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NCEL History

• Established in 2007 in CUHK Hong Kong

• 2007-2018: Graduated 12 PhDs, 3 Masters, and 7 Postdocs

• Current: 2 professors, 8 PhD students, and 1 Postdoc

• 2019: expanding to CUHK Shenzhen
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NCEL Vision

• Conduct world-class high-impact theoretical 
research in the interdisciplinary area among 
communications, networking, and economics.

• Help members grow into international leading 
researchers.

�3



Research Themes
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Research Areas
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http://ncel.ie.cuhk.edu.hk/current-research



Research Collaborations
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• Universities: North America & Europe

• Universities: Asia-Pacific

• Industry partners 



NCEL Books
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http://ncel.ie.cuhk.edu.hk/content/books

http://ncel.ie.cuhk.edu.hk/content/books


NCEL Tutorials
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http://ncel.ie.cuhk.edu.hk/content/tutorials

http://ncel.ie.cuhk.edu.hk/content/tutorials


NCEl Director: Prof. Jianwei Huang
• Presidential Chair Professor and Associate Dean, CUHK, Shenzhen

• IEEE Fellow, Class of 2016 (at the age of 37)

• Thomson Reuters Highly Cited Researcher, 2016/2017

• IEEE ComSoc Distinguished Lecturer 2015-2018

• CUHK Young Researcher Award, 2014

• IEEE ComSoc Asia-Pacific Outstanding Young Researcher Award 2009

• IEEE Marconi Award in Wireless Communications 2011

• Eight International Conference Best Paper Awards

• Editor of IEEE Journal on Selected Areas in Communications,  Transactions on 
Networking, Transactions on Mobile Computing, Transactions on Wireless 
Communications, Transactions on Network Science and Engineering, 
Transactions on Cognitive Communications and Networking

• Total Google Citations: 10200, H-Index: 50
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NCEL Faculty Alumni

• Liqun Fu (PhD 2011): Xiamen University (Distinguished Professor)

• Xu Chen (PhD 2012): Sun Yat-Shen University (Full Professor) 

• Lingjie Duan (PhD 2012): Singapore University of Technology & Design 
(Assistant Professor)

• Changkun Jiang (PhD 2017): Shenzhen University (Assistant Professor)

• Fen Hou (Postdoc 2011): University of Macau (Assistant Professor)

• Lin Gao (Postdoc 2016): Harbin Institute of Technology - Shenzhen 
(Associate Professor) 

• Quansheng Guan (Postdoc 2013):  South China University of Technology (Full 
Professor)

• Yanru Zhang (Postdoc 2017): University of Electronic Science and Technology 
of China (Full Professor)

�10



NCEL Member Achievements (1/2)

• Chinese Thousand Talents Award for Young Professionals (青年千⼈）

• Liqun Fu (2015) and Xu Chen (2016)

• IEEE ComSoc Asia-Pacific Outstanding Young Researcher Award

• Lingjie Duan (2015),  Lin Gao (2016), Xu Chen (2017) 

• Hong Kong Young Scientist Awards 

• Xu Chen: Physical/Mathematical Science Runner-up （2014）

• Lingjie Duan: Engineering Science Finalist （2014）
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NCEL Member Achievements (2/2)
• CUHK Postgraduate Research Output Award: Yuan Luo (2015)

• CUHK Young Scholar Thesis Award: Yuan Luo (2015)

• Phd Students Visiting Top Universities for 6-9 months

• Princeton University: Liqun Fu (2010), Meng Zhang (2018)

• University of California, Berkeley: Lingjie Duan (2011), Yuan 
Luo (2014)

• University of Illinois Urbana-Champaign: Qian Ma (2015)

• Yale University: Haoran Yu (2015), Zhiyuan Wang (2019)

• Stanford University: Ming Tang (2017)
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Selected Research Highlights

More Details at http://ncel.ie.cuhk.edu.hk/current-research
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http://ncel.ie.cuhk.edu.hk/current-research


Area I: User Provided Networking
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Crowd-Sourced Internet Connectivity
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• G. Iosifidis, L. Gao, J. Huang, and L. Tassiulas, “Enabling Crowd-Sourced 
Mobile Internet Access,” IEEE INFOCOM, 2014

