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Abstract—In this paper, we address the architecture of
multistandard simultaneous reception receivers andve aim to
reduce the complexity of the analog front-end. Tohis end we
propose an architecture using the double orthogonafranslation
technique in order to multiplex two signals receive on different
frequency bands. A study case concerning the simaheous
reception of 802.11g and UMTS signals is developed this
article. Theoretical and simulation results show tht this type of
multiplexing does not significantly influence the eolution of the
signal to noise ratio of the signals.

I. INTRODUCTION

multistandard front-end architecture, based on ogidal
multiplexing of its two input branches. The lasttgen details
the implementation of such a receiver by specifyitg
functionality and by presenting some significanngiation
results. Finally, conclusions of this study arewdraand the
follow-up to this work is provided.

II. MULTI-BAND RECEIVER USING A DOUBLEIQ STRUCTURE

A. The double 1Q technique

In wireless telecommunications, the integration I}

OWADAYS the market presents a real interest in thbaseband translation structures in the receivelinchas
development of telecommunication networks based dyecome a common procedure. The simple IQ archiedtu
radiofrequency systems. Along with the already téags usually used in the receiver front-end design oheotto reduce

ones, new standards (WiFi, WiMax or the 3G stargjaatiow
the operators to offer new and better serviceseims of
speed, quality and availability. Consequently, irdev to
handle this important diversity of
techniques, there is a growing interest in develgpiew front-
end architectures capable of processing severalatds.

For the multistandards research domain we camdigth
two different categories of receivers: non-simudiaus
receivers using switching techniques [1][2][3][4][=and
simultaneous receiving receivers. The state ofattieof the
multistandard simultaneous reception architecturess the
front-end stack-up technique - each chain beingcdéstl to

the bandwidth of baseband signals treated by th€.AD
Meanwhile, this orthogonal frequency translatioochtéque
is also used to eliminate the image frequency dethuring

telecommunicatio the translation steps of heterodyne front-end techires [9],

[10]. The image frequency rejection technique cstssin
using two orthogonal frequency translations of signal. In
order to realize this double translation, three ti@nslation
blocks are needed. After the double orthogonalstedion, a
signal processing block uses the four basebandalsigio
eliminate the image frequency signal. This typeirofige
rejection structure relies on the advantage ofogimalizing
the useful signals,(t) and the signal occupying its image

the reception of only one standard. Nonethelesss threquency bandin(t). Even though the spectrums of the two

architecture is characterized by some inconvengeisoeh as
the bad complexity-performance trade-off, but alse price
and the physical size.

The goal of the architecture proposed in this papaloject

of a patent pending [6], is to answer a multistadda Thijs paper assesses the use of the double orthogona

simultaneous reception need generated by the atnbien
sensor network domain, while also not being restrico that
alone. In order to answer to this need we chosgtudy the
simultaneous reception of an 802.11g signal andMT®
signal using only one front-end.

The structure assessed in this article implementsval and
innovating multistandard simultaneous receivinghdecture
using a single front-end. Moreover, the basebagwbsihas the
same bandwidth as the one of the state of theramt-énd

signals are completely overlapped after the firstgfiency
translation, this orthogonalization allows the ese
processing to theoretically eliminate the imagequdency
component while reconstructing the useful one.

translation technique to develop a multi-standamibaneous
reception front-end. In fact, the main idea refera technique
allowing the reconstruction, in the baseband domafnthe
signal from the image band. This technique reliesacsignal
processing parallel to that dedicated to the retcoctson of
the useful signal. If the image band of the usefghal is
occupied by a second useful signal, we can consiggrthis
type of structure can simultaneously treat the tuseful
signals. In order to fulfill this image band conalit a clever

StaCk'Up structure. This architecture uses the Iéoutbhoice has to be made Concerning the frequenchm'dca|

orthogonal translation technique [8][9] in order rwltiplex
the two standards signals by completely overlappimgir
spectrums at a intermediate frequency. After theose 1Q
translation the baseband signals are digitized, thed are

oscillator the first
translation.
In order to realize a theoretical study of this eypf

multistandard reception dedicated double 1Q stmactuhe

used during orthogonal

frequen

processed by a signal processing block that segbarat;qefy componentssy(t) and s(t) of the input s(t) are

demultiplexes the baseband component of the twmlatds. A
key point of this structure is the orthogonal mitthas of the
translation blocks, which can be meanwhile digitatitigated
by a proper signal processing [10][11][12]. In amudh, the
image frequency impairment is no longer a problsreach of
the standards occupies the image band of the other.
This paper consists of three parts. Following

introduction, section Il describes the double IQngple,
along with the implantation of this technique innavel

considered as RF domain signals. Therefore thgsalsi can
be modeled by the following:

s,(t) = 1,(t) cos(27£,t) + Q,(t) sin(27£,t) , 1)

5,(t) = 1,(t) CoS@r,t) +Q, (1) SiN(7A 1), 2
where {(t)+jQx(t), k=(1;2)} are their baseband complex

thignvelope.

