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Abstract—The throughput performance of slotted ALOHA The performance of S-ALOHA with capture has been
(S-ALOHA) in a cellular system and Nakagami fading environ-  extensively studied in the past. Most of the work has assumed
ment is studied. Based on the signal capture model, the effects OfRaerigh fading channels [8]-[17]. Some additionally ad-

the multiple access interference (MAI) from in-cell users and the d d the i t of | | shadowi f ffect
cochannel interference (CCI) from cochannel cells are quantified resse € impact of lognormal shadowing, near-iar eifects,

analytically. Especially considered are the cases when asynchro-modulation, error control codes, and/or diversity combining

nism of cochannel cells is present, for which an approximation [10], [12], [13], [15]-[18]. The Rician fading channel model

of the interference distribution is successfully applied to get a has also been studied [14], [19]. The Nakagami distribution

highly precise expression of the system throughput. Our study [20], as a more general model for fading channels, has been

shows that though the MAI level and capture effect determine . Lo .
the basic behavior of the S-ALOHA, CCI significantly reduces US€d in some recent studies in evaluating S-ALOHA [14],

the throughput of S-ALOHA and asynchronous CCl introduces  [19], [21]-[24]. In those studies, the same Nakagami fading
an especially severe impairment. Our analytical framework is model (but may have different parameters) has been applied
also able to incorporate additional channel conditions and system to poth the desired user packet and interfering ones. Mixed
parameters like lognormal shadowing and the cellular cluster size. fading models appeared in [14] and [19], i.e., Rician/Rayleigh

Index Terms—Cellular system, cochannel interference, Nak- and Rician/Nakagami, where the desired signal is subject to

agami fading, slotted ALOHA. Rician fading and the interference signal is subject to Rayleigh
(Nakagami) fading.
|. INTRODUCTION In the aforementioned studies, in-cell multiple access inter-

i i . ference (MAI) and cochannel interference (CCI) are not distin-

LQTTED ALOHA (S-ALOHA) 1] IS widely used in g ished. MAl is from the contending mobile users in the same
|re_Iess data networ_ks as a mu_ItlpIe access _scherrgg” as the desired signal; while CCl is from the mobile users in

Its maximum throughput '3/_6’ which is obtained using @ the cochannel cells operating with the same group of frequen-

collision model assuming noiseless ghannels and equal-.powfers_ Besides the different fading they may experience, they ex-
pagkets [2]. However, n cellular wwgless qgnNorks, SigN@hnit different traffic profiles because of, very possibly, asyn-
fadmg and cochannel [nterference, n addition to therm ronism among different cells in terms of time slot boundaries
noise, should b_e taken into account in network _pe_rforman%ich could be due to synchronization errors or the network
evall_Janon._ Fading channels cause random vz_;trlatlons in hitecture by design. The latter affects the distribution of the

received signal power from different users. This may redugg,, nt of interference to the desired data packet within a time

the_s_uccgssful rate of packet transm|ss_|ons vyhen there ISI% and consequently affects the capture probability and the
collision in the channel, but also make it possible that one gf

X i Qstem throughput. Though modeling multiple interferers with
several independently faded competing data packets SuDerS%%{ﬁérent fading parameters [25]-[27] can somewhat address the

others in power and “captures” the receiver, which leads to fling difference between MAI and CCl, it does not taken the

increase of system throughput [3], [4]. Therefore, a captufg i hrofile into account and thus is not readily applicable for
model addressing signal-to-interference-and-noise ratio (SINﬁ% oughput analysis

is more appropriate than the collision model for S'AL.OHA Our work in this paper emphasizes the difference of MAIl and
system performance analyzes [5]-[7]. Note that both m-ceeyc in analyzing the throughput of S-ALOHA with capture
interference and cochannel interference need to be considq\r/FA and CCl, as well as the desired packets, are all modeléd
In characterizing the capture model. as Nakagami faded signals, but with different fading parame-
ters. We especially study how asynchronism of CCI affects the
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cochannel cells, as are shown in Fig. 1. Usually, the receiver de-
cision variable for theth symbols(t) of the test packet in the
presence of(t) MAI packets andJ(¢) CCI packets within the

tth symbol duration is

1(t)
r(t) = Vx(t)s(t) + Z yi(t)mi(t)

