
Michele Tamagnone, EuCAP 2015, Lisbon, In memoriam of Julien Perruisseau-Carrier 

EuCAP 2015, WS4: In Memoriam of Perruisseau-Carrier     

 

 

The orbital angular momentum (OAM) multiplexing 

controversy: OAM as a subset of MIMO 

Michele Tamagnone, Joana S. Silva, Santiago Capdevila, Juan R. 

Mosig, Julien Perruisseau-Carrier 

 

Laboratory of Electromagnetics and Acoustics (LEMA) 

École polytechnique fédérale de Lausanne (EPFL), Switzerland 

 



 2 Michele Tamagnone, EuCAP 2015, Lisbon, In memoriam of Julien Perruisseau-Carrier 

Outline 

 OAM modes and multiplexing 

 OAM multiplexing as a subset of MIMO: the controversy 

 The far field limit 

 A simpler alternative to OAM multiplexing: LENS based MIMO 

 Conclusions  

 

 

 

 



 3 Michele Tamagnone, EuCAP 2015, Lisbon, In memoriam of Julien Perruisseau-Carrier 

Outline 

 OAM modes and multiplexing 

 OAM multiplexing as a subset of MIMO: the controversy 

 The far field limit 

 A simpler alternative to OAM multiplexing: LENS based MIMO 

 Conclusions  

 

 

 

 



 4 Michele Tamagnone, EuCAP 2015, Lisbon, In memoriam of Julien Perruisseau-Carrier 

OAM modes and multiplexing 

 OAM = Orbital Angular Momentum 

 Same polarization everywhere (e.g. 

vertical) 

 Null in the propagation axis 

 Phase integer-proportional to the 

azimuthal angle φ 

 

∠𝐸 = mφ 
m = 0,+1,−1,+2,−2,… 

 

 Orthogonality 
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The “Venice experiment” 

 Tamburini F, Mari E, Sponselli A, Thidé B, Bianchini A. and Romanato F, “Encoding many channels 

on the same frequency through radio vorticity: first experimental test” 2012 New J. Phys. 14 033001 

TX 

RX 

 

This is just a 2x2 line of sight 

MIMO system! 
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The controversy 

The controversy is mainly about two points  

 

 MIMO vs OAM multiplexing 

 Some groups claim that OAM multiplexing is a subset of spatial multiplexing (MIMO 

systems). 

 Other ones maintain that it is a new physical layer 

 

 Far field 

 Some groups claim that the increased capacity is just a near field effect  

 Other ones claim that the OAM multiplexing can be exploited also in far field conditions. 

 

If OAM multiplexing is a subset of MIMO then it cannot 

work in far field 
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 F. Tamburini et al, “Encoding many channels on the same frequency through radio vorticity: 
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 M. Tamagnone, et al, “Comment on ‘Encoding many channels on the same frequency 

through radio vorticity: first experimental test’” NJP 

 L.B. Kish, R. D. Nevels, "Twisted Radio Waves and Twisted Thermodynamics", PLOS ONE 
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Are all OAM systems MIMO systems? 

TX RX 

 Y. Yan, G. Xie, M. P. J. Lavery, H. Huang, N. Ahmed, C. Bao, Y. Ren, Y. Cao, L. Li, Z. Zhao, A. F. 

Molisch, M. Tur, M. J. Padgett, and A. E. Willner, “High-capacity millimetre-wave communications 

with orbital angular momentum multiplexing,” Nat Commun, vol. 5, 2014. 

 Tamburini F, Mari E, Sponselli A, Thidé B, Bianchini A. and Romanato F, “Encoding many channels 
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General definition of MIMO system 

 Two nodes: Tx and Rx 

 Nodes separated by “channel” 

 The Tx node comprises: 

  M ports (or input signals)  

  an electromagnetic radiating 

structure 

 The Rx node comprises: 

 N ports (or output signals)  

  an electromagnetic receiving 

structure 

 Linearity 

 Finite sizes and currents 
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  an electromagnetic receiving 
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This is a 8x8 line of sight MIMO system! 
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MIMO systems cannot work in far field 

𝑨 𝒓 =  𝑱(𝒓′)
𝑒−𝑗𝑘 𝒓−𝒓′

𝒓 − 𝒓′
𝑑𝒓′

𝑉

 

 

𝑨 𝒓 = 𝐺 𝑟 𝑰 𝒓  

𝑰 𝒓 =  𝑱(𝒓′)𝑒−𝑗𝑘 𝒓′∙ 𝒓 𝑑𝒓′
𝑉

 

 𝑰1 𝒓 𝑰2
∗ 𝒓 𝑑𝒓 

𝑅𝑥𝐴𝑟𝑒𝑎

= 0    →     𝑅𝑥𝐴𝑟𝑒𝑎 ∙ 𝑰1 𝟎 ∙ 𝑰2 𝟎 ∝
𝐷𝑅

𝑟
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Why OAM multiplexing cannot work in far field 

|𝐸| ∝
1

𝑟 𝑚 +1

2𝜋𝑑𝑊0

𝜆

𝑚

 



 19 Michele Tamagnone, EuCAP 2015, Lisbon, In memoriam of Julien Perruisseau-Carrier 

Far field or near field? 

Frequency Link range 𝜉 

Tamburini et al 2012 2.4 Ghz 442 m 0.16 

Willner et al 2012 193 THz 1m 5.8 

Willner et al 2014 28 GHz 2.5 m 3.36 

𝜉 ≜
𝐷𝑇𝐷𝑅

𝜆 𝑟
 

All these systems work only because they are not in deep 

far field region 
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OAM in near field 

 OAM multiplexing cannot be used in far field 

 It is however working in near field. 

 Advantages of OAM:  

 intrinsic orthogonality → no MIMO decoder needed. 

 Line of sight → no need for environment rich in scattering  

 

 

Can a simpler MIMO system (not based on OAM) be 

designed with these properties? 
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Near field lens based MIMO 

Same frequency and 

size of [1] but longer 

distance (3.27 m) 

instead of 2.5.  

 

10 modes  

(instead of 8) 

 

BROADBAND ! 

        [1]  Y. Yan, G. Xie, M. P. J. Lavery, H. Huang, N. Ahmed, C. Bao, Y. Ren, Y. Cao, L. Li, Z. Zhao, 

 A. F. Molisch, M. Tur, M. J. Padgett, and A. E. Willner, “High-capacity millimetre-wave 

 communications with orbital angular momentum multiplexing,” Nat Commun, vol. 5, 2014. 
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Near field lens based MIMO 
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Conclusions 

 OAM multiplexing is a subset of MIMO systems 

 Line of sight MIMO systems fail in far field   

→ OAM multiplexing also cannot work in far field conditions 

 In near field much simpler MIMO systems can be designed 

showing: 
 The same or better performance of OAM counterparts 

 Broadband behavior 

 

 OAM multiplexing seems to have very little apllicability/utility 
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APPENDIX 
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