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A 802.11g and UMTS Simultaneous Reception
Front-End Architecture using a double $Qucture

loan Burciu, Matthieu Gautier, Guillaume Villemaadd Jacques Verdier
University of Lyon, INRIA-CNRS, INSA-Lyon, CITI-INLLF-69621, France

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 receivd on different
frequency bands. A study case concerning the simaheous
reception of 802.11g and UMTS signals is developedthis paper.
Theoretical and simulation results show that this ype of
multiplexing does not significantly influence the eolution of the
signal to noise ratio of the signals.

I. INTRODUCTION

Nowadays the market presents a real interest @
development of telecommunication networks based
radiofrequency systems. Along with the alreadytégsones,
new standards (WiFi, WiMax or the 3G standard)valthe
operators to offer new and better services in tevinspeed,
quality and availability. Consequently, in orderhandle this
important diversity of telecommunication technigubere is a
growing interest in developing new front-end aretitires
capable of processing several standards.

For the multistandards research domain, we camgdissh
two different categories of front-end
simultaneous  receivers  using  switching
[11[2][3][4][5] and simultaneous receiving receigef6]. The
state of the art of the multistandard simultaneceception
architectures uses the front-end stack-up techniqueach
chain being dedicated to the reception of only stamdard.
Nonetheless, this architecture is characterized Soyne
inconveniences such as the bad complexity-perfocmaade-
off, but also the price and the physical size.

The goal of the architecture proposed in this papabject

receivers: nno

digitally mitigated by an appropriate signal praieg
[10][11][22].
This paper consists of three parts. Following this

introduction, section Il describes the double 1Qngiple,
along with the implementation of this techniqueamovel
multistandard front-end architecture. The last isactetails
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
th
onA. The double IQ technique

In wireless telecommunications, the integration &)
baseband translation structures in the receivelinchas
become a common procedure. The simple IQ archiedtu
usually used in the receiver front-end design gteotto reduce
the bandwidth of baseband signals treated by theC AD
(Analog to Digital Converters).

Meanwhile, this 1Q structure is also used to elaténthe
image frequency default during the translation stegf
heterodyne front-end architectures [9][10]. It detssin using

techniquage double 1Q structure described below. This tgpémage

rejection structure relies on the advantage ofogimalizing
the useful signal and the signal occupying its ienfigquency
band Even though the spectrums of the two signals are
completely overlapped after the first frequencystation, this
orthogonalization allows the baseband processing
theoretically eliminate the image frequency comprnehile
reconstructing the useful one.

This paper assesses the use of the double IQtstEum

to

of a patent pending [7], is to answer a multistadda order to develop a multi-standard simultaneous ptoe
simultaneous reception need generated by the amibien front-end. In fact, the main idea is to reconstrime signal

sensor network domain, while also not being restrico that
alone. In order to answer to this need, we chossudy the
simultaneous reception of an 802.11g and an UM@Sasi
The structure assessed in this paper implementsel and
innovating multistandard simultaneous receivinghdecture
using a single front-end. This architecture usesdbuble 1Q
technique [8][9] in order to multiplex the two stkamds signals
by completely overlapping their spectrums at aerinediate
frequency. After the second IQ translation, the ebasd
signals are digitized and then processed by aadligiock that
separately demultiplexes the baseband componeritee dfvo

from the image band in the baseband domain, thgeérband
becoming a second useful signal. This paper de#issystem
models and implementation considerations of thisv ne
architecture in order to reconstruct the two ussighals.

Fig. 1 describes the double 1Q structure. The useful
componentssy(t) and sy(t) of the inputs(t) are considered as
RF domain signals. Therefore these signals candueled by
the following:

s, (t) = I, (t) cos(27f,t) + Q,(t) sin(274f,t) ,

s, (t) = 1,(t) cos@rf,t) + Q,(t) sin@274.t),

(1)
()

standards. Moreover, the baseband signal has thee savhere {i(t)+jQ«(t), k=(1;2)} are their baseband complex

bandwidth as the one of the state of the art feonat-stack-up
structure. A key point of this structure is the hogonal
mismatches of the translation blocks, which camieanwhile

envelope.