Each of the three 1Q translation structures muégplthe
input signals by two 90° shifted signals providey the
frequency synthesizers. The first 1Q block freqyenc
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Fig. 1 Spectral evolution of the signals in a deul) structure

translation multiplies the input signs{t) with two 90° shifted
sinusoids, generated by a local oscillator havinfgeguency

Sigs (1) = 8 (1) + S (1) + j[Sg (1) = S (V)] .(9)
Sy (1) = 8, (1) = Sgq (1) + jS (1) + s, ()] - (10)

Each of these series of operations reconstrunésad the
two components while eliminating the other. In fably
developing (9) and (10) using (5), (6), (7) and (8@ obtain:
{skee()=1(D)+jQK(t), k=(1;2)}, the same baseband
characterizations as those of the RF input sige#t¥ and
So(t).

Usually, for the mono-standard image rejection iéecture,
only one of the treatment techniques is implemeritethe
analog domain so that only two signals have to igéizkd
instead of four in the case of a digital signalgessing. But, if
we wish to realize simultaneously the two dedicaseghal
processing, the four baseband signals have to ditaldied
and then used to do the demultiplaxation step @ digital
domain.

fLor=(f1+f2)/2. This choice of the oscillator frequency fulfils B. Theoretical consideration on the implantation ofltiau

the image band condition: each of the two signalstraccupy
the image frequency band of the other before thst fi
orthogonal frequency translation.

By taking into account this oscillator’'s frequerzgndition,
the two output signals of the first 1Q translatstnuctures(t)
andsg(t) can be defined by:

s, (t) = LP[cos@7T, ,t)s(t)]

®)
= 11,0+ 1,01 2= 1 g, ) - @y M D)
SM) = LP[sin(Zn‘LOlt)‘s(t)] (@)
=0,0 - 1O (g, + Qu ) Y
where LP[] stands for

intermediate frequencir = f1-fLoi=fLo1-f>. These equations
highlight the overlapping of the useful spectrund #me image
band spectrum after the intermediate frequencyskation, as
shown inFig. 1.

In the second 1Q frequency translation step, edi¢heotwo

band double 1Q architecture

All the studies presenting the integration of troalde 1Q
technique use this method in order to cancel thagénm
frequency default in a mono-standard reception tfeorl.
Here we propose implement it in a novel multistadda
simultaneous reception front-end architectufég.Q). The
input stages of the front-end are parallelized,hebtanch
being dedicated to the processing of only one faqy band.
This way, the signal from the two different freqagrbands
can be separately received by a dedicated antéhesed and
amplified by dedicated RF filters and LNAs respesiy.
Another key element of this structure is the powentrol

low-pass filter and where therealized in parallel for the two signals. As it Wile shown

below this parallel power control step allows atdretejection
of the complementary standard during the digital
demodulation. Once the signals are properly fitterend
amplified, an addition step process the two signarder to
generate the input signal of the double IQ strectéfter the

signals s (t) and so(t) are separately multiplied by two 90° double 1Q frequency translation the four basebagudats are

shifted sinusoids. As the frequency of the locdillzors is

digitized and the two dedicated signal processiagutiplex

chosen to bé o,=f, the four output signals of this second IQthe two useful signals.

translation block are translated in the basebamaaiivand are
given by the equations:

s, (t) = LP [cos( 27 t)s, (1)] =

NORONG

4 4
Sio (t) = LP [sin( 27ft)s, (t)] = 7Q14(t) - 7Q24(t) ' (6)
Sq (1) = LP [oos( 271 1), (1)] = 2+ Q2 (0, (7)

L 1.1 .(8)

4 4

The four output signals contain the multiplexed dird
translated information of the two RF componest&) and
S(1).
architecture, only the useful componet) is interesting and
therefore reconstructed by a single signal prongs&ut both
of the baseband translated information can be atggr
demultiplexed by two dedicated signal processieggited by:

Sqo (t) = LP [sin( 27 g t)sq (1) =

As presented in the previous section, the double 1Q
technique allows, for ideal orthogonal mismatchesdétions,
a theoretically perfect rejection of the image bantdile
reconstructing the useful signal. For the receivasing
heterodyne process, the image rejection ratioeigdkio of the
intermediate frequency signal level produced by desired
input signal to that produced by the image bandaig-or a
double 1Q structure, the image rejection ratio (JRRpends
on the gain and phase mismatches between the tmahes of
the 1Q translation structures, and especially @nntfismatches
of the first one as the frequency translation isegally the
highest. The orthogonal mismatches are caused sigrdand

