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Abstract— In this paper, we address the architecture of
multistandard simultaneous reception receivers andve aim at Il
improving both the complexity and the power consumfgion of

the analog front-end. To this end we propose an ardecture

using the double orthogonal translation techniquen order to

multiplex two received signals. A study case conagng the

simultaneous reception of 802.11g and UMTS signalss i
developed in this article.

Index Terms— double orthogonal frequency translation,
multistandard simultaneous reception, power consunion,

complexity.

DOUBLE IQ MULTISTANDARD SIMULTANEOUS RECEPTION
ARCHITECTURE

In wireless telecommunications, the integration I6J
baseband translation structures in the receiveinclhas
become a common procedure. The simple 1Q archiedtu
usually used in the receiver front-end design oreotto reduce
the bandwidth of baseband signals treated by th€.AD

Meanwhile, the orthogonal frequency translatiorhtegue
is also used to eliminate the image frequency dutime
translation steps of heterodyne front-end architest[1]. The

. INTRODUCTION image frequency rejection technique consists imgidivo

In the wireless telecommunications embedded donveen, orthogonal frequency translations. After the doudriiogonal
can observe a request of multiple functionalitiepegted translation, a signal processing block uses the faseband
from the devices also impacting on the classicaktraints of signals to eliminate the image frequency signal.
power consumption and complexity. Several new ses/i This monostandard image rejection architecturesedin the
have appeared such as video streaming and higlsfsta advantage of orthogonalizing the useful signal #redsignal
transfer. They either use already existing wirektasdards or occupying its image frequency band. Even though the
need new dedicated ones. Because of the need fog uspectrums of the two signals are completely oveeapafter

simultaneously different services and thereforefedit
standards, the transceivers able of processingltsineously
several standards have to be developed.

the first frequency translation, this orthogonaiima allows
the baseband processing to theoretically elimitlageimage
frequency component while reconstructing the usefial.

In this paper we focus on the reception part of aThis paper assesses the use of the double orthogona

multistandard simultaneous processing transceivEne
present state of the art is using stacked-up desiciont-

translation technique to develop a multistandandufaneous
reception front-end [2]. The main idea is to coasithat the

ends in order to simultaneously receive severaldstals. One signal from the image band becomes another uséjohls
of its major drawbacks is the bad performance-pewerhe architecture and the spectrum evolution of suckceiver,

complexity trade-off due to the parallelization dhe
processing stages.

In order to obtain a better trade-off, we proposeeav
architecture for multistandard simultaneous recepinspired
by the image rejection double 1Q architecture [L]uses a
single front-end capable of multiplexing the tweun signals,
once separately filtered and amplified, of transtatthe
resulting signal in the baseband domain and then
demultiplexing the two signals in the digital ddama

This paper consists of three parts.
introduction, section Il describes this novel aretiure and
shows simulated results of the simultaneous 802UN§S
reception, further details have been already plhéds[2]. In
section Il a comparative power consumption studyeen

the proposed architecture and the state of this grtesented.

It consists in a theoretical study using power nedear each
block [3] and a state of the art of analogical wits used by
the two architectures [4]-[9]. Finally, conclusiooisthis study
are drawn.

able of treating simultaneously two standards, deeeloped
in Fig. 1. The parallelization of the input stagégshe front-
end imposes the use of two dedicated antennasjédicated
RF band filters and two dedicated LNAs. The gaimtia
stage is realized by the input stages, each LNAngoei
dedicated to the gain control of one of the sign@isce the
two signals are well filtered and amplified, an éidd of the
tafo outputs is made. The resulting signal is thescgssed by
a double orthogonal translation structure. Theuesgy of the

Following thisscillator used by the first stage is ably chosersiich a

manner that each of the two useful signals occugies
spectrum in the image band of the other. This iegpla
complete overlapping of the spectrums of the tvgmais in
the intermediate frequency domain. After the second
orthogonal frequency translation and after thetdiigiation of

the four resulting signals, two parallel processiage
implemented, each of them composed of a seriesasicb
operations. Each of them reconstructs one of tre useful
signals, while rejecting the other. As a resulte thutput
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Fig. 1 High complementary standard rejection migtidard simultaneous Fig. 3 State of the art of simultaneous receptioBtackeddp heterodyr

reception architecture. dedicated front-end architecture.
1.0E00 mismatches on the signal quality. For our studyectse
results obtained by using this adaptive algorithhovs a
1.0E0L complete mitigation of the IQ mismatches. In thensdime,
J 1,002 the same study concludes that the power consumpfidinis
g algorithm is not significant compared to that oé ttvhole
% HoE0s receiver composed of the analog front-end desciiiteed and
1,0E-04 —5— DoublelQ structure of the digital signal processing part.
—4— Front-End Stack Up
1,0E-05

