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That’s largely thanks to the possibilities of the industrial Internet of Things (IoT) synchronizing 

sensors and machines or using data and high-resolution video to do precise tasks more quickly; 5G 

brings fiber speeds to wireless. With ultra-low latency and high reliability, 5G-enabled wireless 

machinery enables smart factories to perform high-precision tasks such as the quick reconfiguration 

of factory floors.

Saving Time and Money with Precision Agriculture

From tiny sensors that monitor for the smallest breaches in irrigation channels to drones surveying 

overhead to help identify early signs of disease, 5G-enabled agriculture can help farmers detect 

and prevent problems that could cost tremendous amounts of money, time and labor. 

Smart agriculture comes with specific requirements. A dense network of small, low-power sensors 

throughout a farm doesn’t require a lot of capacity — but it does require a flexible framework not 

possible with 4G. The flexibility enabled by 5G allows data from vast sensor networks to be sent on 

very small slots, preventing an overload of the beacon/cell. 

Expanding Possibilities with Augmented, Virtual or Mixed Reality

The use of augmented, virtual or mixed reality — overlaying images and data atop what you’re 

already seeing and/or immersing yourself into a virtual scene — opens countless new possibilities. 

With augmented reality goggles built into headgear and eyewear, strategic and tactical applications 

for military, first responders, healthcare workers and education are already being envisioned. 

Industrial and commercial applications abound, such as training materials and repair guides for 

servicing machinery, vehicles and equipment. Architects and interior design consultants will be 

sharing immersive design, remodeling and construction options for new spaces. A young fan of the 

latest blockbuster movie will play games that superimpose characters and sites from movies 

throughout the surrounding environment.

Overlaying video, image and data on the surrounding environment in real time requires a lot of data 

to be transmitted quickly and with faster-than-ever response times. A future with augmented and 

virtual reality requires that 5G provides extreme capacity and ultra-low latency.

SECTION II

The Journey from 1G to 5G
The process of establishing a new generation of technology begins many years 

before it can be commercialized, and 5G was no exception.

The earliest stages of 5G might be traced as far back as 1948, when Bell Labs 

mathematician Dr. Claude Shannon published a landmark paper on data storage and 

transmission.4 In it, he established a theoretical limit to the amount of information that 

could be sent over a given frequency. Perhaps with proper signal design, his calculations 

suggested, it would be possible to maximize this network capacity in practice. 

One of Qualcomm’s founders, Dr. Irwin Jacobs, a professor at MIT and the University of 

California San Diego, saw immense potential in Shannon’s vision — not merely to change 

the way computers transmit and process information, but to change the way people 

communicate across vast networks. After leaving academia, Jacobs and another former 

professor, Dr. Andrew Viterbi, along with other well-known thought leaders in the wireless 

industry, founded a new company dedicated to “quality communications” in 1985 and 

named it Qualcomm. 

That began Qualcomm’s long journey of innovation and experimentation, ultimately 

leading to 5G.

The broad and transformative nature of already envisioned 5G use cases 

has the potential to dramatically impact our economy and enable new 

innovation. But to make these use cases possible, 5G needed to meet 

previously conflicting technological requirements — all at the same time. 

Flexibility became the name of the game — to make 5G cost-effective to 

deploy, adapt and scale — to meet any given need, including use cases 

not yet envisioned.
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In the late 1980s and early 1990s, after years of R&D in the lab, Qualcomm invited industry 

leaders to the field demonstrations revealing CDMA’s power in practice. Riding around in 

vans, making calls and hearing the tremendous voice quality for themselves, members of the 

Technology Standards Body began to understand CDMA’s potential — and the brilliance of the 

inventors behind it.

When industry leaders came out saying CDMA was unworkable, Qualcomm proved otherwise, 

paving the way for the next generation of digital cellular – CDMA. From 2G to 5G, the industry 

approached the “highway problem” through the technology standards development process, 

with competing companies proposing possible solutions to optimize this scare resource.

While 2G/CDMA was optimized for voice on a network that maximized voice capacity, 

3G/WCDMA enabled existing telecom networks (telcos) to carry data as efficiently as possible 

on those voice networks, easing the path for telcos to provide these data services.

In 2002, a full year before the first 3G networks even came online, Qualcomm anticipated the 

growing demand for mobile data and established its R&D program for 4G. With more users 

desiring to send more data than ever before, Qualcomm foresaw the need to develop wireless 

technologies for data on a network redesigned to effectively maximize data capacity — one that 

could finally approach the theoretical limits first laid out by Claude Shannon in 1948.

