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Introduction
Demands on our home Wi-Fi networks have drastically increased during the COVID-19
pandemic. Our in-home networks are now our lifeline to work, education, and socializing.
Small problems we may have experienced in the past, and tolerated, are exacerbated by higher
utilization and now need to be addressed. Poor Wi-Fi performance causes choppy video
conferencing and intermittent connectivity drops, among other nuisances, negatively impacting
your work and your family’s online learning effectiveness.
As Wi-Fi professionals, the authors of this Guide have experienced an influx of personal
requests for help improving home Wi-Fi network performance and reliability. In the service of
our extended community of friends, family, customers, and colleagues who may also need help,
we created this Guide to help you get the best out of your home Wi-Fi network. In it you will find
information to help you: 1. Understand the components in your home Wi-Fi network, 2. Test your
Wi-Fi bandwidth, signal strength, and range, and, 3. Improve your home Wi-Fi experience.
We hope you find this Guide useful!
Jim Grimaldi

Shawn Jackman

Director of Sales Operations, PatientSafe Solutions

Founder/CEO, Clinical Mobility

Jim Magnusson

Bryan Totten

Healthcare IT Solutions Architect, PatientSafe Solutions

VP Engineering, Clinical Mobility
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Terminology Used In This Guide
2.4 GHz: Legacy Wi-Fi frequency. It is slower in speed, but covers a larger usable range. Uses
channels 1-11
5 GHz: Preferred Wi-Fi frequency. It is high-speed and delivers more reliable connectivity. Uses
channels 36-165
Access Point (AP): A networking hardware device that is hardwired to the ISP circuit and allows
Wi-Fi devices in your home to connect to it without cable
Bandwidth: Expresses the speed of your Internet connection in megabits per second (Mbps).
Bandwidth often includes speeds in both download and upload directions
• Download: Available bandwidth to pull data “down” from the Internet, i.e., a streaming movie
or updating your email inbox
• Upload: Available bandwidth to send data “up” to the Internet, i.e., video conferencing and
sending an email
Cat5/Cat6: Types of Ethernet cables for hardwired connections to your router or computer
Internet Service Provider (ISP): The company you pay monthly for Internet access, usually in the
form of a cable modem or DSL line
ISP Circuit: This is the physical connection from your ISP that connects to your Wi-Fi router; the
cable coming out of your wall, the fiber
Mesh Network: Consists of a main wireless (Wi-Fi) access point that connects directly to your ISP
provided router, and a series of satellite modules, or nodes, placed around your house for fullhome Wi-Fi coverage
Radio Frequency (RF) Coverage: The usable range of the Wi-Fi signal
Router (a.k.a. Wi-Fi Router): Hardware device used to connect to the ISP circuit
Received Signal Strength Indicator (RSSI): How “strong” the Wi-Fi signal is
Service Set Identifier (SSID): The name of your Wi-Fi network. You may have both a 2.4 GHz and
5 GHz SSID
Wi-Fi Repeater/Extender: Stand-alone hardware device that extends Wi-Fi coverage when
located between your wireless router and the area in which you want better Wi-Fi
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Your Home Network
All home networks vary depending on the type of ISP connection you have, and the hardware
and devices you use. For the purposes of this guide, you likely have one of the following
configurations.
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#2
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Printer
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ISP-Supplied Wireless Router only

