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( Improvement in Image Rejection of Multi-Port Junction-based Direct
Receivers )
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Abstract

This paper presents an iterative single-frequency continuous-wave signal-based I/Q regeneration method for improving
image-rejection performance of multi-port junction-based direct receivers (MPDRs). This paper analyzes I/Q regeneration
in MPDRs as I/Q mismatch compensation for direct conversion receivers. Based on the analysis, this paper evaluates the
accuracy of I/Q regeneration in terms of the image-rejection ratio (IRR). The proposed method improves the IRR
performance more than 20 dB compared to existing I/Q regeneration methods. Simulation results show that MPDRs using
the proposed method can achieve an IRR of more than 70 dB, and that the bit error rate performances are almost the
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same as those of conventional coherent demodulators, even in fading channels.

Keywords : Multi-port junction, I/Q regeneration, image rejection, Rayleigh fading channel.

I.M E

As the

communications,

demand for high-speed wireless

various wireless communication

standards have been developed or are under
development, including IEEE 802.11n,m 4th Generation

(4G) mobile communication, and IEEE 802.15.3a.7
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The band below 5GHz is heavily occupied by many
communication systems and hence does not provide
bandwidth multi-Ghps
communication. standards been
developed that specify operation in the higher
frequencies, such as the 10GHz band or the 60GHz
band.”* ™ CMOS radio—frequency integrated circuit

sufficient for wireless

Recently, have

(RFIC) is widely used in communications at
frequencies below 5GHz. However, for higher
frequency communications, monolithic microwave

integrated circuits (MMICs) or multi-port (e.g., five-

or six—port) junction-based direct receivers (MPDRs)
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using passive microwave components may be used.*
MPDRs have the following advantages compared
with conventional receivers using active devices.
First, the use of passive devices provides improved
the

consumption is reduced due to the use of passive

wideband  characteristics.  Second, power
microwave components, such as directional couplers
and power dividers. Third, hardware imperfections
and wideband characteristics can be improved by
calibrating the multi—port junction.[&ﬂ However, there
have been no direct and quantitative methods but bit
error rate (BER) to measure the performances of
MPDRs 810!

This paper, first, theoretically analyzes impairment
of MPDRs and examines the relationship between
impairment and I/Q imbalance. Based on the analysis,
the image-rejection ratio (IRR) can be used to
measure the degree of impairment of MPDRs. A new
/Q
method 1is proposed to improve the IRR performance
of MPDRs.** In Section 2, the impairment of MPDRs
1s analyzed. And, the relationship between impairment

and I/Q
single-frequency CW signal-based I/Q regeneration

Impairment compensation, 1.e., regeneration,

imbalance 1s examined. An iterative
method is proposed in Section 3. In Section 4, the
IRR and the BER performances of MPDRs using the
proposed method are evaluated. Finally, conclusions

are presented in Section 5.

. Impairment of MPDRs and 1/Q Imbalance

Fig. 1 shows the block diagram of an MPDR. As
shown in Fig. 1, two ports in a multi-port junction
are connected with r(¢) and c(¢), respectively. In the
remaining three ports, r(t) and c(¢t) are additively
mixed using diode and low-pass filter (LPF). It is

written as

* The six-port junction-based direct receiver was
proposed in 1994.[5]

** Impairment compensation for MPDRs is designated
as the I/Q regeneration.
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R U4
B(r)=

Llaf 2+ [2-(12 )+ 02(0)) (1)
+ 2|, B (1, (t)cos(g, — 4)+ O, (t)sin(g, — 4,))

In (1), lal and |8l denote the attenuation values
for ) and r(¢), and 25 are the
phase-shift values for c(t) and r(¢), respectively. I(t)
and Qn(t) are transmitted I- and Q-channel signals,
respectively. ¢y denotes the phase difference between
ct) and r(t). And, ¢ is the difference between the
phase-shift values, ie, 2G-2a. In (1), it is shown
that Pi(t) is linearly correlated with I.(¢) and Qn(t).

