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Abstract— In this work, a digital controlled co-channel feedback
interference cancellation system is proposed to reduce the
feedback interference signal in the wireless repeater system.
Frequency hopping spread spectrum pilot tone is adopted for the

adaptive group delay detection of the feedback path. Amplitude,”

phase, and group delay of the feedback path are automaticall
detected and controlled through the comparison algorithm using
DSP. Adaptive feedback cancellation of over 30dB is achieved
with the proposed system for the signal bandwidth of 20MHz in
Korean RFID band.

[. INTRODUCTION

A feedback interference, defined as the undesirable
interference signal directly radiated from the transmitter (Tx)
antenna to the receiver (Rx) antenna in the same site, is the
major limiting factor in the design of all kinds of system of
which the input and output frequencies are same such as a
hearing aid and a communication repeater. Since the system
performance can be tremendously degraded due to the
feedback interference signal, a number of researchers have
been involved in the field of feedback interference
cancellation system (ICS) design [1]-[3].

Usually, a signal cancellation is achieved by loop
cancellation mechanism such as carrier cancellation loop and
intermodulation distortion cancellation loop in feedforward
power amplifier design, for example [4][5]. Also, Group delay
matching as well as amplitude and phase balance in a loop is
critical for broadband signal cancellation. Although adaptive
feedback interference cancellation system (AF-ICS) is
reported in a recent work, the bandwidth of the cancelled
signal is fairly limited due to the group delay mismatching [6].

In this work, a new method is proposed to detect the group
delay of an arbitrary transmission path with frequency
hopping pilot tone. Using gain/phase detector with digital
signal processor (DSP), gain, phase, and group delay of the
feedback path are detected and controlled simultaneously.
Then, digital controlled co-channel interference cancellation
system is implemented and measured.
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II. DESIGN THEORY OF DIGITAL CONTROLLED CO-CHANNEL
FEEDBACK INTERFERENCE CANCELLATION SYSTEM

Fig. 1 shows the analog controlled co-channel feedback
interference cancellation system [7]. Samples of correction
signal and output signal can be extracted from port-C and
port-D, respectively. Comparing those signals, amplitude and
phase of the correction path can be automatically controlled to
reduce the feedback interference. However, the group delay
time adjuster (GDTA), the essential device for the broadband
signal cancellation, is manually controlled [8]. Therefore, the
system in Fig. 1 cannot be categorized as a completely
automatic system.
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Co-channel feedback interference cancellation system using analog

A. Proposed System Configuration

Simplified block diagram of the proposed digital controlled
interference cancellation system is shown in Fig. 2. The target
operating frequency is Korean RFID band (908.5~914MHz)
and the output power is 1 watt (30 dBm). It consists of four
main modules such as RF module, detector module, DSP
module, and CDMA module. Basic cancellation mechanism
and theory of operation of RF module is well explained in the
previous work. Frequency hopping pilot tone generation
through up-down conversion, and gain/phase detection take
place in the detector module. DSP module calculates group
delay and adjusts control voltages of variable attenuator (V ),
variable phase shifter (Vy), and the GDTA (V,, V). CDMA
waveform is produced at the CDMA module.
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Usually group delay in a DSP controlled system is
compensated in a discrete way according to discrete chip time.
Therefore the signal cancellation bandwidth problem occurs in
an adaptive system. Main advantage of the adaptive digital
control of the GDTA in the proposed system is that
continuous group delay variation can be obtained, improving
the cancellation bandwidth of the adaptive system.

/ Feedback Path \
\v4 Rx VaVs V

ILVTC
SO Tx
|
|

i o e et ok el |
1‘\

DSP module !

Digital
Signal ]
“r | Processing [~

Fig. 2 Block diagram of the proposed digital controlled interference
cancellation system.

B. Main Algorithm of Feedback Path Characterization

To design and implement a wholly automatically controlled
interference cancellation system with broadband cancellation,
gain, phase, and group delay of feedback path need to be
characterized. Gain and phase can be easily obtained by
gain/phase detector. Group delay can be expressed as Eq. (1)

GD=—a—¢=_l¢(f2)_¢(f‘)- 1
ow  2m  f,—f,

If the two frequency components and phase responses are
known, the group delay can be calculated as shown in Fig. 3.
So frequency hopping is adopted to obtain two phase
responses (@, @,) at two separate frequencies (f}, f2).
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Fig. 3 Feedback path group delay calculation by the phase detector and pre-
defined hopping frequencies.

