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Growth of Mobile Phone Subscribers 

& Data Traffic

Mobile internet traffic growth is pushing 
the capacity limits of wireless networks !  
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Evolution of Generations

1G

1980s
Analog Voice

1990s
Digital Voice
SMS + Email

2000s
Mobile Internet 

+ Positioning

2010s
Mobile Broadband

2G

3G

4G
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Evolution Towards Beyond 5G

[1]vǳŀƭŎƻƳƳΣ άрD ς±ƛǎƛƻƴ ŦƻǊ ǘƘŜ ƴŜȄǘ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ŎƻƴƴŜŎǘƛǾƛǘȅέΣ aŀǊŎƘΣ нлмр.
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Å Connectover 50 billions of wireless capability devices.

Å Need to be green and sustainable.



Evolution of the Industrial Revolution

1st

2nd

3rd

4th

1750

1840

1950

2020

5G mobilecommunicationswill 
provide the means to move into the 
4th Industrial Revolution by allowing 
to extend to an all-connected world of 
humans and objects.

Mass Production
Electrification
Assembly Line

Mechanization
Steam Engine
Power Loom

Automation
Electronics 
Computers

4th Industrial Revolution:
Cyber-Physical Systems
Pervasive Connectivity



Spectrum

Å RFspectrumtypically refers to the full frequencyrangefrom 3 KHzto 30
GHz.

Å RF spectrum is a national resource that is typically consideredas an
exclusivepropertyof the state.

Å RFspectrumusageis regulatedandoptimized

Å RFspectrumisallocatedinto different bandsandis typicallyusedfor
ï RadioandTVbroadcasting

ï Government(defenseandpublicsafety)andindustry

ï Commercialservicesto the public(voiceanddata)

RF IR VLUV X-ray ɔ-ray
HF VHF UHF SHF EHF

Wavelength [m]
10 10-1 10-3 10-5 10-7 10-9 10-11 10-13

107 109 1011 1013 1015 1017 1019 1021 1023

Frequency [Hz]

300 GHz 300 THz 30 PHz 30 EHz

750 nm 350 nm 10 nm
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Increased Performance
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Current Performance 
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Increasing the Area Traffic Capacity
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Potential Enabling Technologies

Ç Massive MIMO
Ç Interference Management
Ç Full Duplex Radio

Ç Carrier Aggregation
Ç Mm-Wave (60GHz)
Ç THz Com
Ç Optical Wireless Com

Ç Spectrum Sharing
Ç Cloud-RAN
Ç Small Cells
Ç D2D
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Large Intelligent Surface (LIS) Assisted 

Wireless Communication

[2] C. Huang et al., ά9ƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ Ƴǳƭǘƛ-ǳǎŜǊ aL{h ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǳǎƛƴƎ ƭƻǿ ǊŜǎƻƭǳǘƛƻƴ ƭŀǊƎŜ ƛƴǘŜƭƭƛƎŜƴǘ ǎǳǊŦŀŎŜǎΣέ ƛƴ L999 D[h.9/haΣ !ōǳ 5ƘŀōƛΣ ¦AE, Dec. 2018.
[3] vΦ ²ǳ ŀƴŘ wΦ ½ƘŀƴƎΣ άLƴǘŜƭƭƛƎŜƴǘ ǊŜŦƭŜŎǘƛƴƎ ǎǳǊŦŀŎŜ ŜƴƘŀƴŎŜŘ ǿƛǊŜƭŜǎǎ ƴŜǘǿƻǊƪΥ Wƻƛƴǘ ŀŎǘƛǾŜ ŀƴŘ ǇŀǎǎƛǾŜ ōŜŀƳŦƻǊƳƛƴƎ ŘŜǎƛƎƴΣέ in IEEE GLOBECOM, Abu Dhabi, 
UAE, Dec. 2018. 9

ÅA very new concept [2], [3], with the potential of significantly reducing the energy 
consumption of wireless networks while realizing Massive MIMO gains.

ÅBase station (BS) communicates with the users through a LIS.

Å LIS is a planar array consisting of a large number of nearly passive, low-cost and low 
energy consuming, reflecting elements, with reconfigurable parameters.

ÅEach element induces a certain phase shift on the incident electromagnetic wave.

ÅObjective is to make the propagation channel more favorable for the users.

ÅCan be easily integrated into the walls of the building.

