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Abstract—

A CDMA unslotted ALOHA system using MMSE multi-user
detectionis proposed. In CDMA unslotted ALOHA system,a user
station can transmit a packetasynchronously and sothe number of
simultaneouslytransmitted packetsfluctuates moment by moment.
This fluctuation affects the performance of the MMSE multi-user
detection. At first, we employ the Wiener filter detector assuming
perfect information as an upper bound of the performance of the
proposedsystem. Then, we apply an adaptive filter to CDMA
unslotted ALOHA to compensatéor the birth/death of a packet.

|. INTRODUCTION

A Code-DivisionMultiple-Access(CDMA) ALOHA,
whichis a connectionless-typef CDMA packetcommu-
nication system,hasdrawn much attentionfor wireless
datacommunicationdecaus®f featuressuchasrandom
accessapability the potentialfor high throughputper-
formanceand low peakpowertransmission. Moreover
CDMA unslottedALOHA (CDMA U-ALOHA) systems
have the advantageof not requiring synchronisatiorof
the packettransmissionsinceinitialisation occursat the
beginningof a slot in slotted systems. Many authors
(e.g. [1]-[3]) haveinvestigatedimproving the system
performancédeyondthatof the conventionateceiver3].

In aCDMA systemmultiple accessnterferencéMAl)
is animportantobstacleto overcome.In orderto reduce
theeffectof MAI, severamulti-userdetectiortechniques
havebeeninvestigated4], [5]. Most of these,however
focuson non-packetata,and multi-userdetectiontech-
niguesareseldomappliedto CDMA U-ALOHA because
otherproblemsarise. Oneof themostimportantproblems
is thebirth/deathscenaridbecaus@acketsaretransmitted
randomlyandintermittently

In this paper we proposeto apply the minimum mean
squareerror (MMSE) multi-user detectiontechniqueto
CDMA U-ALOHA and evaluatethe throughputperfor-
manceof our proposedsystem. At first, we employthe
Wienerfilter receiverunderthe perfectinformation as-
sumption,which meansthat all information requiredfor
the Wienerfilter is known evenif a packetbirth/death
occurs. This correspondso the upperboundof the per-
formanceof a CDMA U-ALOHA systemusing MMSE
multi-user detection. Then, we apply the adaptivefi-
nite impulse response(FIR) filter receiverto CDMA
U-ALOHA to compensatéor the birth/deathof a packet.
The useof adaptivealgorithmsis not only motivatedby
the time-varying channelbut also by the dynamic user
profile[6]. We alsoevaluatethethroughputperformance
takinginto accounthe possiblebirth/deathof a packet.

In Sectionll, we describehesystemmodel. In Section
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Fig. 1. Systenmodelof aCDMA unslottedALOHA system.

lll, the MMSE multi-userreceiverstructureat the hub
stationis explained. In SectionlV, we evaluatethe
throughputperformanceand discussthe results. Finally
someconclusionsarepresentedn SectionV.

Il. THE SYSTEM MODEL

Figure 1 showsthe systemmodel of the CDMA U-
ALOHA system.This consistf a singlehubstationand
anunspecifiechumberof userstations. Eachuserstation
transmitsa packetto the hub station by one hop, and
we only considerup-link packetaccess.The hub station
receivegacketsataratewhichfollows a Poissomprocess
with a birth rate A. The length of eachpacketis fixed.
Eachpacketconsistsof a preamblesequenceof L; bits
anda datablock sequencef L  bits, sothewhole packet
lengthis L = L; + L4 bits. Thepreamblds employedasa
training sequencéor the adaptivefilter. The offeredload
G is definedasthe averagenumberof packetgenerated
duringonedatadurationT; = L/ R, whereR is thedata
rate,and may be expresse@sG = X - T;. The offered
load correspondso thetraffic intensityof generatediata.
The throughputS is alsodefinedasthe averagenumber
of successfupacketsduringonedataduration,andis our
main performanceneasure.

