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Abstract — In this paper, a candidate architecture for LTE-
Advanced receiver is proposed. Based on the combiian of
MIMO techniques and flexible spectrum access, LTE-Avanced
terminals will require an increasing complexity ofthe front-end
part. To reduce the complexity of the analog fronend, an
innovative architecture is introduced based on themerging
between the double IQ and code multiplexing structe.
Simulation results show that, in a Gaussian casehé bit error
rate does not increase significantly when using thiarchitecture.
A complexity evaluation study reveals significantly reduced
power consumption when implementing the proposed rjle
front-end architecture.

INTRODUCTION

Internet of things: this is the greatest challenfenobile
communications. All incoming standards need to @®ev
higher throughputs in compact terminals. One cantkat all
proposed solutions converge towards same techni@E3M
(Orthogonal Frequency Division Multiplexing), MIMO
(Multiple Input Multiple Output), adaptive codingna
modulation, as well as scalable bandwidths. Theskniques
require an increasing complexity of terminals, iagdto
additional cost and consumption. Particularly frone RF
front-ends point of view, OFDM imposes high PAPR{lP¢0
Average Power Ratio) constraints and good lineafity
MIMO conducts to the multiplication of RF chaingakble
bandwidth imposes wider bandwidth characteristiEsR&
components [2].

Recently, we have proposed different solutions éduce
complexity of multi-band [3] and multi-antenna [B][front-
ends. In this article we look forward to mergingogh
principles to propose a candidate architecturesfomplified
LTE-Advanced terminals [6] - current 3GPP [7] wangi
group for future mobile phones with very high dedges and
mobility. In fact, in actual propositions for LTEe&anced
PHY-layer, the use of combined multiple-antennaabdjiies
and multiple separated frequency channels are sedycing
for the downlink transmission. Meanwhile the usetlodése
combined techniques supposes high cost architecfarethe
user embedded terminal.

This paper is organized as follows. Section Il samnes
the main LTE-Advanced key points, focusing on mioénd

and multi-antenna needs. Section Il assesses réngopsly
proposed architectures which separately responaltt-band
and multi-antenna problems respectively. A novehiimed
architecture is presented in Section IV along with
comparative complexity study. This architecturedédicated
to the multiple-antenna reception of signals coreposf two
arbitrarily distributed frequency channels. Finabpnclusions
and forthcoming works are drawn in section V.

LTE-ADVANCED SPECIFICATION

A. Requirements

LTE-Advanced, an evolved version of LTE, is curhgent
under investigation in order to fulfill the requinents defined
by the International Telecommunications Union (ITfo) next
generation mobile communication systgBils

Requirements for LTE-Advanced are similar to those
imposed by LTE, excepting peak data rates and ispect
efficiency which should be increased. The goabigtovide
peak-data-rates reaching 1 Gbit/s in local areash 8igh data
rates require a special spectrum allocation for0@ MHz
range in order to obtain a spectral efficiency hirag a 10
bps/Hz level. This spectrum allocation of the 10B2/bystem
bandwidth will use the aggregation of individualngmnent
carriers.

B. Proposed radio access techniques for LTE-Advanced

The 3GPP working groups are currently starting taite
consideration the technical proposals that camipeimented
in order to achieve these requirements. The mainelno
requirements imposed by the future LTE-Advancedceom
[71:
*  Asymmetric wider transmission bandwidth
e Layered OFDMA multi-access
* Advanced multi-cell transmission
» Discontinuous spectrum allocations
« Enhanced multi-antenna transmission techniques
In general, OFDM provide simple means to increase
bandwidth by simply increasing the number of subear
However, due to a fragmented spectrum, the availabl
bandwidth might not be contiguous, as shown in Eig.
Some of the main challenges for 100 MHz terminaks a
presented below [6]:
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Fig. 1 LTE-Advanced spectrum decomposition and
possible discontinuous spectrum allocation.

