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Stability of Mobile Slotted ALOHA Network
with Rayleigh Fading, Shadowing, and
Near-Far Effect

CORNELIS VAN DER PLAS anp JEAN-PAUL M. G. LINNARTZ, MEMBER, 1IEEE

Abstract—Queueing of packets in a mobile slotted ALOHA network
with Rayleigh fading, shadowing, and UHF groundwave propagation is
studied, using a finite Markov chain model. Receiver capture, assisted
by all three propagation mechanisms, reduces bistability of the network
substantially, compared to wired networks: the stability of mobile
networks is less sensitive to the retransmission strategy. The near-far
effect is highlighted, since the total network performance and the spatial
distribution of the attempted traffic interact.

I. INTRODUCTION

LOTTED ALOHA [1], [2] is a well-known multiple-

access protocol in mobile networks. Mobile terminals
transmit packets over a common radio channel to a central
base station over a common radio channel in predefined time
slots, but without any mutual control or centralized regula-
tion except for positive acknowledgments of reception. If two
or more terminals transmit simultaneously, a packet collision
occurs; this mutual interference may result in loss of packets.
Such packets are retransmitted after waiting a random num-
ber of time slots after the missing acknowledgment from the
base station. In most cable networks, e.g. local area networks
(LAN’s), any collision may be assumed to destroy all packets
involved. This limits the channel capacity of slotted ALOHA
to 37%, and the network exhibits a tendency to instability
[2]. Colliding packets from mobile terminals, on the other
hand, arrive with different power levels. Since the strongest
packet may be able to capture a discriminating receiver,
enhanced capacity is obtained [3]-[10], [25].

In the present paper, dynamic network behavior is investi-
gated, using the classical ALOHA queueing model [12], [13]
as extended in [11] to mobile channels (Section II). We focus
on the assessment of receiver capture probabilities, based on
a general propagation model for mobile radio communica-
tions described in Section III. In Section IV, a spatial weigh-
ing method is developed which takes Rayleigh fading, shad-
owing, and the near-far effect into account analytically.
Section V compares the effects of the three mechanisms on
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network stability. The near-far effect is investigated in Sec-
tion VI; since the majority of all retransmissions originate
from (distant) areas with poor propagation [8], [9], we
compare uniform and nonuniform spatial distributions of
traffic.

II. QUEUING MODEL

The slotted ALOHA network is assumed to comprise N
identical, independently operating mobile terminals. The be-
havior of each terminal is described by a finite Markov chain
with three states [11]-[13] (Fig. 1(a)). In the origination state
(0), a packet is generated (and transmitted in the next time
slot) with probability p,. In the transmission state (T'), the
terminal is busy with either transmitting a new packet or
retransmitting a previously collided packet. The mobile ter-
minal returns to the O state if it receives a positive acknowl-
edgment at the end of the time slot during which a packet is
transmitted; otherwise it enters the retransmission or back-
logged state (R). From the latter state, retransmission (i.e.,
transition into the T state) occurs with probability p,. A
backlogged terminal is blocked in the sense that no new
messages arrive when the terminal is in state R.

The behavior of the entire slotted ALOHA network is also
modeled by means of a finite Markov chain (Fig. 1(b)). With
N terminals, we have N + 1 states, defined as the number of
terminals in state R at the start of a time slot. During a time
slot, i packets are transmitted whenever i terminals, each
being in an O or R state, change into the T state at the same
time. The probability g; that one out of the / colliding
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packets is successfully received (captured) is studied in Sec-
tion IV: Namislo [11] expressed the state transition probabili-
ties for a network with capture in terms of the number of
participating terminals N and the probabilities of generation
Do, capture g, and retransmission p,. State probabilities =,
can then be obtained recursively [2]. Further, the throughput
S, in state n is found from the probability to successfully
transmit a packet in a time slot and is determined by averag-
ing the probability of i (i = j + k) colliding packets, given a
backlog of n terminals, i.e.,

N-—n N n N X
= - k — -n-
Sn kgo(N_n_k)pO(l pO)
n n ; nej
S ()P0 =) a 1)
Jj=0

Stability depends on the expected drift 4, in each state,
defined as the difference between the expected input and the
expected output traffic in that state, i.e.,

dné(N_n)pO—Sn (2)

In a simulation to be described in Section VI, this drift is
obtained directly as the average motion toward another (higher
or lower) state, when the network is in state #. The network
is expected to operate in a state near an equilibrium point,
i.e., where the expected drift (2) crosses zero with negative
derivative [11], [12].