3G/4G

Femtocell

Wi-Fi

http://ncel.ie.cuhk.edu.hk/sites/default/files/CrowdSourcingConnectivity-INFOCOM2014_6.pdf
http://ncel.ie.cuhk.edu.hk/sites/default/files/CrowdSourcingConnectivity-INFOCOM2014_6.pdf


Hybrid Pricing-Reward Scheme
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• L. Gao, G. Iosifidis, J. Huang, and L. Tassiulas, “Hybrid Data Pricing for 
Network-Assisted User-Provided Connectivity,” IEEE INFOCOM, 2014



Area II: Dynamic Spectrum Sharing
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Hybrid Spectrum Markets
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• L. Gao, J. Huang, Y.J. Chen, and B. Shou, “An Integrated Contract and 
Auction Design for Secondary Spectrum Sharing,” IEEE Journal on Selected 
Areas in Communications,  2013
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ContrAuction: An Integrated Contract and Auction
Design for Dynamic Spectrum Sharing

Lin Gao, Jianwei Huang, Ying-Ju Chen, and Biying Shou

Abstract—Designing mechanisms with proper economic incen-
tives is essential for the success of dynamic spectrum sharing, and
market-driven secondary spectrum trading is one effective way to
achieve this goal. In this paper, we consider secondary spectrum
trading between one seller (i.e., the primary spectrum owner, PO)
and multiple buyers (i.e., the secondary users, SUs) in a hybrid
spectrum market with both guaranteed contract buyers (future
market) and spot purchasing buyers (spot market). We focus on the
PO’s profit maximization with stochastic network information, and
formulate the PO’s expected profit maximization problem, where
the optimal solution serves as a policy guiding the allocation of
every spectrum under every possible information realization. We
study systematically the optimal solutions under both information
symmetry and information asymmetry, depending on whether the
PO can observe the SUs’ realized information. Under information
symmetry, we show that the optimal solution (benchmark)
maximizes both the PO’s expected profit (optimality) and the
social welfare (efficiency). Under information asymmetry, an
incentive-compatible mechanism is necessary for eliciting the
SUs’ realized information. We propose the ContrAuction, an
integrated contract and auction design, where the PO acts
as virtual bidders (in addition to the role of an auctioneer)
on behalf of the guaranteed contracts. We derive the optimal
ContrAuction under the constraint of efficiency, and characterize
the PO’s expected profit loss (compared to that under information
symmetry) induced by the information rent for the SUs.

I. INTRODUCTION

With the explosive development of wireless services and
networks, spectrum is becoming more congested and scarce.
Dynamic spectrum sharing has been recently viewed as a
novel approach to increase spectrum efficiency and allevi-
ate spectrum scarcity. The key idea is to enable unlicensed
secondary users (SUs) to access the spectrum licensed to
primary spectrum owners (POs) opportunistically [1], [2]. The
long-term successful implementation of dynamic spectrum
sharing requires many innovations in technology, economics,
and policy. In particular, it is essential to design a sharing
mechanism that offers enough incentives for POs to open their
licensed spectrum for secondary sharing.

Market-driven secondary spectrum trading is a promising
paradigm to address the incentive issue in dynamic spectrum

Lin Gao and Jianwei Huang (corresponding author) are with Department
of Information Engineering, The Chinese University of Hong Kong, HK, E-
mail: {lgao, jwhuang}@ie.cuhk.edu.hk. Ying-Ju Chen is with Department
of Industrial Engineering and Operations Research, University of California,
Berkeley, Berkeley, California 94720, E-mail: chen@ieor.berkeley.edu. Biying
Shou is with Department of Management Sciences, City University of Hong
Kong, HK, Email: biying.shou@cityu.edu.hk.

