microwave ovens, baby 
monitors, radio transceivers such as 
Bluetooth 

Reflections that cause multipath 
interference 

 

Interferers to Wi-Fi Signal 



Electromagnetic Wave Behavior 

Reflection – Signal bends or folds back 
Causes: Walls, Metal Surfaces, UV Windows/Doors 

 

Refraction – Signal bends as it passes through an object or 
medium. 

Causes: Walls, glass, block, etc. 

 

Diffraction – Signal bends as it passes around and object, or 
through a hole.  

Causes: Sharp edges, small holes, etc. 

     found in Building columns, Metal 

     Door Jambs, Duct edges, Lattices, etc. 



Influence of nearby wireless 
routers 

 

 

 

Signal levels as observed by 
the wireless client 
depending on location 

Interference from Other AP’s 

1st Floor 

2nd Floor 



Determine best available Wi-Fi 
channel to use in the home 

 

Signal Quality 
Signal-to-Noise-Ratio (SNR) 

Received Signal Strength Indicator (RSSI) 

Link Speed observed by STA 

 

Map Coverage Patterns 
Locate wireless clients within the home 

Distances between WG and STA’s 

Consider obstacles causing attenuation 
and multipath reflections 

 

Conduct a site survey 



Distance between Devices 
Signal strength decreases in an inverse cubic relation with respect to the distance 

 

Signal Sharing 
Sharing connections means more clients are trying  to communicate with the 
wireless router,  which has to delegate its resources to each device. 

The more clients that utilizing network bandwidth, the less there is to share. 

 

Mixed 2.4GHz Clients 
The wireless router has to limit itself to the maximum throughput speeds of b and g 
devices.  

Max Speed with 802.11b device present: 11Mbps 

Max Speed with 802.11g device present & no 802.11b devices: 54Mbps 

Max Speed per stream with only 802.11n devices: 65Mbps(BW20)150Mbps(BW40) 

Factors Affecting Wireless Performance 



Speed Loss Due to Wireless Overhead 
Encryption level, packet translation, and partial utilization of channel 
bandwidth reduce throughput below advertised speeds  

Wireless networking protocol overheads typically result in maximum 
throughputs of half the theoretical speeds  

 

Reduced Link Speeds 
Wireless routers will reduce the throughput speeds to devices to remain 
connected in areas of low signal due to increased distance between devices 
or interference.  

This affects the whole network because of increased time of data 
transmissions between the slower devices.  

Retransmission of data because of dropped packets limits the availability of 
the access point for communication with other clients.  

Factors Affecting Wireless Performance 



Wireless channel is a shared medium 
Objective to prevent collisions while maximizing throughput 

MAC coordinates transmission between users  

Simpler, no routing, messages received by all stations, flat address 

When clients try to transmit messages into the medium, potential 
conflict, so MAC is needed to orchestrate the transmission from 
various users 

Factors Affecting Wireless Performance 



ALOHA 
Clients transmit whenever there is data to be sent 

When collision occurs, wait a random time and retransmit again 

Regular errors only affect one client, collisions affect more than one 
The retransmission may collide again 

Even the first bit of a frame overlaps with the last bit of a frame almost finished, then two 
frames are totally destroyed 

Slotted ALOHA 
All stations keep track of time slots and are allowed to initiate transmissions 
only at the beginning of a time slot. 

Collisions interrupt entire frames 

 

 

 

 
 

Types of Random Accesses 



CSMA (Carrier Sensing Multiple Access) 
Problem with ALOHAs: low throughput because the collision wastes 
transmission bandwidth. 

Solution: avoid transmission that are certain to cause collision. Any station 
listens to the medium, if there is some transmission going on the medium, 
it will postpone its transmission. 

When transmitting station detects a collision, it stops its transmission 
immediately rather than transmit entire frame already in collision. 

A short jamming signal is transmitted to inform other stations that a 
collision has occurred  

A back-off algorithm is used to schedule a future re-sensing time. 

 

Types of Random Accesses 



Hidden Nodes 
Nodes ‘A’ and ‘C’ are unable to hear each other 

Transmissions by nodes A and C can collide at node B (Router) 

 

Multiple Access w/Collision Avoidance (MACA) Solution 
When node A wants to send a packet to node B, node A first sends a 
Request-to-Send (RTS) to B 

On receiving RTS, node B responds by sending Clear-to-Send (CTS) 

When a node (such as C) overhears a CTS, it keeps quiet for the duration of 
the transfer 

Transfer duration is included in RTS and CTS message 

 

Hidden Client Problem 

B C A 



Considerations for Video Streaming 

Wireless LANs offer several 
challenges to multimedia 
streaming due to dynamic 
variation in channel noise and 
interference 

 Dependency on transport protocol used (UDP or TCP) 
Guaranteed delivery of TCP packets may force retransmissions 

Jitter and delay may impact how many retransmissions are attempted 
before further retransmission attempts are discarded. 

