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Abstract— This paper describes a novel architec-
ture in wirelesscommunication referred to as micro
cooperatie communication and advocates the need
of software de ned radio to support this kind of
architecture.

I. INTRODUCTION

Currentlywirelesscommunications approaching
the so called fourth generation(4G). Higher data
rates for the end terminals are the main goal of
the next generation.Unfortunately this goal can
only be achiesed by larger enegy consumption
and more comple terminal design.In [1] a novel
architecturdor wirelesscommunicatioris motivated
to overcomethe aforementionedescribedgroblems.
Insteadof the old fashionedpeerto peercommuni-
cationbetweenbasestationand eachterminalusing
a cellular link, where each terminal is operating
autonomouslycooperatioramongterminalsis intro-
duced.In suchascenaridheterminalsarecommuni-
catingover a shortrangecommunicatiorin parallel
to the cellular communication Sucharchitectureof-
fersvirtual high datarate,lower enegy consumption
and new businessmodelsto the customer

An essentialpreconditionfor the succesof co-
operatve accessis a highly e xible capacity dis-
tribution betweenthe cellular and the short range
communication.The capacityneededis a function
of the numberof cooperatie users.In this paperwe
adwocatethe use of OFDM sub-carrierdistribution
for this purpose.OFDM has inherent capabilities
as a composablechannel, but further e xibility
is needed.This kind of e xibility is achieved by

software de ned radio,[4 [3] (SDR) architectures.

Software controlled radio (SCR) has traditionally
beenconsideredto be more efcient than SDR in

cellularsystemsput we arguethroughouthis paper
that SDRis the key solutionfor cooperatre wireless
networking.

Cooperationis exempli ed via a downlink sce-
nario using OFDM, where groups of sub-carriers
are assignedto either cellular or short rangelinks
respectiely. This scenarioemphasizeshe needfor
e xibility in terms of allocation of the respectre
sub-carriersand exempli es the dynamicsin which
the needfor e xibility arises.We propose,based
on the requirementdor e xibility in the downlink
scenarioaterminalrecever architecturethat shavs
aneedfor e xibility in termsof link adaptatiorand
in terms of terminal recon guration as neededfor
servicinga dynamicalnumberof cooperatingermi-
nals; While the numberof cellular links is x edto
one,the numberof shortrangelinks is dynamicbut
limited to nite numberof terminals.The parameters
for eachshortrangelink will in turn be denpendent
on the numberof shortrangelinks The remaining
of this paperhighlightghe novel aspectof coopera-
tion and explain the OFDM sub-carrierdistribution
and the different modulation/codindevels for each
branchin relationshipto the channelcharacteristics
of cellularandshortranglinks aswell asarchitecture
requirementsasedon initial studies.

Il. MICRO COOPERATIVE WIRELESS
NETWORKING

The conceptof Micro cooperatre wireless net-
working is illustratedin gure 1. As illustratedthe
cooperationcan be understoodby the abstraction
of resourcesharing,where resourceds understood
as enepgy resourcesn termsof battery processing
resourcesin terms of processingpower, memory
and the sharingof RF resourcesuchas frequeny
spectrum.By sharingenegy resourcesthe cooper
ating terminalsinherently shareprocessingas well
as spectrumresources.This makes cooperationa
paradigmof gaining enegy efciency by sharing
processingand spectrumresourcesamong coopef
atingterminals.lt is apparenthat properincentves,
e.gin termsof enepgy ef ciency hasto bein place



for eachterminalagreeto participatein a cooperat-
ing network andto spendenegy resourcego sene
the needsfrom other cooperatingerminals.Studies
[1] madeon thedownlink cooperatre scenaricshav
an enegy gain for the participating terminals .
This achieved enegy gain can be as high as 40%
dependenbn the numberof cooperatingterminals
comparedo a non-cooperatinggnegy consumption
[1]. An importantpreconditionfor the succesf a
cooperatre wirelessnetwork is the the assumption
of increasedink quality in a shortrangecommuni-
cationdueto the proximity of cooperatingerminals.
The assumptiorof improved link quality facilitates
the useof higherordermodulationschemesvith less
codingoverheadandlesstransmitpower, leadingto
anincreasecefciency in termsof enegy resources
while still enabling the required performancein
termsof datarate.