For a mono-standard image rejection front-enghyout defaults such as different line length betwehe two

branches and non identical mixers, which generhtse and
respectively gain mismatches [12]. Supposing thatfirst I1Q
stage has a gain mismatdiA and a phase mismatet®, the
final IRR can be modeled by the equation below.[11]
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Fig. 2 Multiband simultaneous reception architegtusing the double 1Q
structure

IRR(dB) = 10I0g{1+ @+ DAY+ 2(1+AA)COS(A9)} (11)

1+ (1+AA)? - 2(L+ AA) cos(AB)

For a receiver implementing this kind of architeefuthe
image band rejection is accomplished through a dwmeatibn
between the front-end’s input elements: antenntereal RF
filter, LNA (Low Noise Amplifier) on one hand, aride image
rejection
configuration on the other hand. The state of thefrant-
end’s input elements can realize an image frequegiegtion
of up to 40 dB depending on the choice of the mesdiate
frequency.

In order to provide sufficiently high image rejectito meet,
for example, the WLAN 802.11g standard, an IRR tofeast
80 dB is needed. In order to achieve this 80 dB IRR
shown [11] that only 0.01 dB gain mismatch and degjrees
of phase mismatch are allowed for each of the kgkd— this
way, the remaining 40 dB of IRR are realized ushmgimage
rejection technique.

This high degree of matching is not achievable gisinly
good design and layout techniques, additional aigignal
treatment techniques have to be employed in oaechieve
this performance. One of these techniques has teerloped
in the digital domain using an LMS (Least mean sela
algorithm [11]. The results show an image rejectiatio due
to the front-end architecture reaching up to 70 @Berefore
we can assume that the total IRR of a classicabl@oiQ
image rejection receiver reaches 110 dB. This lefeémage
rejection allows the elimination of the externahtaass filter
from the receiver’s design.

useful signals’ SNR evolution.
In fact, the output signal of the adder is mairdynposed of
four components:

Adder(t) =G S()+G, IS0 +G/S, () +G,8, (1)

where the coefficient&, , G,, G'; andG’; are the gains that
the two input parallel branches of the receiveugalto each
of the four components.

In order to evaluate the SNR evolution of the ussignal
sigg(t) after the demultiplexing stage, the evolution offie t
parasitic signals’,(t), s,(t) ands’,(t) compared to that of the
useful signak,(t) have to be taken into account:

* The s',(t) signal is attenuated by the input blocks of the
branch dedicated to the treatmentsdf). The state of the art
of the antennas, of the RF band filters and of LN& can
generate a 40 dB rejection gif(t) for an architecture such as
that of Fig. 2. In addition to these 40 dB of initial rejection,
the double 1Q structure, along with the LMS digital

12)

technique achieved by the double-conearsi processing, will achieve up to 70 dB of signal céjn from

the image band of the useful signal. This meargjextion of
up to 110 dB of the parasitic sigr&y(t).

* The s(t) signal undergoes up to 70 dB of rejection
compared to the useful sigra(t). This rejection is generated
by the double 1Q structure, similar to thatf(t) as the two
signals occupy the same frequency band after tdéi@ua of
the two branches. In addition to this rejectiomtapr element
to be taken into account, when studying the infheeof sy(t)
on the SNR ofq(t), is the dedicated power control stage. In
fact the worst case scenario is wisgfh) is at its lowest power
level and the parasitic signsi(t) is at its highest. This means
that this is the case whesx(t) has its highest effect on the
degradation of the useful signhi.this case, the power control
will amplify s;(t) compared tcsy(t) before the addition step,
which means that the influence of the parasitioaigpn the
useful signal is decreased. The state of the athefpower
controls [14] can provide up to 35 dB between mimmand
maximum amplification. Therefore, for the worst €as
scenario, it can be considered that (& signal undergoes a
105 dB rejection compared to the useful signé).