Binary phaseshift keying (BPSK) is assumedas the
modulationscheme. Each packets datais then spread
with a uniquely assignedrandomsignaturesequencef
length N chips. We assumehatall packetsarereceived
with equalpowerandall databit errorsarecauseddy the
effectof MAI andadditivewhite Gaussiamoise(AWGN).
Thereceivedwaveformof the kth usermay be expressed
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Fig.2. Thechip-levelWienerfilter receiverstructureatthe hubstation.

as

ri(t) = V2P i bp(d)ay(t — iT — 7,) codw,t + ),

1)
where P is the receivedpower of eachusefs signal
(P = E+/T, where E} is the bit energyandT is the bit
interval), by (i) € {+1, —1} is theith bit of the kth user,
ar(t) is a binary spreadingwaveform,w, is the carrier
frequencyr;, isthetransmissiomlelay andd,, isthecarrier
phase. The transmissiordelay 7, and the carrier phase
0 aretakento be independenanduniformly distributed
overO0 < 7, < T andO0 < #;, < 2w, respectively These
valuescanbe assumedo be constantduring receptionof
the packetbecausepacketlengthis generallyvery short.
Without loss of generality we can assumer; = 0 and
61 = 0. Thespreadingvaveformmaybeexpresseds

N-1

ap(t) =Y arjpr.(t — jTo), )

i=0

wherea;, ; € {+1, —1} isthejth elemenbf thespreading
sequencéor thekthuser T isthechipinterval,andpr, ()
is therectangulachip waveformexpresseas

1 (0<t<T)

1) =
pr.(?) 0 otherwise

3)
Then the receivedsignal at the hub station may be
expresseds

K
= Z ri(t) + n(t), 4)

k=1

where K is the number of simultaneouslytransmitted
signals,n(t) is the AWGN signal with power spectral
densityNo/2.

1. MMSE MULTI-USER DETECTOR

In thissection two typesof MMSE multi-userdetectors
areexplained. Oneis the Wienerfilter receiver whichis
employedo obtainanupperboundon theperformancef
theCDMA U-ALOHA systermusinganMMSE multi-user
detector Theotheris theadaptivefilter receiver whichis
employedo compensatéor the birth/deathof a packet.

A. Wener Filter (Perfect Information Case)

We focus on the 1stuser A chip-level Wiener FIR
filter receiverstructureis shownin Figure2. After down-
convertingthe receivedsignal to basebandit is passed
througha chip matchedfilter and sampledat the end of
everychipinterval T,. Thelth normalizedsampleof the

ith bit at the outputof the chip matchedfilter of the 1st
usermaybe expresseds

\/? 1 (I+1)T. +zT
/T +:2T
5)

Let =(3) (#19(5), -, rIN=U(:))T be the vector
of received samples of the ith bit, and a;, =

(aro,--,ar,n-1)T bethevectorof spreadingsequence
of the kth user The vectorof the receivedsamplesmay

beexpresseds|[7]

pr.(t) coqw,t)dt

( —b]_ a,l-l-zbk COSHka )+n( ) (6)
where

Ok (pr+1) Ok (px)

Tcak + (1— i)ak

6_’“a(ﬁk+1) +(1- 6_’“)&(1’1:) ,

T, * T,”"*

if b (i — 1) = —bi(2)

aEc’”) = (ak,N—m) A N—-m+1, "

- g, N—1,0%0,dk1, Ak, N-m—1), (8-)
ach) = (_ak,N—m; —Ap N—m+1, """,

,akVN_m_l). (8-b)

andn() is the AWGN vector whoseelementis inde-
pendentGaussiarrandomvariableswith zeromeanand
varianceof o2 = (2E,/NoN)~1. Also the delay 7, is
written as 7, = pr7T. + b, Wherep; is anintegerand
0 < b < T,.

