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Introduc3on	
  Constant	Envelope	(CE)	mul1carrier	modula1ons	(CE-OFDM	and	CE-
SCFDMA)	represent	interes3ng	alterna3ve	waveforms	for	satellite	
communica3ons;		

  Indeed,	they	would	allow	to	exploit	the	benefits	of	mul1carrier	
modula1ons	without	sacrificing	power	resources	in	terms	of	high	
input-back	off	(IBO):	their	PAPR	is	fixed	to	0	dB;	

  CE	mul3carrier	modula3ons	are	obtained	by	applying	a	non-linear	
phase	modula1on	to	a	real-valued	OFDM	or	SC-FDMA	signal,	
normalized	with	respect	to	its	amplitude	[8-10].	
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Constant-Envelope	Mul3carrier	Signal	Genera3on	

S1,…,SN{ }    
Ŝ = 0,S1,…,SN ,Z ,0,SN

* ,…,S1
*⎡⎣ ⎤⎦

  
u(t) = 2 ℜ Sk{ }cos 2πkt T( )− ℑ Sk{ }sin 2πkt T( )

k=1

N

∑

  
x(t) = Ac Re exp j 2π fct + 2πhΛu(t)⎡⎣ ⎤⎦{ } −TCP ≤ t ≤ T

Complex	symbol	sequence	
(M2-QAM	constella1on	or	
DFT-precoded	symbols)		

Conjugate-symmetric	zero-padded	
(oversampled)	sequence	

Real-valued	OFDM	(SC-FDMA)	signal	

CE-OFDM	(CE-SCFDMA)	signal	
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CE	mul3carrier	signal	proper3es	

OFDM	signal	(high	PAPR)	
(courtesy	by	[8])	

CE-OFDM	signal	(0dB	PAPR)	
(courtesy	by	[8])	

Frac1onal	out-of-band	power	
(courtesy	by	[9])	  BCE =W max 2πh,1{ }   W = 2N / T
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CE	mul3carrier	performance	evalua3on	(see	[10])	

The	two	plots	(taken	by	[10])	evidence	that	the	increase	of	bandwidth	
(more	than	3dB)	w.r.t.	conven3onal	mul3carrier	techniques	turns	on	a	
a	great	improvement	of	power	efficiency	->	higher	capacity!!	
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CE	mul3carrier	modula3on:	phase-noise	impact	(1)	

  In	[8-10],	the	impact	of	phase-
noise	on	CE	mul3carrier	
modula3ons	performance	was	
not	inves3gated;		

  This	is	a	big	issue,	in	par3cular	
when	broadband	mm-wave	
satellite	applica3ons	are	
considered!		 PH

AS
E	
N
O
IS
E	
IM

PA
CT

S	
O
N
	

TH
E	
DE

TE
CT

IO
N
	S
TA

G
ES
	

HI
G
HL

IG
TE
D	
IN
	Y
EL
LO

W
	



C.	Sacchi,	E.	Cianca,	T.	Rossi,	M.	De	Sanc3s	 Analysis	and	Assessment	of	the	Effects	of	Phase	Noise	in	Constant	Envelope	Mul3carrier	Satellite	

CE	mul3carrier	modula3on:	phase-noise	impact	(2)	
  Some	analy3cal	insights:	

  
r(t) = Aexp j 2πhΛu(t)+φn(t)( ){ }+ z(t)

  Λ = 2 Nσ M−PAM
2

Low-pass	equivalent	received	signal	(AWGN	channel	+	phase-noise)	

  ϕ̂(t) =ϕ(t)+φn(t)+ϑ(t)

Output	of	phase-detector	

ϑ (t) = arctg
Az t( )sin Φ z (t) −ϕ(t) −φn (t)( )

A+ Az t( )sin Φ z (t) −ϕ(t) −φn (t)( )
⎛

⎝
⎜

⎞

⎠
⎟

ϕ(t) = 2πhΛu(t)

  
Α̂(k) = 2πh( )Λ2 Ι k( ) +Φ k( ) +Θ k( )

Output	of	matched	filter	receiver	related	to	subcarrier	k	
  
var Θ k( )( ) ≈ 1

T
N0

A2 var Φ k( )( ) ≈ 1T Sφ
k
T

⎛
⎝⎜

⎞
⎠⎟
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Simula3on	setup	
  DVB-S2	standard	configura3on	

PARAMETER' VALUE'
'Available'bandwidth'(BCE)' 33'MHz'
Oversampling'factor'(FO)' 4'

Total'number'of'subcarriers'(NS)'' 512'
Symbol'vector'length'(N)' 63'
Number'of'users'(U)' 4'

Size'of'user'symbol'block'(B)' 15'symbols'
 

Phase	noise	masks	

  Mul$path	effects	neglected;	
  Nonlinear	amplifica$on	(HPA	modeled	with	
Saleh’s	model,	IBO>=7dB);	

  Modula$on	constella$ons:	4-QAM	and	16-
QAM,	angular	modula3on	index	<=1.0	rad.		
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Simula3on	results	(4-QAM,	eff.	1b/s/Hz)	

NOTICE:	OFDM	and	SC-FDMA	have	used	a	BPSK	modula3on	
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Simula3on	results	(16-QAM,	eff.	2b/s/Hz)	

NOTICE:	OFDM	and	SC-FDMA	have	used	a	4-QAM	modula3on	
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Conclusion	
  The	impact	of	phase	noise	on	constant	envelope	mul3carrier	transmission	
techniques	has	been	analyzed	by	means	of	simula3ons;	

  Simula3on	results	evidenced	that	CE-OFDM	and	CE-SC-FDMA	are	quite	
robust	against	moderate	levels	of	phase	noise,	provided	that	the	
modula3on	index	is	properly	chosen;	

  High	level	of	phase	noise	can	involve	an	irreducible	error-floor	also	on	CE	
mul3carrier	waveforms,	in	par3cular	for	higher	order	modula3ons;	

  The	comparison	with	regular	OFDM	and	SC-FDMA	is	globally	in	favor	to	CE	
techniques,	due	to	their	inherent	resilience	to	nonlinear	distor3ons.	


