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1. Abstract 

Distributed-Input-Distributed-Output (DIDO) wireless technology is a breakthrough approach that allows 

each wireless user to use the full data rate1 of shared spectrum simultaneously with all other users, by 

eliminating interference between users sharing the same spectrum. With conventional wireless 

technologies the data rate available per user drops as more users share the same spectrum to avoid 

interference, but with DIDO, the data rate per user remains steady at the full data rate of the spectrum 

as more users are added. 

As a result, DIDO profoundly increases the data capacity of wireless spectrum, while increasing reliability 

and reducing the cost and complexity of wireless devices. DIDO deployment is far less expensive than 

conventional commercial wireless deployment, despite having vastly higher capacity and performance, 

and is able to use consumer Internet infrastructure and indoor access points. 

The potential of DIDO is to have unlimited number of simultaneous users, all streaming high-definition 

video, utilizing the same spectrum that a single user would use with conventional wireless technology, 

with no degradation in performance, no dead zones, no interference between users, and no reduction in 

data rate as more users are added. 

DIDO works indoor/outdoor for urban/suburban applications at distances of several miles, and for rural 

applications, DIDO works at distances up to 250 miles. Urban/suburban latency is sub-millisecond. 

This paper describes how DIDO is dramatically different than conventional wireless technology, how 

DIDO works, what we have running so far, and the mind-blowing applications DIDO makes possible. 

We believe that DIDO wireless will completely transform the world of communications and far more. 

2. Background 

Whenever there is more than one wireless transmission within range of another, there is the potential 

ŦƻǊ ƛƴǘŜǊŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜƳΦ ¸ƻǳΩǾŜ ǇǊƻōŀōƭȅ ŜȄǇŜǊƛŜƴŎŜŘ ǘƘƛǎ ǿƘŜƴ ƭƛǎǘŜƴƛƴƎ ǘƻ !a ƻǊ Ca ǊŀŘƛƻ 

while driving a long distance: as you drive out of the range of one station, you may begin to hear 

                                                            
1 .ȅ άŘŀǘŀ ǊŀǘŜέ ǿŜ ƳŜŀƴ ōƛǘǎκǎŜŎƻƴŘ όŜΦƎΦ мл aŜƎŀōƛǘǎκǎŜŎƻƴŘ ƻǊ м DƛƎŀōƛǘκǎŜŎƻƴŘύΦ ¢ƘŜ ǘŜǊƳ άŘŀǘŀ ōŀƴŘǿƛŘǘƘέ 
ƻǊ άōŀƴŘǿƛŘǘƘέ ƛǎ ǘƘŜ ƳƻǊŜ ŎƻƳƳƻƴ ǘŜǊƳ ǳǎŜŘ ǘƻ ƳŜŀƴ ǘƘŜ ǎŀƳŜ ǘƘƛƴƎ ƛƴ Řŀǘŀ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎΣ ōǳǘ ōŜŎŀǳǎŜ 
άōŀƴŘǿƛŘǘƘέ ƛƴ ǘƘŜ ǿƛǊŜƭŜǎǎ ǿƻǊƭŘ Ŏŀƴ ŀƭǎƻ Ƴean the width of the spectrum used in a transmission, we use the 
ǘŜǊƳ άŘŀǘŀ ǊŀǘŜέ ƛƴ ǘƘƛǎ ǇŀǇŜǊ ǘƻ ŀǾƻƛŘ ŎƻƴŦǳǎƛƻƴΦ 
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another station that you are approaching. The two stations might duel it out for a bit, where you 

alternate between one and the other, but at some point you only hear the new station as you drive 

beyond the range of the first station. 

 

Of course, such radio station interference situations are rare because commercial stations at the same 

frequency are carefully located far apart with limited transmission power and each is broadcasting one 

signal to many users. So, during the broadcast era of the previous century, spacing out radio and TV 

stations and limiting their power output was a good solution to address wireless interference. 

With the introduction of cellular phones, the interference situation became far more complicated. Now, 

with a large number of users simultaneously receiving and transmitting independent communications, it 

was necessary to subdivide each region into cells, typically a mile or less in diameter, with the cellular 

towers laid out such that adjacent cells were at different frequencies that did not interfere with each 

other. As a mobile phone user moved from one cellΩǎ ǊŀƴƎŜ to anotherΩǎ, it would switch frequencies 

and άƘŀƴŘ ƻŦŦέ to the new cell. So long as the users stayed within the range of at least one cell tower, 

they would not lose a connection. 