The average total network throughput S is found by aver-
aging (1) over the state probabilities ,,, viz.,

(states per time slot).

N
S= > 7,5, (packets per time slot).

n=0

(3)

In a well-functioning network in equilibrium, the channel
throughput S must equal the newly generated traffic, so

§= (N - 75)po, 4)

with 7¢ the average backlog, defined as the average network
state

N
g2 Y wn. (5)
n=0
The expected delay D is
T .
D= 3 (time slots). (6)

III. PROPAGATION MODEL

The mobile radio channel can be characterized statistically
by three independent, multiplicative, propagation mecha-
nisms, namely multipath fading, shadowing and UHF
groundwave propagation [16]. The latter mechanism gives
rise to the near-far effect and determines the area-mean
power p,, i.e., the received power averaged over some area
in order to eliminate the former two local mechanisms. The
normalized area-mean power received from a mobile termi-
nal at a distance r from the base station is taken to have the
form

p,=r", (7)
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with the empirical constant (3 in the range of three to four.
Shadowing is assumed superimposed on the near-far effect
(7). This (slow) statistical fluctuation is described by a log-
normal distribution of the local-mean power p, about the
area-mean power p,, i.e., if the local-mean power is ex-
pressed in nepers, it has a normal distribution about the area
mean, with a logarithmic standard deviation o,. Finally,
multipath reception causes Rayleigh fading. Thus the instan-
taneous received power p of a signal from a mobile terminal
is exponentially distributed about the local-mean power, and
has a faster fluctuation.

Combining all three propagation mechanisms, the uncondi-
tional probability density function (pdf) of the instantaneous
power p, of a received packet is [17]

® e ] pe\  Sf(r)
Inlp) = [, p‘,e""(‘p_l)_mosp;

- exp {_

Here, f(r) is the pdf of the propagation distance describing
the spatial distribution of the offered packet traffic around the
central receiver [4]. The received packet powers p, from
two successive transmissions by the same terminal are as-
sumed entirely uncorrelated because of Rayleigh fading and
shadowing.

(In p, + Bln r)’

2
20

drdp,.

(8

IV. CAPTURE MODEL

Conditional capture probabilities as required in the queue-
ing model (1) are obtained for the propagation scenario (8).
A test packet is assumed to capture the base station if and
only if its instantaneous power exceeds the instantaneous
joint interference power by at least a threshold factor z [4],
[7]-19], [25], which reflects the capture performance of the
applied receiver, modulation and coding techniques. During
the capture of a packet, the received (instantaneous) power pg
is assumed constant [18]. The ALOHA channel is principally
contention limited, so thermal and man-made noise are ne-
glected, as is the influence of the irreducible errors due to
random Doppler modulation.

For this type of Rayleigh fading channels, the weight
function approach [8], {9], based on Laplace transforms [19],
yields a convenient method of analyzing capture probabili-
ties. This method applies the Laplace image ¢p,(¢) of the
pdf of the instantaneous joint interference power p,, defined
as

60n(0) 2 [ exp (=) ()

0

©)

The probability of capture, given the local mean power of the
desired test packet p,,, can be expressed as [8], [9], [20]
Pr (capture |i — 1, p,,)

=Pr(ps/pn>z|i_ 11p11)

[ |- 2 i
= — €Xp§— — X) X ax
z Y0 Py P br d
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= /me’(p{_ﬁ}fpn(x) dx
0 Py

2 $pa(2/P11)-

If the interference power p, is due to incoherent accumula-
tion of i — 1 independently fading signals, the joint pdf is the
(i — 1)-fold convolution of the pdf of the individual signal
powers. Laplace transformation results in the (i — 1)th power
of the characteristic function of the pdf of one single inter-
ferer, viz.,

lapll) =¢;_SI(Z/P”)- (10)

Rayleigh fading of the test signal is included in (10) since this
probability is conditional on the local mean power p,, re-
ceived from the mobile transmitter. The Laplace image ¢ py(v)
of (8) is expressed as

Pr (capture | i —

N ® po 1 f(l‘)
ori(v) _/(.) /(; 1+vp, V27a,p,

p(

The integral transform (11) of the spatial distribution can be
interpreted as a weighing of the vulnerability of the test
packet to interference at distance r, i.e.,

ons(s) = [ W(w.n 10

(Inp, + BIn r)2

57 ) drdp,. (11)

(12)

where the vulnerability weight function W(-) 0 < W < 1)
is defined by

xp (—x?)