J(t)
+> Vzbet) +w(t), 1<t<L 2

wherex(¢) is the received power of theh symbol of the test
packety;(t) andz;(t) are the received power of;(t) andc; (t)
which are the interfering symbols of théh MAI packet and
CCI packet, respectively, and(t) is the additive noisex(¢),
yi(t)s andz;(t)s are random variables with distributions deter-
mined by the channel fading characteristics, &fidl andJ(¢)
are random variables with distributions determined by the data
) ) i _traffic. If the channel is slowly faded compared to the packet
Fig. 1. In-cell interference (MAI) and cochannel cell interference (CCI) in f\ . . . .
cellular system (an example of cluster size 7). .ength L (which we assume in our following ana-lyS'Sa(t)
is constant across the test packet and thus the ihdaa be
The rest of this paper is organized as follows. Section qilropped. Itis also feasible to assume that the MAI packets are all

presents the system model of S-ALOHA wireless packet accéé@cmonized with the test packet, hen_ya_gz_%) andl(t) are also
that we are to study, including the signal models for MAI angonstantacross the test packet and their indz=n be dropped.

synchronized and asynchronous CCl and the Nakagami fadijf comPplication comes from the CCI. Depending on the syn-
channel model. In Section Ill we derive the capture probabilify Tonization mechanism of the cellular system, the effect of CCl
for given amount of MAI and CCI. The distribution of the®@" be different.

number of MAI and CCI packets under both synchronous ar%%
asynchronous conditions is studied in Section IV. Section ¥
discusses the relationship of the frequency reuse pattern @8
the system throughput. Some numerical and simulation resyids
are given in Section VI. Finally, in Section VII, conclusions ar
drawn.

1) Synchronized Cochannel Cell$f a system-wide syn-
ronization is achieved, the CCI from each cochannel cell,
the MAI, is synchronized with the test packet. Fig. 2(a)
trates the perfect alignment of the transmission interval of
e CCI packets from the 6 first-tier cochannel cells with the
test packet. We can see that in the synchronization eage,
and J(¢) are constant across the test packet and their index
can be dropped. In summary, the signal model of (2) can be

Il. SYSTEM DESCRIPTION .
rewritten as

A. System Model
. . . : 1 J
We consider a cellular packet radio system (see Fig. 1), in _ — —
which data packets are transmitted from one mobile to anotheF(t) = V() + Zl Vyimi(t) + Zl Vaici(t) +w(t) (3)
via a base station and the uplink communication (from mobiles = =

to the base station) is through an S-ALOHA channel. We &gy the whole duration of the test packet< ¢ < L. Therefore,

interested in the throughput of this uplink channel. To this enge can study the packet capture using the statistics of the snap-
we adopt the model of infinite user population and Poisson dafgot of one symbol period.

traffic [2], and we consider the capture effect caused by channeb) Asynchronous Cochannel CellsVhen inter-cell syn-
fading [10]. Denote witly the arrival rate in number of packetS:nronization is not available (either by design or due to
per cell per channel slot and with..,, the probability that a gynchronization errors), the number of CCI packets may
test packet is captured by the base station receiver. Then éﬁﬁnge within the transmission duration of the test packets and

throughput of the uplink channel can be written as thus J(¢) andz;(t) can no longer be treated as constants. Re-
ferring to Fig. 2(b), the transmission interval of the test packet
S = GPeap- (1) crosses the slot border of each cochannel cell and interferes to

the packets transmitted in two consecutive slots. In other words,

The capture probability..,, depends on the relative power levethe number of CCI packets from one cochannel cell changes
of the test packet and the interference. once in the transmission duration of the test packet. In addition,
The packet transmission in the uplink channel in one cele instances of the change of the number of CCI packets from

