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Wen Tong: 5G will be the neural network of the physical world
By Weijie Zhao

Smart phones, video, computer games, social platforms and mobile payments have dramatically changed our daily lives in the past 10 years.
Behind the rise of the internet industry, fourth-generation (4G) network technology played an instrumental role. According to the plans
of major communications companies and the global standardization organization 3GPP (3rd Generation Partnership Project), the next
generation of wireless network technology (5G) will start to be commercially used before 2020.What will be the technological improvements
in performance of 5G comparing with 4G? Would 5G be similarly transformative? In a recent interview with NSR, Huawei’s Chief 5G
scientist, Wen Tong, talked about these topics, as well as about the transformation of China’s communications industry from a technology
follower in the eras of 3G and 4G to one of the leading forces behind 5G.

FROM 1G TO 5G
NSR:Howhavemobile telecommunications changed in thepast
several decades?
Tong: I would like to start with the history of the communica-
tions industry. Typically, for mobile communication, the tech-
nology would evolve a new generation every 10 years, with a
consequent leap in both wireless technology and mobile appli-
cations each time.

From1G to 2G, voice communicationwas transformed from
fixed-line telephones tomobile (cell) telephones.Thiswas a suc-
cess of digital wireless communication technology. We spent
80 years to build the fixed-line network and to install fixed
phones into every household. But mobile phones became per-
vasive in only 20 years.That is the power of technology.

Thenwith3Gand4Gwebegan tousewireless technology for
data communication, and were no longer limited to just phone
calls. 3G brought about the jump from voice to data. When we
started to design 3G systems in the 1990s, no one quite under-
stood how the internet was going to evolve. So many poten-
tial applications, such as video calls, were not successfully in-
troduced with 3G. After the first version of 3G was deployed,
personal computers became popular and Internet Protocol (IP)
technology became mainstream. And when smart phones ap-
peared,mobile communication technology found its way to 4G.

Generally speaking, 4G has accomplished only one goal:
to transfer everything that is possible on the internet to the
smart phone. When 4G standards were completed, we did not
know that there would be the innovations like Facebook, Uber,
Wechat, Twitter and Instagram. These internet applications
could not achieve their current level and economic scale with-
out 4G. As one of the 4G standards constitutors, I would say
that only when communication technology and the right appli-
cationsmeet with each other can big economic benefits and real
changes come.
NSR:What are the things 5G can and 4G cannot do?

Wen Tong, Huawei’s Chief 5G scientist, IEEE Fellow, Fellow of
Canadian Academy of Engineering (Courtesy of Wen Tong).

Tong:Well, people asked similar questions in the timeof 3Gand
4G. But it’s difficult to predict the applications that will arise af-
ter the deployment of the 5G network—such new applications
are unimaginable at this moment. However, we can still give a
general vision of the technology.

There will be three main technological improvements in 5G.
The first one is ultra-fast access speeds. 5G’s peak speed is com-
parable to the speed of optical fiber transmission. This goal has
already been achieved in our tests, with a speed of 115 Gb per
second. The second one is massive connections. 5G is able to
connect everything, including thewater bottle in front of us right

C©TheAuthor(s) 2018. Published by Oxford University Press on behalf of China Science Publishing &Media Ltd. All rights reserved. For permissions, please e-mail:
journals.permissions@oup.com

D
ow

nloaded from
 https://academ

ic.oup.com
/nsr/article/5/2/292/4880449 by guest on 08 August 2020

mailto:journals.permissions@oup.com


INTERVIEW Zhao 293

now, onto cloud computing in data centers. This is the concept
of the ‘internet of things’, or of a ‘super-connected world’. And
the last one is lower latency, which is able to eliminate the
limit of distance, making it possible to communicate with every
corner of world as if there is no distance between them.