W(v,r) £
(v, “Pexp{xav2}

dx.

e

13

\/7 / w1 +vr ( )

For channels without shadowing (¢ — 0, and thus p; = r f,
the simpler weight function discovered in [8], [9]

(14a)

is recovered, and the conditional probability of capture be-
comes

i-
Pr {capture|i — 1, r,} = —d . (14b
! 1+ zrfr 5

Here, r, is the distance between the base station and the
terminal transmitting the test signal. Fig. 2 illustrates that the
capture model proposed in [3] is recovered by replacing (13)
by a step function. The latter model [3], [6], [26] ignores
cumulation of interference power, Rayleigh fading and shad-
owing: it assumes capture if and only if no colliding packet is
transmitted within the ‘‘vulnerability circle’” with radius r,
: \B/Z around the central receiver. However, active terminals
outside this circle do introduce some interference. Accord-
ingly, the integral in (12) has its upper limit at infinity.
Apparently, Rayleigh fading and shadowing of the interfering
packet traffic change the circle adopted by Abramson into the
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Fig. 2. Weight factor W(1, r) (—) and its approximation (--) [3], describ-
ing the vulnerability of a test packet to interference at normalized distance
r. Shadowing is 0, 6 and 12 dB.

softer transition region described by the vulnerability weight
function (13). A further comparison of the capture criteria in
the models suggested in [1] and [4] is presented in [25].

In order to investigate the network in its entirety from the
Markov chain model (1), capture probabilities unconditional
on the location of the mobile transmitting the test packet are
required. To this end, probability (10) or (12) must be
averaged over the pdf due to the shadowing and near-far
effects on the test signal. The capture probability, given that
i — 1 packets interfere, then becomes

z/m/"'a f(r)

V27 a.py,
—(In p;, + BIn r,)2

2
20

Pr {capture | i — 1}
.exp{ ][daps(z/p,,)]i_ldp"dr,.
(15)

Despite our assumption of a discrete number of N participat-
ing terminals in the queueing model, the packet traffic is
taken to be continuously spread over the coverage area for
the assessment of the capture probabilities [11]: a uniform
spatial density of the offered traffic in the range 0 < r < 1,
and thus

f(r) _ {Zr, forO<r<i1

0, forr>1 (16)

is inserted in (12) and (15). In the Appendix it is shown that
in this event, the capture probability, conditional on the
number of interferers i — 1, is the threefold integral

2 o
Pr {capture | i — 1} = 7_—/1/ r,exp (—x2)
™ Jo — 0o
i-1
f(x, y)exp(~»?) dy] dxdr, (17)

=1
gl

with f(x, y) defined by
1
- arctan {z"/zr;2 exp (5 V2o (x - y))}

1
flx,») &1~ {\/erexp(ix/fas(y -
The probability g, that one out of i packets captures the base
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Fig. 3. Probability that one out of / packets successfully captures the base
station, for Rayleigh fading (*), Rayleigh fading and shadowing (o, = 1.36
or 6 dB) (+), near—far effect and Rayleigh fading (X ), and near-far
effect, Rayleigh fading and shadowing (-). Receiver threshold z = 10.
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Fig. 4. Drift for a network of N = 100 users for (a) a receiver without
capture, and for a receiver with threshold of 6 dB (z = 4) for a channel
with (b) Rayleigh fading only, (c) shadowing (g, = 1.36 or 6 dB) and
Rayleigh fading, (d) near-far effect and Rayleigh fading (d), (e) near-far
effect, shadowing (o, = 1.36) and Rayleigh fading.

station is found from
(18)

since the probability that two or more packets capture the
receiver simultaneously is zero. Results are illustrated in Fig.
3 for various propagation models, assuming a receiver
threshold of z = 4 (6 dB). The nonzero limit for i = o is
due to the unrealistic traffic assumed in the immediate vicin-
ity of the base station (r — 0).