This work is supported by the General Research Funds (Project Number
9041458, 412509, 412710 and 412511) established under the University Grant
Committee of the Hong Kong Special Administrative Region, China, and the
CityU Project (Project Number 7008116) established by the City University
of Hong Kong, China.
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Fig. 1. An illustration of the hybrid spectrum market.

sharing, where POs temporarily lease the un-utilized (idle)
spectrums to unlicensed SUs to obtain additional profit. In this
paper, we consider the short-term secondary spectrum trading
(e.g., on a slot-by-slot basis) between a single PO (monopoly
seller) and multiple SUs (buyers) in a hybrid spectrum market
with both the future market and the spot market. In the future
market, each SU reaches an agreement, called a guaranteed
contract, directly with the PO. The contract pre-specifies some
key elements in trading, e.g., the price and the demand in a
future period. In the spot market, the SUs compete openly
with each other for spectrums (e.g., by an auction), and each
spectrum is traded in a real-time and open manner. Figure
1 illustrates a hybrid spectrum market with contract users
{1,2,3,4} and spot market users {a,b,c,d}, where two idle
spectrums at time slot t are allocated to the contract user SU-3
and the spot market user SU-a, respectively.

One significant advantage of such a hybrid spectrum market
is its flexibility in achieving desirable Quality of Service (QoS)
differentiations. Specifically, the future market insures SUs
against uncertainties of the future supply, and insures POs
against uncertainties of the future demand; the spot market
allows SUs to compete for specific spectrums when they need
resource, and permits fine grained resource allocation based on
the SU’s real-time demand and preference. Thus, an SU with
elastic services (e.g., file transferring that is delay tolerant)
may be more interested in spot trading to achieve the best
resource-price tradeoff, while an SU with inelastic services
(e.g., Netflix video streaming) requiring a minimum data rate
may prefer the certainty of contract in the future market.

In this paper, we focus on the PO’s profit maximization: how
should the PO allocate his idle spectrums in a future period
among the guaranteed contract users and the spot market
users (and charge) to maximize his overall profit? Since the PO
usually cannot obtain the complete and deterministic network
information in advance, we formulate the PO’s expected profit
maximization problem based on the stochastic information.
The optimal solution defines a policy, which determines the
allocation of every spectrum with every possible information



Spectrum Information Market
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• Y. Luo, L. Gao, and J. Huang, "Trade Information, Not Spectrum: A Novel 
TV White Space Information Market Model," IEEE WiOpt (Best Paper 
Award), 2014
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Area III: Mobile Data Offloading
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As a percentage of total mobile data traffic from all mobile-connected devices, mobile offload increases from 
45 percent (1.2 exabytes/month) in 2013 to 52 percent (17.3 exabytes/month) by 2018 (Figure 14). Without offload, 
Global mobile data traffic would grow at a CAGR of 65 percent instead of 61 percent. Offload volume is determined 
by smartphone penetration, dual-mode share of handsets, percentage of home-based mobile Internet use, and 
percentage of dual-mode smartphone owners with Wi-Fi fixed Internet access at home. 

Figure 14.   52 Percent of Total Mobile Data Traffic Will Be Offloaded by 2018 

 
 

The amount of traffic offloaded from smartphones will be 51 percent by 2018, and the amount of traffic offloaded 
from tablets will be 69 percent by 2018. 

A supporting trend is the growth of cellular connectivity for devices such as tablets which in their earlier generation 
were limited to Wi-Fi connectivity only. With increased desire for mobility and mobile carriers offer of data plans 
catering to multi-device owners, we find that the cellular connectivity is on a rise albeit cautiously as the end users 
are testing the waters. As a point in case, we estimate that by 2018, 42 percent of all tablets will have a cellular 
connection up from 34 percent in 2013 (Figure 15). 



Data Offloading Market
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• G. Iosifidis, L. Gao, J. Huang, and L. Tassiulas, “A Double Auction 
Mechanism for Mobile Data Offloading Markets,” IEEE Transaction on 
Networking, accepted July 2014 (conference version received IEEE WiOpt 
Best Paper Award, 2013)



NCEL Welcomes You
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• Highly motivated PhD students with passion in 
interdisciplinary network economics research

• Check http://www2.cuhk.edu.hk/gss/hkphd/

• Postdoc researchers with a strong publication record 
and a strong desire to succeed in academia

• Visiting PhD students with strong publications and 
fresh ideas

http://www2.cuhk.edu.hk/gss/hkphd/
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Google “Jianwei Huang”

NCEL.ie.cuhk.edu.hk

jianwei.ie.cuhk.edu.hk

jianweihuang [at] gmail.com