* The s'y(t) signal, along withsy(t), is one of the two

In comparison to the single antenna double 1Q imaggmponents of the radiofrequency signal receivedhayA,

rejection architecture, for the multiband archibeetassessed
here, the addition of the parallel branches’ owgfygnerates
supplementary parasitic signals that can degragléirtal SNR
(Signal to Noise Ratio) of the two useful sign&sch of the
two antennas receives a signal made of two compsnen
si(t)+s’,(t) for the A; antenna ands’y(t)+s,(t) for the A,

antenna. This signal doesn’t undergo a rejectioa ttuthe
double IQ structure as it occupies the same fregguband as
the wuseful signal after the addition step. The only
supplementary rejection that;(t) will undergo compared to
the useful signa,(t) is realized by the input elements of the
front-end. In fact, as this signal is received by toranch

antenna, wherey(t) ands’y(t) are the same transmitted signalsledicated t,(t), the input elements will realize an attenuation

after two different propagation channels, as welk#t) and
s'y(t). The parasitic componengs(t) ands’s(t) are filtered by
the input stage of each dedicated branch - antdRRahand
filter, LNA - but even when attenuated like thidiese
components have to be taken into account whileystgdhe

of up to 40 dB. Ass’4(t) and the useful signa(t) are not
received by the same antenna, even if they aregieaeby the
same transmitter, a phase shift and a gain shiftden the two
appears during the hertzian transmission.



For an AWGN (Additive White Gaussian Noise)
transmission channel, the phase shift betweenvibesignals
can go from 0 to 360 degrees, but the gain shift ba
ignored. For this case, where the two sigr&dét) and s;(t)
have the same power level at the input of the feomt, the 40
dB of attenuation of the parasitic sigrsa(t) achieved before
the addition step assures a 40 dB SNR of the usignéals,(t)
in the baseband domain after the digital signatessing. This
SNR level insures a very good reception quality.

In the case of a multipath channel, where the ghift as
well as the phase shift can not be ignored, a r@utisn can
be implemented. It consists in using a digitallytrolled RF
phase shifter that will cancel the phase shift leetvs’1(t) and
si(t) before the addition step. This wa(t) is ho more a
parasite, but a useful component during the digiighal
processing that reconstructs thét) signal. This solution will
be developed in a future document.

Considering all this arguments concerning the &autthid
parasitic components, it can be considered that SN&R
evolution of the useful signal is the same as tiaa signal
treated by a classic mono-standard receiver. Toerefhe
single front-end multistandard simultaneous recgpstructure
presents similar performance as a front-end stpcitruicture.

Meanwhile, a complexity comparison study reveais the
single front-end structure is less complex, muchemmmmpact
and presents a higher on-chip integration leveé mamber of
components is smaller because of the use of aesiloghl
oscillator for the first frequency translation caangd to the
two dedicated oscillators of the front-end stackrepeiver.
Furthermore, the greatest advantage of the singlet-énd
receiver is the elimination of the image rejecti®f filters. In
fact these external components, used to mitigatentipact of
the image band signal, can not be integrated gm-dhithe
proposed architecture, these components are replagea
cheaper, on-chip and especially more flexible digne@tment.
In the following section, a validation of the thetical result
will be presented.

. IMPLEMENTATION AND PERFORMANCE

The high image rejection multistandard receivemgisa
double 1Q front-end architecture allows the simudtaus
reception of two different frequency bands. In endevalidate
the theoretical study, a first implementation waadm and
simulated using the ADS software (Advanced Desigstesn)
provided by Agilent Technologies [13]. The selegtiof the
standards used for this implementation was infledruy their
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Fig. 3 802.11g and WCDMA BER evolution during mstiéindards
simultaneous reception using two types of receithesclassical front-end
stack-up and the multistandards single front-ecdiver

TABLE |
METRICS USED FOR THE SIMULATION OF THE MULTISTANDAR SINGLE
FRONT-END RECEIVER

Symbol SIUNIT VALUE
NF dB 6
11P3 dBm -12
Maximal Gain AGC dB 25
Minimal Gain AGC dB -10

typical metrics (gain, noise figure, 1 dB compresspoint,
third order interception point) for both cases. Bking into
account all these metrics, a global characterinatid the
multistandard single front-end receiver is matiab(e J.

During this study, it will be considered that thetnts of
the blocks used by the two parallel input brandmessimilar
and therefore the performance offered by the fesmt-for the
two standards are identical in terms of noise fguwain and
third order intercept point.

The first results Kig.3) represent the evolution of the two
standards BER (Bit Error Rate) depending on thBiR3evel
at the antenna. This BER evolution was observedgusoth
the multistandard single front-end and the frord-stack-up
structures as receivers. The wireless transmisgiannel was

complexity and their deployment as well as by theighosen to be AWGN while the translation blocks are

complementarities in terms of range. These paras)estong
with a direct utility of such a structure in thenser network
domain, directed our choice towards the 802.11g #red
WCDMA-FDD standards. Regarding this choice, an irtqoa
point that should be underlined is the implemeatati
constraints imposed by the standards dynamicsedpscially
by those of the WCDMA-FDD. These dynamics constgain
make this standards choice implementation the oelgtate.