Fig. 1. Micro cooperatie wirelessnetworking

A. OFDM in Micro coopeative wirelessnetworking

Figure2 shavs amicro cooperatie scenariaising
the principle of OFDMA with three cooperating
terminals.This assumes& commonair interfacebe-
tweenbasestatiomnterminalsandbetweerterminal
cooperatingln this type of scenario,it is assumed
thatthe subcarrierarefreely allocatedbetweencel-
lular andshortrangecommunicatiorinks. Usingthe
the principle of a multi-carrier transmissiorallows
the e xible allocationof resourcesn termsof spec-
trum andthe ef cient useof thatspectrumby proper
powerallocation and spectral utilization schemes,
accordingto the prevailing channelconditions,[4].
The downlink cooperatie scenarioallocatesonly a
subsetof a OFDM spectrumto be processedoy
each cooperatingterminal, this in effect decreases
the processingoad of FFT processingas the com-
putational compleity of an FFT is O(N logN),
with N beingthe length of the FFT, . It is further
assumedhatlink quality in the shortrangelinks are

Fig. 2. Downlink cooperatre scenarioremplg/ing OFDM

higherenablethe useof higherorderof modulation
formatatalowertransmitpower andshortertransmit
time as information distributed among cooperating
terminalsare transmittedusing a higher ord order
of M symbolsper information bit thanthe cellular
channel.

[11. COMPOSABLE CHANNEL SCENARIOS

This section introducesthe three different sce-
narios of subcarrierallocationsin the caseof the
downlink scenariodescribeabove. It is aguedthat
in the caseof a scenariowith cooperationas well
as dynamic carrier allocation, and that an SCR
implementationwill appearto be less feasiblein
all termsof architectureperformancefactors,com-
plexity, cost, exibility and efciency. This leads
to the conclusionthat SDR provesto be a feasible
implementatioralternatve to the SCRin cooperatre
wirelessnetwork scenario.

A. Cellular with no coopeation and static channel
composition

With referenceto gure 3 this scenariois similar
to a traditional cellular communicationbetweena
basestatiorand a given terminalusingthe principle.
No cooperationis formed meaningthat terminals
communicatingwith the basestationis processing
the hole bandwidthasindicatedin 3. Subcarriersare
staticallyassignedmeaninghatgroupof subcarriers
are assignedfor the duration of a connectionand



Co—=

E)
20

tolat

Fig. 3. Carrier allocation scenariowith no cooperationand
static carrierassigment

without the useof link quality informationfor each
subcarrierFromthe perspectie of aterminal,there-
ceiver architectureshallaccommodaté¢he e xibility

of adaptingFFT sizesaccordingto dataraterequire-
mentsand userstogetherwith adaptve modulation
andcodingfor eachsubcarrieior groupof subcarrier
similar to requirementsset forth in IEEE802.16
and the conceptscalableOFDMA [5]. This kind

of exibility we term e xibility by adaptation.The
options for adaptionis limited and the degree of
e xibility neededs not assumedo be high enough
to justify the employmentof SDR.

B. Cellular with coopemntion and static channel
composition

Referingto gure 2, this scenariointroducesco-
operation,but similar to the previous scenariosub-
carriersarestaticallyassignedlt is apparenthatthe
useof static carrier assignmentalthoughproviding
for low compl«ity in systemimplementationpose
the risk of a group of sub-carrierdye positionedin
a deepchannelfade therebycausinga degradation
in link quality and dataratefor that group of sub-
carriers.Consideringan architecturefor a terminal
supporting this kind of scenarioreveals the rst
distinction betweena Software Controlled Radio
basedarchitectureand an Software De ned Radio
basedarchitectureand the conceptof e xibility by
recon guration. Consideringan SCR implementa-
tion, it is apparentby studying gure 2 that the
conceptof cooperationnvolvesthe accommodation
of a terminalhaving the capability of receving and

processing numbershortrangerangelinks accord-
ing to how mary terminalthatareparticipatingin the
cooperationWe now de ne a stateof the art SCR
implementatiomsonethathasa x ed functionality
typically implementedin dedicatedhardware, with
parameterdeing controllablein software.

Accommodatinghe principle of cooperatiorin an
SCRimplementatiorwould requirethe implementa-
tion of shortrangereceve chainsin hardware.

This achieved enegy gain canbe ashigh as40%
dependenbn the numberof cooperatingterminals
comparedo a non-cooperatingnegy consumption
[1].

