
Method for determining the imperfections of a transmit pathway and of a 
receive pathway of an apparatus, and associated radio apparatus 

The present invention relates to a method for determining the 

imperfections of the transmit and receive pathways of an apparatus. This 

invention pertains to the field of apparatuses requiring an entirely analogue or 

partially analogue frequency transposition, for example apparatuses for radio 

communications, 	communication 	via 	an 	optical 	fibre 	or 	via 	an 	audio 

transmission. This frequency transposition is carried out by the transmit 

pathway and the receive pathway of the apparatus. 

The invention pertains more particularly to the use of an entirely 

digital method for calibrating an apparatus making it possible to estimate and 

to compensate, digitally, the imbalances between the in-phase part and the 

quadrature part of the signal and which are present in the transposed signal 

(solely the 	imperfections of the transmitter) and 	in the baseband signal 

received (the imperfections of the transmitter and of the receiver). These two 

phenomena are due to the analogue imperfections present in the transmit 

pathway and the receive pathway of the apparatus. The transmit pathway is 

also known by the expression IQ modulator and the receive pathway by the 

expression IQ demodulator. 

If 	an 	apparatus 	comprises 	a 	function 	for 	transposing 	from 

baseband to the carrier frequency (and 	conversely, from the carrier to 

baseband) 	achieved 	entirely 	or 	partially 	in 	an 	analogue 	manner, 	it 	is 

necessary to use an IQ modulator for the transmit pathway, and an IQ 

demodulator for the 	receive 	pathway. 	This 	IQ 	modulator and 	this 	IQ 

demodulator are in general impacted by the loss of quadrature between the 

in-phase 	pathway (also known 	by the 	expression 	I 	pathway) and 	the 

quadrature pathway (also known by the expression Q pathway). This is 

illustrated in Figure 1 and Figure 2. In Figure 1 the in-phase pathway is 

represented by the element fei(t) and the quadrature pathway by the 
element feQ(t). In Figure 2 the in-phase pathway is represented by the 

element fr1(t) and the quadrature pathway by the element frQ(t). This 

quadrature loss is also known by the expression "TX IQ imbalance" and "RX 

IQ imbalance". This quadrature loss has significant effects, indeed the least 

mismatch of phase and/or gain between the I and Q pathways gives rise to a 

quadrature 	loss resulting in a self-jamming of the signal transmitted (or 
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received) by itself. This quadrature loss is represented in Figures 1 and 2 by 

the gains gTx  and gRx  and the phases (pTx  and coRx , note that if the transmit 

pathway is not affected by an imbalance then (pTx  = 0 and gTx  = 1 and if the 

receive pathway is not affected by an imbalance then c0Rx  = 0 and gRx  = 1. 

The level of this self-jamming is all the more significant the higher the 

quadrature loss. 

Figures 3 and 4 present the effect of this self-jamming between the 

various signals. In Figure 3 the elements a), b) and c) correspond respectively 

to: 

• the frequency response E'*(—f) of the image signal e'*(t), 

• the frequency response E'(f) of the signal to be transmitted e(t) and 

• the frequency response g(f) of the signal transmitted. 

The central carrier represents the resultant carrier. The signal transmitted is 

jammed at one and the same time by its image. 

In Figure 4 the elements a) and b) correspond respectively to: 

• the frequency response of the signal at the input of the IQ demodulator, 

and 

• the frequency response R'(f) of the signal affected by the IQ imbalance 

and the continuous component. 

The central carrier represents the continuous component, and H(f) the 

frequency response of the channel. In this example, it is noted that the more 

frequency selective is the channel, the more significant is the impact of the 

interference of the signal to be received with its image. 

Prior art systems are known which make it possible to compensate 

for the imperfections of the IQ modulator of the transmit pathway by a pre-

compensation, and for the imperfections of the IQ demodulator of the receive 

pathway by a post-compensation. 

Figure 5 presents a radio post known in the prior art. For example 

the journal article by B. Razavi, "Design Considerations for Direct-Conversion 

Receivers," 	published 	in 	the 	IEEE journal 	Transaction 	on 	Circuits 	and 

Systems II: Analog and Digital Signal Processing, vol. 44, pp. 428-435, in 

June 1997, presents such a radio post. This system comprises a transmit 

pathway 501 and a receive pathway 502. These two pathways are connected 

2 

received) by itself. This quadrature loss is represented in Figures 1 and 2 by 

the gains gTx and gRx and the phases <fJTx and <fJRx, note that if the transmit 

pathway is not affected by an imbalance then <fJTx = 0 and gTx = 1 and if the 

receive pathway is not affected by an imbalance then <fJRX = 0 and gRx = 1. 

The level of this self-jamming is all the more significant the higher the 

quadrature loss. 

Figures 3 and 4 present the effect of this self-jamming between the 

various signals. In Figure 3 the elements a), b) and c) correspond respectively 

to: 

• the frequency response E'*( -f) of the image signal e'*(t), 

• the frequency response E'(f) of the signal to be transmitted e(t) and 

• the frequency response S(f) of the signal transmitted. 

The central carrier represents the resultant carrier. The signal transmitted is 

jammed at one and the same time by its image. 

In Figure 4 the elements a) and b) correspond respectively to: 

• the frequency response of the signal at the input of the 10 demodulator, 

and 

• the frequency response R'(f) of the signal affected by the 10 imbalance 

and the continuous component. 

The central carrier represents the continuous component, and H (f) the 

frequency response of the channel. In this example, it is noted that the more 

frequency selective is the channel, the more significant is the impact of the 

interference of the signal to be received with its image. 

Prior art systems are known which make it possible to compensate 

for the imperfections of the 10 modulator of the transmit pathway by a pre­

compensation, and for the imperfections of the 10 demodulator of the receive 

pathway by a post-compensation. 

Figure 5 presents a radio post known in the prior art. For example 

the journal article by B. Razavi, "Design Considerations for Direct-Conversion 

Receivers," published in the IEEE journal Transaction on Circuits and 

Systems II: Analog and Digital Signal Processing, vol. 44, pp. 428-435, in 

June 1997, presents such a radio post. This system comprises a transmit 

pathway 501 and a receive pathway 502. These two pathways are connected 



together, 	before 	the 	transmit/receive 	antenna. 	This 	connection 	can 	be 

effected for example by virtue of a switch 503. 

The transmit pathway comprises a first device 504 for frequency 

transposition 	of 	the 	signal. 	This 	first 	transposition 	device 	uses 	a 	first 

transposition frequency. Likewise the receive pathway comprises a second 

device 505 for frequency transposition of the signal. This second transposition 

device uses a second transposition frequency. 

These 	two 	transposition 	devices 	cause 	imperfections 	known 	by 	the 

expression IQ imbalance and resultant carrier. 

Finally the transmit pathway 501 and the transmit pathway 502 

comprise respectively a digital-analogue converter 506 and an analogue-

digital converter 507. These two converters make it possible to convert 

respectively a digital sequence into an analogue sequence and an analogue 

sequence into a digital sequence. 

In order to compensate for these imperfections the system of the 

prior art comprises a pre-compensation device 508 and a post-compensation 

device 509. 

If the parameters used by these pre and post-compensations are 

known perfectly, the combination pre-compensation followed by an imperfect 

transmit pathway and the combination imperfect receive pathway followed by 

a post-compensation behave respectively as an ideal transmit pathway and 

an ideal receive pathway. 

Apparatuses are also known in which the transmit and receive 

pathways are not connected together. In this case the signals exchanged 

between the transmit and receive pathways pass through the propagation 

channel between the transmit and receive antennas. It is possible to apply the 

invention to a system in which the transmit and receive pathways are situated 

in distinct housings and are linked only by the radio channel. 

Prior art systems are also known which 	make it possible to 

determine 	the 	imperfections 	and 	therefore 	to 	determine 	the 	pre- 
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compensations or the post-compensations to be applied to the signals. For 

example patent application W02008/116821 	is known, which presents a 

scheme for determining the imperfections of a device comprising a transmit 

pathway and a receive pathway. In this document the imperfections are 

calculated by carrying out the following steps: 

• The imperfections of the receive pathway are calculated by supposing the 

imperfections of the transmit pathway to be negligible. The scheme is 

therefore biased and approximate on account of this supposition. 

• The imperfections of the transmit pathway are calculated on the basis of 

the imperfections of the receive pathway. 

• The imperfections of the receive pathway are updated on the basis of the 

imperfections of the transmit pathway. The scheme of this method is 

therefore iterative. 