With this superior performance, we can do many things. For
instance, remote-controlled self-driving of vehicles. We can use
sensors on the car to collect information, and transfer the in-
formation to the cloud with 5G networks. Then cloud comput-
ing can create commands that are transferred back to the car
through 5G. Human participation is completely unnecessary in
this whole process. If we use the current 4G network to perform
it, the response distance of a car travelling at 120 km/h on the
highway would be two or three meters. But if we can decrease
the latency to one millisecond, which should be possible with
5G, the response distance would be lowered to eight centime-
ters, which would be short enough for safe driving. We will be
able to do many similar things in other areas. Remote surgery
will be possible. A doctor will be able to perform operations for
patients on the other side of the planet. And when 5G network
is deployed and the display technologies are mature, you would
notneed to travel fromBeijing toShanghai for this interview.We
can simply transfer your image information through 5G and re-
construct your holographic image here.Therewill be little differ-
ence compared with a face-to-face interview—and all we need
is a high-speed, low-latency network and a fast enough image-
processing system.
NSR: Huawei’s white paper on 5G mentioned the concept of a
smart grid. What is that?
Tong: In our visionof 5G, everything couldbe smart: smart driv-
ing, smart shopping, smart healthcare, smart anything. A smart
grid means every part of the power grid is connected to the net-
work, and people or computers behind the network perform
analyses that control the power grid instantly. In a larger vision,
5G would be able to reshape every vertical industry.
NSR: To achieve these goals, maybe higher computing capabil-
ity is also needed as well as a better wireless network?
Tong: There are three main pieces in the whole picture: all
sensed, all connected and all intelligent.We use sensors to sense
everything, connect everything with the network and use back-
stage cloud computation to accomplish the final ‘smart connec-
tionof everything’. So yes, computing is an important aspect. Be-
fore the notion of Artificial Intelligence (AI) was proposed, we
used to use the word ‘automatic’. To automate everything.

�There are three main pieces in the whole picture: all
sensed, all connected and all intelligent. We use sen-
sors to sense everything, connect everything with the
network and use backstage cloud computation to ac-
complish the final ‘smart connection of everything’.

—Wen Tong

�

NSR: It seems that this system is much like an animal. Our neu-
rons sense and transfer the outside information to the central
nervous system.
Tong:Well, this is a goodmetaphor.We sense the outsideworld
andcalculate in thebrain.According to thismetaphor, theneural
network of the physical world is 5G.

5G TECHNOLOGY
NSR: Standardization is a very important concept in communi-
cations industry.
Tong:TheITU(InternationalTelecommunicationsUnion)de-
fined a high-level framework for key performance requirements,
which supplies a definitionof 5G: anetwork couldbe considered
to be fifth-generation onlywhen it reaches certain speed, latency
and connection standards. Beside this, there will be a detailed
industrial standard provided by 3GPP, which offers a unified
production standard for all cell phone and network equipment
producers.

A unified global standard is extremely important for the
communications industry for two reasons. First, standardization
guarantees that all cell phones canbe connectedwith eachother,
nomatter which city or which country they are in. Second, stan-
dardization is a demand of the market; it offers the cheapest
products for the consumers. If different standards are used by
different smart phone makers, each company will have to inde-
pendently develop every single part of the phone and the result-
ing products would be very expensive.

In the time of 3G, there were still several competing wireless
standards.TheUSA, Europe andChina all had their own. 4G, on
the other hand, successfully achieved a single unified standard.
Two or three years ago, at the beginning of the 5G standardiza-
tion phase, there were divergent opinions that could have led to
several fragmented standards. But now this problem has been
resolved.The first version of 5G standard is ready and will be re-
leased very soon. [3GPP officially completed the first specifica-
tion for 5G, the 5GNewRadio standard, on 21December 2017,
nine days after this interview.]
NSR:What are the major technological innovations of 5G?
Tong: The core of wireless network technology is air interface
technology, and the core of air interface technology is physical
layer technology. Air interface technology is the crown of the
wireless network, and the physical layer is the diamond on the
crown. Physical layer technology is the foundation of informa-
tion transmission: it defines how data is encoded, modulated,
transmitted and then retrieved from noise and interference on
the other side of the network.