is subject to, in addition to additive noise and channel fadinthe cochannel cells are distinct from one another because the
two types of interference: MAI which is from contending transprobability of coincidence of two or more instances of change
missions in that cell, and CCI which is from transmissions iis zero under the condition of asynchronization. Therefore, if
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| B. Nakagami Fading Channel
cell 0 To characterize the statistical feature of the signal pawer

cochannel cell 1 y:S andz;s (or z; ,s for the case of asynchronous cochannel
cells), a channel fading model is needed. In this paper, we adopt
the Nakagami fading model [20]. This means tkay; andz;

(zi,) arel-distributed random variables [26]. We further as-
sume that all the MAI packets are with the same fading param-
eters and so are all the CClI packets. Suppose that the Nakagami
fading parameters (amount of fading and mean power) for the
' test packet aré/m, and(2,., for the MAIl packets are identically
1/m,, and(?, and for the CCI packets are identicallym . and

Q.. We requiren,, m, andm, > 1/2 and(2,, Q, andQ2, > 0.
Then, the density functions &f y; andz; are found to be [26]

1 cochannel cell 6

1 | [ 1 1 [ m M gma—1 Mg
. o= () famee (e ®

7 . Ll my\ Y EmyL m,
wo-(32) " Soen(-3e)

wo-(5) (59 o

respectively, wher&'(-) is the standard Gamma function. Note
: Te B that whenm, = 1 (respectiven,, = 1 orm, = 1), (5) ((6)
or (7)) degenerates to the exponential density function which
corresponds to the Rayleigh fading case, i.e., Rayleigh fading is
Ji number of interfence (i=1....7. total 7 intervals) a special case of the Nakagami fading. Therefore, our analysis
(b) based on Nakagami model gives more general results.

cochannel cell 6

[ [ [ [

J1I I 'J3| J4 le

Fig. 2. Timing of (a) synchronized and (b) asynchronous CCI with the test

packet (only the 6 first-tier cochannel cells are considered. The darkest shaded I1l. CAPTURE EFEECTANALYSIS

bar represents the test packet. The lighter shaded bars represents the packets of

the 6 cochannel cells each, respectively. The two different shading of each bait is clear from (1) that the capture probabilify..,, is the

in (b) mean two time slot in the corresponding cochannel cell in which differekby point of the throughput analysis. In this section we first an-
number of packets are under transmission). " L .
alyze the conditional capture probability for given numbers of
MAI and CCI packets. We begin with the case of synchronized
N cochannel cellsi¥ = 6 in Fig. 2(b) as a result that only thecochannel cells.
first-tier cochannel cells are considered and an omnidirectional
antenna is used) are present, there wilNoemes of changes of A. Synchronized Cochannel Cells
the number of CCI packets in the transmission duration of the.|.he test packet captures the receiver if its power supersedes

test pagket, each caused by the change of one coghannel ﬁ%t of the interference plus noise by a margin known as capture
The N times of changes results iM + 1 intervals of different

CCl level for the test ket C v, th ved si ra}ion. In the case of synchronized cochannel cells, the packet
t (2 eve gr be kes p?;]e '1 o_nseque_?h y, the receive S'g%%pture is the same as the symbol capture. Therefore, according
of (2) can be broken intd/ + 1 pieces wi to (3), the probability of capture givdrMAI and J CCI packets

IS

I 1,
() = VXS()+ D> VYimi()+ D Zimcin(t)+w(t) (4) Peap(L, 1) = Pr X > ©)
i=1 ' o Z£:1 yi+ 25:1 zi+W