The method, described in document W02008/116821, for determining the 

imperfections of the transmit pathway and of the receive pathway, is therefore 

iterative, approximate and biased. Moreover in this method an assumption is 

made about the frequency response of the looped-back transmit/receive 

device as a whole. Indeed in this patent application the solution presented 

operates only if the channel between the transmit and receive pathway does 

not vary or varies little as a function of the analysis frequency. 

The assumption made is that the equivalent channel is considered to be 

constant or equal for two analysis frequencies. 

The present invention proposes a method for determining the 

imperfections of a transmit pathway and of a 	receive pathway of an 

apparatus, in a non-iterative and exact manner, whatever the frequency 

response of the element making it possible to connect the transmit pathway 

and the receive pathway. 

The method allows the determination of the imperfections of a 

transmit pathway and of a receive pathway of an apparatus. The transmit 

pathway comprises a first device for frequency transposition of an analogue 

sequence to an analogue signal, using a first transposition frequency. The 

receive pathway comprises a second device for frequency transposition of an 

analogue signal to an analogue sequence, using a second transposition 

frequency different from the said first transposition frequency. 

The method comprises the following sequential steps: 
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• a step of generating at least two different first analogue sequences, 

• a 	step of frequency transposition to analogue 	signals of the first 

analogue sequences, by the transmit pathway, 

• a step of transmitting the analogue signals of the transmit pathway to 

the receive pathway, 

• a step of frequency transposition to second analogue sequences of the 

analogue signals received, by the receive pathway, 

• a step of calculating first amplitudes and first phases, of a plurality of 

spectral components of at least two of the first analogue sequences at 

first frequencies of interest and second amplitudes and second phases, 

of a plurality of spectral components of at least two of the second 

analogue sequences at first frequencies of interest. 

The method comprises moreover the following two independent steps: 

• a step of determining the imperfections of the transmit pathway on the 

basis solely of the first amplitudes, first phases, second amplitudes 

and/or second phases, and 

• a step of determining the imperfections of the receive pathway on the 

basis of the said second amplitudes and second phases. 

Advantageously at least two of the first analogue sequences are non-zero, are 

not a delayed version of one another and are not an amplified version of one 

another. 

Advantageously one of the first analogue sequences consists of an imaginary 

sequence and another of the first sequences consists of a real sequence. 

Advantageously at least two of the first analogue sequences are multi-tone 

sequences of OFDM -Orthogonal Frequency Division Multiplexing- type or of 

SC-FDE -Single-Carrier Frequency Domain Equalization- type or of FBMC - 

Filter Bank MultiCarrier modulation- type or analogue sequences using a 

cyclic prefix and/or cyclic postfix. 

Advantageously the imperfections of the transmit pathway are modelled by a 

first gain and a first phase shift affecting the said analogue signal during its 

transmission by the transmit pathway. 
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Advantageously the imperfections of the receive pathway are modelled by a 

second gain and a second phase shift affecting the said analogue signal 

during its reception by the said receive pathway. 

Advantageously the transmit pathway furthermore comprises a device for 

converting first digital sequences to the said first analogue sequences, and 

the receive pathway furthermore comprises a device for converting the said 

second analogue sequences to second digital sequences. Moreover the first 

frequencies of interest are: 

fa  = 

f9  — 

kz Nfft  and 
fsmp 

=-- — f8- Nfft 

where: 

k2  c N
2
fft  [+1; 	—1, 

fsnip 	represents the sampling frequency of the device for converting the 

second analogue sequences to second digital sequences and 

Nfft represents a number of samples used to calculate the said second 

amplitudes and the said second phases, of the said spectral components of 

the second analogue sequence or sequences. 

Thus the frequencies of interest as well as the frequencies transmitted are 

defined with respect to the receive pathway sampling frequency. 

Advantageously the transmit pathway furthermore comprises a device for 

converting first digital sequences to the said first analogue sequences, and 

the receive pathway furthermore comprises a device for converting the said 

second analogue sequences to second digital sequences. 

Moreover the first frequencies of interest are: 

fi = ( — k 2 — k 1 ) NsmP  f ft' 
fsmp 

f2 = (-1(2 ki) + Nfft;  

= (+k2 f6f6 kl) Nfft  — 	'------ 	[2! 

f7 = (+k2 k1) Nfft  + 	 fi, 

where: 

k1  E 
Nfft 

1' fig i 
	

+ L 	2 	' 2 	.1' 

Af k1  
N
fs
f
r

t 
 = 	, 
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Advantageously the imperfections of the receive pathway are modelled by a 

second gain and a second phase shift affecting the said analogue signal 

during its reception by the said receive pathway. 

Advantageously the transmit pathway furthermore comprises a device for 

converting first digital sequences to the said first analogue sequences, and 

the receive pathway furthermore comprises a device for converting the said 

second analogue sequences to second digital sequences. Moreover the first 

frequencies of interest are: 
fsmp d 

f8 = -kz Nfft an 
f. k fsmp f 
9 = 2 Nfft = - 8· 

where: 
k E [+1· Nfft - 1] 

2 } 2 ' 

fsmp represents the sampling frequency of the device for converting the 

second analogue sequences to second digital sequences and 

Nfft represents a number of samples used to calculate the said second 

amplitudes and the said second phases, of the said spectral components of 

the second analogue sequence or sequences. 

Thus the frequencies of interest as well as the frequencies transmitted are 

defined with respect to the receive pathway sampling frequency. 

Advantageously the transmit pathway furthermore comprises a device for 

converting first digital sequences to the said first analogue sequences, and 

the receive pathway furthermore comprises a device for converting the said 

second analogue sequences to second digital sequences. 

Moreover the first frequencies of interest are: 

f1 = (-k2 - k1) ~;!t, 
f2 = (-k2 + k 1 ) ~;!t, 
k = (+k2 - k1 ) fsmp = -f2 

Nfft ' 

f7 = (+k2 + k 1) ~;!t = -fl' 

where: 
k E [- Nfft + 1. Nfft] 

1 2 } 2 ' 

k fsmp = I1f 
1 Nfft ' 
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61 represents the difference between the said first transposition frequency 

and the said second transposition frequency, 

k 2  E [+1;Lfft: — li, 

fsmp represents the said sampling frequency of the device for converting the 

second analogue sequences to second digital sequences and 

Nfft represents a number of samples used to calculate the said second 

amplitudes and the said second phases, of the said spectral components of 

the second analogue sequence or sequences. 

Advantageously the step of determining the imperfections of the transmit 

pathway comprises the use of the following relations: 
icpTx est = Angle[K1Tx  finalest — K2Tx  finalest *] 

( 	9Txest = 1K1Tx finalest — K2Tx  f inalest *1 
where: 
jai represents the norm of the complex number a, 
Angle[a] represents the argument of the complex number a, 

cp rx  represents an estimation of the said first phase shift of the said transmit 

pathway, 

9Tx represents an estimation of the said first gain of the said receive pathway, 
KtTxesti+KiTxest2 = K1Tx finalest 

K2Tx f inalest = 1 — K1Tx  finalest* , 
,,, represents the conjugate operator, 

R f 	) 
7
(seq2 

R 	
fa,

(seq
'
)• E 
	
*(seq2 ) 

f 
E , *(seq,) 

J 
\ 

exp(-I- j• 19Af  ) 
Klv, esti= 

R f  (seq2 ) - 	 - 
R f 7 (seq1 )• E f 8 *(seq2 ) — E f 

9
(seq2 )1 j 7  E 	*(seq)— E 	(seq) 

_ 	f8 	' 	f9 	' exp(-1- j • cow ) 

R 	(seq
1  

)• E .f .. *(seq,) 
J 2 	 9 

R 1. (seq2 ) 
j 2  E 	*(seq2 ) 

f9 eXP(+  j . C°f ) Kl,„est2= 
R 	(seq ) 2 - 

R
f 2

(seq
'
)• 

_
E

f ,
*(seq2 )— E

f s
(seq2 

f 2  E , * (seq1 )— E f 8
(seq1 ) 

_ 	J , exp(-I- j • coAf  ) 

f i(seqi) represents a spectral component of one of the said first sequences 

seqi  at the frequency f ri , 
Rf j (seq,) 	represents 	a spectral 	component of one of the said 	second 

sequences seqi  at the frequency fj , and 
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l:!,.f represents the difference between the said first transposition frequency 

and the said second transposition frequency, 
k E [+1' Nfft - 1] 

2 I 2 ' 

ismp represents the said sampling frequency of the device for converting the 

second analogue sequences to second digital sequences and 

Nfft represents a number of samples used to calculate the said second 

amplitudes and the said second phases, of the said spectral components of 

the second analogue sequence or sequences. 