 

But as mobile usage grew exponentially, both in number of users and the amount of data, it began to tax 

the cellular system. Improvements were made, such as dividing cells like a pie into sectors, and utilizing 

more advanced digital transmission techniques such as MIMO. But, despite these advances, a given cell 
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sector had a limited data rate capacity, shared by all users in that cell sector. And, once that data rate 

capacity was reached, users would not get the data rate they needed, resulting in dropped calls and 

slow and/or unreliable Internet communications. Although more spectrum and more cellular towers are 

being added to alleviate the situation, the demand for higher data rates is growing at an even faster 

pace, particularly as wireless video is becoming the majority of wireless data traffic. 

There also has been exponential growth of consumer wireless systems such as Wi-Fi. Unlike commercial 

cellular systems where placement of towers, sectorization, power and frequency use is carefully 

planned, most consumer Wi-Fi access points are simply connected to the Internet at arbitrary locations, 

and then operate largely independently. Wi-Fi is restricted to very low transmission power to limit its 

range of interference, but nonetheless if there are other Wi-Fi access points (or other users of the same 

spectrum such a Bluetooth devices) within range, the Wi-Fi access points must do the best they can to 

co-exist and share data rate among all users. As there are increasingly more Wi-Fi access points, 

particularly in densely-populated areas, like apartments or offices in cities, and as increasingly more of 

the traffic is high-definition video, users are unable to consistently get the data rate they need, resulting 

in unreliable or lower-quality Web, video or videogame experiences. 

The problem is mitigated somewhat by more advanced transmission techniques, such as MIMO and 

beamforming, but in practice, they have not resulted in a consistently reliable experience for 

applications like video and gaming. Adding more usable spectrum, such as has been proposed in using 

ά²ƘƛǘŜ {ǇŀŎŜǎέ ǿƻǳƭŘ ǊŜŘǳŎŜ ŎƻƴƎŜǎǘƛƻƴ ŦƻǊ ŀ ǘƛƳŜΦ .ǳǘΣ ŀǎ data capacity needs continue to grow 

exponentially, and applications like video and videogames require high reliability, it is unclear whether 

there will be enough usable spectrum to meet user needs. And, once all of the usable spectrum has 

been allocated to consumer devices, it is effectively impossible to recover that spectrum as new 

technologies evolve that can use it more efficiently. We run the risk of allocating all of the usable 

spectrum, but still not having enough. 

3. {ǇŜŎǘǊǳƳ ŎŀǇŀŎƛǘȅ ŀƴŘ {ƘŀƴƴƻƴΩǎ [ŀǿ 

Ultimately, the reason we are limited in multiuser spectrum capacity using conventional wireless 

ǘŜŎƘƴƛǉǳŜǎ ƛǎ ŘǳŜ ǘƻ {ƘŀƴƴƻƴΩǎ [ŀǿΣ which defines the maximum amount of error-free data rate that 

can be transmitted through a single communications channel for given amount of spectrum and noise 

level όǘƘŜ άǎǇŜŎǘǊǳƳ ŎŀǇŀŎƛǘȅέ ƻŦ ǘƘŜ ŎƘŀƴƴŜƭύ. 

For example, a cellular sector (which may span a kilometer) is essentially a single channel whose 

maximum data rate ƛǎ ƭƛƳƛǘŜŘ ōȅ {ƘŀƴƴƻƴΩǎ [ŀǿΣ ŀƴŘ ŀƭƭ ƻŦ ǘƘŜ ǳǎŜǊǎ ǿƛǘƘƛƴ ǘƘŀǘ ŎŜƭƭ ǎŜŎǘƻǊ ǎƘŀǊŜ ǘƘŀǘ 

data capacity. As another example, all of the users in overlapping Wi-Fi networks at the same frequency 

share the Shannon-limited data capacity.  

Approaches like MIMO (e.g. 802.11n and LTE) or beamforming can increase the shared data rate limit by 

a factor of about 3X to 4X in certain situations, but these incremental improvements are overwhelmed 

by the exponential growth of simultaneous high-data rate users we have seen in the last decade, 

resulting in increasingly more users sharing limited channel data rate. 



Rearden LLC Patents/Patents Pending 4 
 

As more users in a given area share the same wireless spectrum, the data rate per user declines. So, 

ǿƛǘƘ ŎƻƴǾŜƴǘƛƻƴŀƭ ǿƛǊŜƭŜǎǎ ǎȅǎǘŜƳǎΣ {ƘŀƴƴƻƴΩǎ [ŀǿ ǊŜǎǳƭǘǎ ƛƴ ŀ ǊŜŘǳŎǘƛƻƴ ƛƴ ǇŜǊ-user data rate as more 

users are added in a given area. 