Current implementations:

ÅReconfigurable reflect arrays, 
Å Liquid crystal metasurfaces, 
ÅProgrammable metamaterials.
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Not to be Confused with:

ÅAmplify and Forward Relay

ÅAssists in transmission by actively generating new signals.
Å Requires a dedicated energy source.

Å Active Large Intelligent Surface (LIS) based Massive MIMO

Å Data transmission with LISs.
Å Massive antenna arrays deployed on these surfaces with a fixed transmit power per 

volume-unit constraint. 
Å Current focus is on indoor scenarios, where the technology is shown to be highly 

effective in interference suppression.
Å Promising research direction for data-transmission in communication systems beyond 

Massive-MIMO.

[4] .Φ {ŀƛƴŀǘƘ ŀƴŘ bΦ .Φ aŜƘǘŀΣ άDŜƴŜǊŀƭƛȊƛƴƎ ǘƘŜ ŀƳǇƭƛŦȅ-and-ŦƻǊǿŀǊŘ ǊŜƭŀȅ Ǝŀƛƴ ƳƻŘŜƭΥ !ƴ ƻǇǘƛƳŀƭ {9t ǇŜǊǎǇŜŎǘƛǾŜΣέ L999 ¢ǊŀƴǎŀŎǘƛƻns on Wireless 
Communications, vol. 11, no. 11, pp. 4118ς4127, Nov. 2012.
[5]{Φ Iǳ Ŝǘ ŀƭΦΣ ά.ŜȅƻƴŘ ƳŀǎǎƛǾŜ aLahΥ ¢ƘŜ ǇƻǘŜƴǘƛŀƭ ƻŦ Řŀǘŀ ǘǊŀƴǎƳƛǎǎƛƻƴ ǿƛǘƘ ƭŀǊƎŜ ƛƴǘŜƭƭƛƎŜƴǘ ǎǳǊŦŀŎŜǎΣέ L999 ¢ǊŀƴǎŀŎǘƛƻƴǎ ƻƴSignal Processing, vol. 66, no. 10, pp. 
2746ς2758, May 2018
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LIS Assisted MU-MISO System

Å RLISk
represents the correlation matrix of the LIS elements for user k.

Å is a diagonal matrix of effective phase shifts 
applied by the LIS elements.

Å Entries of              i.i.d. CN(0,1).

M x 1 Channel between the BS and user k is modeled as,

User k
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Optimal Precoder

Å The Txsignal x is given as                          , where pk is the Txpower of symbol sk for

user k and gk is the precoding vector for user k. 

Å Downlink SINR is defined as                                         .

Å Problem (P1): 

Å Solution:
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Case I ïRank-One H1 (H1=abH )

Å Optimal value of SINR is equal to       , so we focus on analyzing      . 
Å After some tedious calculations involving the use of Woodbury identity, we find,

where                                         , where                            . 

Å Optimal precoderturns out to be matched filter, i.e.                  .

For K=1: 

Å Problem (P2):

Å Solution: Let                                  , then the (close to) optimal phases are computed as,
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Performance (K=1)

Å Comparison done with direct channel between the BS and user,                        ,   

where entries of                              , with optimal Txbeamforming, i.e.                .  

Å Average optimal SNR scales with the number of reflecting elements in the order N2.

Å Array gain of N and beamforming gain of N.

Å Significant improvement with only passive phase shifters ςmore spectral and 
energy efficient. 
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Multi-User (MU) Setting

During our derivations we find that with a rank-one channel between the

BS and the LIS  the optimal SINR is bounded as, 

Å Received average SINR of each user remains within a bound that goes to 0, no 
matter what value of N or what phases are used.

Å Harmful to deploy LIS in a MU setting with a rank-one LoSBS-to-LIS channel.
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Case II ïFull Rank H1

Å Phases that maximize the deterministic equivalent of        are computed using 
projected gradient descent. 

Å Performance compared with the case where BS directly communicates with the 
users using optimal precoding and power allocation.

Å Result shows that by introducing rank in H1, average optimal SINR scales even in 
the MU setting. 
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Further Research Directions

ÅLow-overhead signal exchange and channel 
estimation design to provide the LIS with the CSI to 
adapt the phases.

ÅOptimal positioning of the LIS, such that the channel 
is LoSbut not rank-one.

ÅCorrelation characterization for the LIS, based on the 
underlying technology used.