Qualcomm poured its resources into Orthogonal Frequency Division Multiple Access 

(OFDMA), which allowed signals to be separated and transmitted across multiple frequencies, 

boosting signal load and delivering data rates nearly twice that of WCDMA. OFDMA became 

the core of the 4G Standard, allowing consumers to enjoy streaming media and experience 

the benefits of the sharing economy. 4G dramatically expanded the possibilities for innovators 

and consumers. But again, Qualcomm was already thinking ahead.

A fifth generation, if one where to be created at all, would have to make more than 

modest gains over 4G in order to justify the expense of building the new infrastructure 

required to leverage never-before-used portions of the radio frequency spectrum.

Decades before 5G was being thought of, the Qualcomm research team’s leadership in 

4G had begun to lay the groundwork for overcoming the biggest challenges to 

developing 5G. If such a feat were economically desirable to the wireless industry, and if 

the process unfolded anything like previous generations, 5G would take roughly a 

decade of hard scientific research and innovation to go from early-stage brainstorming to 

full-scale commercialization.

Qualcomm scientists would have to solve the most complex of systems challenges. 

Engineers would have to demonstrate unproven concepts. The technology standards 

development process would have to be navigated. Along the way, Qualcomm would 

have to scrap many promising ideas in favor of painstakingly advancing others through 

the stages of prototype, demonstration and standardization. 

SECTION III

5G: Early-Stage R&D to 
Full-Scale Commercialization
It is tempting to think of 5G as an inevitable follow-up to previous generations 

of wireless technology. But it was not always clear there could be or should be 

a follow-on to 4G. With 4G, the capacity limit of available radio spectrum had 

been optimized.

5G would take roughly a decade of hard 
scientific research and innovation to go 
from early-stage brainstorming to full-scale 
commercialization.

3G & 4G: Pushing to the Theoretical Limit

It was Qualcomm’s invention of 2G/CDMA that enabled it to lead the charge for the 

3G and 4G Standards that would enable consumers to send email, download music, 

share photos and even watch videos on the go. 
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All of this would require investing a great deal of capital and engineering resources to resolve a maze 

of technical and economic challenges — with no guarantee of success. By 2019, at least 1,400 

scientists and engineers had contributed to Qualcomm’s 5G-related R&D projects over the course of 

early-stage research, technology development, standards development, private trials and public 

demonstrations.

5G: The Beginning

In The early 2010s, Qualcomm engineers gathered in front of a whiteboard and began to map out the 

expansive set of new cases that a 5G Standard would need to support. It was as if someone had 

proposed a vision that would put a massive amount of new traffic on a road that the highways could 

never support. But Qualcomm’s scientists and systems engineers had never stopped looking for 

solutions to tackle what they anticipated to be the next big challenges. One technology hurdle loomed 

particularly large: the need to increase capacity and speed beyond the theoretical limits available with 

existing well-behaved wireless spectrum.

Sometimes an invention is so far ahead of 

where the world is today, it takes time for the 

state of the art to catch up to the ambition of the 

idea. In other cases, an interesting idea 

suggests a number of different practical 

applications, but it takes time — and 

experimentation — to determine which one the 

market finds most valuable. One Qualcomm 

invention offers an example of both. 

In 2004, Qualcomm created a new form of 

wireless communication initially known as 

device-to-device discovery (D2D). Instead 

of connecting to a tower, which would 

then connect to another mobile device, 

devices would be able to directly discover 

other nearby devices. 

On one hand, the new technology could 

introduce more options and flexibility for mobile 

connection. On the other, specific commercial 

needs were not immediately clear. Moreover, a 

device constantly scanning to discover nearby 

devices heavily taxed its battery. Was D2D a 

costly toy? Or was it an essential technology? 

Determining the answer would take more than a 

decade of work. 

After solving technical problems, like those 

related to power requirements, Qualcomm 

socialized D2D among other industry players. 

Hundreds of engineers from leading companies 

worked together to prepare the technology for 

inclusion as “device to device communications” 

in the 4G LTE Standard Release 12. 

The Long Road from Conception to Execution:
The Discovery and Development of Device-to-Device Communications Technology 

The search for answers was to be found in unexpected places. For example, in Bridgewater 

Township, New Jersey, Qualcomm Flarion Technologies had an R&D project underway called 

Skyber (a portmanteau of “sky” and “fiber”). What made Skyber special was its use of extremely 

high frequency radio spectrum — also known as millimeter wave (mmWave) — the range of 

frequencies just lower than infrared radiation, which are in turn just lower than visible light.

These higher frequencies (with their corresponding shorter wavelengths) offered the potential to 

transmit far more information per second than traditional spectrum. However, this part of the radio 

frequency spectrum is an extremely hostile environment for wireless communication — signal 

strength suffers when traveling long distances and through or around objects.

