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Abstract—This paper proposes a fully digital post-processing a known weakness of limited performance on the frequency
solution for cancelling nonlinear distortion and mirror-frequency  pands in close proximity of the strong blockers. At the same
interference in wideband direct-conversion receivers (DCRS). time. these bands are also the ones that suffer the most
Favorable cost, integrability, and power efficiency have made disto’rtion This limitation stems from the same charasters
DCRs a popular choice in communication systems. It is also an : ¢ . :
emerging trend in radar systems since digital post-processing that rule out also distortion cancellation on the blockenta
enables sufficient performance. The proposed method cancelsitself. In addition, if only a single signal is received in a
the most essential distortion adaptively during normal receiver certain frequency band, which is typical especially in theéar
operation without any prior information. Improved cancellation applications, the only source of distortion is the signaelit

performance compared to the state-of-the-art is achieved caid- . . . ..
ering inband and neighboring band distortion induced by the Although it would be desired to cancel the nonlinear digort

strong received signals. This is verified and demonstrated with in the signal band, the previously proposed AIC is not able to
extensive simulations and true RF hardware measurements. do that. In the literature, some of the AIC challenges haenbe

Index Terms—Direct-conversion receiver, interference cancel- circumvented by modeling the distortion in analog domaid an
lation, nonlinearity modeling, nonlinear distortion, radar digitizing this estimate using an additional receiver lorafv],
[8]. However, adding more analog hardware is not feasible in
all systems. This would be especially challenging in radars

Direct-conversion receivers (DCRs) have recently becomgich already require significant amount of parallel reegsv
more and more popular in different applications, such asThe full-band adaptive interference cancellation (FB-RIC
radar and mobile communications. This receiver structufgethod proposed in this paper is a fully digital lineariaati
has certain benefits over, e.g., traditional superhete®dymethod which does not need any additional analog hardware.
receivers. These are flexibility, cost efficiency and insdlity  However, it is still able to solve all the aforementioned
[1], [2]. In phased-array radar systems, several receisi€gs challenges. In other words, FB-AIC is applicable to botharad
required, which makes DCRs a desirable choice [3]. In g#hd communications receivers and is able to adaptivelyetanc
communications receiver, the number of receiver chains fgnlinear distortion during the normal receiver operatithe
usually smaller, but on the other hand number of devices dancellation principle is based on exploiting the distorti
a whole system is high and, especially in the mobile devices,tside the signal band to learn and adapt nonlinearity inode
the size and cost of the receiver are limited. These linoitstj  coefficients so that full-band cancellation is achieved.
compingd with the strict performance requirements of the The remainder of the paper is organized as follows. Sec-
applications, create scenarios where the state-of-th@ralog (o || discusses in detail the nonlinearity challenges in
hardware cannot deliver high enough linearity [4], [5]. Mod  3qar and communications receivers. Section Il introguce
digital post-processing, however, offers a flexible methwd ¢ jinearization method proposed in this paper, the FB:AIC
improving the receiver linearity. The simulation and RF measurement results illustrating the

For linearizing a DCR and, e.g., recovering the weakearization performance are given in Section IV. Finalhe
communications signal, an adaptive interference canimila paper is concluded in Section V.

(AIC) algorithm has been recently proposed [6]. The AIC has

I. INTRODUCTION

II. RECEIVERNONLINEARITIES IN RADAR AND
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nonlinear distortion may cause the sensing algorithm &efwl
Fig. 1. Conceptual direct-conversion receiver block ciagemphasizing the claim the band to be occupied. In this scenario removing
main sources of nonlinearity and 1/Q mismatch together witheahmployed : : ; Py _ p
baseband equivalent mathematical notation. the distortion, e_.g., with the means of digital pO_St prm

allows more reliable sensing [12]. Furthermore, if the gans

is based on certain feature of the detected signal, distorti

h|gh||ghted RF, mixing, and baseband (BB) Stages are Cagthout this feat-ure m|ght maSk the Ol’igina| tl’ansmiSSI_ﬁlm'S

requires taking into account their joint effect. minimized especially in emerging dynamic spectrum access
systems in order to avoid interrupting the primary userdran
A. Radar missions [12].