Each IQ translation structure multiplies the inpyttwo 90°
shifted sinusoids provided by the frequency syntees. The
first 1Q block uses a local oscillator having adnency



Fig. 1 Spectral evolution of the signals in a deuli) structure

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

B. Theoretical considerations on the implementation of

multi-band double 1Q architecture

The complete architecture of the novel multistaddar
simultaneous reception front-end is showifrig. 2. The input
stages of the front-end are parallelized, each dbrareing
dedicated to the processing of only one frequeranydb This
way, the signal from the two different frequencythe can be
separately received by a dedicated antenna, filtesiad

fLor=(fu+fim)/2. This choice of the oscillator frequency fumlsamplified by dedicated RF filters and LNA (Low Neis

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 frequermyndition,
the two output signals of the first 1Q translatistnuctures(t)
andsg(t) can be defined by:

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

3)
=01, + 1,01 0. [, () - @, 1y Se )
S (0) = LPIsin(27f o, )s(0)] @)
Sin(27f - t) w

=[1,) - 1,(1)] 5 +[Qy (1) + Q, (t)]
where LP[.] stands for low-pass filter and where th
intermediate frequencir = fi-fLo1=f 01-f>. These equations
highlight the overlapping of the useful spectrund #ime image
band spectrum after the intermediate frequencyskasion, as
shown inFig. 1.

In the second IQ frequency translation step, ed¢heotwo

signals si(t) and so(t) are separately multiplied by two 90°

shifted sinusoids. As the frequency of the locdillzors is

Amplifier) respectively. Another key element ofdhstructure
is the power control realized in parallel for thetsignals. As
it will be shown below this parallel power contstép allows a
better rejection of the complementary standard ngurthe
digital demodulation. Once the signals are propéttgred

and amplified, the two signals are processed inerori

generate the input signal of the double IQ strectéfter the
double IQ frequency translation, the four basebsigdals are
digitized and the two dedicated signal processempmstruct
the two useful signals.

As presented in the previous part, the double IQctire
allows, for ideal orthogonal mismatches conditicagerfect

deconstruction of one signal while cancelling teeand. For

the receivers using heterodyne process, the imeppetion
ratio (IRR) is the ratio of the intermediate fregog signal
level produced by the desired input signal to graduced by
the image band signal. For a double IQ structune, IRR
depends on the gain and phase mismatches betweemwdh
branches of the 1Q translation structures, andaslbhe on the
mismatches of the first one as the frequency tadiosl is
generally the highest. The orthogonal mismatchescaused

chosen to bé o,=f |, the four output signals of this second IQDy design and layout defaults such as differer liengths

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

s, () = LP [cos( 271 . t)s, ()] = 12

N, LW, G

4 4
S (1) = LP [sin( 271t 1)s, (1)) = L) - 22(0, (6)
Sa (1) = LP [cos( 27, )5, (1)] = 2{h o+ 2200 (7)
Seo (1) = LP [sin( 271f, t)sg (1)] = '120 - '24&' (8)

The four output signals contain the multiplexed dird
translated information of the two RF componesift) and
(). The four baseband signals are digitalized andl use
perform the demultiplexing step in the digital doma

between the two branches and non identical mixersch
generate phase and respectively gain mismatchgs [12

For the proposed architecture, the image band tiejecs
accomplished through a combination between thet-fod’s
input elements: antennas, external RF filters, LNJs one
hand, and the image rejection achieved by the @ol®l
configuration on the other hand. The state of thérant-end’s
input elements can realize an image frequency tiejeof up
to 40 dB depending on the choice of the intermediat
frequency.

In order to receive the WLAN 802.11g standard, RR Iof
at least 80 dB is needed. In order to achieve8DidB IRR, it
is shown [11] that only 0.01 dB gain mismatch artddegrees

This baseband translated information can be sempratof phase mismatch are allowed for each of the kghts — this

demultiplexed by two dedicated signal processieggited by:

Sige (1) = 5, (1) + Sqa (t) + j[SQI (t) - Sio (] .(9)
Syes (1) = 5, (1) = Sqo (t) + j[SIQ (t) + Sai (t)] -(10)

way, the remaining 40 dB of IRR are realized ughmgimage

rejection technique.

This high degree of matching is not achievable giginly
good design and layout techniques, additional aigstgnal
processing techniques have to be employed in aodachieve
this performance. One of these techniques has teezloped



Fig. 2 Multiband simultaneous reception architegtusing the
double 1Q structure

in the digital domain using an LMS (Least mean sela
algorithm [11]. The results show an IRR due todbeble IQ
architecture reaching up to 70 dB.