The use of a single analog chain underlies the iofea
multiplexing the different RF branches. In otherrdsy we
realise a multiplexing of the different RF contrilons in
order to use a single frequency translation steghé digital
domain, we demultiplex the different baseband {eird
contributions.

onle- Double 1Q architecture

1) Context
Double orthogonal translation techniques are gdéigarsed

e Availability of front-end for such a large bandwidt in image frequency rejection front-enf. The rejection of

and bandwidths of variable range
* Availability of Analog Digital Converter with suca
high sampling rate and quantization resolution

the signal having its spectrum in the image fregydrand of
the useful signal is a key point of the heterodjmat-end
architectures. In order to perform these specificat the

+ Increased decoding complexity e.g. for channdglouble orthogonal translation technique uses a abign

decoding and increased soft buffer size
In this paper, we deal with theses challenges angnapose
a candidate architecture for the following scenario

C. <enario

Among the proposed radio access techniques, mitthaa
transmission and discontinuous spectrum allocatieme a
direct influence on the front-end part of the regeei Each
additional antenna or each additional band induees
important complexity increase of the receiver’s lagapart.

processing method that manages to reconstruct sedulu
signal starting from four baseband signals. Thesseland
signals are the result of a double orthogonal feegy
translation. Each of them is composed of two sdpara
contributions: the baseband components of the us&ual
and of the image frequency band signal.

In other words, the double orthogonal (double I@)cture
is multiplexing the useful signal and the imageérency band
signal during the translation from RF to basebamd ia then
demultiplexing them in the baseband domain usirgjgaal

This study assesses the multi-antenna receptionaof processing technique. Starting from this structwesproposed

discontinuous spectrum signal (as shown in Fig.1).

PRIOR WORKS LOW COMPLEXITY FRONT-END

D. General purpose

The analog complexity issue concerning advancedivec
using digital processing has been very little adsed [2]. In
fact, the performance gain achieved by diversighméques
implies an increase of the digital complexity, also an
increase of the complexity and the consumptiorhefdnalog
front-end [8].

In the research domain concerning multi-band réceptve
can distinguish two different categories of frontle: non-
simultaneous receivers using switching
simultaneous receiving receivers. To the knowled§ethe
authors, the optimal scheme when
simultaneous reception uses the front-end stadlechmique —
each chain being dedicated to the reception of amig

and developed a novel front-end architecture déslictn the
simultaneous reception of two separate frequenog Isiggnals
[3].
2) Presentation of the structure

The proposed dual-band simultaneous receptiontanthie
is shown in Fig. 2. The input blocks — antenna,fiRér and
LNA (Low Noise Amplifier) — are parallelized in cedto have
a good amplification and filtering of the two udefignals $

and S$. In the same time, we concluded to a possible

mutualisation of these blocks while realizing tleeeption of
two signals representing two frequency non-oveilagpp
channels of the same standard. Once filtered amdifead, the
useful signals are translated in the baseband dotogia

techniquesl adouble IQ structure. An important aspect that hasbé

mentioned is the choice of the first local osailtatlLO;

realising multbarfrequency. This frequency is chosen in such a mathia¢ each

of the useful signals has a spectrum situated én ithage
frequency band of the other. In the baseband dqrttaénfour

frequency band. Nonetheless, this architecturdasacterized obtained signals are digitalized. The baseband coemt of

by some
performance trade-off, but also the price and thesigal size.

inconveniences such as the bad complexityre two useful signals is obtained by using twoickted basic

operations processing similar with that used by ithage

Therefore our studies deal with the analog fromt-enfrequency rejection structures [9].

architectures dedicated to simultaneous multi-baaweption.

3) Characteristics

Our main goal is the improvement of the performance The double orthogonal translation technique allows

consumption-complexity trade-off offered by thesmicures.
Two studies explore the use of a single commontfeowl for
the processing of signals received by the antennas:

e The double 1Q architecture dedicated

theoretically perfect rejection of the image baighal for a
case where the quadrature mounted mixers are (grfec
matched — no phase or gain mismatch. In the meantesign

to the@nd layout defaults, such as different line lendgtbsveen the

simultaneous reception of two separate frequendyo branches and non identical gain of the mixgeserate

band signals.
e The code multiplexing architecture for the multi-
antenna reception.

phase and respectively gain mismatches [10]. A ystud
concerning this issue as well as the design anteimgntation
of an original dedicated digital MMSE
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Fig. 4 Code multiplexing architecture dedicated ttwe
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Fig. 5 802.11g simulated and measured BER evoldtiora
two-antenna SIMO reception using the code multipigx
architecture and the classical stack-up architectur

(Minimum Mean Square Error) method has been doree.Th significant 25% of consumption gain as well asnzaller

results show that, when integrated, this MMSE mettanfers
to the double 1Q architecture the same sensititityQ
mismatches as that of the dedicated front-endsk-stac
architecture. These results were obtained in sitiomlausing
the ADS software provided by Agilent Technologithg input
signals chosen are two non-overlapping 802.11g redlan
These results were validated by using an Agilethfelogies
Platform that integrates a real transmission chaand an
accurate model of the proposed architecture. Figreésents
these results. The BER evolution depending on th&R S
(Signal to Noise Ratio) of the useful signals sholat, when
integrating the digital MMSE Method, the double (IMSE
DIQ) architecture presents the same sensibilitythte 1Q
defaults as the stack-up architecture (Stack-Ufgr-a phase
and gain mismatch of 10 and 0.3 dB.