ﬁTyE)_lcaI_rada_r p:_ocessmg, Inc(lju?rl]ng matched fllterlngl;etsyv t Ill. PROPOSEDFULL-BAND ADAPTIVE INTERFERENCE
elfective In rejecting noise an us even very weak targets CANCELLATION FOR WIDEBAND LINEARIZATION

can be found [9]. However, this also means that even weak ) ) o

nonlinear distortion and 1/Q mismatch stemming from the-non H€rein, the operation principle of the proposed FB-AIC

ideal receiver components may become visible [3]. TheegfolS des”crlped ar?d comblned”W!th ,CWCUl"’:c”ty res;prln? ME'

even without any blocker signals, the radar performance md‘é cellation. The MFI cancellation is performed first foe t

be compromised only due to its own receiver impairments. igitized signal and thus also discussed here shortly befor
For example, in a pulse-Doppler radar employing DCR, tgoposed FB-AIC.

receiver nonlinearities and 1/Q mismatch cause false targ@, Essential Receiver Front-End Modeling

which are difficult to distinct from the real targets [10]. ko In this paper, a parallel Hammerstein nonlinearity modglin

specifically, /Q mismatch causes mirror-frequency irgerf for the receive’r front-end is applied. In addition, the RK an

ence (MFI) appearing as a false target for each real targbt WI.§B nonlinearities are modeled in cascade taking; also plassi

the same velocity but opposite sign. Similarly, for ins&nc §

third-ord i it false t ts with ol I/Q mismatches into account. Also I/Q mismatch in the down-
ird-order nonlinearity causes false targets with opedsiple converting mixer is considered.

velocity. A discrete-time baseband equivalent model for the low-eois
B. Communications and Spectrum Sensing amplifier (LNA) output is
In a communications receiver, the RF/analog hardware y(n) = ay(n) * x(n) + az(n) = |z(n)|>z(n), (1)

nonidealities can cause several problems. This is est;ecialh d . | f h bol
true in a wideband receiver aiming for digitization of sater "/ erea; (n) andax(n) are impulse responses for each polyno-

frequency channels or bands with signals having differi ial Qrder taking memory effects !nto account a.mh) 1S Fhe
power levels, which is exactly the case, e.g., in a multz * iNPut. For simplicity, only third-order nonlinear dst
carrier receiver digitizing signals simultaneously froraltiple gor: |st§ssymtlad abo;/he - This tls dalsq Jusilf'ed bgcat;se'\tlmddrt%.
transmitters. The transmitter locations, transmissiowgys istortion is always the most dominant one [6], [7]. Nowsthi

and channel fading can result in a scenario where separﬂ%nal s use_d_ as an input for the I/Q mixers, BB amplifiers, an
carriers have tens of dB’s difference in power levels [5]$nalog-to-d|g|tal converters (ADCs). Thereafter, theesbed

The strong carriers might drive the analog receiver hardwa igitized waveform is
into nonlinear operation, which creates distortion alstsiole ~ ygg(n) = bi(n) * y(n) + ba(n) * y*(n)

the transmission bands of the strong carriers. Examples of + by (n) * 43 (n) + ba(n) * [y* (n)]? @)
this distortion are intermodulation distortion (IMD) aruli 9 N v 12

the original carrier, harmonic distortion and MFI induceg b +05(n) xy(n)y™ (n) + b (n) * y(n)ly" ()],

the 1/Q mismatches. This distortion is usually of relawelwhereb;(n), ba2(n), ..., bg(n) denote the impulse responses

low level compared to the strong carriers themselves. FHar the respective components. These general impulse re-
example, in [6],40dB spurious-free dynamic range wassponses have contribution from the modeled mixer and BB
observed without any post-processing. However, if there @sror sources. A detailed description of these contrilmstican
also a substantially weaker signal present at the overall & found from [6]. Also in (2), only third-order nonlineaeis
ception band, this signal might be totally masked by eithare considered in the parallel I/Q chains, together withi/Qe

the nonlinear distortion or by MFI. This effectively limitsmismatches of the mixers and the BB components. Notice,
wideband spectrum access and alleviating the problem sllolowever, that even though the individual component mogdelin