Advantageously the step of determining the imperfections of the transmit 

pathway comprises the use of the following relations: 

where: 

{
<fJTxest = AnBle[K1~xfinalest K2~xfinalest *] 

BTxest = IK1 Tx fmalest - K2 TX fmalest *1 

lal represents the norm of the complex number a, 
Angle[a] represents the argument of the complex number a, 

<fJTX represents an estimation of the said first phase shift of the said transmit 

pathway, 

BTX represents an estimation of the said first gain of the said receive pathway, 
K1 f

· l K1Txestl+K1Txest2 
TX ma est = 2 ' 

K2 TX finalest = 1 - K1 Tx finalest*, 

'" represents the conjugate operator, 

R
j 

(seq2) 

R j (seqJ E j * (seq2)- ('. )' E j * (seq2) 
7 g exp + j . l}7 Lli 8 

Kl7X estl = ( ) 

[ ] 
R j seq2 [ ] 

Rj (seqJ E j * (seq2)- E j (seq2) - ('. )' E j * (seqj)- E
j 

(seqj) 
7 8 9 exp+j'l}7Llf 8 9 

R j (seq2) 
R j (seqJEj *(seq2)- ( ~'Ej *(seq2) 

2 9 exp + j . l}7 Lli ) 9 

Kl7X est2 = R ( ) 

[ 
'J j seq2 [ ] R

j 
(seqJ E

j 
*(seq2 )-E

j 
(seqJ --==f-~' E

j 
*(seqj)-E

j 
(seqj) 

2 9 8 exp\+j'l)7Llf} 9 8 

Ef/seqJ represents a spectral component of one of the said first sequences 

seqi at the frequency fj, 
Rf/seqi) represents a spectral component of one of the said second 

sequences seqi at the frequency /j, and 
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cp,Af  represents a phase shift caused by a difference between the said first 

transposition frequency and the said second transposition frequency. 

Advantageously the step of determining the said imperfections of the said 

receive pathway comprises the use of the following relations: 

(

(pRx est = Angle[K1Rx finalest — K2Rx  finalest *] 
gRxest = 1K1Rxest — K2Rxest *I 

where: 

cpRx  represents an estimation of the said second phase shift of the said 

receive pathway, 

gRx  represents an estimation of the said second gain of the said receive 

pathway, 

K1Rx finalest = 
K1Rxest(seqi)+[1—K2*Rxest(seqi)]-1-K1Rxest(seq2)+[1—K2* Rxest(seq2)] 

4 

K2Rx  finalest = 1 — K1Rx  finalest* , 

represents the conjugate operator, 
R f  

7
(seq,) 

K1 Rx  est(seq,)= 
R 	(seq )+ R 	*(seq, f 	, 	f  

R f  (segi ) 
K2i 	 6 est seqi 

f, 
	qi )+ Rf 	q) ,  

R f1 	i (seq) 	represents a spectral component of one of the said 	second 

sequences seqi  at the frequency fj . 

Apparatus, which comprises a transmit pathway and a receive pathway. The 

transmit pathway comprises a first device for frequency transposition of an 

analogue 	sequence 	to 	an 	analogue 	signal, 	using 	a 	first 	transposition 

frequency. The receive pathway comprises a second device for frequency 

transposition of an analogue signal to an analogue sequence, using a second 

transposition frequency. The apparatus furthermore comprises a calculation 

device able to implement the method of the invention. 

Advantageously the transmit pathway furthermore comprises a device for 

converting 	first digital 	sequences to the 	said 	first analogue 	sequences. 

Moreover the receive pathway furthermore comprises a device for converting 

the second 	analogue sequences to second 	digital 	sequences and the 

calculation device is furthermore able to implement a method of the invention. 
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where: 

({JRX represents an estimation of the said second phase shift of the said 

receive pathway, 

gRX represents an estimation of the said second gain of the said receive 

pathway, 

K1Rxfinalest = 
K1Rxest(seQ1)+ [1-Kz'RXest(seq 1)] + K1Rxest(seq2) + [1-K2 * Rxest(seQ2)] 

4 

K2 RXfinalest = 1 - K1Rxfinalest*, 

'" represents the conjugate operator, 
R 1 (seqi) 

KIRxest(seqJ= ( )7 *( )' 
R 17 seqi + R 11 seqi 

_ R 16 (seqJ 
K2 Rx est(seqi)- () *()' 

R 16 seqi + R 12 seqi 

Rf/seqa represents a spectral component of one of the said second 

sequences seqi at the frequency fj. 

Apparatus, which comprises a transmit pathway and a receive pathway. The 

transmit pathway comprises a first device for frequency transposition of an 

analogue sequence to an analogue signal, using a first transposition 

frequency. The receive pathway comprises a second device for frequency 

transposition of an analogue signal to an analogue sequence, using a second 

transposition frequency. The apparatus furthermore comprises a calculation 

device able to implement the method of the invention. 

Advantageously the transmit pathway furthermore comprises a device for 

converting first digital sequences to the said first analogue sequences. 

Moreover the receive pathway furthermore comprises a device for converting 

the second analogue sequences to second digital sequences and the 

calculation device is furthermore able to implement a method of the invention. 
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The invention will be better understood and other advantages will 

become apparent on 	reading the detailed description given 	by way of 

nonlimiting example and with the aid of the figures among which: 

- 	Figure 1 presents a transmit pathway exhibiting an imbalance between 

the I pathway and the Q pathway. 

- 	Figure 2 presents a receive pathway exhibiting an imbalance between the 

I pathway and the Q pathway. 

- 	Figure 3 presents a first illustration of the effect of the imbalance between 

the I pathway and the Q pathway of a transmit pathway. 

- 	Figure 4 presents a second illustration of the effect of the imbalance 

between the I pathway and the Q pathway of a receive pathway. 

- 	Figure 5 presents a system comprising a pre-compensation and a post- 

compensation. 

- 	Figure 6 presents the method described in the invention. 

- 	Figure 7 presents an example of the sequence used by the method of the 

invention. 

- 	Figure 8 presents the spectral components of the sequences received. 

Figure 5 therefore presents the system known in the prior art and 

used by the method of the invention. 

Within the framework of our invention the second transposition 

frequency is shifted by a known value from the first transposition frequency. 

The minimum value of this shift depends on the carrier frequency and on the 

instability of the values of these frequencies. This instability is generally 

caused by an inaccuracy of the local oscillators. In the case of a UHF 

transmission at 200MHz and of an instability of 2 ppm of the local oscillators, 

the minimum value of the shift would be about 40 kHz. 

The maximum value of this shift depends on the sampling frequencies of the 

digital-analogue converters 506 and analogue-digital converters 507. In the 

case of converters having a frequency of 80 MHz, the maximum frequency 

would be about 10 MHz. 

Under the above conditions, a typical value would be of the order of 1MHz. 

The method according to the invention is described in Figure 6 and 

comprises a set of sequential steps. 
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A step 601 of generating at least two different first analogue sequences. 

The two analogue sequences must comply with the following 

conditions so that the method can operate correctly: 
® 	These two sequences must not be zero sequences. 
® 	One of the sequences must not be an amplified version of the other 

sequence. 

• One of the sequences must not be a delayed version of the other 

sequence. 

In order to carry out this estimation it is for example possible to use 

a dual-tone signal whose frequencies are f and - f. The phases of these 

sequences must be different for each of the two first sequences. For example, 

it is possible to contemplate the transmission of two first dual-tone sequences. 

One of these first sequences consists of a solely real sequence, and the other 

first sequence consists of a solely imaginary sequence. The real sequence is 

achievable using the I 	part of the transmit pathway and the imaginary 

sequence is achievable using the Q part of the transmit pathway. 

It is also possible to use a signal of multi-tone type. 	It is thus 

possible 	to 	use 	a 	signal 	of 	OFDM 	(Orthogonal 	Frequency 	Division 

Multiplexing) type, SC-FDE (Single-Carrier Frequency Domain Equalization) 

type, or any other type of signals with cyclic prefix. It is also possible to use a 

signal of FBMC (Filter Bank MultiCarrier) type. 

The analogue sequences can be generated firstly in digital and 

then the digital-analogue converter 506 is used to generate the analogue 

sequences from the digital sequences. 

The method thereafter comprises a step 602 of frequency transposition of the 

analogue 	sequences. 	This 	transposition 	is 	carried 	out 	by 	the 	transmit 

pathway. 

Thereafter a step 603, of transmitting the analogue signals from the transmit 

pathway to the receive pathway, is carried out. 

Step 604 allows the frequency transposition of the analogue signals received 

to second analogue sequences. This step is carried out by the receive 

pathway. 
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The following step is a step 605 of calculating a first amplitude and a first 

phase, 	of 	the 	spectral 	components 	of 	the 	first 	analogue 	sequences, 

associated with various frequencies of interest. 