For the multiband architecture assessed here ditiéien of
the parallel branches’ outputs generates supplement
parasitic signals that can degrade the final SNRRn¢ to
Noise Ratio) of the two useful signals. Each of te

antennas receives a signal made of two components

si(t)+s’,(t) for the A; antenna ands’i(t)+sy(t) for the A,

useful signal is decreased. The state of the ath@fpower
controls [14] can provide up to 35 dB between mimmand
maximum amplification. Therefore, for the worst eas
scenario, it can be considered that $5(6) signal undergoes a
105 dB rejection compared to the useful sicsm).
* The s'4(t) signal, along withsy(t), is one of the two
components of the radiofrequency signal receivedheyA,
antenna. This signal doesn’t undergo a rejectioa tuthe
double IQ structure as it occupies the same fregguband as
the useful signal after the addition step. The ogjgction that
s’y(t) will undergo compared to the useful sigra(t) is
realized by the input elements of the front-endfalet, as this
signal is received by the branch dedicatedy,{t), the input
elements will realize an attenuation of up to 40 dB

As s'q(t) and the useful signah(t) are not received by the
same antenna, even if they are generated by thee sam
transmitter, a phase shift and a gain shift betwientwo
appears during the RF 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

antenna, whers(t) ands'y(t) are the same transmitted signalsgnored. For this case, where the two sigreyt) and s;(t)
after two different propagation channels, as welb4t) and have the same power level at the input of the feont, the 40
s'y(t). In fact, for an architecture such as thatFad. 2, the dB of attenuation of the parasitic sigrsa(t) achieved before
output signal of the adder is mainly composed ofir fo the addition step assures a 40 dB SNR of the usigfohls(t)
components: in the baseband domain after the digital signat@ssing. This
SNR level insures a very good reception quality.
- ' ' In the case of a multipath channel, where the ghift as
AddgHD =GISH+G SN +C,S,O+G.5, (1), well as the phase shift cgn not be ignored, a mémigen can
where the coefficient§, , G,, G'; andG’; are the gains that be implemented. It consists in using a digitallyirolled RF
the two input parallel branches of the receiveug®lto each phase shifter that will cancel the phase shift betve’sy(t) and
of the four components. si(t) before the addition step. This was(t) is no more a
In order to evaluate the SNR evolution of the ussfgnal parasite, but a useful component during the digsighal
sige(t) after the demultiplexing stage, the evolution oé thprocessing that reconstructs thé) signal. This solution will
parasitic signals’y(t), (t) ands’,(t) compared to that of the be developed in a future document.
useful signak(t) have to be taken into account: Considering all this arguments concerning the &utuhd
« The s'’5(t) signal is attenuated by the input blocks of th@arasitic components, it can be considered that SN
branch dedicated to the treatmentsgt). These blocks can evolution of the useful signal is the same as dfat signal

generate a 40 dB rejection gf(t). The double 1Q structure, rgcelved by a class_|c mono-st_andard receiver. T‘."‘“he
along with the LMS digital processing, will achieup to 70 single front-end multistandard simultaneous recepstructure

dB of signal rejection from the image band of tkeful signal. presents similar performance as a front-end stackuicture.

This means a rejection of up to 110 dB of the pticasignal _ Meanwhile, a complexn_y comparison study reveast the
(1), single front-end structure is less complex, muchencmmpact

Th f) signal d to 70 dB of reiecti and presents a higher on-chip integration levee filtmber of
e s(0) signal un e_rgoes up. 0 ST ot rejec Iorl:omponents is smaller because of the use of aesiloghl
compared to the useful sigra(t). This rejection is generated gggillator for the first frequency translation ccangd to the

by the double 1Q structure, similar to thatof(t) as the two two dedicated oscillators of the front-end stackrepeiver.
signals occupy the same frequency band after thti@u of  Fyrthermore, the greatest advantage of the simglet-&nd
the two branches. In addition to this rejectiorptaer element receiver is the elimination of the image rejecti®¥ filters. In
to be taken into account, when studying the infbgeofsy(t)  fact these external components, used to mitigatentipact of
on the SNR of;(t), is the dedicated power control stage. Inhe image band signal, can not be integrated gm-dhi the
fact the worst case scenario is wisg(t) is at its lowest power proposed architecture, these components are replagea
level and the parasitic signsit) is at its highest. This meanscheaper, on-chip and especially more flexible digna
that this is the case whex(t) has its highest effect on theProcessing. In the following section, a validatioh the
degradation of the useful signéi. this case, the power control theoretical result will be presented.