TABLE | . . i
TERMS GENERATED BY THE CASCADED NONLINEARITY MODEL lation parameters is performed as follows. First, thg-tap

adaptive filter (AF) vectorwqg, is initialized as

Terms Conjugate Interpretation wig(0) = 0z, x1- 3
Terms

() 2 (n) Original undistorted signal Thereafter, the coefficient vector update is formulated as
|z(n)2z(n) |z(n)[2z* (n) 3rd-order IMD wig(n + 1) = wig(n) — AXignoteh(?) Zig,notei(n),  (4)

[z (n))? 2% (n) 3rd-order harmonics where \ is the adaptation step-siz€Xignotch(n) =
lz(n)[4z(n) |z(n)|*z*(n) 5th-order IMD [jIQ,notch(n); ‘%IQ,notch(n _ 1)7 o ajIQ,notch(n — M, + 1)}T' be-
|z(n)|?[z*(n)]* |z(n)[>z3(n) IMD of 3rd-order harmonics (5th order) ing an M;-sample vector of the adaptation error signal
j@(n)[%z(n)  |z(n)|®*(n) T7th-order IMD Z1Q.noter(12) = YeB,noterl(1) + WiQ(1) " ¥ig porer(m)- The sample
lz(n)|4[z*(n)]?  |z(n)[*z3(n) IMD of 3rd-order harmonics (7th order) VE€Ctor of the notch-filtered received signal is defined as
|z(n)[Bz(n) |z(n)|82*(n) 9th-order IMD YBB,notch(rlT}) = [YBB.notch(1), yBB,n_ot(?h(n —1),...,YBBnotch(n —
|z(n)|%[z*(n)]® |z(n)|823(n) IMD of 3rd-order harmonics (9th order) M; +1)] . With these AF coefficientsvig(n), the actual MFI

cancellation is performed as

#10(n) = yss(n) + wig(n) "yag(n), 5)
is based on third-order nonlinear models, the cascadedlmolgl&ng the original received signgks(n) and an),-sample
of already two such stages yields nonlinear distortion potsl conjugate vectoyig(n) = [yas(n), ygs(n — 1), ..., ysg(n —
up to order nine. M; +1)]7 as in [13].
~When substituting (1) to (2), the cascaded model producesyq,, " assuming effective MFI cancellation with the de-
nine .separate.terms and, if any 1/Q mismatch occurs, NiB€ribed processing, the 1/Q corrected signaj(n) is fed to
additional conjugate terms. All these terms are shown {fe |inearization stage, as shown in Fig. 2. The lineadzati

Table |. The most essential distortion terms are used asig b?)?ocessing aims at cancelling the remaining essentiairttsi
for the cascaded MFI and nonlinearity cancellation disedssterms in Table I. A novel solution for the full-band lineaiz

in thg f_qllowing subsections. First, the MFl is capcelk_adnfr _tion is proposed next in the following subsection.
the digitized signalss (n) and thereafter the resulting signal is _ _ _
fed to the linearization stage. This flow is illustrated igF2. C. Nonlinearity Cancellation

The nonlinearity cancellation stage of the proposed FB-
AIC employs a feed-forward structure as illustrated in FAg.