This step also allows the calculation of a second amplitude and of a second 

phase, of the spectral components of the second analogue sequences, 

associated with various frequencies of interest. 

This step can also be carried out after conversion of the second analogue 

sequences to second digital sequences. This conversion is carried out by the 

analogue-digital converters 507 of the receive pathway. 

Finally the method comprises the following two independent steps: 

• a step 606 of determining the imperfections of the transmit pathway on 

the basis solely of the first amplitudes, first phases, second amplitudes 

and second phases associated with the frequencies of interest, and 

• a step 607 of determining the imperfections of the receive pathway on 

the 	basis 	solely 	of the 	second 	amplitudes 	and 	second 	phases 

associated with the frequencies of interest. 

These last two steps therefore allow the determination of the value 

of the imperfections of the transmit pathway and of the receive pathway. 

These imperfections are characterized by the following parameters: 

For the IQ modulator or transmit pathway: 

• the parameter relating to the quadrature loss in terms of phase, 

• the parameter relating to the quadrature loss in terms of amplitude, and 

For the IQ demodulator or receive pathway: 

• the parameter relating to the quadrature loss in terms of phase, 

• the parameter relating to the quadrature loss in terms of amplitude. 

In one mode of implementation, presented in Figure 7, the two first 

sequences are united into one and the same longer sequence termed the 

general sequence and composed of three parts: 

• A first 	part which 	allows 	a 	synchronization 	between 	the 	transmit 

pathway and the receive pathway (Temporal Syncro sego  in Figure 7). 

• A second and a third part which allow the estimation of the parameters 

representative 	of 	the 	imperfections 	of 	the 	transmit 	and 	receive 
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pathways. These second and third parts each comprise one of the first 

sequences. (Sequence seqi  and Sequence seq2  in Figure 7). 

Note that it is possible to repeat a part of the second and the third 

part of the signal so as to improve the fineness of the estimations (CP for 

Cyclic Prefix and CS for Cyclic Suffix in Figure 7). This is carried out by 

adding a cyclic prefix and/or postfix. 

Moreover as the carrier frequency of the transmit converter is 

slightly different from the carrier frequency of the receive converter, and by 

virtue also of the use of the parts two and three of the general sequence, it is 

possible to very easily separate the parameters to be estimated, and a simple 

spectral analysis makes it possible to do so. Note that in general a spectral 

analysis requires the calculation of one or more Fourier transforms, but in the 

proposed scheme this is not necessary since the parameters of interest are 

situated at seven precise frequencies known in advance. It then suffices to 

determine 	the 	phase 	and 	the 	amplitude 	of the 	spectral 	components 

associated with these frequencies. It is for example possible to multiply the 

second sequence received by the receive pathway by complex exponentials 

whose frequencies are known beforehand, so as to determine the value of 

these parameters. 

The transposition frequencies of the transmit pathway and of the receive 

pathway are different. = 	= 	, 
with  O-,T X

2
-
7
:0RX This difference is denoted df 	ki  L---Nfrt  

k1  E __Nf
2
ft + 

which is a normalized and integer frequency, while 1; 
 N f

2

fti 

complying with the condition I < = Ik1I 	 — 1. 

In the case of a dual-tone signal the two frequencies are then the following 

frequencies: 

and f8  = — k2 f1---
Nf

mfP
t 

 

k2  f5---
Nf

ni
f

,Pt
. f9  = 

with k 2  E 
Nif t . 

fsmp  represents the frequency of sampling of the analogue signal 

by the receive pathway conversion device. 

Tx  represents the angular frequency of the transmit pathway 

transposition device. 
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represents the angular frequency of the receive pathway 

transposition device. 

itifft represents the size of the block of samples which is used to 

calculate the second amplitudes and second phases, of the spectrum of the 

second analogue sequences. 

The frequencies of interest as well as the frequencies transmitted are defined 

with respect to the receive pathway sampling frequency. 

In one mode of implementation the two steps 606 and 607 of 

determining the imperfections of the transmit and receive pathway use the 

modelling of the analogue signal received by the receive voice r(t) as follows: 
r(t) 	= 	(100 PO + DC„(t)]• K1,,, • K1 „ +[e(t)+ DC,„(t)]* • K27„ * • K1 „]) • exp(+ j2gA ft) 

+(h* WO Re(t)+ DCT, (t)]* .K1 	* . K2 „ +[e(t)+ DC,,(t)]. K2 	• K2 „]) • exp(— /270, f  t) 
+DC„(t) 

h(t) represents the impulse response of the switch (or of the association of 

the elements of the propagation channel transmit pathway and of the 

elements of the receive pathway) 503 connecting the transmit pathway and 

the receive pathway. 

e(t) 	represents the signal which 	has been 	transmitted 	by the transmit 

pathway. 

ficn,(t) represents the equivalent analogue signal corresponding to the 

continuous component not desired in the receive pathway. 

DC77(t) represents the equivalent analogue signal corresponding to the 

continuous component not desired in the transmit pathway. 

ic17-7(t) and Kirx(t) depend on the coefficients of the transmit pathway 

imbalance model. 

grxe.  
Kirx (0 2 

1 - grx  
'(0 2r 	- 

la 	t 	and KZR  (t) depend on the coefficients of the receive pathway 

imbalance model. 
I ± g 	e 	fix 

K2 	(t) - rx 	2 

represents a convolution. 
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1 + 9 . e+JIP'Tx 

K1Tx (t) = T~ 
"'" 

l-gTx e 
K2TX {t) = -------

2 

Kl.l?x(t) and KZRX(t) depend on the coefficients of the receive pathway 
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® represents a convolution. 
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- represents the conjugate operator. 

The discrete Fourier transform, or more simply a spectral analysis 

conducted on some of the spectral components, of the received signal r(t), 

consisting of the 	second 	sequences, 	makes 	it possible to 	recover the 

information carried at the following seven frequencies: 

fi = (-k2 	k1) ig, - 

f2 = (-k2 + k1) NfsfmfP
t 

 , 

f4 

f3 kl. Nfs  fnif.Pt , = 

=0, 
= +k1 fs  NfsfinfP

t. 
 , 

= 	k 	k f6 (+ 2 — 	1  ) Nfsfmf
Pt  and 

f7  ki) = (+k2  + 	lig. 

The spectral components of the signal received for these seven 

frequencies depend on the spectral components of the transmitted signal and 

the frequency response of the switch connecting the transmit pathway and the 

receive pathway at the frequencies k2 Nfsfft. f8  = -k2  fi's2i--'-f.'t  and f9  = 

Thus spectral components of the two second sequences at these 

seven frequencies make it possible to obtain the following system: 

R f  (seqi ) 	= E c  *(seq,)• K1ix  *+E f  (seq,)• K2T)(  
J 9 	 - 9 

 • K2„ • H f  * (seq,) 
_ 	9 

 

R f  (seq,) 	= E_k2 (seq,)• Kla  + E i, * (seq,)• K27x * 
J 9 

• K1Rx  • H 	(seq
'
) 

f 8  
*(seq,)• Klrx * +DCTx (seq,)• K2]• K2 	• Ho * (seq,) R

• 
	(seq,) 	[DC ,x  
3 

 

R 
f4 
 (seqi) 	= 	 DCRx(seqi) 

R
• 

 . (seq,) 	= 	[DC,x (seq,)• K1Tx  + DCrc  * (seq,)• K2Tx *l• K1Rx  • Ho  
3 
  

(seqi) R f  ( ( 	q.) 
f 

E 	*(seq.)• K1.7x * +E 
f 	1 8 

• H
f 

* (seqi ) 
s 

R i  , . 
7 
 (seq,) 	= E f  (seq,)• Klix  + E f  * (seq,)• K2ix * 

, 
• K1Rx  • H f 9(seq,) 

1rf,  i  seq.) 	represents 	a 	spectral 	component 	of the 	frequency 

response of the switch connecting the transmit pathway and the receive 
pathway at the frequency fi  and during the transmission of the sequence seqi. 
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E,. (seq) represents a spectral component of one of the first 
f 

sequences transmitted (.geq,) at the frequency fj . 

Rff (seq.) represents a spectral component of one of the second 

sequences received (seq,) at the frequency f1. 

f8  = k2 	 k2  
N
fs; and f9  = 

N
fs7f,Pt. 

In order to determine the IQ imbalance of the transmit converter 

use is made of the spectral components of the second sequences received 

seqi  and seq 2  at the frequency following system is kO Nfsfrt . The f7  = (+k2  + 

then formed: 

{Rf7 ( 	qi) qi)' K f 	(seq1 ). K2 • 1 x  • f 	qi ) 

R
,r
. 