q; = i Pr{capture|i — 1}

V. NETWORK STABILITY

Inserting the probabilities (18) and (17) in (1) and (2) gives
the expected dynamic behavior of the network. In Fig. 4, the
dynamic behavior of the mobile network is shown for various
propagation models in terms of the expected drift (2). A
population of N (N = 100) terminals, spread with equal
probability over the coverage area (16), and contending for a
common receiver with a threshold of z = 4, is assumed. The
probability of packet generation is p, = 0.0055 and the
probability of retransmission is p, = 0.08. If capture never
occurs (g; = 0 for i > 1), entire saturation (7, = N = 100)
leads to extraordinarily high delay (D = 4.6 107 slots). For
the traffic parameters studied here, network performance is
not essentially improved by Rayleigh fading only, e.g. if
adaptive power control is applied to compensate slow power
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variations: steady-state operation is found at a backlog of
nearly 7, = 100 terminals, leading to an average delay of
D = 7000 slots. The curves ¢, d, e in Fig. 4 for Rayleigh
fading combined with shadowing or near-far effects all show
a single, almost identical equilibrium with low average delay
on the order of 10-15 time slots. Even if the near-far effect
is ignored, i.e., f(r) = 8(r — 1) in curve c, the network is
stable and terminals experience little backlog. Therefore, it
may be concluded that for the reported traffic parameters, the
stability of the network does not rely on terminals unrealisti-
cally close to the base station.

The drift at high backlog, especially d,;, is mainly deter-
mined by the probability of capture in the event of many
colliding terminals. Due to Rayleigh fading, the power level
is usually relatively constant with occasional deep fades,
whereas up-fades are rare. Hence, the probability that one
out of many Rayleigh fading signals is sufficiently stronger
than the joint interference is low as compared to other
propagation mechanisms (see Fig. 3). Consequently, the drift
from full saturation d,y, is almost zero in curve b. The
log-normal distribution, due to shadowing, exhibits a higher
probability of up-fades of the signal power, resulting in a
negative drift of d,y, = —0.1 away from the situation with
all terminals in backlog. The spatial distribution (16), with
finite traffic in the immediate vicinity of the receiver, has a
fast recovery of about — 0.4 backlogged terminals per time
slot away from states with high backlog. In this event, —dy
and S, roughly equal the capture probability g, since g; is
almost constant for large i.

Fig. 5 gives the region for p, and p, where the network
with N = 100 terminals is bistable. The locus (—) of the
bifurcation set for ALOHA without capture (g, =0 for
i > 0) is taken from Onozato and Noguchi [14]. Recently,
additional bifurcations sets were reported, mapping the stabil-
ity of a slotted ALOHA network with capture where the users
are divided into two groups [15]. A similar catastrophe
theory for a full propagation model including Rayleigh fad-
ing, shadowing and the near-far effect, has not yet been
developed. Our bifurcation set (- -) was estimated by trial and
error with the technique used to obtain drift curves as in Fig.
4. The mobile network exhibits bistability at substantially
higher packet traffic loads when receiver capture occurs,
even for a receiver threshold of 10 dB (z = 10). The region
of bistability is relatively small: the transition through this
area from a single (low-backlog) equilibrium into saturation
occurs for relatively small increments of the packet genera-
tion probability p,. In contrast to this, since the bifurcation
set of the mobile net is almost parallel to p,-axis, a change in
the retransmission probability has less effect on the stability
of the net. For a packet generation probability up to p, =
0.002, even a persistent retransmission schedule (p, = 1)
leads to a stable network. Decreasing the generation probabil-
ity p, always has a positive effect on the network perfor-
mance, since the drift toward lower backlog increases for all
n. Simulations [24] indicated that reducing the probability of
retransmission p, has a positive effect on the network perfor-
mance in saturated networks (increasing throughput, decreas-
ing backlog, and delay), but a negative effect in stable,
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distribution (—), a log-normal spatial distribution with o, = 2 (= 8.68
dB, --) and a simulation ( -+ ). The probability of generation of a new
packet p, = 0.0055. The probability of retransmission is p, = 0.08.
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unsaturated networks (lower throughput, increasing backlog,
and delay). In bistable nets, appropriate reduction of p, can
remove bistability. Simulation runs, however, indicated that
the newly attained stable network usually is in relatively high
backlog. By reducing the probability of retransmission, the
effective time each terminal spends in the origination mode
also reduces, which indirectly resulted in a low input traffic
load. This suggests that mobile channels might as well be
managed by directly controlling the input traffic, for instance
by limiting the number of terminals N that are allowed to be
signed on simultaneously.