ISP-Supplied Wireless Router and Additional Router

An ISP-Supplied Wireless Router only configuration includes:
• An ISP circuit - where the signal comes into your home, usually via a hardwired connection
• A
 n ISP-supplied wireless router that connects to the circuit and provides a wireless signal for
your wireless devices
An ISP-Supplied Wireless Router and Additional Router configuration includes:
• An ISP circuit - where the signal comes into your home, usually via a hardwired connection
• A
 n ISP-supplied device (e.g. cable or DSL modem) that connects to the circuit that provides a
connection to a separate wireless router
• A
 wireless router that is hardwired to the ISP device (cable or DSL modem), that connects to
your wireless device
Now that you have identified the type of network configuration in your home, we can begin to
diagnose and resolve your Wi-Fi network issues. We will cover:
1. Testing your ISP bandwidth (upload and download speed)
2. Testing your WI-FI coverage (how strong the signal is in the locations you need it)
3. Steps you can take to improve your Wi-Fi network performance
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How Much Bandwidth Do You Need?
The speed of your Internet connection depends on how many people are using it and what they
are using it for. Home workers are typically using office applications and video conferencing, while
the rest of the family may be doing schoolwork, social media, and other Internet activities. The
image below shows a few typical streaming applications, which use about 2-3 Mbps of download
bandwidth. It is very common for a family of four, all actively using the Internet at once, to use 10-15
Mbps simultaneously with intermittent spikes of usage.

YouTube Video

8Mbps
7Mbps

Prime Video

6Mbps
5Mbps
4Mbps

Netflix Video

3Mbps
2Mbps
1Mbps

TCL Roku TV streaming video using Netflix, YouTube, and Amazon Prime

The table below includes other common applications and activities and their typical bandwidth usage.

Application / Scenario

Behavior

Typical Bandwidth Usage
(Mbps)

Meeting application with video (e.g. Skype, Zoom, WebEx)

Continuous

1 – 312

Meeting application with voice only (e.g. Skype)

Continuous

0.3

Email

Bursty

1-2

Web browsing

Bursty

2

File transfers

Mixed

20+ (will consume max available)

TIP: We recommend a minimum bandwidth of 5 Mbps for download and 2 Mbps for upload for each
user or Internet TV device (e.g. Roku, Fire Stick, or smart TV) in your home. Most households need at
least 20 Mbps download and 5 Mbps upload speed to support everyone.

Household Members

Recommended ISP Bandwidth Recommendation (min)

2

10 Mbps download / 4 Mbps upload

4

20 Mbps download / 5 Mbps upload

Zoom: https://support.zoom.us/hc/en-us/articles/201362023-System-Requirements-for-PC-Mac-and-Linux
Cisco WebEx: https://help.webex.com/en-us/WBX22158/What-are-the-Minimum-Bandwidth-Requirements-for-Sending-and-Receiving-Video-inCisco-Webex-Meetings
1

2
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How Much Bandwidth Do You Have?
Step 1. Prepare To Test Your ISP Bandwidth
To find out how fast and reliable your Internet
connection is, we recommend starting with a
simple test. You will need a laptop or other device
that can connect to an Ethernet cable. (Many
devices don’t offer wired Ethernet ports anymore,
so you may have to ask a friend.)
Start at the source of your Internet connection
provided by your ISP, which is most often a cable
or DSL modem. Using the wired Ethernet port on
that ISP-provided device, connect it to your test
device, such as a laptop or desktop computer,
with a standard Ethernet cable.

Laptop Connected to ISP Router via Ethernet Cable

For this test, we recommend disconnecting your Wi-Fi router if it is separate from the device your ISP
provided you. We also recommend temporarily turning off your Wi-Fi router and disabling the Wi-Fi
connection on your test device to ensure that your wired test uses the wired connection exclusively.
Before you begin the test, ensure your wired connection is working and you have Internet
connectivity. Try visiting a few websites to ensure you are online.
TIP: Take a picture or note how all the cables are connected and which lights are "on" before you
disconnect them to ensure you can hook everything back up correctly.
NOTE: If you are unable to test using a wired connection:
• Make sure you are as close as possible to your Wi-Fi router when performing this ISP speed test
• Perform the ISP test when wireless usage is as low as possible to provide the best results