Prolonged interference causes TCP queues to backup 

TCP assumes packet loss is due to congestion and reduces its transmit rate 

Packet errors will force link speed adoption 

Additional overhead in MAC layer occurs due to collision with 
other users in the CSMA/CA protocol 

 



Installation Tools 



Loads Every Wi-Fi Network into Table 

Shows 2.4 and 5 GHz bands 

Shows what Channel each is using 

Measures Wi-Fi Signal Strength 

Verify your Wi-Fi is Secure 

 

Metageek inSSIDer 3 

Uses your current Wireless Interface 

Includes a Link Score (0-99) 

Pick a Better Channel for Your Wi-Fi 

 

 



inSSIDer 3 



inSSIDer 4 for Windows can group networks by SSID or radio and it can detect 
802.11ac networks using any network adapter capable of 5 GHz operation 
 

inSSIDer 4 



Spectrum Analyzer (2.4 GHz) 
Wi-Spy USB dongle for sniffing RF 

Wi-Spy software for spectral analysis 

Shows real-time visualization of interference 

Find and Identify all sources of Interference 

Identify Wi-Fi Channels in Networks Graph 

View a single channel in high resolution 

Drill in with Zoom Hardware Configuration 

Record and Playback Wi-Fi and Spectrum Data 

 

Chanalyzer Basic 4.0 



Chanalyzer with Interference 



Netspot allows you to survey and map nearby wireless access points  

Analyze and generate a “heat map” for the following: 

SNR 

Signal Level 

Noise Level 

Interference  

 

Mac OSX Based Tools 



WiFi Explorer allows you to visualize your WiFi environment to 
to help identify channel conflicts and overlapping that may 
affect the performance of the wireless network. 

Wi-Fi Explorer 

Detects and identifies 
20/40 MHz channels 
from both 2.4 and 5.0 
GHz spectrum 

Provides signal 
quality ratings based 
on SNR 



Android 

 

Ookla SpeedTest 

Windows Phone 

 Discover your 
Download, 
Upload, and Ping 
times 

 

Real-time graphs 
show connection 
consistency  

IOS iPhone 

 



Site Survey Mode 

Occupied Channel View 

AP Time Course View 

List of Wireless Routers 

 

WiFi Explorer 



Android App 

Wi-Fi Scanner 

Channel Interference 
Analyzer 

Wi-Fi Channel Graph,  

Wi-Fi Signal Strength 
Graph 

Signal Strength 
Meter. 

Wi-Fi Analytics Tool 



WiFi SNR 



Discovers Devices 

Displays 
Vendor Name 

MAC ID 

IP Address 

Device Type 

NetBIOS Name 

Scans Ports 
Shows Services 

Connects to ports 

 

Fing Network Scanner 



2.4GHz ISM spectrum analyzer designed for iPhone and iPad 

Product Specs: 
 Frequency Range: 2.4-2.495GHz 

 Antenna: External with SMB 

 Amplitude Range: -100dBm to -10dBm 

 Amplitude Resolution: 2.0dBm 

 Resolution Bandwidth: 1 MHz 

 Sweep Time: 200ms 

 

WiPry-Spectrum 



WiPry-Spectrum Demo 



Troubleshooting Installation Problems 

Real World Cases 



2 subscribers in the same 
apartment building experience 
periodic slow Internet speeds.  
AWGs less than 10’ apart. 
 
 

Problem 
Subscribers in adjacent 
apartments, separated by a 
common wall. 

 
 

Co-Channel Interference 



Co-Channel Interference 

Perform Speed Test 

Results show that subscriber is not 
getting the throughput expected from 
their 50x10 service 

InSSIDer shows overlapping carriers 
on channel 6 

 

Analysis 



Co-Channel Interference 

Manually move one or both of 
the units to different, non-
overlapping channel to correct 
throughput problems. 

   
NOTE:  Though algorithms are 
getting better, consider that Auto-
Channel Selection may not always 
work in your favor 

Solution 

Before 

After 



Interference from Wireless Devices 

Subscriber experienced 
periodic low WiFi throughput, 
usually in bedroom, 
sometimes in living room. 

 

 

Subscriber kept 2.4GHz Baby 
Monitor close at hand while 
surfing Internet using 2.4GHz 
WiFi Client Laptop. 

 

Problem 

Analysis 

Move 2.4GHz Baby Monitor 
across the room, away from 
Wireless Client Laptop. 

Solution 



Appliance Placement 

Subscriber experienced low 
throughput between AWG on 
desk in bedroom, and wireless 
clients in Living Room, but no 
throughput problems for 
clients in adjoining bedroom 
same distance away. 

 

Fan was on desk between 
AWG and clients in Living 
Room, attenuating and 
dispersing the signal. 

 

Problem 

Analysis 

Swap position of Fan and AWG 
on the desk.  Throughput for 
clients in Living Room is 
substantially increased. 

Solution 



Spectrum Analyzer 

Full Band Capture/Spectrum Analysis 



Based on BCM3383 SoC designs 

Captures the entire DS spectrum at the CPE 
Digitizes the RF spectrum 

Non-service impacting to the customer 

Eliminates traditional analog tuner concept 

Any channel for any service 

Delivers spectrum analysis at the CPE 
In-chip memory and HW provide processing for SA 

SA data used locally or remotely via SNMP 

 

Full Band Capture/Spectrum Analysis 



Digital tuning replaces traditional tuner concepts 

Front-end digital tuner captures entire DS spectrum (54-1002 MHz) 

Converts the analog signal to a digital signal for advanced data 
processing 

 

Full Band Capture/Spectrum Analysis 

Then  Now 
 



Service deployment flexibility 

Digital signal enables advanced signal processing techniques 

Overcomes limitations of existing analog CPE designs 

Full spectrum capture and analysis of DS signals 

Visibility into full spectrum, including the video frequencies 

Snap-shot of spectrum upon installation for “birth certificate” 

 

Full Band Capture/Spectrum Analysis 



FBC/SA Demo 



Spectrum data throughout the network 

Construct spectral maps of the access network 

Real-time RF capture to facilitate immediate, intelligent decisions 

Proactive, targeted problem resolution 

Advanced Information Processing 



 

Geo-Location of Trouble Spots 



Spectrum Health Status 



Thank You 