VI. NEar-FaAr EFFecT

As in many other studies (e.g. [4], [11]), until now termi-
nals were assumed to be (quasi-) uniformly distributed over
the coverage area. As an alternative, the log-normal spatial
distribution

8 B%Inr?
r)=——exp{——5— 1|, 19
Sf(r) \/2—71_’% Y 26; (19)

with o2 the spatial logarithmic variance, was suggested in
[21]. This allows more realistic modeling of the packet traffic

very close to the central receiver, since all (linear) moments
of the pdf of received power are undefined for the uniform
spatial density (16), whereas the log-normal distribution (19)
gives finite moments [22]. Still, (16) provides a logarithmic
standard deviation of the received power, viz. [21]

2

2 _a2 2 _ a2 [! 2_(1
ad—B/Oln r2rdr- 8 /Olanrdr = 26).
(20)

The true uniform distribution (16) should therefore be com-
pared with a lognormal distribution with ¢, = 2 (8.68 dB),
for 8 = 4. The state probability =, and average drift d,, are
depicted in Fig. 6 for a receiver threshold of z = 10 (10 dB).
For the selected traffic parameters ( p, = 0.0055, p, = 0.08),
the two spatial models studied give different assessments of
the stability of the network with N = 100 terminals. While
the assumption of a uniform (continuous) distribution of the
offered traffic suggests a stable network with little backlog,
the log-normal model predicts bistable performance.

Judging from the results of a simulation [24] which took
into account the effect that most retransmissions originate
from the boundary of the service area, both the uniform and
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the log-normal distributions lead to optimistic estimates of the
network performance. Initially the software simulation pro-
gram randomly distributes N (N = 100) terminals over the
area 0 < r < 1 and estimates the corresponding area-mean
powers (7) for every terminal. All terminal states are mod-
eled as a tristate variable. In the O state, the program
performs a random experiment to simulate generation of a
packet with probability p,. In the R state, permission for
retransmission of a previously collided packet is granted with
probability p,. In both cases, the terminal enters the T state
where the transmission and propagation of a packet is simu-
lated by the random generation of an instantaneous received
power p., according to an exponential distribution with mean
(1). Shadowing is ignored in this experiment (i.e., o, = 0).
By accounting for all the received interference packets, the
program determines whether any of the colliding packets is
strong enough to capture the receiver.

Due to the near-far effect, the average time a terminal is
in the retransmission mode increases with distance. Since
Po < D,, the traffic offered per unit of area increases with
distance. This has a disadvantageous influence on the net-
work performance: colliding signals are more often received
from far away [3], [8], [9] and hence with almost equal (low)
powers. Consequently, the probability g; that the power of
one of the signals largely exceeds the joint interference is
relatively low.

CONCLUSION

A weight function approach has been developed to investi-
gate the combined influence of three types of mobile fading
on capture probabilities in the mobile packet radio. It has
been observed that inclusion of Rayleigh fading actuaily
facilitates mathematical analysis, rather than complicating
derivations. To obtain capture probabilities in the presence of
simultaneous Rayleigh fading, shadowing and near-far ef-
fect, an integral solution using a numerical method (the
Hermite polynomial method) is possible. Consequently,
Monte Carlo simulation, as used e.g. in [11], or approximate
methods matching only the first- and second-order moments
of the pdf’s [22], [7], [10], can be avoided. Results have
been presented for a uniform spatial distribution of the packet
traffic offered to the ALOHA channel, and the influence of
alternative modeling of the near-far effect has been investi-
gated.

Our calculations reveal that bistability of the mobile net-
works considered occurs only for a very limited range of
transmission parameters. The transition from low-backlog to
saturation, i.e., the transition through the area of bistability,
is very abrupt. This suggests that, in contrast to the case for
wired networks, protocol design should focus on continu-
ously assuring sufficient throughput and acceptable delay, for
instance of exercising (slow) centralized control over the
(number of) terminals allowed to sign on. The effects of the
various propagation mechanisms on network performance is
clearly exhibited at high backlog. The probability that an
individual signal is sufficiently strong to survive a collision
with many contenders is very small in channels with Rayleigh
fading only. This type of channels fails to recover rapidly

IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 39, NO. 4, NOVEMBER 1990

from situations of high backlog. Shadowing enhances the
drift toward a lower backlog. The near-far effect gives
nearby users a further increased probability to survive a
collision. This effect was found particularly effective in re-
trieving the network from high backlog.

In mobile ALOHA networks, issues of (dynamically) re-
solving instability and collision resolution are presumably
less critical compared with networks without capture. How-
ever, the near-far effect may not always be modelled by a
(continuous) uniform spatial density of the traffic. This popu-
lar model fails in two respects.