will amplify s(t) compared tcsy(t) before the addition step,

which means that the influence of the parasitioaigpn the

(12)



II.
In order

IMPLEMENTATION AND PERFORMANCE

to validate the theoretical study, a firs

implementation was simulated using the ADS softwar

provided by Agilent Technologies [13]. The selegtiof the
standards used for this implementation was infledray their
complexity and their deployment as well
complementarities in terms of range. These parasjesong
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 irtgoat
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 compariswéen
the multistandard single frond-end receiver andftbat-end
stack-up, the blocks used during the simulatiorehiéne same
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 matiable J.

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

Fig. 3 represents the evolution of the two standards BE
(Bit Error Rate) depending on their SNR level & #ntenna.
This BER evolution was observed using both th
multistandard single front-end and the front-endclkstup
structures as receivers. The wireless transmisgiannel was
chosen to be AWGN while the translation blocks ar
considered to be ideal in terms of IQ mismatch.imuthe
simulation of the reception of one of the standattis antenna
power level of the complementary standard is setthi®
maximum level so that its parasitic influence is tighest.

Under these conditions, the two standards BER &ools!
are almost identical for both types of receiversfdct, using
the multistandard single front-end receiver alldies complete
rejection of one of the standards during the diditeal signal
processing as the IQ mismatches are ignored famtiraent.

The theoretical study underlines the importancehef 1Q
mismatches for the performance of a receiver uairtpuble
IQ translation. Indeed, it is necessary to real&egood
rejection of the image frequency band, which isupoed by
the complementary standard. In fact, this rejectielies on
two different methods: the gain control realizedtie RF
domain and the image band rejection realized by Ie
structure. In order to estimate the impact of ththagonal
mismatches on the evolution of the two standardfk,B&
second set of simulations are realized. The mewicshe
receiver used during these simulations are the sasrihose
presented iTable 1 except for the gain dynamics of the AGC
which take two different values of 35 dB and 40 dB
Concerning the power level of the signals at theerama, the
power level of the concerned standard is at itsresice level
(the minimum power level that ensures a certairviser
quality) while the power level of the complementatgndard

as by thei
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Fig. 3 802.11g and WCDMA BER evolutions during
multistandards simultaneous reception using twesygf receivers
the classical front-end stack-up and the multistads single front-

end receiver.

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

is maximal. For our study case, the concerned atanplower
level leads to a IDlevel of BER under ideal IQ mismatch
conditions.

For each standard, two normalized BER evolutions ar
presented inFig. 4, for an AGC gain dynamics of 35 and
respectively 40 dB. Depending on the AGC dynamlos t
complementary signal will be attenuated by a ceranount at
the input of the antenna compared to the usefabsig\nother
rejection step is then realized by the IQ structbre this one
is dependent of the orthogonal mismatches.

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

The results shown iRig. 4 do not integrate the digital 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 ta&
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Fig. 4 802.11g and WCDMA BER evolutions versus gaid phase
imbalance of the IQ translation blocks. Two sedesdedicated to
each BER evolution for an AGC gain dynamics of 88 40 dB.

considered that the final orthogonal mismatchesedtaced to
an equivalent level of 0.01 dB of gain mismatch d@hd

degrees of phase mismatch, corresponding to a #@jdBtion

of the complementary signal from the image freqyeand.

For these levels of orthogonal mismatches, theeémite of the
complementary standard on the useful one can lmeagras it
can be observed on the results showhig 4. Therefore, the
theoretical study concerning the rejection of theragitic

signals presented in sectitinis validated here.