=1

representing the received signal in theth interval, WhgreW is the power ofth_e additive noise. , , ,
1 < n < N+ 1, whereJ,, 7., and ¢, .(t) are corre- Sincey;s are mutually independent and identicallydis-

spondingly the number of CCI packets, the power of ttie tribu_ted random variables as we havIe assumed in the pr_evious
symbol of theith CCI packet associated with theh interval. SECtion, the total MAI powel = 3, , y; has the density
Note thatJ, and ., are short-term constant within thelU"Ction

interval. We see that the signal capture condition is different

from interval to interval. The packet capture happens when the My Ty gimy—1 My 9

test packet captures in each of tNet 1 transmission intervals. (&)= <Q_> I'(Im,) P <_Q_y£> ©)

Y
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which can be easily derived from (6) using Laplace-Stieljd3. Asynchronous Cochannel Cells

transform. Similarly, we can obtain the density function of the £ the case of asynchronous cochannel cells, the packet cap-

total CCI powerZ = ¥7_, z; as

ture probability can not be computed just based on received
[ me Ime gIm. -1 m. 10) Power of one symbol snapshot. Instead, we need to consider the
f2(§) = Q. T(m.) P\ . ) (10) ' SINR in each of theV + 1 intervals (cf., (4)). For it to capture

the receiver, the test packet must supersedes the interference in

(€L ]) = // a+ B+ W) (E(a+B+W)) power by the capture ratipin every interval. According to (4),

J the capture probability can be written as

v (@) fz(B)dod

ES—:) ()" (3

Im. Pcap(LJ17"'7JN+1)
) P x >
=rr Z 1,
e )T (Tmy )T (Jme ) S i+ Nz + W
x £me~Lexp <_Q_$W€> forn=1,...,N+1}
oo oo ’ - forn=1,...,  N+1%(13
[ Imy—1gJm.—1 {Y+Zn+W G " }( )
| [ (et B+ W)meatmetgims
0 0 with obvious definitions foly andZ,,’s. It suffices that the cap-
My ture condition is fulfilled in the interval with the maximum CCI
X exp |— —E + .
Q Q, power, i.e.,
m;l} Z
- exp {— <—£ + ) ,[3] dadf x
QI Qz Pcap(LJ17"'7JN+1):P N 7 TAs 277 (14)
m my Im, m Jm., Y + Z + w
) (%) (#) _
- T(m.)T(Tm, )T(Jm, ) whereZ = maxi<n<nN+1 Zn.

correlated. We make the approximation that the interval of the

) Deriving the distribution o is nontrivial becaus&,,’s are
maximum CCI power coincides that of the maximum number

Z Z Ml ppma—ke of CCI packets
kN (mg — k El(my — k= 1)!
k=0 [=0 B Jn
y LIy + k)C(Jm. + 1) L~ ) zZin (15)
m Im,+k m m Jm .+l i=1
(Bee+p) ™ (Bee+3) y | |
! : wheren is such thatl; = maxi<n<n+1 Jn. This approxima-
=& exp <—%W£> tion is reasonable considering that the CCl packets are assumed
Q to be faded identically (also independently) and there are large
178 Nl number of them from each of the six cochannel cells. It will also
o be justified using simulations in later sections. Denhtewith

k=0 1= J. Itis easy to obtain the density function6f as

I(Imy + k) P(Jm. +1)

Me Ma—k mw—k 1+1
> Z Wm, — k=11 (
. 2y

[(m,)  T(m.) T ¥ me)’,, £ m 16
l
(;’Zj 8 ) Then we can follow similar procedures of (11) to get the den-
o Jm.+1 1) sity function of the SINR in the maximum CCI power interval
m—ig—ifﬂ) r=x/(Y+Z+W)as

Define the signal-to-interference-and-noise ratio (SINR)
x/(Y + 7+ W). We derive the density function of f,(¢|1,J),  fz(§L, J1,- .., In41)
as shown in (11). The third equality and after in (11) is valid for

can be easily computed as

me me—k My —k—I+1
integerm,, . The fourth equality gives a more compacted version = ™=~ 1exp (—Q—Wf) Z Z k'm—

of the expression where the fading parameters of MAl and CCl k=0 (=0 Hme — k= 1)!
are normalized with those of the test packet's. W™ D(Imy, + k) T(Jm., + 1)
Finally, the conditional capture probabiliy..,(I, J) in (8) (Q_T> '(Im,) T(Im.)