Since the proposed system is a kind of transmitter, those
pilot tones should follow the out-of-band spectrum emission
regulation. So the hopping frequencies need to be set between
the pass band (908.5~914 MHz). We selected 909.5 MHz and
912.5 MHz as f; and f, respectively. Also, it should not affect
the desired signal at the signal path of Fig. 2. Therefore, rather
than continuous wave (CW) pilot tone, CDMA waveform is
adopted as a type of spread spectrum to spread the energy of
the pilot tone at the frequency domain, minimizing the
interference to the in-band signal.

Block diagram for CDMA waveform generation is
expressed in Fig. 4. After mixing the 1-bit data of 9.6 kbps
with the Pseudo Noise (PN) code data of 1.2288 Mbps, the
mixed signal is then transmitted to the 48-tab FIR pulse
shaping filter. Then the generated 10-bit sequence is
converted to analog waveform by digital-to-analog converter
(DACQ). Since the operation frequency of a DAC is pretty low,
we used a DAC evaluation board equipped with internal
output mixer. The output frequency of the CDMA generator is
74.5 MHz. EP2C20F484C7N FPGA chip and AD9857
evaluation board are used for COMA waveform generation.
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Fig. 4 CDMA waveform generation to be used as a pilot signal.

(CDMA) (CDMA)
Lok, fiof,
I i
B AT A
f—AF & f, - l Tﬁ—Afoz—Af
(cw) : (cw)
Detector PLL (~,

Fig. 5 Up-down conversion of the spread spectrum pilot tone.

The spread spectrum pilot tone generation is explained in
Fig. 5. Af is the output frequency of the CDMA generator.
Frequency hopping is controlled by PLL. When the PLL
generates two frequencies of fi-Af and f-Af (CW), those
components are input to IF port of a mixer, then mixed with
Af (CDMA), producing f; and f; as RF signal (CDMA). This
CDMA signal is transmitted to the Tx antenna of RF module.
After passing through feedback path of Fig. 2, it is down
converted mixed with original CDMA signal of Af, and then
the restored CW tones are applied to the detector. Comparing
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those restored CW signals with the sampled output of PLL,
gain and phase of feedback path can be decided. Using given
values, fi-Af and f,-Af are set by 835 MHz and 838 MHz,
respectively.

Fig. 6 shows a digital control part. Output voltages of the
gain detector (Vi) and the phase detector (Vpgy, Vpe)) are
converted to digital domain through analog-to-digital
converter (ADC), and then applied to DSP. Those voltages are
then used to estimate the gain, phase, and group delay of
feedback path. Control voltages (V4, Vg, Vi, Vi) of the
circuits of correction path are then determined by the
comparison algorithm with the look up table (LUT). LUT
includes the relation of input voltage to output attenuation for
variable attenuator, input voltage to output phase shift for
variable phase shifter, and input voltage to output group delay
variation for the GDTA. Some voltage level matching is
realized by op-amp between the output of ADC and the
correction circuits, because the output voltage range of ADC
is smaller than the required control voltage of the analog
control circuits. TMS320C6416T DSP of Texas Instruments
and 16-bit AD/DA PIOX-16 DCM converter of MicroLAB
Systems are used for digital control part.

III. EXPERIMENTAL RESULTS

The feedback cancellation performance is measured with
CDMA IS-95A 4FA and WCDMA 4FA signal to observe the
broadband cancellation characteristic. Bandwidths of the two
signals are 5 MHz and 20 MHz, respectively. To identify the
cancelled signal, two types of signals are used. CW represents
the desired received signal in Rx and CDMA represents the
unwanted feedback signal from Tx. Fig.7 (a) shows the
spectrum with correction path not operating. Spectrum after
cancellation is shown in Fig. 7 (b). We could obtain
cancellation effect of the feedback interference signal about
31.04 dB when the correction path is operating, without any
effect on the received signal. Cancelled feedback signal is

near noise level, so the amount of cancellation would be larger.