To accomplish the 5G goals, the physical layer had to be
drastically modified. The speed limit of information transmis-
sion for every Hertz frequency spectrum was rigorously defined
by the Shannon Limit in 1948. Thanks to the efforts of gener-
ations of engineers, about 10 years ago we came very close to
achieving this limit. Further improve of this speed is not easy,
so at the beginning of 5G research many scholars, including
several respected scientists, publically claimed that this field was
already dead. A second consideration is that existing networks
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occupy most frequency bands, and we have to look for the re-
maining available frequency bands for 5G deployment.The new
physical layer will be redesigned and optimized for these new
frequency bands. Lastly there is the problem of implementation
technologies: we have to find large-scale manufacturing tech-
niques that are able to produce designed new smart phones and
networks and to achieve easy and fast deployment.

At the earlier stage of 5G study, we searched the literature
and found about a dozen raw techniques that could be candi-
dates for the new network. Most of these works are conducted
by mathematicians. The methods are not mature, though, and
cannot be practically used. From 2010 to 2013, after much ef-
fort we were able to successfully reconstruct the physical layer
and change these raw ideas into usable 5G technologies. After
further testing and selecting these technologies, we have finally
constructed the technical framework of 5G. This is not a single
technology but a combination of many, including coding, wave-
formdesign, frame structuredesign andMIMO(Multiple-Input
Multiple-Output).The new air interface technology was named
New Radio (NR).

You could compare it to Fleming’s discovery of a biolog-
ical phenomenon in which one microorganism killed another
species of microorganism. To transfer this discovery into the
manufacture of the antibiotic penicillin was another thing.What
we have done in creating 5G is similar to that development
phase.

�This is not a single technology but a combination
of many, including coding, waveform design, frame
structure design and MIMO (Multiple-Input Multiple-
Output). The new air interface technology was named
New Radio (NR).

—Wen Tong

�
NSR:Network slicing technology is also frequently mentioned.
What is that?
Tong: Air interface is the basic technology, and network slicing
is a macroscopic framework. It’s the structure of the network.

The structure of the network has been transformed several
times. 30 or 40 years ago, each network was constructed for one
specific purpose. Phone calls, telegrams and faxeswere transmit-
ted by separate networks. Then IP technology emerged, which
converged everything into data packets that were transmitted
through the network with equal transmission quality. However,
the quality demand of different data is actually different. Impor-
tant data, such as commands for automatic driving or remote
surgery, calls for high-quality transmission, whereas for Wechat
messages the quality requirement is relatively low. Costumers’
expectation is that these messages can be transmitted at a low
price, if not in fact for free.

Network slicing technology emerged to solve this problem.
It uses the concept of cloud and virtualization to slice a network

into many parts. All the slices share the same physical air inter-
face and network equipment, but the QoS (Quality of Service)
of each slice is different.Moreover, the slicing is dynamic andde-
fined by software. Thus, you can create a certain slice for a task,
cancel it when the task is over and then create a new one for a
new task. Slicing technology enables customized network ser-
vice and offers a good opportunity for telecommunications op-
erators: they can exploit different slices to offer different kinds
of services and are no longer restricted to smart phone based
services.
NSR: Is 5G technology already mature?
Tong: Yes. There are no significant technical problems left.The
main question now is on the business side.