Pean(1, 1) = i LJ)d 12 : (Z;%ﬁ)k (2f 8_)[ (17)
(. 9) = [ AL D) (12) (ot + )™ (e 1)
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only replacing] in (11) with J. The conditional capture proba-for the case of asynchronous cochannel cells. Finally, the cap-
bility follows straightforwardly as ture probability can be computed using (12) and (18).

Pcap(L Ji.. .., JN+1) _ /ff(f”: Jia ., JN+1)df- (18) IV. PACKET THROUGHPUT

0 After obtaining the capture probability for given number of

MAI and CCI packetsPeap (1, J) Of Peap (I, J1,. .., Ins1), We
can get the average capture probability as
C. Consideration of Shadowing g g b P y
The previous sections have focused on the channel fading o =
effects on the capture probability. The additive noise has also Peap = Z Z cap (4 7)P
been taken care of in the expression, so the minimum transmis- i=0j=0
sion power constraint has been embedded. What is yet to bef%r the case of svnchronized cochannel cells and
dressed is the shadowing effect caused by buildings, hills and Y
trees obstructing the radio signal. The shadowing effect results
in random variations in the signal mean powgr, 2, andQ.. p_, Z Z Peap(is 15 jn1) P = 4)

—)PI=j) (22

The randomness is usually modeled with the lognormal distri- =0 j1 s jN41=0
bution, e.g., P(I1= g1, Ingr = ) (23)
C, log¢ + A,)?
fo, (&) = 7 o [—('% . €>0 (19) for the case of asynchronous cochannel cells, where the mass

‘ functionsP(I = 4), P(J = j) andP(J; = j1,..., ny41 =

where jn+1) is determined by the traffic characteristics. In this section,
log we are to derive the mass functionslandJ. Again, we start
C, = with the case of synchronized cochannel cells.
V2o,

2
A. Synchronous Cochannel Cells

B — 952 The distribution of the number of MAl and CCl packetand
» =20, J are quite straightforward under the assumption of Poisson ar-
and(q, is the mean value &t, ando, is the standard deviation fvals with rate; per channel slot per cell. Itis easy to obtained

A, = —log Q. +

7

2loge

in bels. Similar density functions fa2, and(2. exist. that
To take into account the random variationgip, €2, and(2. Gi
in the capture probability, we can view (11) or (17) as condi- P(I=1i)= - exp(—@G) (24)
tioned on the signal mean powefs,, 2, and(2., and average LNG
them statistically. The results are PJ=3j)= ( . ) exp(—NGQ) (25)
0 o0 oo m WLch Im, m Im J:
(€, T) /// - ) (5_3) In (25), N is the number the cochannel cells. When only the
Imy)F(sz) first-tier cochannel cells are considered and an omnidirectional
0 0 O

antenna is usedy = 6.

my my—k '
my—1
€ exp<—£—W§>Z Z N (my —k 1)l B. Asynchronous Cochannel Cells

k=0 [=0
T(Im, + k)T(Jm. + 1) Inthe case of asynchronous cells, we need to evaluate the joint
mg—k—1 Yy z . . . .
N,k T+ distribution ofJ, ..., Jx41. That is not an easy task because
(725”5 + 5—;) (”gff + ’2—3) Jn's are correlated. However, the conditional capture proba-
X fo. (62)fo, (€2) fo. (€)dérdéades (20) DI Peap(L J1,- .+ Tovgs) = Teap(l, 1) depends onl, the
: maximum one among,,s according to (17). So we can study
for the case of synchronized cochannel cells and the distribution ofJ instead. Direct evaluation of the distribu-
" I S tion of J still needs the joint statistics df,s. But we note that
o0 00 o0 (’21) ’ (%) ! (’g_) ) the interference from each cochannel cells are divided into two
fz(6) = /// lr I (] > epochs within the considered duration of the transmission of the
A (ma )T (Imy )T (Jme) test packet (see Fig. 2(b)). Let us denote the number of the in-
My ma—k terfering packets in the two epochs with' andJ*-? for the
~gm="Texp (——Wg> > Z = kth cochannel cellk = 1,...N. Let us additionally define
= = R _k KUl (my, ~k=1)! J¥ = max{J*! J*2} Then, the sum of*s is an upper bound
e =kl I'(Imy + k)L (sz +0 of J,
m Imy,+k Jm., +l1 N
+ 3 el -
( =& ) ( &1 § &3 ) J<)= ZmaX{Jk’l, Jk,2} (26)
X fo, (fl)fﬁy(£2)f§2: (&3)d&rdEadEs. (21) k=1
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0.7