4. What is DIDO wireless? 

Distributed-Input-Distributed-Output (DIDO) wireless technology is a new approach to multiuser 

wireless that allows the number and density of users in the same area to be steadily increased without 

additional users reducing the data rate of others. In other words, the shared spectrum capacity is not 

ǎǳōƧŜŎǘ ǘƻ {ƘŀƴƴƻƴΩǎ ƭŀǿΥ ŀǎ ƳƻǊŜ ǳǎŜǊǎ ƛƴ ŀ ƎƛǾŜƴ ŀǊŜŀ ǎƘŀǊŜ ǘƘŜ ǎŀƳŜ ǿƛǊŜƭŜǎǎ ǎǇŜŎǘǊǳƳΣ ǘƘŜ data rate 

per user does not decline. As a result, regardless of how many users are in a given area, each user is able 

to use the entire Shannon Limit of the channel, despite sharing the same spectrum. 

We do not know of a theoretical limitation to how many users we can add to a DIDO system without a 

degradation in data rate per user. There certainly will be practical limitations with each era of 

technology evolution, but we have not yet come close to them. So far, as ǿŜΩǾŜ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

simultaneous users in the same area to 10 (limited just by the number of hand-built radios we have) we 

have not seen any degradation in performance. So, while our demonstrated spectral capacity today is 

10X the Shannon Limit, we expect we can get to 100X, and are optimistic that 1000X is achievable. But, 

until we start to see some degradation in performance as we add more users, we will not be able to 

predict how far it can go. 

DIDO wireless has many other advantages and useful properties beyond eliminating data rate reduction 

among users in shared spectrum. Some are described below after the explanation of how DIDO works, 

but other wireless behaviors unique to DIDOτincluding the most intriguing onesτare still being 

studied. We have observed wireless phenomena that we do not believe have been seen before that will 

take time to underǎǘŀƴŘ ŀƴŘ ŘƻŎǳƳŜƴǘΦ {ǘŀȅ ǘǳƴŜŘΧ 

5. How does DIDO wireless work? 

We have found the easiest way to explain how DIDO works is to start with a very simplified description 

of a wireless system that we are all familiar with: consumer Wi-Fi. We will explain roughly how Wi-Fi 

works, and then show how DIDO works differently if the Wi-Fi access points are replaced with DIDO 

access points. Here goes: 

a. A simplified example of multiuser Wi-Fi 

When a single user (User 1, in blue) with a computer connects to a single Wi-Fi access point 1 (AP 1, in 

blue) and there are no other users of the spectrum (e.g. no other Wi-Fi, Bluetooth or other devices that 

share the same spectrum) in the area, if User 1 is within optimal reach (the blue circle) of the Wi-Fi AP 1, 

the wireless connection process is not only relatively simple, but it can be as reliable as a wired 

connection, and User 1 receives 100% of the data rate available in the channel.  
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The following is a highly simplified description of how the user watches video from a website on their 

computer over Wi-Fi: User 1 clicks on a link on a website 1 to request a video stream, the website sends 

the data for that video to AP 1, then AP 1 modulates the data (i.e. creates a waveform that contains the 

data) as a radio signal and transmits that radio signal through the air. User 1Ωǎ ŎƻƳǇǳǘŜǊ ǊŜŎŜƛǾŜǎ ǘƘŜ 

radio signal, demodulates the data, and plays back the video. 

So long as User 1 stays within optimal range of AP 1 and nothing else uses the spectrum, the video will 

play on uninterrupted, just as if it were going over a wire. Contrary to what we often experience in 

practice, wireless is actually highly reliable when there is a good connection and no other devices 

competing for the spectrum. But as soon as others devices start competing for the spectrum, then it 

becomes increasingly difficult to maintain a reliably high data rate connection. 