7 
 (seq2 ) 	= E f  (seq2 ).K1Tx +E f 8 *(seq2 )•K2Tx * 

, 
• K1Rx  • H f , (seq2 ) 

The frequency responses of the equivalent channel Hk (seqi ) and 

Hk (seq 2 ) are not identical, since the transposition frequencies of the transmit 

pathway and of the receive pathway are different. Indeed, the sequence 

received at the output of the receive converter is not situated on zero 

frequency, but at a frequency Af 	
k1 

 = 	
= 

,5. This is particularly 6)TX2—TrWRX 

N
tP

t 
 = 

f 

presented in Figure 8. In this figure is presented the spectrum of the signal 

received when the signal transmitted is a pure exponential of frequency +f5  

and of amplitude A. CFO represents the shift in frequency between the 

converter of the transmit pathway and the converter of the receive pathway. 

This frequency shift involves a phase rotation (p Af  between the 

sequences seqi  and seq 2 : 

= 2ir k 
Nill+ Nu, ± N cs  

Af 	' 	1  
Nfft 

Thus 	the 	relation 	between 	the 	frequency 	responses 	of 	the 

equivalent channels of the sequences seqi  and seq 2  is as follows: 
HP`.--c  eo

La 
) = H t  (seq-.1.e''cP.:If 

le 

The above system can then be rewritten in this form: 

R f  (seqi ) * 	K2 

E 

f,

. 	

f
8 

.(seqi )• • K1Rx  • H 	(seq) 
f , 	' 

R f  (seq2) 	= 7 

(Sege 
    *K 1; x 	 Tx * 

I, 
9 	

8: (s

E 

eq2) K27, * E 	(seg2) lci 

	

+ E 

i 
• K1Rx  • H f  (seql )• exp(+ j • (DAT ) 

, 

The following intermediate variables are then defined: 
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The above system can then be rewritten in this form: 

J R 17 (seq1) = [E 19 (seqJ K1 7x + E Is * (seq))· K27X *l KI RX • H 19 (seq1) 

1 R 17 (seq2) = [E 19 (seq2)· Kl7X + E 18 *(seq2)· K2TX * 1 KIRX . H 19 (seqJ exp(+ j. qJN) 

The following intermediate variables are then defined: 
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and 	q2  may 
two unknowns 

E
f 

seqi ) 
, 

The 

f 	= 	K1 	• K1Rx  • H 
f

(seq
'
) 

{ 	1 9 

B
f, 	

= 	K2 	* •K1RX * H f , (seq1 ) 

Fourier transform of the two second sequences received seqi  

then be rewritten in the form of a system of two equations in 
A 	and B

f 9.
• 

R 1 7 (seql ) 	
1 	•,2 

E
f,

(seq)• Ai  + E 	*(seq1 )• B f 9 

R f 7 (seq2 ) 

{ 

This 

E 	A
k2 
	E 	(seq2 )• B

f, 
 f 9 (seq2 )• 	+ 

	

exp(+ j • cozy  ) 	 f8
* 

system 	possesses 	a 	unique 	solution 	if 
E 	(seq2 ) 

f , 
E 

f8 
*(seq

1 
) 

hold: 

can be estimated 

manner: 

Stated 

seqi * 

S'eqi  

seqi  

The 

E 	*(seq2 ) .  
fs 

otherwise, a solution exists if all of the following conditions 

0 and seq 2  * 0. 

is not a delayed version of seq.,. 

is not an amplified or attenuated version of seq 2. 

solution of this system is then: 
R 	q2 ) 

R(seq1 )• E 	* (seq2 ) 	 E 	(seq2 ) 
f , 	f 8 	exp + j • 	Af ) 	f 8

* 

E f * (seq2 )E 19(seq1)—  E  1, *(seq2  )E 
18

* (seq, 
8 
	 ) 

R f (seq2 ) 
E 	(seq1 )— R 	E 	*(seq2 ) , 	

7
(seq1 )• 

exp(+ j • cow  ) 	J 9 	f 	
f9  

By 

E 1 * (seq2  ).E f  (seq1 )— E f * (seq2  )E 	q) 

using the fact that Eirx(t) -- K2 (t) = 1, it is noted that K1 Tx   

on the basis of the knowledge of 21.1  and .34  in the following 

K1ixest1 	
Af, 

 = 

Finally, 

AA  + BA  

the expanded version of the above equation is: 
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{

AI = KITX . KI RX ·R 19 (seq\) 

B
I

: = K2TX *·KIRx·R I9(seq\) 

The Fourier transform of the two second sequences received seq1 

and seqz may then be rewritten in the form of a system of two equations in 
two unknowns A

I9 
and B 19 : 

1 
R 17 (seq\) = E 19 (seqJ Ak2 + E 18 * (seqJ B 19 

R 17 (seq2) 
( ) = EI9(seq2)·Ak2 +E

I8 
*(seq2)·B

I9 exp + j. rpf',.j 

This system possesses a unique 

E 19 (seq\) =f:. E 19 (seqJ . 

E 18 * (seq\) E I, * (seq2) 

solution if 

Stated otherwise, a solution exists if all of the following conditions 

hold: 

seq1 '* 0 and seQ2 -f" O. 

seq1 is not a delayed version of seeh 

seq1 is not an amplified or attenuated version of seq'l' 

The solution of this system is then: 
RI (seq2) 

RI (seqj).E
I 

*(seq2)--==i. )'EI *(seq2) 
7 8 exp \ + J . rp LV 8 

By using the fact that K1rx(t) + K2h(t) = 1, it is noted that Kl rx 
can be estimated on the basis of the knowledge of A~ and B~ in the following 

J':!t )r;, 

manner: 
A/9 

K1Tx estl = A B 
19 + /9 

Finally, the expanded version of the above equation is: 
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R c  (seq2 ) 
R 	q )' 	q ) j  E , 	q2) 

J 1 	N 

expk+ j • 9 ) 
K est1= 

R f (seq2 ) - 
R f (seq1 )• E 	*(seq2 )— E 

f 
(seg2 )]  * (seq1 )— E f 

9 
(seq1 ) 

exp(+ j • com  

It is also possible to apply the same scheme at the frequencies: 

fi = (—k2 

f2 = (— k2 

k1) f,,sinIP  — 	, — fft 
fsrttp 

k1) + 	—, and 

f6 = (+k2 

Nfft 

fAiSMP  ) •—• 
.. !ft'  

to estimate K1TX  using another mode of implementation. 

However, the estimations carried out on the frequencies f6  = 

turn out to be rather unreliable and k1) 	 k2 	k1) (+k2  — 	-f2------NfmfPt  and ft  = ( — 	— 
N
rfPt.  

will not be used since the levels of power received at these frequencies are 

too low. 

The 	estimation 

k 	k1) /-1L-P 
of 	applied 	at 	the 	frequency 

is as follows: f2  = ( — 2  + 
Nfft  

R , (seq2 ) 
R 	ql )• E i 	q 

J 9 

) 	J 2 E , 	q ) J 
\ 

exp(d- j • cow  ) 
K1 	= est2 

i 	R f  (seq2 ) 
2 

 - 
R 

f 2
(seq

'
). E

f 9
* (seq

2 
)— E

f 	
seq

2 )I] _
E

f 9 	 f 
8

* (seq,)— E 	(sec]1  )l j exp(+ j • co,j 

Exploiting the fact that two estimates of the IQ imbalance of the 

transmit converter are available, the final estimation is as follows: 
K1Txestl + K1Txest2 

= K1Tx f inalest 
2 

And 

K2 Tx  finalest = 1 — K1Tx  f inalest* 

The estimations of the first phase (pTx  and of the first gain gTx  of 

the imperfections of the transmit converter are then determined, obtained 

using the following formulae: 

fcpTx est = +Ang le[K1Tx  f inalest — K2 Tx  finalest *] 
( 	g Txest = 1K1Tx  finalest — K2 Txf inalest *1 
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R f (Seq2) 

Rf (Seqi)· E f * (seqJ- ('. rEf * (seq2) 
, 8 exp+j·lP!if 8 

Kl7Xestl = R ( ) 

[ J 
f seq2 [ J 

R (seqJ E *(seqJ-E (seqJ ---r~. --l· E *(seq])-E (seqi) 
f, f, f, exp~+ j·lP!if f, f9 

It is also possible to apply the same scheme at the frequencies: 

fl = (-kz - k 1 ) tsmp , 
Nfft 

f: = (-k + k ) tsmp and z z 1 N ' 
fft 

f6 = (+kz - k1) !,N
smp

, 
fft 

to estimate K1 Tx using another mode of implementation. 