The MFI induced by the I/Q mismatches of the receiveThe basic principle is to digitally generate an estimatehef t
hardware is compensated here in a separate stage, befanelinear distortion occurring in the receiver and thentiads
the linearization processing, whereas in [6] it was perfdm the estimate from the 1/Q corrected received sigh@gi(n).
together with the nonlinearity cancellation. This is ithaded This produces then the final linearized sigi&h). The most
in Fig. 2 with a block diagram showing the separate stagesssential aspect here is thus obtaining accurate estimiaties
In practice, the target is to cancel the conjugate termsdistmost prominent nonlinear distortion terms. It can be done by
in Table I, the conjugates of the original signal and thirdirst picking the strongest carrier(s) fraby (n) with bandpass
order terms being the most crucial. The MFI cancellatidfiiter(s), producingzig(n). In blocker scenarios, this means
is based on the circularity restoring algorithm discussed picking the strongest blocker carriers entering the rereif
[13], [14]. This earlier algorithm, when it comes to blindthe received signal contains only a single carrier, suchas i
parameter learning, is here augmented with a highpass notich radar scenario considered in this paper, this carridres
filter for removing DC and low frequency content from thene to be bandpass filtered. After thaig(n) is fed through
received signal which could bias the circularity restorindifferent reference nonlinearities in parallel to prodsailar
adaptation. This is essential especially in the scenarfegeva nonlinear distortion products as in the received signake Th
baseband signal with DC content is received. Such notch filexact amount and the structures of the reference nonltiessari
aided circularity restoration is also considered in [10fteA required for linearization depend on the characteristiche
finding the cancellation coefficient(s) in this way, the ov@l analog receiver hardware. In practice, the terms in Table | a
unfiltered signal is processed in the actual cancellatitis i good choices for reference nonlinearities, as they diyetdm
essential in the aforementioned scenario where the noteh filfrom the complete nonlinear behavioral model of the overall
stopband can also contain desired information. The ciritula analog receiver chain. Typically it is enough to use a few
restoring algorithm has more robust performance compareddwest-order terms (third- and fifth-order) which are tyglig
the MFI cancellation in [6] also in certain special scengyriothe strongest [6]. However, these reference nonlineariie
such as in case of frequency symmetric blocker carriersghwhinot directly produce a distortion estimate that would elyact
are challenging for the error-power minimization basedtiea match with the received signal distortion. More specifigall
mean square (LMS) adaptation used in [6]. the distortion estimate has to be scaled properly and tipica

The sample-wise adaptation for learning the MFI canceddso take memory effects into account. Both can be achieved

B. Mirror-Frequency Interference Cancellation
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Fig. 2. Block diagram illustrating the principle of the poged FB-AIC method for receiver I/Q correction and linedi@a The MFI and nonlinearity
cancellation stages are cascaded and both stages conpmtatiel adaptation and cancellation components.

with the AFs, one per considered nonlinear distortion termuhere Z(n) is the linearized signalw(n) contains the im-
Adaptation of the AFs is illustrated in Fig. 2 and also ddsedli pulse responses of the AFs, anth) contains samples of
mathematically later in this subsection. The bandstoprdiltethe considered reference nonlinear transformations witho
shown in Fig. 2, are required in order to guarantee propeandstop filtering. More specifically, samples Bfreference
convergence of AFs. In practice, the bandstop filter(s) hownonlinearities are stacked into a single vector
attenuate the strongest blocker band(s). This means that th T
signald(n) (see Fig. 2) is the 1/Q corrected signal, including s(n) = [s1(n),s2(n), ..., sp(n)]" . ™
nonlinear receiver distortion, but without the strongeat-c For example, stemming from Table I, if the first distor-
rier(s). o o tion estimate ins(n) models the third-order harmonics, then
The e;sentlal difference between the nonllnegr!ty cancgll—(n) _ [[fikq(n)]gv [ (n — 1)]3"”’[%@_ M, + 1)]3}T,
lation with FB-AIC proposed here and the original AIC,here M, is the AF length. The othe® — 1 reference
described in [6] is related to how the distortion cancedlati signals are obtained accordingly, using the selectederter
itself is performed. The adaptation of AFs is similar in hoth,qnlinearities from Table 1.
but the original AIC directly considergigs(n), shown in  The | MS adaptation for the parameter learning can be for-

Fig. 2, as the linearized signal. However, the bandstopdiltgy,,jated mathematically when denoting the bandstop filtered
needed for stable coefficient adaptation prevent canm#lat §istortion estimates as

of the inband nonlinear distortion on the blocker bands as

well as on the bandstop filter transition bands. Especily t ses(n) = [ses1(n),s8s2(n), ... s8s p(n)]" . (8)

!'m'ted transition band cancellayon perf(_)rman_ce can beiel It is worth noting that the only difference between (7) ang (8

in scenarios where a weak desired carrier is situated orlgxac I g
. ) . is the bandstop filtering. Also the AF coefficients are gatter

the neighboring band of the blocker carrier. The phenomengn .