CƻǊ ŜȄŀƳǇƭŜΣ ƭŜǘΩǎ ŀŘŘ ¦ǎŜǊ н (in green) using AP 2 (green, with green circle showing range), both within 

wireless range of User 1 and AP 1 (e.g. ƭŜǘΩǎ ǎŀȅ User 1 and User 2 are next door to each other in an 

apartment building). If both AP 1 and AP2 are used simultaneously at the same frequency, then the Wi-

Fi communications process starts out the same, but it ends up very differently: 

User 1 clicks a video link on website 1 and User 2 clicks a video link on website 2, the video data from 

website 1 is sent to AP 1 and the  video data from website 2 is sent to AP 2, each AP modulates a radio 

signal with the video data and tries to transmit thŀǘ ǊŀŘƛƻ ǎƛƎƴŀƭΦ .ǳǘΧƛǘΩǎ ƴƻǘ ǎƻ ǎƛƳǇƭŜ ǘƘƛǎ ǘƛƳŜΦ 9ŀŎƘ 

AP quickly discovers there is something interfering with its transmission: The AP using the same 

spectrum. Consider the following figure. 
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Interference caused by the 2 simultaneous Wi-Fi transmissionǎ ƛǎ ǎƘƻǿƴ ōȅ ŀ ǊŜŘ ά·έΦ ²ƛ-Fi has several 

techniques to deal with interference, but the net effect is that they all share the channel, and as a result, 

ǊŜŘǳŎŜ ŜŀŎƘ ǳǎŜǊΩǎ Řŀǘŀ ǊŀǘŜΦ CƻǊ ǘƘŜ ǎŀƪŜ ƻŦ ŜȄǇƭŀƴŀǘƛƻƴΣ ǿŜΩƭƭ ǎƘƻǿ Ƙƻǿ ǾŜǊȅ ǎƛƳǇƭƛŦƛŜŘ ǎǇŜŎǘǊǳƳ 

sharing works, with each user taking turns. First User 1 uses the spectrum while User 2 stands by idle: 

 

Then User 2 uses the spectrum while User 1 stands by idle: 
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If we assume the protocol divides up the spectrum evenly between the two APs, then each user 

optimally will get 50% of the available bandwidth. So, when two Wi-Fi users are in range, each user loses 

half of the data rate they would have had alone. As we add more users and APs at the same frequency 

within range of Users 1 and 2 and APs 1 and 2, then we see a steady decline in available data rate per 

user.  

 

For example, if we add User 3 and AP 3 (purple) near Users 1 and 2 and APs 1 and 2, using the same 

spectrum, they will all interfere, and so, they will need to each take turns, and each will only get 33% of 

the data rate. This is illustrated on the next page. 
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The following three Figures show how each User and AP takes a turn, as the other two Users and APs sit 

idle: 
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And, the problem only grows worse with more users. In a city building, it is common to see 25 Wi-Fi 

networks or more listed on a user device. If all of the networks are sharing the same spectrum optimally, 

each user will only get 1/25th (4%) of the data rate. As users are added, the data rate per user steadily 

decreases. 

The reason that this happens is all of the users and APs are sharing the same channel, whose data rate is 

ƭƛƳƛǘŜŘ ōȅ {ƘŀƴƴƻƴΩǎ [ŀǿΦ So, if there are 10 users, then optimally, the data rate per user is the Shannon 

Limit divided by 10. If there are 100 users, then it is the Shannon Limit divided by 100, and so on. (Again, 

this is a highly simplified description of how Wi-Fi works, but even so, this is a rough estimate of the 

expected loss of data rate per user as more simultaneous users are added.) 

b. A simplified explanation of DIDO 

[ŜǘΩǎ ǿŀƭƪ ǘƘǊƻǳƎƘ ǘƘŜ ǎŀƳŜ ŜȄŀƳǇƭŜΣ ōǳǘ ǊŀǘƘŜǊ ǘƘŀƴ ǳǎŜ ²ƛ-Fi access points, we will use DIDO access 

points, starting with User 1 and AP 1. Here goes: 

When User 1 (in blue) clicks on a link on a website 1 to request a video stream, the video data from 

website 1 is NOT sent to AP 1 (in grayτȅƻǳΩƭƭ ǎŜŜ ǿƘȅ ŀƭƭ ǘƘŜ !tǎ ŀǊŜ ŀ ƴŜǳǘǊŀƭ ŎƻƭƻǊ ǎƻƻƴύ. Rather it is 

sent to a DIDO Data Center (in gray) that supports AP1 and User 1. The DIDO Data Center then processes 

the data, modulates it into a radio signal waveform and sends the waveform to AP 1, which simply sends 

the waveform to its antenna and transmits it as a radio signal. ¦ǎŜǊ мΩǎ computer then receives the radio 

signal (small blue circleτwhy it is small is explained below), demodulates the waveform into data and 

plays back the video. So, quite differently than Wi-Fi, where AP 1 receives data directly from website 1 

and modulates the data into a radio signal waveform, with DIDO, the radio signal waveform is computed 

in a DIDO Data Center, and all the DIDO AP does is transmit the radio signal waveform. 