Initial studieshave shovn thattheachiezedenepy
gain can be as high as 40% dependenton the
numberof cooperatingerminalscomparedo a non-
cooperatingenegy consumption[1], This enegy
is achiered as the numberof cooperatingterminal
increasesBut as the numberof cooperatingtermi-
nals increasesso doesthe needfor receve chains.
Implementingthesereceve chainsin hardware will
likely compromisethe most important reasonsfor
SCRimplementation&nown today namelycost,ef-

ciency and complity. Furthermorehaving termi-
nalssupportingonly alimited numberof cooperating
entities, to limit the hardware compleity will limit
the applicationand therebythe adwvantagesgained
by cooperationFinally consideringhat sub-carriers
might be assignedhot statically but dynamicallyto
achieve thebestlink quality for eachcooperatinger-
minal will imposefurther compleity requirements
onaSCRimplementationTheseconsiderationgead
to the agumentthat an SDR implementationoffer
the possibility of accommodatin@ e xible number
of cooperatingterminals by emplgo/ing what we
de ne as e xibility by recon guration.Flexibility by
recon gurationis to be understoodas the ability of
an SDRto con gure the numberof shortrangelinks
necessaryn a given scenario.

C. Cellular with coopeation and dynamicchannel
composition

This section introducesthe scenario of coop-
eration with dynamic assignmentof sub-carriers.
Dynamic sub-carrierallocationis to be understood
as carrier allocationbasedon knowledge aboutthe
channelquality betweenthe basestatiomnda given
terminalaswell aschannelguality betweencooper
atin terminals.Two possiblecarrierassignmentare
shavn in gure 4. The partitioning of sub-carriers
canin principle beasindicatedin gure 4 i.e carrier
assignmentneed not be contiguousin the sense



that Cellular and short rangeallocationsshould be
adjacentto eachother and the part of the channel
spectrumcan be freely distributed among cellular
andshortrangecarriers.Again the principle motiva-
tionis gainin enegy ef ciency, thisinvolve,for each
cooperatingerminal,choosingcarrierswith the best
link quality, enablingthe minimization of transmit
power and use of higher order modulation format
and less coding overheadon the short rangelinks.
From an architecturepoint of view, the e xibility

requirementgor this scenariowould make again an
SCRimplementatiortoo comple< andcostly, giving

reasonto consideran SDR implementationas an
alternatve.
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Fig. 4. Dynamiccarrierassignments

V. SCR IMPLEMENTATION VERSUS SDR
IMPLEMENTATION

In the previous sectionswve have arguedthatasthe
requirementgor e xibility increasedtheadwantages
of an SCR implementationwould decreaseo the
point whereit is likely thatan SDR implementation
will be more feasible. When we are considering
the feasibility of an SCR implementationversus
an SDR implementation,we are consideringthe
following parametersCost, Ef ciency, Compleity
and Flexibility

The SCR has traditionally been known for its
adwantagesin the rst three parametergiue to the
fact that SCR implementationare usually made
up by dedicatedhardware optimized for a given
communicationstandardand application. The vi-
sions surroundingthe SDR hasbeento implement
e xibility, this hasbeenat the expenseof cost,dueto
therequirementor broadbanar frequeny agile RF
frontend and recon gurable basebandprocessing,
Ef ciency astheideal SDR strivesto move the A/D
andD/A operationsasclosea possibleto theantenna
and nally compleity as digital signal processing
are usedto beenemplogyed to supporttraditionally
RF or analogimplementedfunctionality With the

introduction of the conceptof cooperatre wireless
networks, it thereforeseemsfeasibleto to amgue a
tradeof betweerthe above parametersnaking SDR
more adwantageousthan the SCR. The following
sectiongives a shortintroductionto the parameters
andthe reasoningoehindthem

A. Designspaceand designmetrics

The parametergde ned in table | make up the
design spacewithin a feasible architecturehas to
be chosen.Flexibility is the main requirementbut
an implementationhas to be chosenthat is still
efcient, low costandfeasiblein compleity. In the
following sectionwe proposean architecturefor an
SDR recever supportingthe characteristicof co-
operatve wirelessnetwork scenariowith e xibility
requirementss describedn the above sections.

TABLE |
PARAMETERS USED FOR COMPARING SCR AND SDR
TECHNOLOGIES

Cost

Costis manifold, it can be relatedto costin devel-
opment,implementationand productionand also the
costrelateduseof enegy resources.