and we will useJ in place ofJ. Using the upper bound will
result in a lower bound of the throughput value. It turns out,
according to our simulations in later sections, that this is so tight
a bound that it almost coincides the real throughput.
SinceJ*!, k = 1,....,N,l = 1, 2 are independent and

identically distributed Poisson variables@f the derivation of
the distribution of] is easy. We have

Throughput S (packets per slot per cell)

, . G7
PM =j)=—e % k=1,...,Ni=12  (27) W
J! “I
Based on it, it is easy to obtain that Ll
k . ka_ : 1k,2 - ; ka_ : 7hk,2_ - 0 y " ! = y
P<J = j) = Pr{J / :jl/ J / §]}+PT{J / SJ/ J i :‘7} ° 0.5 Tra1fﬁcloadG(pa;jsperslowercilb) 2 ?
— Pr{Jbt = Jk2 = j}
j . B Fig. 3. MAI only and no CCI: The same fading parameters are used for the
B G™ G\ Gy, test packet and the MAI packets; the average power is St te= €2, = 1;
- Z W - 7 76 two fading amount parameters,., = m, = 1 (Rayleigh fading) and 2 are
m=0 ’ ’ set; four capture marging= 3, 6, 10, 20 dB are computed; the computation is
j—1 am i\ i performed by setting2. = 0 in (11).
— (9 Z & _) &7 _aa
! il ] . . . .
< m=0 " J- ) whereU is defined as the ratio of distance between the centers
k=1,...,N. (28) of nearest neighboring cochannel cdllsand the cell radiug,
i.e.,
In addition,J*s are independent.is the sum of the independent D
and identically distributed random variablés &k = 1,..., N. U=—4 (31)

Therefore, its mass function can be expressed as _ )
According to the path loss model, the ratio between the mean

PO =j) =PI =)@ P2 =j)...0 PN = j) power of the considered packet and of the CCl is
N Qs D\"
= > IIru*=i (29) Q.- <§> =u (32)
Jibo =g ke :
where2 < v < 6 is the attenuation rate. Substituting (30) and

where® represents convolution sum. Sinde= 6, evaluation (32) into (11) (or (17)), we can easily obtain the capture prob-
of (29) will not be difficult. ability as a function of the cluster size. The distribution of the

With the expressions of the distributionsladindJ, (24) and number of MAl and CCl packets in both synchronized and asyn-
(25) [or (29)], as well as the conditional capture probability (123)hronous cochannel cell cases for given traffic Idadan be
[or (18)] obtained in the previous sections, we can compute therrowed from previous section with no changes. The relation
packet capture probability according to (22); and the result cafithe system throughput and the cluster size thus follows.
be used to evaluate the system throughput.