Understanding the value extreme data rates would offer end users, Qualcomm carried the project 

forward. In March 2014, it folded Skyber into its 5G R&D project, Pentari, aiming for an initial 

rollout of the earliest version of 5G as early as 2020

But as much as the market loved 4G for its 

mobile broadband speeds, the market did not 

make much use of the D2D aspect of 4G LTE. 

With 5G, however, the communications 

environment has matured to the point where the 

possibilities of a fully connected world are now 

readily apparent. Already we live in a world with 

more connected devices than people, and we’re 

starting to see the possibilities of D2D beyond 

merely connecting with nearby mobile devices. A 

critical feature of 5G’s cellular vehicle to 

everything (CV2X) will rely on the technology, 

which will enable automated vehicles to 

communicate with each other and with roadside 

infrastructure to prevent accidents and enable 

traffic to flow more efficiently.

At the time when Qualcomm invented the 

technology behind D2D, a self-driving car was as 

implausible as a flying car. But as Qualcomm’s 

approach to innovation has proved, conducting 

research for its own sake, with no commercial 

application in mind, can lead to the creation of 

breakthrough technologies. D2D is one of many 

examples in which Qualcomm has made the 

effort and investment over many years — in this 

case, 15 years, millions of dollars, hundreds of 

engineers over three distinct projects (FlashLinQ 

from 2006-2010, LTE-Direct from 2011-2015, 

and CV2X from 2016 to the present) and critical 

contributions to the RAN1 working group within 

3GPP — to bring highflying ideas down to earth. 
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History is full of “What if…” moments that show why it matters which innovations become industry 

standards — and how. What if the video era was defined not by VHS but Betamax? What if HD 

DVD became the standard instead of Blu-ray? The answers determine how thousands of 

businesses across a given industry design their products and services to fit with the standards. 

This competition increases the risks for innovators, who might see their investments produce few 

returns — at great expense — if their technology does not become the standard. In certain 

industries, key players and interested parties meet to present competing solutions, listen to 

arguments, agree on the best ideas and then — and only then — go to the ecosystem with an 

approved technology standard for development into products and services that will serve the 

market. The wireless industry has embraced this model. 

5G: Qualcomm Leads the Standards Development Process

The wireless standards development process helps ensure the most innovative companies all 

contribute to creating the best possible solution for the industry as a whole and the customers it 

serves. To lead the standards development process, Qualcomm works closely with other 

members of 3GPP. 3GPP develops standards through a highly collaborative — but tough and 

rigorous — process involving hundreds of companies, thousands of engineers and hundreds of 

thousands of technical contributions. At meetings throughout the year, members are divided into 

working groups that focus on developing technical specifications in various realms, from radio 

frequency to mobile devices. 

SECTION IV

Developing the Standards 
for Wireless Innovation
Qualcomm’s willingness to invest so heavily early on in 5G was remarkable for another 

reason: the company knew that a groundbreaking invention alone would not guarantee 

success — unless it became the industry standard. 

As Qualcomm engineers continued to develop demo equipment, Qualcomm representatives 

worked alongside other members of 3GPP to establish the first 5G requirements. In December 

2017, 3GPP announced it had completed initial delivery of Non-Stand-Alone NR for the new 

standard called Release 15. Soon thereafter, Qualcomm and Ericsson were able to reveal 

equipment in their labs that met the requirements.9 

To test the technology, Qualcomm set its sights on a pair of high-profile events in February 2018: 

the Winter Olympic Games in PyeongChang, South Korea and the annual Mobile World 

Congress trade show in Barcelona, Spain. The events established a hard deadline, pushing 

Qualcomm and its network partners to work quickly and collaborate closely to get up and running 

in less than two months. 

The team rose to the occasion, and by February, Qualcomm had shrunk its 5G prototypes to the 

size of handhelds. At the live demonstration at the Olympics, Qualcomm’s 5G mmWave 

technology passed the test, delivering speeds resembling that of fiber-optic cable and latencies 

as low as a millisecond.10 From South Korea, the demonstration traveled to Barcelona, where it 

went on display at MWC.11

For the remainder of 2018, development continued apace. Qualcomm began building a 5G 

network of its own at the company headquarters in San Diego, California. A series of 

increasingly sophisticated prototypes and demonstrations culminated with the first-ever video 

phone call on a commercially deployed 5G network in South Korea, using Qualcomm’s 5G 

modem and antenna, Ericsson’s network equipment and local carrier SK Telecom’s newly 

launched 5G mobile network.12

Back in the United States, carriers were bringing 5G wireless local area networks online and 

would soon begin rolling out 5G networks for smartphones in select cities. Smartphone makers 

soon introduced their first 5G-compatible devices — a milestone reached in mid-2019, a year in 

advance of the initial 2020 target. When Qualcomm looked at a map of places where trials were 

underway, they could see 5G blinking to life around the globe. 