In order to realize a good performance compariswden
the multistandard single frond-end receiver andftbet-ends
stack-up, the blocks used during the simulatiorehiéne same

considered to be ideal in terms of IQ mismatch.imythe
simulation of the reception of one of the standdhgsantenna
power level of the complementary standard is setthi
maximum level so that its parasitic influence is tighest.
Under these conditions the two standards BER ool
are almost identical for both types of receiversfdct, using
the multistandard single front-end receiver alldes complete
rejection of one of the standards during the diditeal signal
processing as the IQ mismatches are ignored famtiraent.
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The theoretical study underlines the importancehef 1Q
mismatches for the performance of a receiver uairtpuble
orthogonal translation. Indeed, for this type ofaiger, it is
necessary to realize a good rejection of the infegguency
band, which is occupied by the complementary stahda
fact, this rejection relies on two different meteodhe gain
control realized in the RF domain and the imagedbrajection
realized by the 1Q structure, depending on the i@matches.
In order to estimate the impact of the orthogonanmatches
on the evolution of the two standards BER a secsetdof
simulations are realized. The metrics of the remeiused
during these simulations are the same as thoseriesk in

Table 1 except for the gain dynamics of the AGC which take

two different values of 35 dB and 40 dB. Concernthg
power level of the signals at the antenna, whilgirtg the
influence of the IQ mismatches on the BER of onethaf
standards, the power level of the complementanydstal is

BER can triple for the same power levels and mishmat
configuration. It can also be observed that, ursignificant
orthogonal mismatches conditions, the influence thé
complementary standard (at its maximum power leoalthe
useful one’s SNR leads to a BER six times higher.

The graphs oFig. 4 rely on simulations of the multistandard
receiver architecture which does not integratediféal signal
processing (LMS) dedicated to the mitigation of the
orthogonal mismatches [11]. The use of these signal
processing techniques reduces the final influen€ethe
complementary signal on the useful one’'s SNR. h bt&
considered that the final orthogonal mismatchesedaced to
an equivalent level of 0.01 dB of gain mismatch and
degrees of phase mismatch, corresponding to a #@jdBtion
of the complementary signal from the image freqyepand.
For these levels of orthogonal mismatches, theémite of the
complementary standard on the useful one can lmradras it
can be observed on the results showRi@ 4. Therefore the
theoretical study concerning the rejection of theragitic
signals presented in sectitins validated here.

IV. CONCLUSIONS

In this article, a novel multistandard simultaneogseption
architecture was presented. Expected performancetsof
implementation has been presented for a particilaty case
— simultaneous reception of two signals using #2.Blg and
UMTS standards. Compared to the stack-up dedidated-
ends structure, this architecture uses an innayatouble 1Q
multiplexing technique in order to use a uniquenfrend to
receive both standards. In addition to the complekécrease
offered by the use of a single front-end, the digmacessed
by the analog part of the receiver presets an kextedpectral
efficiency as the two standards spectrums are apped after
the first 1Q stage. Knowing that the power consuampbf the
analog part of the receiver is directly dependent the
bandwidth of the signal, the excellent complexibmer-
performance trade-off becomes obvious. Despiteutteeof a
demultiplexing block in the digital domain, the paw
onsumption of the receiver is lower compared #t tf the
actual state of the art. The key point of this ciee is the
rejection of the complementary standard during
demultiplexing stage. As a matter of fact, the cgm level
depends of the orthogonal mismatches of the fregyuen

the

maximal. Meanwhile, the power level of the concemey ngiation blocks; a complete study of their iafice has been

standard is at its reference level (the minimum goevel that
ensures a certain service quality). For our studgec the
concerned standard power level leads to A |&0el of BER,
when considering ideal IQ mismatch conditions.

presented.

The issues that still have to be addressed turandrdhe
implementation of a digital processing used to guaiie the 1Q
impairments. Another interesting idea concerns asibte

For each standard, two normalized BER evolution aig, i antenna multistandard simultaneous receptimmnique

presented inFig. 4, for an AGC gain dynamics of 35 and
respectively 40 dB. Depending on the AGC dynamios t

complementary signal will be attenuated by a ceanount at
the input of the antenna compared to the usefabsig\nother
rejection step is then realized by the IQ strugtbre this one
is dependent of the orthogonal mismatches.

Results show that the BER performance of the receiv[2]

depends on one hand of the AGC gain dynamics anthen
other hand on the orthogonal IQ mismatches. F#@E gain
dynamics varying from the state of the art 35 dB®@odB, the

using the principles of the architecture assesséis article.
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