IV. CONCLUSIONS

In this article, a novel multistandard simultaneo&iseption
architecture was presented. Expected performanceitsof
implementation has been presented for a particilaty case
— simultaneous reception of two signals using tb2.8lg and
UMTS standards. Compared to the stack-up dedicated-
ends structure, this architecture uses an innayatouble 1Q
multiplexing technique in order to use a uniquenfrend to
receive both standards. In addition to the compledécrease
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 consuampbdf the
analog part of the receiver is directly dependent the
bandwidth of the signal, the excellent complexiower-
performance trade-off becomes obvious. The keytpfithis
structure is the rejection of the complementarpciad during
the demultiplexing stage. As a matter of fact, tegection
level depends of the orthogonal mismatches of tequiency
translation blocks; a complete study of their iaflae has been
presented.

The issues that still have to be addressed turandréhe
implementation of a digital processing used to gai the 1Q
impairments. Another interesting idea concerns asibte
multi-antenna multistandard simultaneous receptammnique
using the principles of the architecture assesséhis article.

REFERENCES

D. Evans, D. Raynes and A. Payne, “DevelopmentSindilation of a
Multi-standard MIMO Transceiver (Report style)FLOWS WP4
program Deliverable Number: D20, IST-2001-32125, Nov. 200

S-G Lee, N.-S. Kim, S.-M. Oh, J.-K. Choi and S.40m, “A Dual-
Band Receiver Architecture For PCS and IMT-20(®oc. 2nd IEEE
Asia-Pacific Conference on ASIG®.235 — 238, Aug. 2000.

B. McFarland, A. Shor and A. Tabatabaei, “A 2.4 &5iz Dual Band
802.11 WLAN Supporting Data Rates to 108 MB/HEEE Gallium
Arsenide Integrate Circuit Symposiupp.1-14, Oct. 2002.

[4] D. Belot, B. Bonhoure, D. Saias and N. BertholetA
DCS1800/GSM900 RF to Digital fully Integrated Reegiin SiGe
0.35um BICMOS”, Proc. 2001 BIPOLAR/BICMOS Circuits and
Technology Meetingop. 86 — 89, Oct. 2001.

K. Rampmeier, B. Agarwal, P. Mudge, D. Yates andR®binson, “A
Versatile Receiver IC Supporting WCDMA, CDMA and A8 Cellular
Handset Applications”,Proc. IEEE Radio Frequency Integrated
Circuits Symposiunpp. 21 — 24, May 2001.

C. Van Der Burgt, “Multi-band receiver and methodseciated
therewith (Patent style)”, U.S. Patent 7120406 eJLih, 2004

.I. Burciu, G. Villemaud and J. Verdier, “Technigd®rthogonalisation
permettant la réduction de 'occupation spectraledpnt le traitement
simultané de deux signaux indépendants (Paterg)5tyNPI Patent
Request 0856328, Sept , 2008.

I. Mak, S.-P. U and R. P. Martinnalog-Baseband Architecture and
Circuits for Multistandard and Low Voltage Wirele§sansceivers
(Book style). New York: Springer, 2007.

J. C. Rudell, J.-J. Ou, T. B. Cho, G. Chien, FaBti, J. A. Weldon, and
P. R. Gray, “A 1.9GHz Wide-Band IF Double Conversi€MOS
Integrated Receiver for Cordless Telephone Appbeoat, |IEEE
Journal of Solid-State Circuitsvol. 32, no. 12, pp. 2071-2088, Dec.
1997.

J. C. Rudell, “Frequency Translation Techniques Hagh-Integration
High-Selectivity Multi-Standard Wireless Communicat Systems
(Thesis or Dissertation style),” Ph.D. dissertatiddept. Electrical
Engineering and Computer Sciences, Berkeley UABOP.

E. Cetin,i. Kale and R. C. S. Morling, “Adaptive self-calitiray image
rejection receiver”|EEE Communications Societyol.5, pp. 2731 —
2735, June 2004.

S. Traverso, M. Ariaudo, I. Fijalkow, J-L Gautiench C. Lereau,
“Decision Directed Channel Estimation and High libalance
Compensation in OFDM Receivers”|JEEE Transactions on
CommunicationsFeb. 2008.

[13] www.agilent.com.

[14] J. Xiao, I. Mehr and J. Silva-Martinez, “A High Dymic Range CMOS
Variable Gain Amplifier for Mobile DTV Tuner”JEEE Journal of
Solid-State Circuitsvol. 42, no. 2, pp. 298-301, Feb. 2007.

(1

(2

(3]

(5]

(6]
(71

(8]

[9]

[10]

[11]

(12]