Thereceivedsamplesrefedinto thechip-levelWiener
FIR filter, which hasN taps. Thetapweightvectorw of
this filter is calculatedaccordingto the MMSE criterion.
It is givenby the solutionto the Wienerequation8]

Rw =p, )

whereR istheautocorrelationV x N-matrixof theinput
signal,andp is thecrosscorrelatiorV-vectorof theinput
signal with the desiredsymbol. The crosscorrelation
vectoris givenby [7]

, —ak N-1,0%,0, Ak 1y "

p=a. (10)
Theautocorrelationmatrix is givenby [7]
K
R = aia] + (costy)*E[I(i)Ix ()] + o’ Inxw,
k=2

where

(11)
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Fig. 3. Adaptivefilter receiverstructureatthe hub station.

andI yyy isanN x N unit matrix.

The outputsof the FIR Wiener filter are sampledat
the end of eachbit interval 7', and demodulatecby the
thresholddevice.

In orderto obtainthe tap weightsof the Wienerfilter,
informationsuchasthespreadingequencesarrierphase,
andtransmissiordelayof eachusermustbe known. We
furtherassumehatall thisinformationis knownevenif a
packetbirth/deathoccurs.Underthis assumptionywe can
obtainthe upperboundof the proposedsystem.

B. Adaptive Filter

An adaptiveFIR filter receiverstructureis shownin
Figure 3. In the sameway as the caseof the Wiener
filter, receivedsignalsare passedhrougha chip matched
filter and sampled. Thesesamplesare fed into an N-
tap adaptivefilter. The tap weights of this filter are
adjustedaccordingto an adaptivealgorithm. We use
the two most popular adaptive algorithms, least mean
squares(LMS) and recursive least squares(RLS) [8].
During receptionof the preamblgtrainingsequencehe
outputsof the training sequencegeneratorare usedas
referencesignals. After this training period, the outputs
of the thresholddeviceareusedto adjustthe tap weights
(decisiondirection).

We assumethat only the information requiredfor the
adaptivealgorithmsuchasthetiming of thedesiredpracket
andthe training sequenceés known. The birth/deathof
interfering packetsis thereforeunknown. Evenso, the
adaptivefilter has a possibility to compensatdor the
birth/deathof apacket.

IV. RESULTS

In this section the systemperformancef the proposed
systemis evaluatedby Monte Carlosimulation.

Figure4 showsthe throughputperformanceof CDMA
unslottedALOHA usingthe Wienerfilter receiverunder
perfectinformationassumptiorwith parametersv = 60,
Ey/No = 10dB,andL = L,; = 500bits. Forcomparison,
the throughputof a conventionalsystem,in which a
matchedfilter is usedto despreadhe receivedsignal, is
also shown. From this figure, it can be seenthat the
throughputof a systemusing a Wienerfilter is about4
times as high asthat of the conventionalmatchedfilter
detectiorsystem.By usingtheMMSE multi-userdetector,
asignificantimprovementn throughputcanbe obtained.

Next, we discussthe performanceof our proposed
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Fig.4. Throughpuperformancef CDMA unslottedALOHA usingthe
chip-levelWienerfilter assumingperfectinformation.
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systemtakinginto accounthe birth/deathscenario.

Figure 5 showsthe squarederror (ensemble-averaged
over 1,000trials) of variousalgorithmsfor £} /Ny = 10
dB. Convergencecurvesof the RLS algorithm with a
forgettingfactor « = 0.99 andthe LMS algorithm with
severalstepsizesy areshown. Also shownin the lower
partof thefigureis thepatternof packetgenerationIn this
patternthereis onedesiredpacketwith atrainingsequence
of 50 bits, 5 constantinterfering packetsone interfering
packetgeneratectthe 100thiteration,andoneinterfering
packetwhich finishesat the 200th iteration. Exceptfor
thecaseof LMS with ¢ = 0.0001,theensemble-averaged
squarederror convergesduring the training sequence.
Becausethe effect of AWGN is larger than that of a
birth/deathof a packet,the convergences not strongly
affectedby abirth/deathevent.