Step 2: Test Your ISP Bandwidth
We recommend that you use some of the free tools available to test your ISP bandwidth. We always
recommend using a speed test from your ISP if they provide one. A quick online search should tell
you if such a test tool is available. Search using:
<your ISP name> speed test
For example, search <Xfinity speed test> if your ISP is Comcast, https://speedtest.xfinity.com/.
If you ISP doesn’t provide a speed test, you can use a general speed test. We do not recommend
downloading any applications as this may result in privacy exposure.
There are two options for running a general speed test:
1. From your browser: https://www.speedtest.net/ or http://speedtest.att.com/speedtest/
2. Downloading a smartphone app, for example, Speedtest by Ookla
Once you’ve decided which test to use, follow the instructions to find out how fast your ISP is.
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Step 3: Reading Your Speed Test Results
Speeds will be reported in two directions:
Download speed: The speed with which you download content. The heaviest demand on download
speeds include online video viewing such as Netflix, Hulu, and YouTube. If you have “cut the cord”
and don’t have cable TV service, demands on your download speed just increased.
Upload speed: Is used for video and audio conferencing such as FaceTime, Zoom, WebEx, etc.
Upload speed is also important for sending emails and sharing documents with others at work and
school. Larger files tax upload speed more.
Below are examples of speed test results from the AT&T and Ookla speed tests mentioned above.

Example AT&T Speed Test Results

Example Ookla Speed Test Results

Now compare your results to our recommendation: 5 Mbps for download and 2 Mbps for upload at
a minimum for each user or Internet TV device (e.g. Roku, Fire Stick or smart TV). Most households
need at least 20 Mbps download and 5 Mbps upload speed to support everyone.
TIP: If your bandwidth results are lower than what you are contracted for from your ISP, first try
rebooting your equipment:
1. Power off your router
2. Power off any wireless access points or repeaters
3. Restart everything
4. Wait approximately 10-15 minutes
5. Re-test
If you have less than our recommended ISP bandwidth when directly connected to router via
hardwired Ethernet cable, stop troubleshooting. Call your ISP first for assistance.
Tips For Managing Bandwidth Usage
• Increase your bandwidth contract with your ISP, which may require a modem upgrade
• Turn off any devices not currently in use – printers, TVs, etc.
• Consider shutting down security cameras at certain times of the day
• Use video in meetings only when required
• If possible, connect non-mobile devices directly to the router via ethernet cable – your TV, stereo,
or Blu-ray player
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About Wi-Fi Coverage
Now that you know how much bandwidth you have, it’s time to find out how good Wi-Fi coverage is
throughout your home. The quality and distance, or reach, of a Wi-Fi signal is known as “coverage”. It
is measured in terms of Received Signal Strength Indicator (RSSI) in units of decibel milliwatts (dBm).
It is common to have issues with Wi-Fi coverage in homes larger than 1,500 sq. ft., and in homes with
multiple stories, because performance decreases the farther you move from the Wi-Fi router.
The table below provides a general guideline for understanding your RSSI test results.

RSSI Range

Signal Strength

RSSI Range -30 to -50dBm

EXCELLENT: Strong signal. You are likely close to a router or Wi-Fi access point

RSSI Range -51 to -70dBm

GOOD: Good for VoIP/Streaming video

RSSI Range -71 to -79dBm

MARGINAL: Functional for email and general web surfing

RSSI Range -80 or below

UNRELIABLE: Expect connectivity issues

Test Your Wi-Fi Coverage (RSSI)
Below are several free tools that you can use to determine if you have the appropriate Wi-Fi coverage.
These tools are specific to the device you are testing. We provide additional detail on all of them below.

Platform/Operating System

RSSI Test Tool

Apple iOS

Apple AirPort Utility

Mac

Built-in option – no download required

Android

Wifi Analyzer App by Farproc

Windows

Wifi Analyzer App by Matt Haffner

Apple iOS: Apple Airport Utility App
We have created an instructional video for using the Airport Utility app to determine the signal strength
you are receiving on your iPhone, https://youtu.be/CHc5962Cxmw. It will walk you through:
1. Downloading AirPort Utility
2. Configuring AirPort Utility to enable Wi-Fi scanner (the test tool)
3. Scanning your Wi-Fi
4. Selecting your home SSID to capture RSSI values
5. Detecting how many devices are on each channel
6. Texting the scan (test) results
Compare the results to the RSSI Guidelines above. Make sure you test all the areas of your home in
which you expect to use Wi-Fi.
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Below is an example screenshot of test results on an iPhone. RSSI shows at -46, which puts signal
strength in the Excellent range per the RSSI Guidelines above.