. LT . .. Into a single vector

is most pronounced when using limited-order filters, whigh i

usually the case in true implemented hardware. In addition, w(n) = [wi(n), wa(n),...,wp(n)]". (©)]

cancellation of inband distortion when only a single carige ) ) o

received, e.g., as in radar receivers, is not possible vi¢h {or the adaptation, first, the AF vecter is initialized as

AIC. _

In this paper, the above described limitations in lineditza w(0) = 0pasz, (10)
performance and flexibility are overcome by performing thié no a priori information is available. Thereafter, the com-
coefficient adaptation and the actual nonlinearity caatielh bined AF output forn = 0,1,2,... is
separately, in parallel, as shown in the latter part of Fig. 2 _ _H
Basically, the bandstop filtering is used when finding and e(n) = w'(n)ses(n). (11)
learning the cancellation coefficients, similarly as dist in  This results in the adaption error
[6]. However, the actual nonlinearity cancellation is penfied N
by using the unfiltered distortion estimates. In this wag th Zgs(n) = d(n) — e(n) (12)
distortion estimates also on the bandstop filter stopbarnels gnd finally the AF update is given by
maintained and can be used to cancel distortion from theavhol
received frequency band. In Fig. 2, three parallel distarti w(n + 1) = w(n) + diag(n)Zgs(n)ses(n),  (13)
estimate lines are drawn as an example but the actual NUMBRE e giag(.) denotes a function for converting a vector to
of the applied estimates can differ frqm t.h's' a diagonal matrix. The overall step-size vectorcontains

qumally, the nonlinearity cancellation in the proposed I:Eﬁifferent step sizes for every distortion branch with steps
AIC is performed so that per branch, thusu is a PMs; x 1 vector. For increased

#(n) = fio(n) — wH(n)s(n), (6) adaptation stability, normalized least-mean square (NLMS



TABLE Il

SIMULATED RECEIVER PARAMETERS 20
Parameter Value 1000 k 0
LNA gain 20 dB -20
LNA 1IP3 0 dBm = 2000 —40
Mixer IRR 30 dB Py i
. o 3000 [ £ -60
Baseband gain 20 dB S | =
o 5 = -80
Baseband 11P3 20 dBm 40005 = -
Sampling rate 40 MHz 5 EF -100
Effective RX bandwidth 30 MHz 5000 ; % -120
Quantization 14 bits '
B -140
6000

. . - Velocity [m/s]
should be used. This addBM; scaling coefficients, one

for each of the step sizes ip and is documented in [6]. Fig. 3.  Range-Doppler matrix before linearization. The c®lalenote
In FB-AIC, these AF coefficientsv are used in the actual observed power at different ranges and velocities on |tyaic scale. MFI
. P . . . is clearly visible at opposite velocities and third-ordemhinearity at three
Imeanzat.lon as described in (6). Due to the parallel satamt times the opposite velocities.

and nonlinearity cancellation, the AFs can be adapted all t

time during the receiver operation or it is also possiblégraf

- 20
initial convergence, to update the AFs less frequently te sa
computations. 1000 ¢ 0
IV. SIMULATED AND MEASUREDLINEARIZATION 2000 b -20
PERFORMANCE = -40
Herejn, the performance of .the propqsed FB—AIC is illus @ 3000 -60
trated in two separate scenarios. The first one is a radar §
ceiver suffering from nonlinear distortion and MFI. In tizdter & 4000 -80
one, a multi-carrier communications receiver with simitan- ~100
idealities is considered. In radar scenario, the main esiph&
on cancelling the inband self-distortion of the receivedara 5000 ¢ -120
waveform. In the communications scenario, cancelling als ~140

out-of-band distortion stemming from the strong carrieass h 6000
a significant role because the distortion is potentiallyirfgl
on top of desired weaker carriers.