However, the estimations carried out on the frequencies f6 = 

(+kz - k 1) tsm
t

p and fl = (-kz - k 1) tsmp turn out to be rather unreliable and 
Nt t Nttt 

will not be used since the levels of power received at these frequencies are 

too low. 

The estimation of K1 TX applied at the frequency 

f: = (-k + k ) tsmp is as follows: z z 1 Nttt 

R f (seq2) 
Rf (seqi)·E f *(seqJ- (. rEf *(seqJ 

2 9 exp + j ·lP/:,j , 
Kl]X est2 = ( ) 

[ 
l R f seq2 [ l 

Rf (seqJ E f * (seq2)- E f (seq2)J - (.. -y E f * (seqi)- E f (seq])J 
2 9 , exp + j lP!if J 9 g 

Exploiting the fact that two estimates of the IQ imbalance of the 

transmit converter are available, the final estimation is as follows: 
. K1Txest1 + K1Tx est2 

K1 Tx fmalest = 2 

And 

K2 TX finalest = 1- K1 Tx finalest* 

The estimations of the first phase CfJTX and of the first gain gTX of 

the imperfections of the transmit converter are then determined, obtained 

using the following formulae: 

{
CfJTxest = +Angle[K1.Txfinalest - K2.TXfinalest *] 

gTxest = IK1 Tx fmalest - K2 TX fmalest *1 
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Thus this estimation of the parameters of the imperfections of the 

transmit pathway is obtained using the spectral components of the first 

sequences at the following first frequencies of interest: 

= 	/2----NfmfP  f8 	—k2 	and 
t 

 

k f9  = 	2 Nfs-IfnfPt  . 

And the spectral components of the second sequences at the following 

second frequencies of interest: 

= (-k2 	k1) NfsfmfP
t 

 , f2 	+ 

= 042 + ki.  f  P  f7 
Nfft' 

The use of a multi-tone signal in place of a dual-tone signal makes it possible 

to enhance the reliability of the estimation of the IQ imbalance by averaging 

the estimations over the whole set of pairs of sub-carriers in the following 

manner: 
R(.,.,,,+,0(seq, 

R(+, 	E_, 	(seq2 ) 	E._ 	* (seq2 ) ,)(seq,) • 
exp(+ j • p,f  ) 

K1 	= estl 
I 	,1 	R(+K p+k,)(seq2) 

( 	)- seqi ) •[E 	seq2 )— 	K  ( eq2  h 	 q 	eelt)] exp + j • op4f  

and 

12(_},+1,,)(seq,)• 	
12(_Kp+ki )(seq2 ) 

 (seq2 )— 	 E+K 	* (seq2 ) i 	\ 

Klixest2= 	
p 	 exp --1- j • 	,,f  ) 

1 	\-1 	R(_,,,,,Aseq2 ) 	r 
) [E+Kp  * (S 	) 	E-K p 	 *(seq1)— Kp+ 	ql 	 q2 	 q1 )] •• 	 — 	kSeq2 A 	 \ 	LE+K  

exP(+ i • C°Af ) 

In these equations P is the set of pairs of sub-carriers used to do the training. 

In the case of a dual-tone signal P=1, in the case of a multitone signal (more 

than 2 tones) P=Number of tones/2. Kp corresponds to the frequencies of the 

multitone signal with 2P tones. 

The estimation of the IQ imbalance of the receive pathway is 

carried out via the signals received at the following twin frequencies: 

k 	k1) NfsfinfPt, and fi. = (- 2 - 

= 	+ k f7 	(+k2 	1  ) NfsmP  
f ft 

 • 
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F = k fsmp 
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And the spectral components of the second sequences at the following 

second frequencies of interest: 

f2 = (-k2 + k 1 ) ~;!t, 
f7 = (+k 2 + k 1 ) ~;!t, 

The use of a mUlti-tone signal in place of a dual-tone signal makes it possible 

to enhance the reliability of the estimation of the IQ imbalance by averaging 

the estimations over the whole set of pairs of sub-carriers in the following 

manner: 

and 

In these equations P is the set of pairs of sub-carriers used to do the training. 

In the case of a dual-tone signal P=1, in the case of a multitone signal (more 

than 2 tones) P=Number of tones/2. Kp corresponds to the frequencies of the 

multitone signal with 2P tones. 

The estimation of the IQ imbalance of the receive pathway is 

carried out via the signals received at the following twin frequencies: 

f1 = (-k2 - k1) ~;!t, and 

f = (+ k + k ) fsm
p

. 
7 2 1 Nfft 
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It is then possible to determine the following equation, so as to circumvent the 

contribution of the IQ imbalance of the transmit pathway: 

R
f 

(seq
'
)+ R f  *(seq,) 	= [E f (seq' 

	f 
)• Kl,, + E 	* (seq
'J  

)• K2,„ * 
, 9 

• K1RX  • H 	(seq
i 
 ) 

+ E
f 

(seq
l
)• KL„ + E

fi
* (seq

'
)• K2„ * 

, 
• K2 	*•H

f ,
(seq

'
)  

q,). K1 	+E f q,)• K2 1 • H f q,)•[KI., + K2„ 
, 

E
f 

(seq
'
)• Kl„ + E

f,
*(seq

'
)• K2r,*1• H

f ,
(seq

'
) 

Thus, Kl 	can be estimated directly by virtue of the following 

formulation: 
R 	(seq ) 

1  J 7 In Rx  est(seq,)=  
* R

f 
 (seq

1 
 )+ R

f 	
(seq,) 

It may be noted that the Fourier transforms of the sequences at the 

following frequencies: 

f2 = (—k2 + 1c1);s7f.tt , and 

f6 = ( + k 2 — k1) NfsmfP  ft  

possess the same property: 

R
f 

(seq
`
)+ R

f 2
* (seq

l
) 	= E

f 8
* (seq

'
)• K1,„ * +E 

f, 
seq

'
)• K 	l• K 	

8
* (seq

`
) 

+L
E f * (seq, )• K17X  * +E 	(seq1  )• K 

. 	 j  c 
9 
  

q; )• K17„ * +E f  (seq,)• K27„ • H f  

• K1RX * .H f 8 * (seq1 ) 

9 
	seq,)•[Kl, 	* 	K2 R, 

= E
f 
 * (seq

'
)• K1

Tx
* +E

f 
 (seq, ) • K2

Tx  , 	 9 9 
 • H

f 	
* (seq

'
) 

And in the same manner as above, K2 	can be estimated directly 

by virtue of the following formulation: 
R

f. 
(seq

'
) 

6 K2 Rx  est(seq,)= 
* (seq) R

f 
(seq

' 
)+ R

f 2 6 

 

Since no condition is required on the value of the dual-tone signals 
to be transmitted Emseqo and Emseqi) 	(apart from the zero values), the IQ 

imbalance of the receive pathway can therefore be estimated at one and the 

same time on the sequence se g1  and seq2. 
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It is then possible to determine the following equation, so as to circumvent the 

contribution of the 10 imbalance of the transmit pathway: 

R
I7

(seq;)+R
I

, * (seq;) = [E
19 

(seqJ K1 7x +E
18 

*(seqJK27X *}KIRx.H 19 (seq;) 

+[EI9C~eqJKl7X +E
18 

*(seqJK27X *}K2RX *B 19 (seqJ 

= [E 19 (seqJ Kl7X + E I, * (seqJ K21X *} H 19 (seqJ [KI Rx + K2 RX *] 

= [EI9(seqJKl7X +E
I

, *(seqJK27X *}H 19(seq;) 

Thus, KIRX can be estimated directly by virtue of the following 

formulation: 
R
f 

(seq;) 

Kl RX est(seqJ = ( ) 7 * ( ) 
R f7 seq; + R fl seq; 

It may be noted that the Fourier transforms of the sequences at the 

following frequencies: 

f2 = (-k2 + k1) tSt
mp

, and 
N ft 

F = (+k - k ) tsmp 
J6 2 1 Nttt 

possess the same property: 

R 16 (seq;) + R I, * (seq;) = [E 18 * (seq;)· Kl7X * +E I, (seq;)· K27X } K2 RX . H 18 * (seqJ 

+ [E I, * (seqi)' Kl7X * +E I, (seq;). K27X } KI RX * B 18 * (seq; ) 

[EI, *(seqJ·Kl7X *+E
I

,(seq;).K2Tx }H I, * (seq;)· [KI Rx *+K2RJ 

[E
18 

*(seq;).Kl 7X *+E
I9

(seq;)'K27X }H 19 * (seq;) 