SSID Name

RSSI (signal level) Channel

Example Test Results with Apple AirPort on an iPhone. Signal strength -46 dBm (Excellent)

Built-In Mac Utility
To use the built-in utility for testing RSSI on your Mac, hold
down the Option key while clicking on the Wi-Fi indicator in
the top bar of your screen. You will see a display similar to the
screenshot at right. Compare the results to the RSSI Guidelines
above. Make sure you test all the areas of your home in which
you expect to use Wi-Fi.
For this device, you can see:
• SSID: nachonetwork
• Frequency: 5 GHz
• RSSI: -44 dBm (Excellent signal, 10 ft from Wi-Fi Access Point)

Example Results on a MacBook.
Signal Strength -44 dBm (Excellent)
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Android: Farproc Wifi Analyzer
If you have an Android phone, download the Farproc Wi-Fi
Analyzer and run it. This will provide you with an RSSI reading
that you can compare with the RSSI Guidelines above. Make
sure you test in all areas of your home in which you expect to
use Wi-Fi.
There is a lot information available in this app. The Signal Meter
display is probably the easiest to read. The result at right is
showing a reading of -61 dBm (Good).

Windows: Wifi Analyzer By Matt Hafner
Download this app to test RSSI on your Windows device. This
will provide you with an RSSI reading that you can compare
with the RSSI Guidelines above. Make sure you test in all areas
of your home in which you expect to use Wi-Fi.
The screenshot below shows Wifi Analyzer on Windows 10
displaying a result of RSSI signal strength at -35 dBm (Excellent).

Signal Meter Result for
HomeNetwork SSID. Signal
Strength -61 dBm (Good)

Windows 10 Wifi Analyzer app. Signal Strength -35 dBm (Excellent)

How To Improve Your Wi-Fi Coverage
If you uncovered RSSI signal strength in the MARGINAL or UNRELIABLE category, you have coverage
gaps. You can try the following to improve coverage:
• Move your work space closer to the router/Wi-Fi access point
• Centrally locate your Wi-Fi router between locations of usage
• Purchase and install a mesh network solution
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On average, a single wireless access point (WAP or AP) can cover 1,500 square feet or more.
Performance degrades as you move further away from the AP. If your current router doesn’t provide
at least this level of coverage, consider upgrading to new hardware. If you are trying to cover a larger
home, you will likely need multiple Wi-Fi access points or a mesh style network. We explore these
options further below.

Centrally Locate Your Wi-Fi Router
Wireless coverage in Wi-Fi routers is usually omnidirectional—coverage is equal in all directions. If
you place your router at the edge of your coverage area, you are wasting that RF energy in an area
where it isn’t needed and limiting coverage in those areas where it is. This is one of the most common
mistakes people make when setting up their home networks.
If you have a poorly positioned ISP circuit (Internet access point), you will likely need to run a cable
to a more central location.

Example of Poor Wi-Fi Router Placement

Example of Good Wi-Fi Router Placement
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Install A Mesh Network System
Wi-Fi mesh network systems have gained a lot of attention recently. If your home cannot be covered
properly by single Wi-Fi router, or you cannot run a cable to a central location, a mesh network
system is the next best option. A mesh network consists of a main router and a series of satellite
nodes that you place around your house for full Wi-Fi coverage.
However, not all mesh network products are created equal. Some systems merely repeat the main
signal, which will negatively impact network performance. The more reputable mesh network products
take a more sophisticated approach that does not noticeably impact performance. Mesh systems are
an easy way to solve Wi-Fi coverage problems, but come at a higher cost than simply centrally locating
your Wi-Fi router. You will likely need to spend a few hundreds of dollars.

Mesh Network System Tips
Dedicated Radio: When shopping for a mesh system, make sure each mesh node communicates to
the other mesh nodes using a dedicated radio. Systems that do not employ a dedicated radio per
node do not perform as well.
Node Placement: Node placement is critical because each node depends on a reliable, high-quality
connection to the other nodes. Each node needs to be within good coverage range of at least one other
node. In the illustration below, points A, B, and C represent nodes. You can see that in a two-node mesh
network, using location C would be a poor choice as it would send a low-quality signal back to location A.
Location B would be a better choice, even though it is on a different floor.
TIP: If your mobile device experiences poor coverage in a specific location, the mesh node will too.

