
1

Spatial Modulation Based on Reconfigurable Antennas:
A New Air Interface for the Internet of  Things

(from theory to experimental validation)

Marco Di Renzo

Paris-Saclay University 
Laboratory of  Signals and Systems (L2S) – UMR8506

CNRS – CentraleSupelec – University Paris-Sud
Paris, France

marco.direnzo@l2s.centralesupelec.fr

IEEE 5G Greece Summit
Thessaloniki, Greece, July 11, 2017

French Science 
Foundation (ANR)



2

5G 
Disruptive 

Capabilities



IoT: Optimization Space Beyond Mobiles & Sensors
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 A new air interface for achieving the requirements of this new and
emerging optimization space is needed

 Rate: in between mobile and sensor applications

 Complexity: in between mobile and sensor applications

 Energy: in between mobile and sensor applications

 Flexibility: encompasses mobiles and sensors as special cases



An IoT Example: Cellular-Enabled Wearables
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Cellular-Enabled IoT ?
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Why Cellular for the IoT ? A Couple of  Year Ago…
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…http://www.cnet.com/news/ring-ring-its-your-watch-calling-att-bets/…

AT&T isn't convinced. It sees value 
in having an independent cellular 
line built into a wearable device. 
After all, do you really want to carry 
your clunky smartphone when you 
go on a run? And wearable medical 
devices may require the kind of 
persistent connection only a 
cellular network can provide.



Smartwatches with Cellular Connection – Now Available
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The IoT Needs an Energy Efficient Cellular Connection 
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Spatial Modulation – An EE Air Interface for the IoT
Industrial ANR Project (Orange Labs leads, Jan. 2016)
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MIMO – Better Rate and Performance…

 Array gain (beamforming), spatial division multiple access

 Spatial multiplexing: Rate = min(Nt, Nr)log2(1+SNR)

 Reliability: BEP ~ SNR-(NtNr)
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… But, What About Complexity…?

A. Mohammadi and F. M. Ghannouchi, “Single RF Front-End MIMO Transceivers”, IEEE Commun.
Mag., Vol. 49, No. 12, pp. 104-109, Dec. 2011.

Conventional MIMO

Single-RF MIMO
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… and What About Energy Consumption ?

Energy consumption

Spectral  Efficiency
(bits/s/Hz)

uplink

min consumption for 1 RF

Mobile device with N RFs, NxN MIMO 

Sensor with 1 RF, SISO/SIMO 

N times less  consumption

twice more rate
1 stream limitation

2 streams limitation Mobile device with N RFs, Nx2 MIMO 

minimum consumption for N RFs

SM-MIMO 1RF

Spatial Modulation:
Can we Increase the Data Rate of  IoT Devices Without Increasing their 

Power Consumption and Complexity ?



13

Spatial Modulation – In a Nutshell…
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Spatial Modulation – How It Works?

M. Di Renzo, H. Haas, and P. M. Grant, “Spatial Modulation for Multiple-Antenna Wireless Systems - A
Survey”, IEEE Communications Magazine, Vol. 49, No. 12, pp. 182-191, December 2011.
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Spatial Modulation – How It Works?
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Spatial Modulation – High Energy Efficiency
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M. Di Renzo, H. Haas, A. Ghrayeb, S. Sugiura, and L. Hanzo, “Spatial Modulation for Generalized MIMO:
Challenges, Opportunities and Implementation”, Proc. of the IEEE, vol. 102, no. 1, pp. 56-103, Jan. 2014.



The ANR SpatialModulation Project…

19



4-State Mono-Port Reconfigurable Antenna
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8-State Mono-Port Reconfigurable Antenna
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IEEE ICC 2017, Paris, France
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IEEE ICC 2017, Paris, France
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IEEE ICC 2017, Paris, France
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IEEE ICC 2017, Paris, France
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IEEE ICC 2017, Paris, France: Watch The Video
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https://www.youtube.com/watch?v=L7xAeU2jh5s



IEEE WSA 2017, Berlin, Germany: Read the Paper
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3.2 Realizable Massive MIMO
Antenna Selection [Gao 2013] and Spatial Modulation [Renzo 2011] are two possibilities that, when
combined with massive MIMO, allow the reduction of the number of radio-frequency (RF) chains
associated with the antennas, with a positive impact on the system complexity and hardware cost,
while preserving the system performance at a certain required level.
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Samsung 5G Trials in November 2016…



The Spatial Modulation Legacy…

30



World’s First Measurements & Prototype (back in 2013)
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… and Current EU Activities: H2020-5Gwireless
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Getting Intrigued… ? – Our Survey Papers… 

 M. Di Renzo, H. Haas, and P. M. Grant, “Spatial Modulation for Multiple-
Antenna Wireless Systems - A Survey”, IEEE Commun. Magazine, Vol. 49, No.
12, pp. 182-191, Dec. 2011.

 M. Di Renzo, H. Haas, A. Ghrayeb, S. Sugiura, and L. Hanzo, “Spatial
Modulation for Generalized MIMO: Challenges, Opportunities and
Implementation”, Proc. of the IEEE, Vol. 102, No. 1, pp. 56-103, Jan. 2014.

 P. Yang, M. Di Renzo, Y. Xiao, S. Li, and L. Hanzo, “Design Guidelines for
Spatial Modulation”, IEEE Commun. Surveys & Tutorials, Vol. 17, No. 1, pp. 6-
26, Mar. 2015.

 P. Yang, M. Di Renzo, et al., “Single-Carrier SM-MIMO: A Promising Design for
Broadband Large-Scale Antenna Systems”, IEEE Commun. Surveys &
Tutorials, Vol. 18, No. 3, pp. 1687-1716, July 2016.

 M. Di Renzo, H. Haas, A. Ghrayeb, S. Sugiura, and L. Hanzo, “Spatial
Modulation for Multiple-Antenna Communication”, Wiley Encyclopedia of the
IEEE, Nov. 2016.
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Getting Intrigued… ? – Our 2-hour Tutorial…

https://youtu.be/cNgCJK4oimM
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IEEE Access – We Are Accepting Papers…
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