Hence, I,(t) and Qn(t) can be regenerated in terms

and Za

of the linear combination P(¢).¥ Tt is written as

1,(0)=a, R (0)+a,P(0)+a, B ()

0, (t)=ay,P(t)+ay,P,(t)+ay,P,(t) 2)

where I,(t) and @Qt) denote the regenerated I- and
Q-channel signals, respectively. aj, ag (i=1,2,3) are
the I/Q regeneration parameters. These parameters
must be determined in order to regenerate the I- and
Q-channel signals from Pi(t). When the multi-port
junction is ideal, I(¢t) and @¢) must be identical to
I.(t) and Qn(?), respectively. By inserting (1) in (2),

an, dor (i=1,2,3) are written as

8| sin(g, 4, 1 sin g,
ap =— ; ap+ :
‘azﬂz ‘ Sln(¢3 _¢2) 2A‘0!2ﬂ2 ‘ 51n(¢3 _¢2)
w8, sin(g, - 4,) 1 sing,
ap = : ap — ;
‘asﬂs ‘ Sln(¢3 _¢z) 2A‘a3ﬂ3 ‘ Sln(¢3 _¢2)
‘a]ﬁl ‘ sin(gxﬁ3 —¢1) 1 cos ¢,
Aoy =— - g + :
‘azﬂz ‘ Sm(¢3 - ¢2) 214‘0"2/32 ‘ Sm(¢3 - ¢2)
‘alﬂl ‘ sin(g, —¢,) 1 cos ¢,
o3 = : R ; ~
o, 3| sinles ) ' 24, | sin(d, ~4,)
3)
However, in reality, attenuation values and
phase-shift values in multi-port junctions may

deviate from the expected values due to process

variation such that the regenerated signals may
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become different from transmitted signals. When |ajl
and |G| are changed to |ag(1+Ag)l and |GA+AB)I,
respectively, and ¢ is changed to (@+A¢), then the

regenerated I- and Q-channel signals are changed as
q111

follows:
10 =0+6)1,0)+5,0.0
=4,(1,(t)cos¢, + 0, ()sin¢,) W
0t) =5,L,(0)+(1+5,,)o,(
=4, ’(_ L,(t )Sln¢g + Q,n(t)cosgzﬁg)
where
2l a0 =028t + 48 )eosdh - Mgy sins)

—sin(¢g; ~¢ (A, +A8,)cosg, ~Ad, sing,)
+sin(g, — 4, N(Aa, +Ap, )cosg, ~Ad sing,)
(Aa, +AB, )cosg, sing,
- (Aac3 +Ap, )sin @, cosg,
+ (A¢3 —-Ag, )Sin #, sing,

2A‘0‘1ﬂ1 ‘a” Sin.(¢3 - ¢, )((Aal +Aﬂl)5in7§1 +Ag, COS¢1)
Oy =—— | ~sinldy ~ 4 M(Aa, +AB, )sing, +Ag, cosg, )
sm(¢3 - ¢2) + sin(¢2 -4 )((Aa3 +ApB, )sin¢3 + Ag, cosg, )

1 [A¢2 cosd, sing, — Ag, sing, cosg, J

S, =——
! Sin(¢3 - ¢2 )

"inlg )

N

Sm(¢ -é, ) ((AO!2 +A8, ) - (AOC3 +Ap5; ))Sin #, sing,
24 Sm(¢3 -9, )((Aal +AB, )COS¢1 —Ag, Sin¢1)
0 = .;Zlﬁlag)l - Sin(¢3 -¢ )((Aaz +AB, )COS¢2 —Ag, sing, )
S =) 4 sin(g, - g W(aat, + A8, oosg,  Ag, sings)
1 A¢, cosg, sing, — Ag, sing, cosg,
+
Sm(¢ -¢, ) ((Aaz +AB, ) - (Aas +AB; ))COS ¢, cosg,

2A‘a B ‘ Sln(¢3 -9, )((Aal +Aﬁ1)5in¢1 +A¢ COS¢1)
Opy = (71Q)1 —sin(g, — 4 N(Aa, +AB, )sing, + Ag, cosd, )
sinig, ~4, +sin(g, — ¢ N(Aa; + AB, )sin g, + Ad, cosg,)

(Aoz3 + Aﬂz)cosqﬁ2 sing,
+—| - (Aaz +ApB, )sin @, cosg,
Sm(¢3 - ¢2 )
+(Ag, ~Ag, )cosg, cosg,
4, =(1+3,) +57,
-1 51{1
1+,
2 2
Ay =00 + (1+6Qq)
1+6,,

7T .
$p =——+tan !
2 o

)

Equations (4)-(5) show that when the attenuation

and phase-shift values for a multi-port junction

(45)
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Table 1. Simulated IRR performance of existing 1/Q

regeneration methods.