IIl. POWERAND COMPLEXITY ISSUES
When designing an embedded front-end, the mairesstu
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Eb/NO antenna (dB)

noEer be considered are the power consumption and theleaity
1,0E-:02 of the structure. Generally these two issues alaed: the
growing complexity involves the use of spare eletmeavhich

é 10803 increases the power consumption. In this papernapgse an
B . ocoa o DoublelgStrusture innovating architecture which allows the reductioh the

Front-End Stack Up anqloglcal fro_nt—end power consumption a}nd compyexi
10805 —FF—F—F— during a multistandard simultaneous reception. idep to
¢ s 4 3 2 4 0 1 2 3 4 reveal these reductions, this section presents wly st
Eb/NO antenna (dB) 3
comparing the proposed structure to the state eofath of the

Fig. 2 802.11g and WCDMA BER evolutions during natéindard . . . .
simultaneous reception using the two types of wesi rr:ult;(band simultaneous reception architecture —fithet-end
stack-up.

signals of this final block are the two useful siftranslated While evaluating the performances of the proposed

in baseband. ; -
. . structure, it can be seen that it has the samengalyes and
The choice of the standards used for our study @sise ' .
WLAN (802.11g) and WCDMA-FDD because of theit ¢ Same drawbacks as the stack-up structure usiog
. X . . heterodyne front-end. Therefore the comparison béllmade
growing importance. Several simulation of the due

presented in Fig. 1 were performed using the ADBasoe between the double 1Q structqre presented in Fignd t.he
provided by Agilent Technologies. One of this serief stacked—up_ h_eterodyne dedicated front-end architect
simulations concerns the BER (Bit Error Rate) etioluof Presented in Fig. 3. .
the two study case standards when being simultsheou The theoretical part of the power comparison sn(_ixﬂps on
received by a structure using the state of thefrarit-end ©nergy models of each type of block used in the two
stack-up architecture and the proposed double ¢itacture. architectures. These energy models are presen(& ialong
In order to achieve a good performance comparistwéen with a system level energy evaluation. In orderdalize a
the multistandard single frond-end receiver andftbet-end global evaluation of the power consumption of tiveo t
stack-up, the blocks used during the simulatiorertie same Structures, the theoretical study takes into acctheistate of
typical metrics (gain, noise figure, 1 dB compreaspoint, the art of each block used by the two structunesgims of
third order interception point) in both cases. Asan be seen performance-power trade-off.
from Fig. 2 the performance of the two architecsudeiring )
the simultaneous reception of the two standardalisost A- Filters
identical. Meanwhile, these simulations do not tdkéo There are several analog filters in the analog péra
account the orthogonal mismatches of the 1Q tréinsla receiver. These include the RF band select filtesed to
blocks. An additional study concerning this issws fbeen suppress the wideband interference signal, thelts, fused
made and will be presented in an extended versfothis to suppress the interference signal from the infagguency
paper. The conclusions impose a basic digital @lyor(Least band, and the baseband low-pass filter, used tpresg in-
Mean Squares) in order to mitigate the impact afséh band interference while also helping with the aaltasing




problems of the ADC. Passive filters, such as tleRnd
select filter and the IF filter, do not consumeesaient power
and therefore are not included in the global powedel.

B. LNA and Mixers

The power consumption model of the mixers usedhin t

two structures, it is a function of the noise figlF and the
gain K:
Poer = K

mixer

miver K/ NF . Q)

In the followings we consider that all the mixesed in the
two architectures have the same performances eimstin
terms of gain and noise figure and therefore h#weesame
power consumption. One of the better suited mixdfsring
an excellent performance—power trade-off is pre=skin [4].
It has a power consumption of 5.6 mW.

The power model of the LNA is similar to that oétixers

as it also depends on the noise figure NF and egain A:
B s = Kna LA/ NF . (2)

For our study case the two structures use the saode of

Po =b [T, m/dzd [F o +b [C, m/dzd (Fes (4)

An LC tank-based VCO has a power model depending on
the values of the elements of the LC tank R, Loi€the noise
excess factor NEF along with the phase shift wheres
measured\w, on the phase noise power spectral densjty S
on the temperature T and on the Boltzmann congtant

__(RY o1
P o —Ctérj [INEF [—% G(—Aw)z

The central frequencies of the state of the arthggizers
used by the two architectures are practically Hraes as well
as the other metrics. A well suited element is @mé=d in [7].
It consumes 42 mW for an output frequency betweérGHz
and 2.9 GHz and a phase noise of -115dBc/Hz @1MHz.

(%)

E. Analog to Digital Converters

The analog to digital converters, along with thenber of
frequency synthesizers, are the key elements of hiver
consumption comparative study. In fact, excepttfer ADC
and the baseband amplifiers, all the elements bgatie two
architectures need to fulfill the same performacmestrains.

The power model of the ADCs can be defined by:

dedicated LNAs. The state of the art show a power

consumption of 8.04 mW for the WLAN dedicated LN [
and of 7.2 mW for the UMTS dedicated LNA [6]. Inigh
study we assume that the power control is perforimedhe
LNAs. This assumption doesn’t influence the powedyg as
the LNASs’ highest consumption level appears wherpérates
in the high gain mode.