Several studies concerning the proposed doubleri@tare
were realized. In the following we mention the @o@cerning
the specifications of the ADC (Analog to Digital @erters)

complexity.
A. Code multiplexing architecture

1) Context

An antenna diversity system must be able of simalbasly
receive different versions of the transmitted sigm)aor
example, an N antennas receiver must simultanequeless
N signals having their spectrums situated in thenesa
frequency band. To answer these specificationsRihatack-
up architecture is an obvious choice. It is compdosé N
stacked-up processing chains, each of them beidigated to
the demodulation of one of the N branches. Howetlas,
choice imposes a high complexity of the analog pdrthe
receiver. The goal of our study concerning the iplai
antenna structures aims to reduce this complexithowt
decreasing the baseband signal’s SNR quality.

To this end, an innovative architecture is intraethdased
on code multiplexing. This architecture uses theedli

and that concerning the overall consumption. TheCADSequence spread spectrum (DSSS) technique in duoder

specification study concluded that the constraiimisosed to
the ADC used by this structure are almost idenfidghamics
and sampling frequency) to those used by a dedidatat-
end stack-up structure. The overall consumptiordystis
comparing the double 1Q structure to the front-atack-up
structure. It concludes that due to the mutuabsatif several
blocks as well as because of the use of fewer caegs, the
proposed double 1Q structure offers

multiplex the different antennas contributions batta single
frequency translation block is used.

2) Presentation of the structure

In order to achieve the time and frequency oveitapp
between each antenna contribution, decorrelationbeadone
by the DSSS technique. This technique is the HIBDMA
multiple access technology [11]. The DSSS technipresists
in allocating an orthogonal spreading code to daahch.
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Fig. 6 Candidate Architecture LTE-Advanced Receiveapable of realizing a multi-antennas processiragdiscontinuous
spectrum signal. The discontinuous spectrum isvedecoded in the baseband domain in order torbeggsed by a single
front-end structure.

The signals rk(t) are multiplied by the periodicales ck(t)
which are pseudorandom sequences of N binaryentitiving
a rate N times higher than the symbol. Thus, traultieg
bandwidth of the signal’s spectrum is N times latfan those
of the received signal rk(t). The addition of N eded signals
is then performed in order to generate the radigtfency
multiplex signal d(t). This signal is then basebarahslated
by a unique 1Q demodulator.
contribution is performed in the digital domain.clinsists in
using matched filters composed of digital filteddldwed by
subsampling operations.

The proposed code multiplexing architecture is show
Fig. 4. The RF input blocks (antenna, RF filter &) are
parallelized in order to have a good amplificatéod filtration
of the received radiofrequency signals.

3) Characteristics

The proposed structure uses orthogonal codes ttplexl
the different branches through a single IQ demdduldl he
main goal was to reduce the complexity of the apdiont-
end.

In [4], we show that this system reduces the nurob&DC
by using only two ADC instead of the 2N used by ¢hassic
receiver. But, for the proposed architecture, thecHications
of the ADC in terms of bandwidth are much morensfent.
Meanwhile, a global consumption reduction of 20%ildde
reached for an N= 8 antennas system.

environment simulations. In [12] we implement a SMI
(Sample Matrix Inversion) multi-antenna digital med in
order to compare the performance of the RF codéptexing
architecture with those of a classical front-enacktup for
different IQ mismatches levels.