Ef ciency

Enegy; Doesit make ef cient useof enegy resources,
processing:Doesit malke ef cient use of processing
resourcesgan resourcede reused,or doesit require
replicaton

Compleity

Design; What are design compleity, i.e the HW
implementationcompleity,

Computational; What are implication on computa-
tional compleity requirements

Flexibility

In this papemwe de ne e xibility by theability to adapt

andrecon gure functionality

V. SOFTWARE DEFINED RADIO ARCHITECTURE

In the previous sectionsit hasbeenargued that
a SDR implementationin a dynamic cooperatre
wireless network scenariois likely to be a more
feasible way to implementa terminal capable of
supportingthe requirementdor e xibility. A SDR
architecturewould needto supportthe following
requirements:

Dynamic changingnumberof cooperatingter
minals

— Theability to recon gureitself for support-
ing dynamicnumberof shortrangereceve
chains.

Supportingscalablesize FFT processing
Supporting processing subbands of OFDM
spectrum,an important prerequisitefor lower-
ing the computationacompleity.



Supporting adaptve modulation coding over
short range links, this requirementis closely
linked to the numberof cooperatingerminals.

A. ProposedSoftwae de ned radio receiverarchi-
tectue

Figure 5 gives a conceptualschematicor a pro-
posedrecever architecturethat can accommodate
the principle requirementsn the downlink coopera-
tive scenarioasoutlinedabove. The following gives
a shortdescriptionof the functionality shavn in the
schematic.

1) Subdannel lter: The front lters selectthe
bandof sub-carriersallocatedfor cellular reception
andshort-rangeeceptiorrespectiely. They are e x-
ible in centerfrequeny andbandwidthaccordingto
requirementsrom upperlayers.Fromanimplemen-
tation point of view low compleity implementation
is essentiabsthe complity relatedto the Itering
of subbandseduceghegainin compleity achieved
by reducingthe processedrFT sizeat eachterminal.

2) FFT Cellular/shortrange: Flexible sizeFFT's
processingof sub-carriers.

3) Demodulation and decoding: Support for
adaptve modulationand coding, AMC, employed
in the cooperatre scenario.The useof higherorder
modulationformats are an essentialassumptionin
the achieved bene ts indicatedin systemstudies.

4) Flexibility by adaptationand recon guration:
Figure 5 indicates that e xibility is introduced
through parameterscontrolling the receve chains.
Furthermorerecon guration is introduced through
the dynamicinstantiationof of shortrangereceve
chainsaccordingthe numberof terminalsparticipat-
ing in a cooperation.

5) Vertical con guration: This entails the dy-
namic creation and closing of recever chains ac-
cording to scenariorequirements.This meansthat
the system should be able to instantiate receve
chains at basebandevel accordingto the number
of cooperatingentities.

6) Horizontal con guration: Horizontal con g-
uration entails the con guration of the functional
blocks in both the receve and transmit chains as
in gure 5 and For the receve chain the hor
izontal con guration include the lter bandwidth
and centerfrequenc for extracting a group of sub-
carriers.Similarly the FFT sizeis subjectto dynamic
con guration. As the an important prerequisitefor
the performancdeasibility, horizontalcon guration
naturally include the supportadaptve modulation
andcoding.It shouldbe notedthatthe parameter$or

horizontalcon guration is dependenbn the vertical
con guration.

Fig. 5. SDRrecever concept

V1. CONCLUDING REMARKS

We introducedthe novel conceptof a cooperatie
wirelessnetwork, with the primary motivation being
thepotentialfor achiezing againin enegy ef ciency
while preserving performancerequirements.The
conceptwas exempli ed with a downlink scenario
utilizing the principle of OFDMA. With OFDMA
we introducedthe conceptof a composablehannel.
Threedifferent scenarioswvere introducedand with
the introduction of cooperationand dynamic sub-
carrierassignmenive arguedthe needfor a Software
de ned radioimplementatiorover the the traditional
Software controlled radio. This was motivated by
the increaseccompleity consideringasthe number
of cooperatingterminalsincreasesWe proposeda
conceptfor an SDR enabledrecever with capability
of supportingthe degreeof e xibility needed a co-
operatingwirelessnetwork. Futurework will include
proving this architecturein terms of compleity
and methodologiesfor implementing the e xible
recon gurationof shortrangereceve chains.
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