And in the same manner as above, K2.l'tR can be estimated directly 

by virtue of the following formulation: 
R f (seq;) 

K2 RX est(seqJ = ( ) 6 () 

Rf6 seq; +Rf2* seq; 

Since no condition is required on the value of the dual-tone signals 
to be transmitted Et9 (seqi) and EtS(seQi) (apart from the zero values), the 10 

imbalance of the receive pathway can therefore be estimated at one and the 

same time on the sequence seq1 and seq2' 
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Finally, it is possible to exploit the fact that 4 estimates of the IQ 

imbalance of the receive pathway are available, by consolidating them in the 

following manner: 

K1Rxfinalest 
K1Rx est(segi )+ [1 — K2R* xest(segi )] + K1Rx est(seg2 ) + [1 — K2* Rx est(seg2 )] 

4 
And 

K2Rxfinalest = 1 — K1Rxfinalest* 

The estimation of the phase (pm  and gain gm- of the imperfections 

of the receive converter is then determined, obtained using the following 

formulae: 

I

T Rx est = +Angle[K1Rxfinalest — K2Rxfinalest *] 
gRx est = 1K1Rxest — K2RX est *1 

Thus this estimation of the parameters of the imperfections of the 

receive pathway is obtained using the spectral components of the first 

sequences at the following first frequencies of interest: 

f1
Nf
rt  f8  = —k2 	and 

k2  fsNfnifPt . f9  = 

And the spectral components of the second sequences at the following 

second frequencies of interest: 

k1) Nfs  fnifPt , fi = (—k2 — 

N
fsmP  k1) f7 = (+k2 + f ft. 

The use of a multi-tone signal in place of a dual-tone signal makes 

it possible to enhance the reliability of the estimation of the IQ imbalance of 

the receive converter by averaging the estimations over the whole set of pairs 

of sub-carriers in the following manner: 
P 	R(+K p+ki )( Seq t) 

est(seq,)= K1Rx  
„,, R(±K ,+0 (seq, )+ R(-x p _ki )* (seqi ) 

and 
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Finally, it is possible to exploit the fact that 4 estimates of the IQ 

imbalance of the receive pathway are available, by consolidating them in the 

following manner: 

K1 Rx finalest 
K1 Rxest(seQl) + [1 - K2~xest(seQl)] + K1Rxest(seqz) + [1 - K2* RXest(seqz)] 

= 
4 

And 

K2 RXfinalest = 1 - K1Rxfinalest* 

The estimation of the phase <Prx and gain grx of the imperfections 

of the receive converter is then determined, obtained using the following 

formulae: 

{
<PRXest = +Angle[K1Rxfinalest - K2RXfinalest *] 

gRXest = IK1 Rxest - K2 Rxest *1 

Thus this estimation of the parameters of the imperfections of the 

receive pathway is obtained using the spectral components of the first 

sequences at the following first frequencies of interest: 
F = -k tsmp and 
J8 z Nttt 
F = k tsmp 
J9 Z Nttt' 

And the spectral components of the second sequences at the following 

second frequencies of interest: 
Ii = (-kz - k1 ) tsmp 

Nttt' 

f = (+ k + k ) tsm
p

. 
7 Z 1 Nttt 

The use of a multi-tone signal in place of a dual-tone signal makes 

it possible to enhance the reliability of the estimation of the IQ imbalance of 

the receive converter by averaging the estimations over the whole set of pairs 

of sub-carriers in the following manner: 

Kl ( ) 
_ ~ R(+Kp+k1)(seqi) 

RX est seqi - L.. () () 
p=1 R(+Kp+k1) seqi + R(-Kp-k1) * seqi 

and 
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K2RX  est(seqi )= 
P 	 R(+K p _ki

)(seqi ) 

,,R(+Kp _ko(segi )d-R(_,,,_,,, ),, * (seqi) 

21 
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CLAIMS 

1. Method for determining the imperfections of a transmit pathway (501) and 

of a receive pathway (502) of an apparatus, 

the said transmit pathway comprising a first device (504) for frequency 

transposition of an analogue sequence to an analogue signal, using a first 

transposition frequency, 

the said receive pathway comprising a second device (505) for frequency 

transposition of an analogue signal to an analogue sequence, using a second 

transposition frequency different from the said first transposition frequency, 

the said method comprising the following sequential steps: 

• a 	step 	(601) 	of 	generating 	at 	least 	two 	different 	first 	analogue 

sequences, 

• a step (602) of frequency transposition to analogue signals of the said 

first analogue sequences, by the said transmit pathway, 

• a step (603) of transmitting the analogue signals of the said transmit 

pathway to the said receive pathway, 

• a step (604) of frequency transposition to second analogue sequences 

of the said analogue signals received, by the said receive pathway, 

• a 	step 	(605) of calculating first amplitudes and first phases, 	of a 

plurality of spectral components of at least two of the first analogue 

sequences at first frequencies of interest and second amplitudes and 

second phases, of a plurality of spectral components of at least two of 

the second analogue sequences at first frequencies of interest, 

the said method being characterized in that it comprises at least one of the 

following two independent steps: 

• a step (606) of determining the said imperfections of the said transmit 

pathway on the basis solely of the first amplitudes, first phases, second 

amplitudes and second phases, and 

• a step (607) of determining the said imperfections of the said receive 

pathway on the basis solely of the said second amplitudes and second 

phases. 
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2. Method according to Claim 1, in which at least two of the said first analogue 

sequences are non-zero, are not a delayed version of one another and are 

not an amplified version of one another. 

3. Method according to Claim 1, in which one of the first analogue sequences 

consists of an imaginary sequence and another of the first sequences 

consists of a real sequence. 

4. Method according to Claim 1, in which at least two of the said first analogue 

sequences are multi-tone sequences of OFDM -Orthogonal 	Frequency 

Division Multiplexing- type or of SC-FDE -Single-Carrier Frequency Domain 

Equalization- type or of FBMC -Filter Bank MultiCarrier modulation- type or 

analogue sequences using a cyclic prefix and/or cyclic postfix. 

5. Method according to one of Claims 1 to 4, in which the said imperfections 

of the said transmit pathway are modelled by a first gain and a first phase shift 

affecting the said analogue signal during its transmission by the said transmit 

pathway. 

6. Method according to one of Claims 1 to 5, in which the said imperfections 

of the said receive pathway are modelled by a second gain and a second 

phase shift affecting the said analogue signal during its reception by the said 

receive pathway. 

7. Method according to one of Claims 1 to 6, in which 

the said transmit pathway furthermore comprises a device (506) for converting 

first digital sequences to the said first analogue sequences, 

the said receive pathway furthermore comprises a device (507) for converting 

the said second analogue sequences to second digital sequences, 

the said first frequencies of interest are: 
7, 	fsmp 

 f8 = —It 2 	and Nfft  

— km Nfs  ffPt  =---- —f8 f9 

where: 
f  2 
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the said transmit pathway furthermore comprises a device (506) for converting 

first digital sequences to the said first analogue sequences, 

the said receive pathway furthermore comprises a device (507) for converting 

the said second analogue sequences to second digital sequences, 

the said first frequencies of interest are: 
I" = -k fsmp and 
lS 2 Ntft 

I" = k tsmp = _I" 
19 2 Ntft lS' 

where: 
.& (::: [..1-1' 1] "'"2 ~ i J ;;: - , 
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fsmp  represents a sampling frequency of the said device for converting the 

said second analogue sequences to the said second digital sequences and 

iiifft represents a number of samples used to calculate the said second 

amplitudes and the said second phases, of the said spectral components of 

the second analogue sequence or sequences. 

8. Method according to one of Claims 1 to 7, in which 

the said transmit pathway furthermore comprises a device (506) for converting 

first digital sequences to the said first analogue sequences, 

the said receive pathway furthermore comprises a device (507) for converting 

the said second analogue sequences to second digital sequences, 

the said second frequencies of interest are: 

fi. = (—k2 

= 

k1) — 	NfsfmfPt, 

-I- f2 	(—k2  k1) f3174, 

f6 = (4- k2 k1) 10i3t 	—f2' — 	= 

f7 = (+k2 kl) N1-snffPt  + 	= -fl, 

where: 

k
r  

i, E 
Nfft 	. 	, 

1. Nf

2

fti
, 
 

L 	2 	+ 	, 
ki At ft = 	, 

Af represents the difference between the said first transposition frequency 

and the 

it2 E 

said second 
„„, f t 

— 	1 
transposition frequency, 

, +1, 

Lim  represents the said sampling frequency of the said device for converting 

the said second analogue sequences to the said second digital sequences 

and 

Avff t represents a number of samples used to calculate the said second 

amplitudes and the said second phases, of the said spectral components of 

the second analogue sequence or sequences. 