1) It allows terminals to be infinitely close to the base
station. For high traffic loads, stability may therefore rely
upon terminals unrealistically close to the base station;

2) Another effect is the interaction between the attempted
traffic and the system performance: almost all retransmissions
are clustered in (distant) parts of the coverage area with poor
propagation. Since these transmissions may arrive with al-
most equal (and low) power, mutual collisions usually result
in the loss of all packets involved. Throughput and delay are
thus less enhanced by capture than suggested by the theoreti-
cal investigations of (quasi-) uniform spatial distributions
reported recently. Similarly, the assessment of stability areas
in this paper may be further refined by investigating the drift
at high backlog from a nonuniform and dynamically changing
spatial distribution of the backlogged terminals.

A similar effect as in 2) is believed to occur in networks
with stationary terminals, such as in narrow-band indoor
wireless office communication. The main cause of fading,
transmitter mobility, is not present for terminals at a fixed
location. Transmitters accidentally placed near a multipath
null generate the main part of all retransmissions. Simulation
revealed that area-mean powers remaining fixed for each
terminal due to virtually constant propagation distances de-
grades the performance for mobile networks. Presumably,
constant shadow and multipath attenuation during retransmis-
sions in fixed networks further degrades overall performance.
A more detailed study of the network performance for sta-
tionary subscribers is recommended.

APPENDIX
CAPTURE PROBABILITIES FOR SPECIAL CASES OF THE
SPATIAL DISTRIBUTION
A. Uniform Spatial Distribution
For a uniform distribution of the offered traffic (16), the
Laplace image (11) of the (unconditional) pdf of received
power P, is

o ( z ) /1 2r
Ps Dy B o VT
o B8 2
Do r?oexp(—y
/ “B ull ) dydr (21)
— Py TP+ 2 exp(yo,V2)
where

2o 02 (P 1)

= 22
r 2 052 ( )
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has been substituted. After substitution of

r’py,
zexp(yo,v2)’

the image for UHF groundwave propagation (3 = 4) be-
comes

ool s S

e

(23)

vz 1
. exp {— \/Z_yos} exp{-y*ldy (24
with ¢, defined as
fow 2 %l—' exp (—yo,v2). (25)

Using [23, 14.115], the image function becomes

o (pl,) \/__/_w

\/gexp{—%ﬂy%}

which is to be inserted in (15). The integral over p,, is
rewritten, using the substitution
2 1n2 (p Itrtﬁ )
xX° = —————2 .
20,

1
exp {— \/fyas}
Vo 2

-arctan ( exp{—»*} dy (26)

(27)

The probability of capture, conditional on the number of
interferers i — 1, is the three-dimensional integer

/ / r, exp )

[—}—/ Fx ) exp (-

-~

with f(x, y) defined by

Pr(capture | i — 1)

»?) dy dxdr, (28)

o(y = )]
- arctan {z‘”zr,‘2 exp {%\/fas(x - y)}} (29)

f(x,y) 11— Vzr? exp{

B. Log-Normal Spatial Distribution

For the log-normal distribution of the area-mean power
(19), the capture probability becomes

® 1
=] d —_— —y2
q! l o )’0 \/; eXP{ y()}

;/“ exp {y0v2jexp{-r} 17
Vr J_oexp{y,0vV2} + zexp {yov2} 7

(30)
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with 02 £ 62 + g}. In [10], the steady-state throughput of a
mobile ALOHA network with Rayleigh fading and shadow-
ing was estimated from an approximation technique for as-
sessing the log-normal distribution of the joint interference
signal [22]. It has been verified that the exact formula (30)
gives almost identical results.

For the uniform and log-normal spatial distribution, nu-
merical results for the capture probability (28)-(30) have
been obtained using the Hermite polynomial method. Both
infinite integrals in (28) and (30) are approximated using

/_mf(y)exp{—yz} = lewmf(ym) + Ry (31)

For an M-point integration, the weight factors w,, in the
sample points y,, are in [19, table 25.10]. The remainder
R, is

M!VT

Ry = ‘2—(*Tf(2M)(f)

(32)

with £ a point in the interval (— o, o). For integrands in
(29) and (30), the 2 Mth derivative can be shown to be
bounded to some constant, e.g. f?M(£) < C,, for all £.
Since C,, does not increase substantially with M, the re-
mainder R ,, rapidly vanishes for increasing M. It appeared
that, for M larger than say 10 or 20, the numerical results
becomes almost independent of the number of samples M.
More critical is the evaluation of the integral over r, in (28)
and (29), since the number of samples near the limit r, = 0
may need to be increased for a large number of contending
signals (large 7). This is because the main contribution of the
capture probability occurs for signals transmitted very close
to the base station (small r,). It is our experience that in
particular after substituting the distance of the test packet into
any other integration variable, the accuracy of the numerical
method should be examined carefully.
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