VI. NUMERICAL RESULTS

V. EFFECT OFCLUSTER SIZE This section provides some plots to visualize the expres-

In this section, we relate the cluster size of a cellular systersions derived in the previous sections. All the plots show the
to the system throughput. First, we need to modify the definitidhroughputS versus the traffic loadsy. Simulations results
of throughputin (1) in order to make fair comparisons among tiae also provided in parallel with the numerical plots when
throughput performance of different cluster sizes. For a givéagcessary to justify the theoretic analysis. The simulation was
coverage, the number of clusters needed is inversely propperformed for a duration equivalent to 100000 time slots.
tional to the cluster size. Since one channel is reused the sdpiiRce we mainly focus on the interference issue, noise has
times as the number of clusters, the throughput per unit cdween omitted in the theoretical computations and simulations,
erage area should be that defined in (1) divided by the cluste., W = 0, even though both can incorporate the noise effect
size. Therefore, for a cluster 6f cells, we shall us€/C as the easily.
measure of the system throughput. We first give the plots for the case of MAI only with no CCl,

We consider the cellular system with omni-cells having fixe@. = 0. This is the case having been addressed in past studies.
size and geographically uniform traffic. The cluster sizef a It is included however, for completeness and verification. Re-
cellular system is related to the cochannel reuse disttinas sults for two sets of fading parameters as annotated on the plots

(e.g., [28]) are shown in Fig. 3. Those results are consistent with other re-
searchers’ work, e.g., [14], [24] implying that our result is more
U=vV3C (30) general and can degenerate to simpler cases studied previously.
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Fig. 4. MAI and synchronized CCI. Four sets of fading parameters as shoWwig. 6. MAIland asynchronous CCI. The same fading parameter setup as Fig. 4
in the title of each subfigure are computed; the average power of the CCl pack&®g used except CCl packets are asynchronous; the theoretic results are obtained
are set to be 10 dB below the test packet and the MAI padkefg2. = 10;  through numerical evaluation of (18), (24), (29), and (22) and simulation results
three capture margins are computed; the theoretic results are obtained thraugrobtained by Monte Carlo simulation of (4) and (13).

numerical evaluation of (12), (24), (25), and (22) and simulation results are

obtained by Monte Carlo simulation of (3) and (8).
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Traffic oad G (peckets per siot per ool ’ Fig. 7. MAI and asynchronous CCI: Comparison among different sets of
fading parameters are made by reproducing the theoretic results from four

subfigures of Fig. 6.
Fig. 5. MAI and synchronized CCIl. Comparison among different sets oP g g

fading parameters are made by reproducing the theoretic results from four
subfigures of Fig. 4. . .
seen that asynchronism causes much more serious throughput

reduction. This is because that asynchronism causes fluctuation

Note that the curve correspondingrio= 20 dB is practically of the interference, which lowers the capture probability. Con-
the throughput for standard S-ALOHA. ceptually speaking, the packet capture for the asynchronous case