Figure6 showsthethroughputperformanceof CDMA
unslottedALOHA using an adaptivefilter receiverwith
parametersV = 60, £, /Ny = 10dB, L; = 500bits, and
L, = 50bits. As canbe seenthethroughputof mostof
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Fig. 6. Throughputperformanceof CDMA unslottedALOHA using
variousadaptivefilters (Ey/No = 10dB).
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the adaptivefilters is betterthanthat of the conventional
system. Moreover the throughputof the RLS is only

slightly betterthan that of the LMS. The throughputof

all the adaptivefilters is, however muchworsethanthat
of the Wienerfilter, but the parametergo calculatethe
Wienefrfilter solutionarenotreadilyaccessible.

In the caseof E; /Ny = 10 dB, the effectof a packet
birth/deathon the convergencepropertiesis not clearly
seensowe nextconsiderconvergenc@ropertiesn alow
noiseenvironment(F; /Ng = 20 dB), shownin Figures
7 and 8. The samepatternof packetgenerationasin
Figure5 is usedin Figure 7, from which the effect of a
packebirth/deathcanbeseermoreclearly. Toemphasise,
considerFigure8, in whichthereare5 interferingpackets
generatedt the 100thiteration,and5 interferingpackets
whichfinish atthe 200thiteration. The effectof a packet
birth caneasilybe seenin the figure, sincethe ensemble-
averagedsquarecerrorincreasesuddenlyat the point of
packebirth. Ontheotherhand packedeathdoesothave
asstrongon influenceon the convergenc@ropertiesand
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Fig. 9. Throughputperformanceof CDMA unslottedALOHA using
variousadaptivefilters (£ /No = 20 dB).

ensemble-averagestjuarecerror decreasesnly slightly,
asobservedpreviouslyin [6] and[9]. This observation
maybeexplainedoy consideringhe pointof packetbirth.
There,a new sourceof interferenceto the adaptivefilter
is generate@dndthusthethe ensemble-averagedjuared-
errorincreases.On the otherhand,at the point of packet
deaththisinterferences removedandthustheensemble-
averagedquarecerroris notincreased Moreover useof
anadaptivdilter cancompensatéor thedeathof apacket,
andsothe ensemble-averagesdjuared-errois decreased.

Figure 9 showsthe correspondinghroughputperfor-
mancefor E;/Ng = 20 dB. The throughputof the RLS
is now almost 3 times as high as that of the conven-
tional (matchedilter) systemwhile thethroughpubf the
LMS is almosttwice thatof the conventionakystem.As
comparedwith the caseof E;/Ny = 10 dB, significant
improvementis obtainedatthe high SNR.



V. CONCLUSIONS

We haveproposedhe applicationof the MMSE multi-
user detectionto the CDMA U-ALOHA system, and
evaluatedsystemperformanceaundertwo situations. The
firstis the perfectinformationcaseandthe otheris using
an adaptivealgorithmto adjustthe filter tap weightsto
compensatdor a packetbirth/death. As a result, sig-
nificantimprovementsn throughputhavebeenachieved
with the proposedsystemunderthe perfectinformation
assumption.Even employingan adaptivefilter and con-
sideringthe effect of birth/deathevents,the throughput
performancés improvedalthoughnotto thelevel of that
for perfectinformation. We have also shown that the
ensemble-averagesdjuarecerrorincreasest the point of
packetirth, anddecreaseat the point of packetdeath.

Asafutureextensiorof thiswork, theuseof interleaving
andforward error correctioncodingtechniqueg10] may
provebeneficial,sincesuchtechniquesnay be expected
to mitigatethe momentanjincreasen ensemble-averaged
squareckrrorcausedy packetbirth.
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