The last important point that has to be mentioredhi
capability of the proposed architecture to adapartg multi-

The decoding of eacéntenna schemes. In fact, we can find differentliegion

scenarios such as MIMO
techniques

reception or beamforming

LTE-ADVANCED RECEIVER ARCHITECTURE

B. Context

As mentioned in section Il, the future LTE-Advanced
standard takes in consideration a discontinuoustspe
usage, as well as MIMO techniques for the downlink
transmission. In order to answer to these spetifica the
actual state of the art of radiofrequency receivensoses the
use of dedicated front-end stack-up architectifesexample,
if we consider a dual-band discontinuous spectraenario
where two antennas are used for the reception BAMO
transmission, the receiver will have to integeparffront-end
stack-up. Each of these front-ends is dedicatedth®
processing of one of the contributions obtainedmfrthe
combination of two antennas and two non-adjaceyuency

The points revealed in [5] are the evaluation o& thbands. It becomes obvious that this method, inuglvihe

feasibility of such a structure. The implementatafnanalog

stack-up of dedicated front-ends, imposes high d¢exity, but

coding and digital decoding has been validated HRB especially high power consumption.

simulations and measurements (Fig. 5). Results shatyin a
Gaussian case, the bit error rate does not signific increase

One of the most important issues when designing a
radiofrequency receiver is the performance-powengexity

when the receiver integrates this type of RF codingade-off. In order to obtain low power consumptamd low

architecture instead of the classical front-endkstap.

Several studies have been done concerning thesimdftu of
IQ imbalance on the signal quality. Their conclusiageveal
that the proposed architecture has the same séystt 1Q
mismatches as the stack-up architecture. We ndae ttre
resulting 1Q mismatches affect in the same manmemquality
of each antenna baseband translated contributidds.
mention that a classical dedicated front-end stagrkyill have
different 1Q impairments for each dedicated 1Q ddniator.
These theoretical performance were validated

complexity LTE-Advanced receiver, an obvious salntis the
mutualisation of elements of the dedicated frord-esed by
the stacked-up architecture. If we also take imnseration
the simultaneous processing constrains, we canlubmdthat
the mutualisation of the frequency translation sSteposes a
multiplexing of the different RF domain contributi

Starting from this RF multiplexing idea, we presantovel
single front-end architecture able to overcomedbestraints
imposed to the receiver by the LTE-Advanced stashdar

inl rea
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C. Structure presentation

Starting from the dual band simultaneous recepdiat the
RF code spreading architectures presented in $elitiowe
propose a unique front-end architecture dedicatettie LTE-
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Fig. 8 Consumption of the different types of bdsimcks used
by the single front-end architecture and the dedit&ont-end
stack-up.

by the dual band simultaneous reception structdree
processing realized by this block realizes a fraque
translation of the RF orthogonal coding block otitputhe
baseband domain.

Similar to the structure presented in Section Hé ttwo

Advanced receivers. In this paper we chose to treatase of digital outputs are the baseband translation of the
a two antenna reception an OFDM dual band signdl€duency bands composing the signal at the ouptiie RF

corresponding to a handheld integration scenariearwhile,

the structure can be easily generalized for sewwr@nnas by

increasing the number of chips used by the orthalgoodes.
In the followings, we consider that the two inpignals S

and S’ are the result of the passage of a bi-bemalsthrough

two different transmission channels. Let BaBénd and

coding block. Therefore, each of them is the addithetween
the baseband translated signals cBandBand' and
respectively cBangl cBang'. In order to demultiplex each of
these two pairs of signals, we apply two matchdebr§,
similar to those used for the code multiplexinghitecture.

Once we separately obtain the two pairs of signals

Band’-Band,’ be the two pairs of contribution composing Sc_orresponding to the two antennas reception of @ tdand

and respectively S'. Once received by two spacerségd

signal, two antenna SIMO processing method are.usadh

antennas, the two input signals are separatelgrdiit and ©Of them has one of the pairs of decoded signailspas.

amplified by two RF filters and two LNA respectiyelas
shown in Fig 6.

The multiplexing of the four contributions is readd by a
two step method. To begin, we use the orthogonale co

spreading technique in order to multiplex the twput signal
once filtered and amplified. Let cS, ¢S’,cBaudand and

cBand’-cBand,’ be the signals resulting from the use of th

coding technique.

The orthogonal codes used here have a length ofiwloa
chip time two times smaller than the symbol timeeath of
the two signals. When multiplied with the orthogbneades,

each of the Sand $ signals will see each of the componentg

of the pairs BandBand and respectively BapdBand,’
spread in the same manner around their own cdraigiency,
as shown in Fig. 6. This multiplexation step is daded by

the addition of the gSand c$ signals. Therefore, by using the

code spreading technique, we multiplexed two by tive
contributions having the same central frequency Which
have been received on different antennas. As dtrekthis
operation we obtain a signal having a dual bandtspe.
Each of its two frequency bands is composed ofatihdition
between cBandand cBand and respectively cBandand
cBang'.