 

[ŜǘΩǎ ƴƻǿ ŀŘŘ ƛƴ ¦ǎŜǊ н (green) and AP 2 (also grayτthey are all gray because ƛǘ ŘƻŜǎƴΩǘ ƳŀǘǘŜǊ ǿƘƛŎƘ 

user owns which AP). This is where it gets interesting. 

When User 1 and User 2 each click on video links, respectively, on website 1 and 2, both websites send 

the video data to the DIDO Data Center. The data from the two websites is combined and processed in 

the DIDO Data Center to result in two radio signal waveforms (each quite different than the other), and 

one waveform is sent through the Internet to AP 1 and the other waveform sent to AP 2. Thenτand this 
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is very importantτAP 1 and AP 2 both transmit their respective radio signal waveforms simultaneously. 

Because both APs are transmitting at once, the 2 radio signals collide at both ¦ǎŜǊ мΩǎ ŎƻƳǇǳǘŜǊ ŀƴŘ ŀǘ 

¦ǎŜǊ нΩǎ ŎƻƳǇǳǘŜǊ, resulting in each computer receiving the sum of the two radio signals at each 

ŎƻƳǇǳǘŜǊΩǎ ǇŀǊǘƛŎǳƭŀǊ ƭƻŎŀǘƛƻƴ ƛƴ ǎǇŀŎŜΦ 

 

Normally, when you have two very different radio signals colliding with each other, the result is one 

stronger signal overpowering the other (as in the radio station example given in the Background 

section), or just indecipherable noise from the two signals interfering with each other. 

But, not with DIDO. Instead something rather remarkable happens: the sum of the radio signals at each 

ŎƻƳǇǳǘŜǊΩǎ ƭƻŎŀǘƛƻƴ ǊŜǎǳƭǘǎ ƛƴ ŀ clean modulated waveform carrying the data intended for that 

particular ŎƻƳǇǳǘŜǊΦ {ƻΣ ǘƘŜ ǿŀǾŜŦƻǊƳ ǊŜŎŜƛǾŜŘ ŀǘ ¦ǎŜǊ мΩǎ ŎƻƳputer contains the video data sent by 

website 1, and the waveform received at User нΩǎ ŎƻƳǇǳǘŜǊ Ŏƻƴǘŀƛƴǎ ǘƘŜ video data sent by website 2. 

Each computer simply demodulates the waveform and plays the video for its user. 

!ƴŘΣ ƘŜǊŜΩǎ ǘƘŜ ǊŜŀƭƭȅ ŀƳŀȊƛƴƎ ǇŀǊǘΥ what each user receives is what they would have received if they 

had the channel to themselves, without another user sharing the same spectrum. There is no 

interference from the other user. Each user is able to utilize the full Shannon Limit of the channel. 
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If we now go up to 3 users and 3 APs, the same process occurs. All 3 users click on links on 3 websites, 

and all 3 websites send their data to the DIDO Data Center. The DIDO Data Center processes the data 

and creates 3 distinct waveforms and sends them to APs 1 through 3. All 3 APs transmit their respective 

waveforms simultaneously, and all 3 sum together at each of the 3 computers of the 3 users. And, the 

resulting sum of the 3 radio signals at each of the 3 computers is a clean modulated waveform carrying 

the data intended for that computer. So, User 1 receives the data from website 1, User 2 from website 

2, User 3 from website 3. 

 

Each user receives what they would have received if they had the channel to themselves, without any 

other user sharing the same spectrum. There is no interference from the other users, so each user is 

able to utilize the full Shannon Limit of the channel. Pretty cool. 

The exact same process applies to 5 Users and 5 APs, connecting to 5 different websites, as shown in the 

figure below. There is no interference among the 5 Users, and all 5 Users get the benefit of 100% of the 

data rate ƻŦ ǘƘŜ ŎƘŀƴƴŜƭΣ ŀƴŘ ƛǘ ŘƻŜǎƴΩǘ ƳŀǘǘŜǊ ǿƘŜǊŜ ǘƘŜ !tǎ ŀǊŜ ƭƻŎŀǘŜŘ ƻǊ ǿƘƛŎƘ ǳǎŜǊ ƻǿƴǎ ǿƘƛŎƘΦ 

Each user gets the data from the website they are connected to through an independent wireless 

channel. 

 

 