S_Imllar receiver characteristics are SImUIat_ed in both Scﬁg. 4. Range-Doppler matrix after linearization. The csldenote observed
narios. These parameters are summarized in Table Il. Tsver at different ranges and velocities on logarithmicesckIFI and third-
nonlinear characteristics of the RF and BB gain stages trestifler nonlinearity levels are clearly suppressed comparddg. 3.
in balanced distortion profile where neither of the stagesel
acts as a linearity bottleneck. The nonlinearities are neade ] )
as third-order polynomials per stage, resulting in ninttlep A Radar Smulations
overall distortion profile, as elaborated in the previoudise. In the radar scenario, a pulsdd MHz linear frequency

AIC [6] and FB-AIC implementations employ NLMS adap-modulation (LFM) signal is studied, giving effective ovens-
tation and cancellation of third-order intermodulationdanpling ratio of 3 inside the reception band 80 MHz. This
harmonic distortions is targeted. The MFI is cancelled by ttoversampling allows observing also the out-of-band intetm
circularity restoring principle in case of FB-AIC. In the @I ulation which is exploited in the adaptation process. Thdtlwi
processing, the mirror components of the original sigieidt of a single pulse is5pus and pulse repetition frequency is
order intermodulation and third-order harmonic distari@re 25kHz. Two targets with ranges af500m and 5000 m are
included in the nonlinearity modeling. Following the intro observed. The target velocities ard 50 m/s and 300 m/s.
duced notation, the number of distortion estimafes- 2 and The range-Doppler matrices before and after the lineariza-
the used reference nonlinearities, stemming from Tableel, d&ion processing are shown in Fig. 3 and Fig. 4, respectively.
of the forms, (n) = |Zig(n)[*i1q(n) andsa(n) = [#j5(n)]°. The average receiver input power in this scenario 2§ dBm.

In the actual LMS adaptation, the samples of these referentaen comparing the figures, it is clear that the MFI is reduced,
nonlinearities are stacked intg (n) and sa2(n) vectors, as pushing down the false target having opposite velocity. At
described in (7). the same time, also the opposite triple velocity false taige

-1000 0 1000
Velocity [m/s]
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Fig. 5. The FTRR results for both targets as a function of teeived
average signal power before (“uncomp.”) and after (“comg) linearization.
The mirror target created by the MFI and the triple mirror targeated by
the nonlinearities are considered.

reduced by the nonlinearity cancellation, which is pustimg
third harmonic down.
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Fig. 6. The spectra of the uncompensated and compensatedssiyrsirat-
ing the improved performance of the FB-AIC compared to AIC. Theeker
RF input powers are-27 dBm and weak carrier power is-77 dBm.

intermediate frequencies, the remaining center freqesnof
the blocking carriers ar@.5 MHz and 12.5 MHz, the weak
carrier being centered at5 MHz.

In Fig. 6, it is also clearly visible that the original AIC has
limited distortion cancellation performance on the neigtiiy
bands of the blockers. This is because of the wide transition
bands of the 100-tap bandpass and bandstop filters used in the
adaptation process. The stopband attenuations of theses filt
are set to60 dB while passband ripple di.1dB is allowed.

The false target cancellation performance is further stlidiFyrthermore, in Fig. 6, it is evident that this limitation is
with a signal power sweep, for which the false target regecti greatly alleviated when applying the FB-AIC processing.

ratios (FTRRs) are calculated for the opposite velocityr(on)

This improvement in the linearization performance is farth

target and the opposite triple velocity (3rd harmonic) éarg jjlustrated in Fig. 7 and Fig. 8, showing the distortion otjen

The FTRR is defined mathematically as

P
FTRR[dB] = 101log;, P"“e, (14)

false

where Pye and Piyse denote the observed powers for true and

false targets, respectively. The results are illustratedig. 5.