The second block of the architecture assessedsirsdiation
is implementing the double IQ technique similatiat used

D. Characteristics

The single front-end receiver presented above palde of
answering to the LTE-Advanced requirements conogriie
MIMO reception of a discontinuous spectrum signal.

In order to validate the theoretical study relatiee this
receiver we realized several simulations. The soiwsed for

§hese simulations was the ADS software providedAbient

Technologies.

Knowing that the physical layer requirements conicey
LTE-Advanced are not yet finalized, we choose te as
articular RF signal model for these simulatioms.otder to
btain an OFDM signal having a discontinuous spectwe
use a signal composed of the addition of two 802.4dn-
overlapping channels. For the transmission chatieemodel
chosen is the AWGN (Additive White Gaussian Noise).

The results presented in Fig.7 show the BER evaiufbr
different B/Ng of the input signal. The receivers are using
either the proposed unique front-end architecture the
dedicated front -end stack-up architecture. Thalt@showed
in Fig. 7 are mainly concerning the SIMO receptassg the
two different architectures when receiving the ettlennel
signal —Stack-up-SIMO, DoubleStructure-SIMO-Chatreeid
DoubleStructure-SIMO-Channel2. We also show the BER
evolution when the receivers are realizing a SI8€eption-
Stack-up-SISO and DoubleStructure-SISO. Both inSHdO



and SISO case, the reception performance when ubimg
front-end stack-up architecture are slightly bettempared to
those obtained when using the unique front-encttra. This
is due to the fact that the codes used by the @o8hiucture
are not completely orthogonal. This matter has bedezady
treated in Section Ill. We observe that the SIM@emion

dedicated front-end stack-up. This validates owothtical
study.

As mentioned in section two, one of the sensibletpoof
this structure is the impact that the IQ mismatasashave on
the signal quality. One possible solution to thisonvenient is
the use of a digital MMSE method in order to mitegéhe 1Q

offers the same performance gain when using the twoismatch influence on the received signal. Thisesgnts one

architectures. Meanwhile, if a real SIMO AWGN chahwe
have a 3 dB gain, the simulated channel manage&eaoonly
a quasi AWGN conditions. In fact, the two noisedetito the
initial signal are not completely uncorrelated. Sts why the
SIMO gain obtained during ADS simulation doesndale the
3 dB level. In conclusion we consider that the pemiance of
the proposed architecture are the same as thosheof
dedicated front-end stack-up.

Parallel to this performance study, a comparatiosvgy
consumption study was made. For this study we densd
that the single front-end architecture, as welthesdedicated
front-end stack-up imposes the same constrainh@obasic
blocks (LNA, filters, amplifiers, mixers and osailbrs) that
are composing them. A bibliography research allowedto
choose the state of the art of these basic comp®ireterms
of performance-power consumption trade-off. Thechasions
of this study show a 33 % power consumption gairiavor of
the single front-end architecture( 211 mW instedd3b5
mW). The main reason to this important gain is ttuthe use
of less basic blocks. In order to better illustrtiis idea, Fig. 8
shows the consumption of the different types ofidobtocks
used by the single front-end architecture and toatfend
stack-up. If we also take into account the factt thze
complexity of the proposed structure is signifitaistnaller —
fewer components and image frequency filter frédsecomes
obvious that the proposed structure offers an el
performance-consumption-complexity trade-off.

CONCLUSION

In this article, a novel low complexity architedumas
presented. We consider that this type of architedsia good
candidate to the integration in the receivers dmdit to the
future LTE-Advanced standard. One of the major athges
of this architecture is its low complexity and thire low
power consumption.

Knowing that the power consumption of the analog p&
the receiver is directly dependent on the used rurabbasic
processing blocks, the excellent
performance trade-off becomes obvious. Indeed, fikis
confirmed by the fact that, despite the use of mudiplex
block in the digital domain, the proposed archiietoffers a
significant 33% of power gain compared with theutioh
proposed by the actual state of the art.

The proposed architecture joins two separate inimaya
methods: the RF orthogonal coding and the doubledlu@
band simultaneous reception technique. Expectefdnpeaince
of its implementation has been presented for aquéat study
case — SIMO reception of an OFDM discontinuous spet
signal. The simulation results show similar perfance when
comparing the proposed unique front-end structuré the

complexity-power-

of theforthcoming of our activities.

Another issue that still has to be addressed dimglesign
and realization of a demonstrator. Real
measurements concerning the single front-end aathite will
soon be realized using a radiofrequency platfori \&i real
SIMO transmission channel.
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