The second group of results show the effect of CCl in additiaa only possible when the capture margin is exceeded in all the
to that of MAI. Fig. 4 is for the case of synchronized cochanné¥ + 1 intervals of different CCI level [cf. Fig. 2 and (13)]. If
cells and Fig. 6 asynchronous. Results of four sets of fading pee perceive that the capture effect in each interval are indepen-
rameters are shown. Simulation results are shown against dest and the capture probability in each interval is the same and
theoretic results. For comparison purposes, the theoretic datpal to the packet capture probability of the synchronized case,
for the four sets of fading parameters are reproduced in Figs8yp, the packet capture probability for the asynchronous case
and 7, respectively, from which we see that the existence of O@buld be onlyp?', which can be significantly lower thanwhen
significantly degrades the throughput performance, and that thés small. Though the correlation among the number of CCI
more the amount of fading of the interference, the more tipaickets in succeeding intervals may somehow limit the extent
throughput reductions. Fig. 8 is also a reproduction of the daththis trend, it does not completely offset it.
from Fig. 4 and 6, which compares the synchronized and asyn-Another issue deserving special notice is that the highly con-
chronous cochannel cell cases for a chosen set of parametgstency of the simulation and theoretic results, especially in the
me =my =2,m, =1,Q, =Q, =1,Q, = 0.1. It can be asynchronous case where approximations have been made for
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Fig. 8. Comparison for synchronized and asynchronous cases for the fadfig 10. Effects of cluster size for synchronized CCI case under the fading
parameter setp, = m, =2,m. =1,Q, = Q, = 1,Q. = 0.1; the plots parametersn, =m, =2,m. =1,Q, = Q, = 1,w. =0.1.
are reproduced from the corresponding ones in Fig. 4 and 6.
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Fig. 11. Effects of cluster size for asynchronous CCI under the fading
Fig. 9. Fading and lognormal shadowing,, = m, =2, m. =1,Q,, = parametersn, =m, =2,m. =1,Q, =Q, = 1,w. = 0.1.
Qoy = 1,we. = 01,0, = 0, = ¢ = 0.01/0.3/0.6; the results are
obtained through numerical evaluation of (20)/(21), (12)/(18), (24), (25) and
EE;Z): Sam) SFE;T o) a6y reproduction of the middle curves and asynchronous CCl cases, respectively. Note that the y-co-
ordinate here isS/C instead ofS. We see that under light to
moderate traffic load, systems of small cluster size offer better
mathematical tractability (cf. Section I1I-B and IV-B). The simperformance. This is because the higher frequency reuse ratio.
ulation results are obtained by Monte Carlo simulation of (3)nder heavy traffic conditions however, large cluster size out-
and (8). performs. A qualitative explanation is that in heavy traffic, CCI
The shadowing, in addition to fading, is considered in plottingauses significant reduction of the throughput per cell that out-
Fig. 9 for both synchronous and asynchonized CCl cases. TWe€ighs the spatial reuse factor.
fading parameters ate, = m, = 2, m, = 1, o, = Qoy =
1, Q. = 0.1,ando, = o, = 0. = 0.01/0.3/0.6 bel. The
capture margim is 6 dB. The results are compared those in
Fig. 4(b) and (6b) with corresponding parameters. Actually, the We have developed a theoretic framework for the throughput
curves ofo, = o, = 0. = 0 are reproduction of middle curvesanalysis of S-ALOHA in a cellular system and Nakagami
(n = 6 dB) in Fig. 4(b) and (6b). We observe that shadowinfading environment. Our paper is consistent with previous re-
benefits the throughput and the more the variation of the averagts on the effects of MAI and signal capture to the throughput
power the higher the throughput. This is of course because tbatS-ALOHA. We additionally included in our analysis the
shadowing causes more variations of the received signal po€!| which is an important issue when multicell scenarios
and enhances the capture effect. are considered; and our analyzes showed that CCI, especially
The throughput performance for different cluster sizes of thie an asynchronous mode, has a significant impairment on
cellular system is shown in Fig. 10 and 11 for the synchronizéide throughput performance. This may suggest that a proper

VII. CONCLUSION
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system-wide synchronization is necessary to achieve higl20] M. Nakagami, “The m-distribution—a general formula of intensity dis-
system throughput. tribution of rapid fading,” inStatistical Methods of Radio Wave Propa-

; " gation W. Hoffman, Ed. New York: Pergamon, 1960, pp. 3-36.
Since many other system parameters and channel Condltlofﬁ] S. A. Al-Semari and M. Guizani, “Channel throughput of slotted

can be easily incorpprated, the _dgvelpped framework Car." be " ALOHAIna Nakagami fading environment,” ifroc. ICG, June 1997,
used for system design and optimization. For example, since pp. 605-609.
CClis related to the channel reuse distance of a cellular systeri#?] M. Abdel-Hafez and M. Safak, “Correlated shadowing and near-far ef-

: : : fects on throughput of slotted ALOHA in Nakagami fading environ-
the cluster size comes into the expression of the throughput and ment,” in Proc. 9th Mediterranean Electrotech, Carllay 1998, pp.

its effectis not so obvious. Though a smaller cluster size benefits  751_705
the system throughput through higher frequency reuse rate, th#s] ——, “Throughput of slotted ALOHA in Nakagami fading and corre-
benefit can be offset by the increased CCl level. Therefore, cer-  lated shadowing environmen€lectron. Lett, vol. 33, pp. 1024-1025,

L .. . . . . . June 1997.
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