Since the operation bandwidth of the Korean RFID band is
between 908.5~914 MHz, 5 MHz signal would be enough to
satisfy the cancellation bandwidth. Nevertheless, we also
measured the performance with WCDMA 4FA signal of 20
MHz bandwidth to observe the cancellation bandwidth
limitation. Measured cancellation level is as much as 31.63 dB
for the entire 20 MHz. But in this case, slight slope is
observed near the center frequency of the cancelled feedback
signal as shown in Fig.8 (b). Since there is no broader signal
source than WCDMA 4FA in the laboratory equipment, it is
impossible to find the bandwidth limitation.
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Fig. 6 Simplified signal flow of digital control part.
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Fig. 7 Measured feedback cancellation characteristic with CDMA 1S-95A
4FA signal (SMHz BW) (a) without correction path (b) with correction path.
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IV.CONCLUSION

Fully adaptive digital controlled co-channel feedback
interference cancellation system is proposed and measured in
this work. Over the previous analog control system proposed
by the authors, digital controlled feedback cancellation system
shows equivalent performance with broad cancellation band.

The proposed feedback cancellation system can be used to
various applications such as RFID transponder, repeater, and
all kinds of systems using same input and output frequency.

ACKNOWLEDGMENT

This work is supported by the second stage of Brain Korea
21 Project.

REFERENCES

[1]  W.T. Slingsby and J. P. McGeehan, “Antenna isolation measurements
for on-frequency radio repeater,” I[EEE International Conference on
Antennas and Propagation Digest, vol. 1, pp 239-234, 1995.

[2] W. T. Slingsby and J. P. McGeehan, “A high-gain cell enhancer,”
IEEE Vehicular Technology Conference Digest vol. 2, pp. 756-758,
1992.

[3] E. H Drucker, “Development and application of a cellular repeater,”
IEEE Vehicular Technology Conference Digest, pp. 321-325, Jun.
1988.

[4]
(5]

[6]

(7]

[8]

197

Peter B. Kenington, High-linearity RF amplifier design, Artech house,
2000.

S. G. Kang, et al, “Analysis and design of feedforward power
amplifier,” /EEE International Microwave Symposium Digest, vol.3,
pp. 1519-1522, 1997.

S. J. Kim, et al., “Adaptive feedback interference cancellation system
(AF-ICS),” IEEE International Microwave Symposium Digest, vol. 1,
pp.627-630, 2003.

J. Lee, S. Park, H. Choi, Y. Jeong, and J. Yun, “A Design of Co-
channel Feedback Interference Cancellation System using Analog
Control,” European Microwave Conference Digest, pp. 153-156,2006.
S. Park, H. Choi, and Y. Jeong, “Microwave Group Delay Time
Adjuster Using Parallel Resonator,” [EEE Microwave and Wireless
Components Letters, vol. 17, no. 2, pp. 109-111, Feb. 2007.



cabnd pou

uIbds ‘ob1A ap apbplsioAlUf)] ‘Sbuin) obiu] ‘Solo]y ZonbzvA buy ‘Zoyduvs vidip5) [JNUD

ZHD 09
pue zZg9 b 1e s[auuey) orpey Ioopu] Ul DUBULIOLIRJ ANSISAI( ddeds jo uosireduio) &

SpubliayloN YL ‘Yroda
M2USADALUS) dYISIUYID] ‘ADYOONIN UNOADWIOL ‘UDUVLUYSYDT "Y' “DIA0paUyuUb DY (]
JSION 3seyd pue Adusanbarg

uww.ﬂmu JO 9J0U9sald 9Y] ul NAa;io pue ﬂoﬁmﬁ—ﬁcg uwvﬂum.m uu~w>m\$ n—o 9JUeRULIOLIod e

VS ‘Se1bojouyda] obvAy ‘ouldsq invs Uiv)) AL YnonypAvY 219N ‘AoUNAOWN YIAUH
suonedddy w11°208 LIIM 10J d[NPOW pug 1uol] xadndg [ni vV €&

Auvwiian) ‘bAaquUANN-U2bUDIT NV WIYIS 4919d-ZUdA0T ‘SNIADN paLLJbals
UoUYY 1490y ‘SUA2]S [dVYIIN ‘Aonauy upbnsSiy ) Uabubqiaplouyds YAl
uonemsyuo)