TOWARDS AND BEYOND 5G
NSR:When did Huawei start 5G research?
Tong:Huawei started very early in 2009, when 4G LTE (Long
Term Evolution) was still not fully commercialized. In that
year, Huawei proposed a small project called Vision2020, which
aimed to predict the shape of the wireless network in 2020.
Many of the predictions made at that time turned out to be
the same as in the recent 5G blueprint, including the network
speed, latency and the application forms. Around the end of
2012, Huawei decided to invest 600 million dollars in 5G re-
search and development—quite aside from our investment in
actual products.
NSR:Did other major companies start at a similar time?
Tong: According to my knowledge, Huawei was probably the
first company doing research in this field. Before 2012, many
big companies were still publically claiming that 5G is impos-
sible. We started early and firmly, and our major technical route
has not been changed during these years. So at the early stage of
defining 5G, Huawei played a significant role to lead the defini-
tion of speed, latency and connections.
NSR: Is there a future timeline for 5G commercialization?
Tong: It is said that 2020will be the first year of 5G commercial-
ization. But in fact we won’t wait that long. In the second half
of 2018, the 5G network equipment will be put into production
and the network construction will begin. 5G smart phones will
come out in the first half of 2019.
NSR:Will the cost of 5G be higher than before?
Tong: There are two kinds of cost. The cost for customers will
not rise noticeably. iPhone X is already expensive, and the price
of 5Gphoneswon’t exceed that level. For operators, the cost is in
the network construction. They need to invest at the beginning
and recover their costs in about three to five years. In the long
run they are going to make a profit, and the price of data traffic
will decrease.
NSR: How did China’s Ministry of Industry and Information
Technology (MIIT) promote the development of 5G?
Tong:MIIT organized the IMT-2020 (5G) Promotion Group
in 2013.This group is among the earliest national 5Ggroups and
hasbeenproved tobe successful.ThePromotionGroupbrought
major operators and vendors together to reach a consensus on

D
ow

nloaded from
 https://academ

ic.oup.com
/nsr/article/5/2/292/4880449 by guest on 08 August 2020



INTERVIEW Zhao 295

‘what is 5G’ and ‘what is 5G technology’. The group also orga-
nizes tests of the technologies produced by its members. The
second-stage test was carried out recently and achieved some of
the world’s best results. China is now a leading force of commu-
nications technology and industry. But in the time of 3G,we had
to follow what was being done elsewhere.
NSR:What is beyond 5G?Will there be 6G?
Tong: Yes, there will be 6G. This is also a question I have been
asked for many times. Both your and my imagination is lim-
ited; we cannot predict technological revolutions that could
happen in 10 years’ time. But when technological disruption
and application disruption come together, 6G will definitely
emerge.
NSR:As far as youknow,has 6GR&Dstarted atHuawei or other
companies?
Tong: Well, I think there may be some basic research but we
have not reached a point where we can say that 6G is coming.
Several years of exploration and preparation are needed.

�In the second half of 2018, the 5G network equipment
will be put into production and the network construc-
tion will begin. 5G smart phones will come out in the
first half of 2019.

—Wen Tong

�
PERSONAL CHOICE, COMPANY GROWTH
AND INDUSTRY DEVELOPMENT
NSR: You joined Huawei in 2009, the year 5G R&D started in
Huawei. So did you join Huawei for 5G?
Tong: This is a good question but I haven’t thought about it.
Maybe I should talk about my personal background. I got my
bachelor degree in 1984 at Southeast University in China.Then
I went to Canada for PhD. My PhD work was on signal pro-
cessing and my doctoral thesis was a finalist of the Governor
General’s Awards.That was when 2G standardization was com-
pleted.When I gotmyPhD Iwas not clear aboutmy future plan,
so I accepted the invitation of Canada’s Bell North Research
Laboratory and became a postdoctoral researcher. During this
period, some ofmyworkwas about speech recognition and neu-
ral network. At that time, I wasn’t positive about the future de-
velopment of neural networks andAI. Sowhen I decided tohead
into industry, I didn’t choose related jobs but accepted the offer
of Nortel Networks, following mymentor’s advice.