Location limitations for mesh nodes are the same for devices
Image courtesy of Linksys
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Mesh Network Hardware Options
When it comes purchasing a mesh network system, you will have to do a little research to determine
what equipment will meet your needs and budget. Below are options we have used in our own homes
to resolve coverage issues with good success:
• Netgear Orbi Mesh system
• Eero Mesh system
• Google Wifi

There are other options out there. As you make your purchase decision, just be aware that vendors
offer different packages for different coverage requirements.

Document Your Bandwidth & Wi-Fi Coverage Results Here
You can use the table below to document test results for both bandwidth and Wi-Fi signal strength.
When you test, we recommend:
• Taking speed test and RSSI measurements in multiple locations, at multiple times of the day
• Documenting results for every area in which you expect to use wireless
• Measuring before your Wi-Fi is in use, and at peak times to determine if issues occur with heavy usage

• 5
 GHz coverage should be the focus of your testing. 5 GHz has less interference, more channels
and less low-level protocol issues that plague 2.4 GHz
Note: Not all home networks will have both 2.4 GHz and 5 GHz. Use the column(s) that apply to your SSID.

Location/Time

Bandwidth
(download/upload)

2.4 GHz RSSI
(Channel 1 to 11)

5 GHz RSSI (Channel
36 to 165)

EXAMPLE ROOM/6am

21Mbps/8Mbps

Chan. 1/RSSI -42 dBm

Chan. 40/RSSI -49dBm

10M bps/7 Mbps

Chan. 1/RSSI -44 dBm

Chan. 40/RSSI -48 dBm

Within 5 ft of router/Low usage
Office/Workspace/Low usage
Bedroom 1/Low usage
Bedroom 2/Low usage
Other/Low usage
EXAMPLE ROOM/10 am
Within 5 ft of router/High usage
Office/Workspace/High usage
Bedroom 1/High usage
Bedroom 2/High usage
Other/High usage
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Advanced Tips For Fine Tuning Your Wi-Fi Coverage
If your Wi-Fi coverage still needs work, the following information may be helpful:
• O
 ld devices have legacy radio technology. While Wi-Fi has great backwards compatibility, you
really need to upgrade or dispose of old devices using older technology. Legacy devices can
hold back the performance of the entire network. If you have less than 802.11n (Wi-Fi 4) and/or
your device only supports 2.4 GHz your options are slim. We suggest considering upgrading to a
newer model that supports 802.11ac (Wi-Fi 5) or the latest technology 802.11ax (Wi-Fi 6)
• N
 ot all devices are created equal. Some devices hear better and talk louder — just like humans. A
smartphone generally does not talk as wirelessly loud as a laptop. Thus, you might not have the
same end user experience or RSSI reading on a smartphone than you do a laptop
• Try first limiting 5 GHz channels using 36 through 48 and 149 to 161 if possible on your Wi-Fi router
• W
 alls and large furniture are examples of things that limit Wi-Fi coverage usable range. 5 GHz
also doesn’t cover as wide of a distance, but 2.4 GHz is rarely worth entertaining
• A
 s RF signal conditions worsen, so does the maximum throughput for that user. Devices operating at
distances with low speeds will negatively affect all users
• R
 adio frequency channels used by Wi-Fi are shared with everyone. If certain channels are in your
proximity you need to find new ones. Non-Wi-Fi devices may also use these channels and testing
will not report those, but this is rare at 5 GHz. Try multiple channels to test performance

Thank You
We hope this Guide helped you to understand, diagnose, and improve your home Wi-Fi network for
work, school, and entertainment! This was a concentrated, collaborative effort between PatientSafe
Solutions and Clinical Mobility that we thoroughly enjoyed. We encourage you to share the Guide with
your community of family, friends, schools, and social media connections—anyone who might be having
home network issues.
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