MDD [SAON € Ul JIXI]N dPOI( padueleq dIUOULIEH-YIUSAS ZHD OT1-SZ V €

vissny YNSNL Yovyms A 62]0
pueqapim 10J pazrundQ yidury uoldurre(q [2AON V &

uvdp[ ‘Abojouyda]
Jo a1mmsur uvbuoys ‘Yol IYsnsvx ‘01vS NAOUIN ‘DADYOUIYS 01YSO [ ‘DIDAIYS INDSDIN
spueqdols

s[dnmp pue s[qeun]-Aousnbai] PIm Ieyrdury [enUsI_YIA LIH 991 pueg-1uv &

Aupuwiipn ‘saoualds panddy Jo Al1siaAlu) UdYOVY ‘UUDULIONIL] 1oD]OH
suonednddy-zH9 09 pue gM() 10J 2IMIIIMDIY ISAIRDURI], MIN V :0oIpey 3po [end &)

[ypreas]

.-

m 04

e

m&\&

021

991

a91

8SI

SSIT

IST

A4\

8002 4290190 £Z Abpuol ‘0S:€1 -0€:2T TIVH Uomqiyxqy
SpupvlioylaN YL ‘IDI ONL ‘Shioppald T :AIbYD
UOISSIS I191S0J LIMNT : I91SOJLIMNT

QO C [61/0198ed] STUPIUO) JO I[GRL 8002 LIMNA



VS ‘bAbqivg piuvs 1v viuAoJIIv) Jo LQ1siaA1U) ‘MOYypv ndupviipd)
NPMPOY YADI DNK YILIV] "D ‘098 OANUN ‘UOSPIYAO], ILT “UOP[aYS U0
a8ury W 19A0 sdqHZ T e uonensuowd( remprey
[PUuey)-0ML V >[Ur] OWIN dABM-I213WI[[IA 1YSIS-JO-aUTIT € I9A0 Surxa[dn[ni eneds €

paA0Y TYIT ¢ D240y “ouJ Y2122 NOMAS ; ‘D210 ‘ANIsaaA1up) [PUONIDN Ynquoy)
cUng uooyap[ ‘,wry buoq ny) ‘' buoaf avyobuox 10y ovlbunasy
uone[adue) pueqpeoryg

M UIR1ISAS UONE[[3IUR) 3DUIIIJINU] MIeqpad] [duuey)-0) pa[onuo) ensiq &»

pupjod ‘Abojouyda] Jo
AISA2AIU) MUSIDA ‘DYSIPPOIN Jozo[ Yoin) JOIZSAzAY ‘AUtnzs vy TISMO}ZoY UuvLsvqas
juRWIUoIIAUT A1010e] 3] ul [duuey) uonededold pueqapim e Jo Sul[epo [ednsnels &»

pupod) Nds Jo AnsioAluy) Wouvz 106] ‘J1aazv]g uvioz ‘vljoxas vlow
ZHO $'Z 1e [Puuey)) oIpey I0o0pu] ue JOo SONSLIvd)IeIey)) [PALLIV-JO-awl], &)

Auvwiidn
‘ABojouyd3d ] ¥ Yaavasay dnoiH MG ; ‘vLasny ‘Abojouyda] Jo Alsioalu[] DUUDIA |
[ ZNoYdS T podAy *,42642quobog pAvydry ‘| ADYL] UPJals
ZHD 9 01 ZHN SZS wiol) Sunerad( mNrusuel] 7y pueg-Nnp euusluy /[duuey)d- &
UapaMS ‘10 ; ‘Uapams ‘A1siaAluf) buldoyulT,
ZPYODNQ ZI1ZY *  DISMOoAqD( AZA3[ *{ UbSYY paaAbN
VNT pueg [en( jo uonezrumdQ 1oj anbruyds], suruny-Jes v €
Spupvjioy1oN
Y] ‘Y24pasay sdiiyd ‘SoLA op buluuadd dlig ‘ZIUVUUlT [NDJ-Ubvaf ‘UbuLldny pjpuoy
SISAIIIY NV'T SSI[IIM Ul uondairo) dip) €&»

CCPBRUIHO0D ADISO4LIMNT

[yoIeds]

n 805

861

v6l

06T

981

81

81

V1

O C 61/ 1138 SIUPIU0) JO A[qRL 8002 LMNd