Nortel was a dominant digital switching network company
at that time, and the wireless department was quite small. In a
small department therewere fewer restrictions and the young re-
searchers coulddoanything theywanted. I still remember that in
the company’s annual exhibition I demonstrated how to down-
load a website on a mobile phone using a refrigerator-size 3G
prototype in the laboratory.The president came and saw it, and

said: “What are you thinking about! Who will surf the internet
with a phone!” In the wireless market Nortel was not the num-
ber one, so the only choice to become a leader in the field was
through a technological revolution. Imade a lot of technical con-
tributions in the process of 3G and 4G standardizations. I in-
troduced OFDM (Orthogonal Frequency Division Multiplex-
ing), Turbo Code, Hybrid ARQ (Automatic Repeat-reQuest)
and wireless Voice of IP technologies into standardization. In
2007 Nortel began to implement a Fellow system and I was the
first Fellow. Later I became the leader of all the Nortel labora-
tories, inside and outside Canada. However, good times do not
last long: Nortel went bankrupt in 2009. I was already a Nortel
Fellow, so I figured that if I joined a sister company I would only
attain a similar position—and that wasn’t challenging. So I had
only two choices: Google or Huawei. These two companies are
different fromNortel. And I chose Huawei.
NSR: What are the differences between Huawei and Western
companies?
Tong:There are differences. What’s more, the Huawei of 2009
was different from Huawei nowadays. In my personal view,
Huawei has several unique characteristics. The first is its desire
to pursue technology excellence.This was unexpected tome be-
fore I joined.The second difference fromWestern companies is
that Huawei is a customer-centric company, not a shareholder-
driven company. You cannot really appreciate this if you’re not
an employee of Huawei. The third point is the strong capability
for execution: once Huawei decides to do something, the entire
company will concentrate on it with laser focus until it achieves
the goal.
NSR:Was theCanadianR&D Institute ofHuawei founded after
your joining?
Tong: Yes, I joined Huawei together with a multidisciplinary
team of about 200 leading experts and we founded the R&D
Center in Canada. Huawei’s performance on building overseas
institutions is the best among all Chinese corporations.We have
more than 20 centers in Europe and more than 10 in the USA
and Canada. Many world-class talents are working in these cen-
ters and are helping Huawei to turn knowledge and technology
into products and value.
NSR: How does Huawei decide where to set up an overseas
institution?
Tong: It mainly depends on finding the right talent and research
culture. Where we find it, that’s where we build an institute.
NSR:What are the promoting research hotspots in the field of
ICT?
Tong:Many technologies go through a period of overhype and
then cool down, and probably only then re-emerge and begin
to change our lives. That’s the typical law for technology devel-
opment. As an R&D researcher, you get success by persisting
through the period of cooling until technology transfer finally
starts to happen. AI has gone through this sequence. Huawei is
also interested in AI, but personally I am still skeptical of it in the
near future. It is true that it can be applied in many fields and of-
fers efficiency and profits, but people’s expectations exceed that
promise.
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NSR: Your undergraduate university, Southeast University, is
strong in the field of communication.
Tong: I entered SoutheastUniversity andmajored in radio tech-
nology in 1980. At that time, radio technologywas an unpromis-
ing subject for students. However, Southeast University hosted
China’s best wireless communication lab at that time. The lab
leader was China’s first PhD supervisor in the field of wireless
mobile communications. The first Chinese home-trained PhDs
in this field, including Xiaohu You (IEEE Fellow, professor at
Southeast University, the leading scientist behind China’s 3G
and 4G, with a PhD degree in 1988) and Zhengmao Li (exec-
utive vice president of China Mobile Communications Corpo-
ration, with a PhD degree in 1988) graduated in this lab.
NSR:What are your suggestions to young R&D researchers?
Tong: I’ve participated in recruitment at Huawei and learnt
about the career choice standards of the young generation.
Some are salary-guided, some care about the room for career

�Huawei’s performance on building overseas institutions
is the best among all Chinese corporations. We have
more than 20 centers in Europe and more than 10 in
the US and Canada.

—Wen Tong

�development, and some are interest-driven. However, in my
opinion, the top two determinants of the best young researchers
are, first, whether he/she has a rough plan for the next 5 or
10 years, and second, they are usually ‘stubborn’ and able to stick
to one subject for a long time. These principles are effective no
matter which company you join, Google, Microsoft or Huawei.

Weijie Zhao is a news editor in NSR editorial office based in Beijing.
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