ratio (DRR) and symbol error ratio (SER) of the weak carrier,
respectively. Herein, the DRR is defined as

S+ N
DRR[dB] =10 loglo —g 5

(15)

where S, N, and D are signal, noise, and distortion powers,

This shows that for both the targets, the mirror target lével respectively. In Fig. 7, the AIC [6] gives DRR improvement
suppressed by more th&0 dB. At the same time, with high of few dB’s over the whole blocker power range compared to
reception powers, above40dBm, the false target appearingthe uncompensated scenario. At the same time, the proposed
because of the third harmonic is also suppressed. With ABB-AIC is able to improve the DRR significantly, allowing

AIC, e.g.,80dB FTRR can be maintained withl dB higher
reception powers than without FB-AIC.

B. Communications Smulations

8 dB improvement in the blocker tolerance 2idB DRR
level. Fig. 7 gives also the weak signal’s signal-to-nosgor
(SNR) for reference. In practice, the DRR values above the
SNR level mean that the distortion is already pushed belew th

In the communications scenario, reception of a weak carrieoise floor and therefore further increase in DRR is typjcall
in the presence of neighboring band blocking carriers it beneficial. Furthermore, similar performance improgetn
studied. An example spectrum of the composite waveforimvisible also in Fig. 8, where FB-AIC helps to maintain,.e.g
is shown in Fig. 6. The three orthogonal frequency-divisioh% SER level with8 dB higher blocker power levels.
multiplexing (OFDM) modulated carriers, with 16-QAM sub- Furthermore, the performance of the AIC and FB-AIC is
carrier modulation, have MHz nominal bandwidth and centercompared in Fig. 9 with input-output characteristic pldts.
frequency separation whilé.5 MHz per carrier is employed the uncompensated scenario, saturating nonlinear behiavio

for data transfer, resulting in symmetr250 kHz carrier-

visible. It should be noted that even if the saturating beirav

wise guard bands. After the 1/Q downconversion from RF ts mild for the overall waveform, it still creates signifi¢an
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C. Measured Performance

The linearization performance of AIC and FB-AIC is com-
pared with true measured RF signals in Fig. 10. The measured
three-carrier OFDM scenario is similar to the simulated- sce
nario of the previous subsection. The RF center frequency
in the measurements i$750 MHz. For signal generation
National Instruments PXle-5645R vector signal transceive
has been employed [15]. The main nonlinearity source is
a HD Communications Cor. HD24089 LNA [16]. A state-
of-the-art RX board is used for signal down-conversion and
data aquisition. This setup essentially represents a aypic
radio receiver scenario where the LNA is the dominating
nonlinearity source. In Fig. 10, IMD spread around the oiadyi
carriers is observed, masking the weak carrier. In addition
the MFI induced by the down-converting mixers and the RX
baseband is seen. However, it is evident that FB-AIC has
improved performance in close proximity of the blockerspal
in this RF measurement scenario. As a concrete example, the
SER of the weak 16-QAM modulated signal is presented in
Fig. 10 before and after compensation showing about 8 dB of
improvement in blocker tolerance at 1 % SER level with the
FB-AIC. The compensation performance of the AIC is again
quite limited as can be seen.

V. CONCLUSION

A fully digital wideband receiver nonlinearity cancellati
method was proposed. Compared to the state-of-the art, the
proposed method has improved performance on the bands of
the strongest distortion producing carriers, i.e., bloskend
their neighboring bands. This improvement was verified io tw
applications, namely radar and multi-carrier communaregi
reception. The radar scenario concentrated on the inbaad di
tortion cancellation, whereas in the communication sdepar
the neighboring band performance was illustrated withisgal
filter orders in the processing. Furthermore, the perfoaari
the proposed method was illustrated also with preliminafy R
hardware measurements. More extensive measurementgwill b
provided in the final version of the paper. In general, impobv
flexibility in analog receiver hardware design and wideband
spectrum access can be achieved with the proposed digital
nonlinearity cancellation method.
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