C. Baseband Amplifier

The baseband amplifier (BA) is used to amplify signal
before conversion. It improves the SNR (Signal tasi Ratio)
of the signal, allowing a better BER. Its power smmption
depends on its gain and on its bandwidth:

P s =kBWL/ag, (3)

where the k coefficient depends on the device dsiees and

_ Vd2d |:Il‘min [ﬁfsample-i- fsignal)

I:)ADC - 10(—0.1525]N1+4.838)

(6)

where N is the resolution of the A/D converter angLis the
minimum channel length of the used CMOS technoldgy.
our study case, theafgefor the UMTS is the same as that of
the WLAN, even if the signal has a bandwidth twmds
smaller, because of the over-sampling that hastddme for
this standard. Concerning the ADCs used by the quegp
structure, the sampling frequency is equal to tbhtthe
WLAN dedicated ADC as the bandwidths of the sigitialbe
digitized in the two cases are equal.

In a receiving front-end architecture, the ADCssakition
requests depend on several metrics such as therpearices
offered by the power control stage, but also on RAPR
(Peak to Average Power Ratio) of the signal to iggtized.

other process parametergaas the baseband amplifier gainwhijle the power control stage is the same for the t

and is assumed to bgsa= 5. Here we assume that the UMTQchitectures, we have to evaluate the PAPR ewnlutihen
dedicated BA consumes 5SmW [3] and the WLAN dedtatggding an UMTS and a WLAN signal. A theoretical and

BA consumes 10 mW as it has a two times larger Watid.
For the proposed structure, the BAs are assumedrisume
10 mw.

D. Frequency Synthesizer

Concerning the frequency synthesizer’s power copsiom,
it has a model composed of two separate componéms:
power consumed by the VCO (Voltage Controlled Qescit)
and that consumed by the PLL (Phase Lock Loop).
consumption of the phase lock loop has a modelri#ipg on
the reference frequency.f on the RF frequency,F, on the

T

simulation study was separately done and it revaalgorse
case scenario where the final signal’'s PAPR inegag only
2 dB compared to that on the WLAN input signal. rEfiere,
while comparing the two structures and for the ssower
control performances (dedicated LNAs), we consideteat
the resolution of the ADC used by the proposeditrcture is
the same as that used in the WLAN dedicated frodtie the
ﬁtacked-up front-end architecture.

€The performance-power trade-off state of the arABiC
dedicated to the UMTS and WLAN are presented inaigd
respectively in [9]. Their power consumption isldf mwW and

total capacitances,CGand G loading the RF circuits and onqo mw.

supply voltage Vg
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Fig. 4 Consumption of the different block typesdibg the two architectures
TABLE |

BASIC ELEMENTSUSEDBY THE TWO ARCHITECTURES

Stack-up [ Double 1Q |Power/Supplyj
Quantity | Quantity mW/IV
LNA — UMTS 1 1 7.2//1.8
LNA - WLAN 1 1 8//1
RF-Filters 2 2 -
IF- Filters 2 0 -
Mixers 6 6 5.6//-
RF-Frequency Synthesizers 2 1 42/13
IF-Frequency Synthesizers 2 1 20/1
BA — WLAN 2 4 10//-
BA - UMTS 2 0 5//-
ADC — WLAN 2 4 12//2.5
ADC - UMTS 2 0 11//1.8

F. Overall power and complexity evaluation

In order to make a comparative overall power consion
evaluation between the two architectures, a contpletudy
has to be made in order to evaluate the numbeieofients

that have to be used for each structure. Tablariraries the

elements used by each of the two architecturesgdss their
individual power consumption along with their suppbltage.

As shown here, the proposed architecture needs
components than the state of the art front-endkstpcas it

doesn’'t need image rejection filters and it uses feequency

synthesizers. Therefore, the complexity comparisisn
favorable to the proposed structure, especiallyabse the
image rejection filters are not on-chip integragdeinents.

For our study case and for the power consumptioelde
consumption

presented in Table 1 the overall power
comparison shows that the proposed structure coes2h6
mW while the state of the art architecture uses@84. This
means a 20 % of gain in favor of the single fromd-structure
assessed in this paper. In order to better unaetstés power
gain, Fig.4 shows the power consumed by every ofg#ock

less

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.B1g and
UMTS standards. The signal processed by the anzogof
the receiver presents an excellent spectral effigieas the
two standards spectrums are overlapped afterristd @ stage.
Compared to the state of the art represented btdmk-up
dedicated front-ends structure, the proposed acthite
offers a much better performance-complexity-powadé-off.
In fact it is less complex as it uses less eleatrdiocks
(external image rejection filters and frequencytbgsizers)
for the same performance. In addition to the reduce
complexity, the overall power study shows a 20% g@ogain.
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