I/Q regeneration methods IRR

Huang [8] 50 dB

Huang [9] 30 dB

Hentschel [12] 45 dB

Park [10] 38 dB

deviate from the designed values due to the process
variation, the regenerated I- and Q-channel signals
have an I/Q
provided in this paper, the IRR can be used to

measure the accuracy of I/Q regeneration for MPDRs.

imbalance. Based on the analysis

In this paper, we simulate the IRR performance of
existing I/Q regeneration methods, which is shown in
Table 1. Table 1 shows that MPDRs using existing
I/Q regeneration methods may achieve an IRR of
between 30 dB and 50 dB. Compared with the IRR
performance of conventional receivers using I/Q

imbalance compensation methods, performance 1is

degraded by about 20dB.*""

II. Iterative Single—Frequency CW
Signal—based 1I/Q Regeneration Method for
MPDRs

To improve the IRR performance of MPDRs, we
CW
signal-based I/Q regeneration method. The proposed

propose an  iterative  single-frequency

method utilizes the symmetry characteristics of the
CW the
single-frequency CW signal-based 1/Q regeneration

single—frequency signal  similar to

method. In the single-frequency CW signal-based I/Q

regeneration method, each processing step is

performed once.** In contrast, the proposed method

“* In [10], it was shown that the single-frequency
CW signal-based I/Q regeneration method has
three processing steps. In the first processing step,
the initial I/Q regeneration parameters are
determined by using the symmetry characteristics
of a single-frequency CW signal. In the second
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iterates the second and third processing step. In the
proposed method, the second processing in the i-th

iteration is written as

1, 2na (t) =1 13 (t)COS 0+ 0,13 (t)sin o,

Qr,i,Zml (t) = Qr,i—l,}rd (t)COS '91 - Ir,i—l,}rd (t)Sin 61’ (6)

where I,i-134(t) and @.i-134(t) denote the regenerated
I- and Q-channel signals after completing the third
processing steps in the (i-1)-th iteration, respectively.
Lizgt) and @Qriza(t) are the regenerated I- and
after completing the second

Q-channel signals

processing steps in the i-th iteration, respectively.
And, 6

axis of the elliptic-type trajectory diagram and the

is the phase difference between the major

x-axis. And, the third processing in the i-th iteration

is written as

]r,i,3rd (l) = ]r,i,an (t)

0= 40, (0 )

where A; denotes the ratio of the magnitude of the
major axis of the elliptic-type trajectory diagram to
the magnitude of the minor axis of the elliptic-type
trajectory diagram.

As shown in Table 1, since the estimation of I/Q
regeneration parameters of the single-frequency CW
signal-based I/Q regeneration method is not perfect,
when the single—frequency CW signal is transmitted,
another elliptic-type trajectory diagram of the
regenerated signal is created and the MPDR still has
an 1/Q

iterating (6) and (7), the trajectory diagram becomes

imbalance. In the proposed method, by

closer to a circle and the IRR performance is

improved.

processing step, the regenerated signal is rotated
to align the major axis of the elliptic-type
trajectory diagram with the x-axis. In the third

processing step, the Q-channel signal in the
regenerated signal is scaled to align the
regenerated signal with the transmitted

single-frequency CW signal.
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IV. Performance Evaluation

Fig. 2 the
64-constellation quadrature amplitude
(64-QAM) with the proposed method. Fig. 2 shows
that a MPDR using the proposed method may
achieve an IRR of about 70 dB, which is more than
20dB better than existing I/Q regeneration methods.
And, the IRR performance of MPDRs using the

shows simulated spectrum  of

modulation
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Fig. 2. -Simulated 64-QAM spectrum with the proposed
method.
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I T T
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Simulated BER performance of 64-QAM in a
slow Rayleigh fading channel.

Fig. 4.

proposed method is better than or equal to that of
/Q
compensation methods. Fig. 3 shows the simulated
BER performance of 64-QAM in an AWGN channel.
Fig. 4 shows the simulated BER performance of
64-QAM in a slow Rayleigh fading channel with
normalized fade rate of deZSXIsz.Hg]**** Simulation
results show that the BER performances of MPDRs

using the proposed method are almost the same as

conventional — receivers  using imbalance

those of conventional coherent demodulators, even in

slow Rayleigh fading channels.

V. Conclusions

This paper has analyzed the relationship between
impairment of MPDRs and I/Q imbalance. Then,
based on the analysis, this paper has evaluated the
/Q
methods for MPDRs and showed that they have

degraded performance compared to the I/Q imbalance

IRR performance of existing regeneration

compensation methods. An iterative single-frequency
signal-based I/Q
method has been proposed to improve the IRR

continuous-wave regeneration

“** The Rayleigh fading channel model is generated
according to Jakes’ model.[18]

(47)

performance of MPDRs. Simulation results have
shown that using the proposed method, the IRR and

the BER performances of MPDRs become better than

or equal to those of conventional coherent
demodulators.
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