9. Method according to Claims 5, 7 and 8, in which the said step (606) of 

determining the said imperfections of the said transmit pathway comprises the 

use of the following relations: 
((pTxest = Angle[K1Tx  finalest — K2 Tx  finalest 

gTxest = 1K1Tx  finalest — K2 Tx  finalest *1 
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fsmp represents a sampling frequency of the said device for converting the 

said second analogue sequences to the said second digital sequences and 

~Vfft represents a number of samples used to calculate the said second 

amplitudes and the said second phases, of the said spectral components of 

the second analogue sequence or sequences. 

8. Method according to one of Claims 1 to 7, in which 

the said transmit pathway furthermore comprises a device (506) for converting 

first digital sequences to the said first analogue sequences, 

the said receive pathway furthermore comprises a device (507) for converting 

the said second analogue sequences to second digital sequences, 

the said second frequencies of interest are: 

f1 = (-k2 - k 1 ) ~;!t, 
f2 = (-k2 + k 1 ) ~;!t, 
f6 = (+k2 - k 1) fsmp = -f2 

Nfft ' 

f7 = (+k2 + k 1 ) ~;!t = -fl' 

where: 
k E [- Nfft + l' Nfft] 

1 2 } 2 ' 

k fsmp = f1f 
1 Nfft ' 

11/ represents the difference between the said first transposition frequency 

and the said second transposition frequency, 
k E [.L1.Nfft -1] 

'2 I,} 2 ' 

fsmp represents the said sampling frequency of the said device for converting 

the said second analogue sequences to the said second digital sequences 

and 

lIlfft represents a number of samples used to calculate the said second 

amplitudes and the said second phases, of the said spectral components of 

the second analogue sequence or sequences. 

9. Method according to Claims 5, 7 and 8, in which the said step (606) of 

determining the said imperfections of the said transmit pathway comprises the 

use of the following relations: 
f<fJTXest = Angle[K1~xfinalest - K2~xfinalest *] 
l gTXest = IK1 Tx fmaiest - K2 TX fmalest *1 
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where: 

92:rx  represents an estimation of the said 

pathway, 

grz  represents an estimation of the said first 
KlTxestl+KlTxest2 

first phase shift 

gain of the 

R f  (seq2 ) 
J 7  \ 

of the said transmit 

said receive pathway, 

f E 	q2 ) 

K1Tx  f inalest = 

K2Tx  finalest = 1 — K1Tx  finalest* , 

represents the conjugate operator, 

R 	qt ). E 	* f 8 	
q ) 

K 1  

exp + i • vAf  ) 
Tx estl = 

q 

Kirx  est2= 

	

q )—E 	q 

	

R (seq, )• E 	q, ) f 2 	f 

R
f ,

(seq
2

) 
qi )— E 	qi  

E 	*(seq2) 
f 9 

+ j 

	

exp 	- com  ) 

	

R 	(seq2) 

f/ 2  
exp-1- j • cow  ) 

R 	(seq1 )• 
f2 

E, (sec! ) represents 

seqi  at the frequency 
1? 	(set? .) 	represents fi 	E 
sequences seqt  at the 

922,1  represents a phase 

transposition frequency 

10. Method according 

determining the said 

use of the following 

rRx est 

where: 

•q 	represents an 

receive pathway, 

h(Rx  represents an 

pathway, 

K1Rxf inalest 
nRxest(seqi)+D.-K2*Rxest(sech)1+KiRxest(seq2)+Ei-K2*Rxest(seq 2)1 

- 
E f 8* (seq2 ) - E f 8 (seg2 )

_ 

a spectral component 

fj , 
a spectral component 

frequency fj , and 

shift caused by 

and the said second 

to Claims 6 to 9, 

imperfections of the 

relations: 
= Angle[K1Rx  finalest 

gRxest = 1K1Rxest 

estimation of the said 

estimation of the said 

= 

R f 
2 
(seq2 ) - 

*(seq1 )— E 	(seq1 ) E , f 8 .1-  9 	 - 
said first sequences 

of the 	said 	second 

the said first 

frequency. 

said step (607) of 

comprises the 

*] 

shift of the said 

of the said receive 

\ 
exp(+ j • co4f  ) 

of one of the 

of one 

a difference between 

transposition 

in which the 

said receive pathway 

— K2 Rx  f inalest 

— K2Rxest *1 

second phase 

second gain 

4 

K2Rx  finalest = 1 — K1Rx  f inalest* , 
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where: 

((!TX represents an estimation of the said first phase shift of the said transmit 

pathway, 

Drx represents an estimation of the said first gain of the said receive pathway, 
Kl f

' I K1Txestl+K1TxestZ 
TX rna est = z ' 

K2 Tx finaiest = 1 - K1 Tx finalest*, 

'" represents the conjugate operator, 

KI
TX 

est2 = [ ] R j (seq2) [ ] 
R j (seqJ E j *(seq2)-Ej (seq2) - (', )' E j *(seqJ-E j (seq!) 

2 9 8 exp + J ' <P Llf 9 8 

E.fi (seq-i) represents a spectral component of one of the said first sequences 

seqi at the frequency fj, 
,Rff (seq!) represents a spectral component of one of the said second 

sequences seqi at the frequency fj, and 

qJ1J.f represents a phase shift caused by a difference between the said first 

transposition frequency and the said second transposition frequency, 

10, Method according to Claims 6 to 9, in which the said step (607) of 

determining the said imperfections of the said receive pathway comprises the 

use of the following relations: 
f«JRXest = Angle [K1 Rxfinalest - K2 Rxfinaiest *] 
t gRXest = IK1Rxest - K2Rxest *1 

where: 

qJRX represents an estimation of the said second phase shift of the said 

receive pathway, 

DRX represents an estimation of the said second gain of the said receive 

pathway, 

K1 Rxfinalest = 
K1Rxest(seQl)+[1-KZRxest(seQl)] + K1RXest(seQz)+ [l-KZ* RXest(seQz)] 

4 

K2 Rxfinaiest = 1 - K1Rxfinalest* , 
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represents the conjugate operator, 
R f  (seq

1 
 ) 

,I 	7 )= KiRx est(seq, 	
* R

f 
(seq

`
)+ R

f 	
(seq,)' 

R
f  6

(seq
t
. ) 

K2 est(seq,)= 

2 

	' R
f 

(seq
1

)+ R
f 

* (seq,) 

f 	wit) represents a spectral 	component of one of the 	said 	second 

sequences seqi  at the frequency fj . 

11. Apparatus, comprising a transmit pathway and a receive pathway, 

the said transmit pathway comprising a first device (504) for frequency 

transposition of an analogue sequence to an analogue signal, using a first 

transposition frequency, 

the said receive pathway comprising a second device (505) for frequency 

transposition of an analogue signal to an analogue sequence, using a second 

transposition frequency, 

the said apparatus furthermore comprising a 	calculation device able to 

implement the method according to one of Claims 1 to 6. 

12. Radio transmission apparatus according to Claim 11, in which 

the said transmit pathway furthermore comprises a device (506) for converting 

first digital sequences to the said first analogue sequences, 

the said receive pathway furthermore comprises a device (507) for converting 

the said second analogue sequences to second digital sequences, and 

the said calculation device being furthermore able to implement a method 

according to one of Claims 7 to 10. 

26 

:;.. represents the conjugate operator, 
Rf7 (seqi) 

KIRxest(seqJ= () *( )' 
R f7 seqi + R f, seqi 

R f (seqi) 
K2 RX est(seqJ = ( ) 6 * ( ) , 

R f6 seqi + R f2 seqi 

Rfi (seqi) represents a spectral component of one of the said second 

sequences seqi at the frequency fJ. 

11. Apparatus, comprising a transmit pathway and a receive pathway, 

the said transmit pathway comprising a first device (504) for frequency 

transposition of an analogue sequence to an analogue signal, using a first 

transposition frequency, 

the said receive pathway comprising a second device (505) for frequency 

transposition of an analogue signal to an analogue sequence, using a second 

transposition frequency, 

the said apparatus furthermore comprising a calculation device able to 

implement the method according to one of Claims 1 to 6. 

12. Radio transmission apparatus according to Claim 11, in which 

the said transmit pathway furthermore comprises a device (506) for converting 

first digital sequences to the said first analogue sequences, 

the said receive pathway furthermore comprises a device (507) for converting 

the said second analogue sequences to second digital sequences, and 

the said calculation device being furthermore able to implement a method 

according to one of Claims 7 to 10. 


