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Performance Enhancement of the Joint CDMA/PRMA Protocol
Using Pseudo Bayesian Approach
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8 Abstract B—

A new channel access function is proposed to enhance the performance of the joint CDMA/PRMA. It is
obtained in consideration of the number of terminals in reservation mode and the number of terminals in
contention mode whose probability distribution is estimated by applying pseudo Bayesian approach. Simulation
results show that the performance of the joint COMA/PRMA can be improved by applying new channe! access
function under voice-only traffic and mixed voice/random-data traffic.

1. Introduction

circuit-switched architecture. For packet-switched
network architecture, research has been carried

A wide range of services like voice, video, and out on both time-division multiple access

data services, have to be provided in FPLMTS
(Future Public Land Mobile Telecommunication
Systems). In FPLMTS, a packet-switched net-
be preferred to the

work architecture will

(TDMAX[3], [4), [5]) and direct-sequence code
division multiple access(DS-CDMAX2], [7]).
In packet CDMA, rather large varlance of

multiple access interference(MAI) results from
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random access to the channel. Brand et al.([1])
have proposed a Joint CDMA/PRMA(code divi-
sion multiple access/packet reservation multiple
access) to reduce variance of the interference
and to increase throughput. In Joint CDMA/
PRMA, the time axis is divided into slots
which are grouped into frames as in PRMA([4])
and resources are allocated on the basis of
packet spurts. To reduce variance of the inter-
ference, Brand et al. propose a channel access
function which relates the number of terminals
in reservation mode in a slot to the permission
probability for terminals in contention mode in
the same slot of the subsequent frame. They
have derived channel access function through a
heuristic approach and shown that the capacity
of a cell in a cellular environment can be in-
creased up to 55-84% by Joint CDMA/PRMA,
compared to that of the random access CDMA.

Since the performance of a Joint CDMA/
PRMA depends on effectiveness of the channel
access function, we focus on the derivation of
more efficient channel access function. If we
know the number of terminals in contention
mode as well as the number of terminals in
reservation mode in a slot, we can compute
expected packet corruption probability for a
given permission probability. Thus we can select
permission probability as large as possible to
increase channel efficiency, guaranteeing the
QoS(Quality of Service) requirement on the
packet corruption probability. But the number
of terminals in contention mode is unknown at
the beginning of a slot. So we adopted pseudo
Bayesian approach suggested by Rivest([6]),
who derived a pseudo Bayesian broadcast algo—
rithm to enhance the performance of the slotted
Aloha type broadcast channels, to obtain the

probability distribution of number of terminals
in contention mode in a slot approximately.

The rest of this paper is divided as follows.
Section 2 describes the Joint CDMA/PRMA pro-
tocol. In section 3, the new channel access
function is derived for voice only traffic and
mixed voice/random-data traffic. Simulation re-
sults of the performance of the new channel
access function are provided in section 4 and

conclusions are presented in section 5.

2. Joint CDMA/PRMA Protocol

In Joint CDMA/PRMA, the time axis is
organized in frames each containing a fixed
number of time slots. A terminal that generates
periodic data spurt switches from idle to
contention mode and attempts to transmit the
initial packet of a spurt by performing a Ber-
noulli experiment with a given permission pro-
bability. A terminal attempts to transmit the
initial packet of a spurt in each consecutive slot
until the base station acknowledges successful
reception of the packet, or until the packet is
discarded by the terminal because it has been
delayed beyond a certain time limit, Dy, . If a

terminal drops the first packet of a spurt, it
continues to contend for a reservation to send
subsequent packets. A terminal switches from
contention to reservation mode as soon as a
successful packet reception is acknowledged
by the base station. If a terminal switches to
reservation mode in * slot of a frame, it will
stay in reservation mode and the subsequent
packets are transmitted without contention in
the " slots of the subsequent frames until the

last packet of the current spurt is transmitted.
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A terminal switches from reservation 1o
contention mode and begins contending to send
next packet if a packet sent in reservation
mode 1s corrupted due to excessive MAL

To reduce the packet corruption probability
by excessive MAI, the number of terminals
transmitting packets in a slot should be pro-
perly controlled. For this, Brand et al. proposed
that the permission probabilities for speech, .,

and data, p,, for a given slot in a subsequent

frame be set according to the number of
terminals in reservation mode in the same slot

of the current frame(see Fig. 1).

Users on Channel

6 Prame f ol Framed «

X »le >

% -

’ - - - I : Packet in

6 | sl g m N Congention Mode

S (o w0 Pucketin

Vo O | - Reservation Modd

=

b)Y i Yo el — [ e R

£ S e T e [ s

Y (S Y e [ i Cots
1 ) 4 5 & 1 2 3 4 5 3

[Figure 11 The permission probability of slot 3 in
frame I+1 is set according to the
number of terminals in reservation mode
in the same slot of the previous frame I

Fig. 2 depicts the channel access function,
which relates the permission probability to the
number of terminals in reservation mode, sug-

gested by them heuristically through simula

permission probability

2 4 6 8 10

Number of terrminals in reservation modi.:

[Figure 21 Channel Access Function

tions. They have shown that the capacity of a
cell in a cellular environment can be increased
up to 35-84% by Joint CDMA/PRMA, compared
to that of the random access CDMA.

3. New Channel Access Function

In this section, we derive new permission

probabilities for speech, p, ., and data, p4 ;. to

be used in ™ slot of a frame which can
enhance the channel efficiency guaranteeing the
packet loss requirements of speech and data
packets. Suppose that there exists only voice
traffic in the system for the time being. Let
Y., R;, Z; be random variables denoting the
number of terminals in contention mode, the
number of terminals in reservation mode, and
the number of terminals that transmit packets
by passing Bernoulli experiments among
terminals that are in contention mode in *
slot, respectively. If we know the probability

distribution of Y;, #(y), the conditional
probability distribution of Z, for given p

S0

M zlp, ), can be obtained by

Kalp )= 2 V) =p) ) W

YTz

To increase the channel efficiency, it is
desirable to make p,; as large as possible
while guaranteeing the packet loss requirement
of voice packet. In Joint CDMA/PRMA, packet
loss probability p.. 18 the sum of packet
corruption probability po.e due to excessive
MAI and packet dropping probability due to
delay beyond a certain time limit Dpg.. . Let

(beprea) v he  the target packet corruption
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probability and E{pud7i 05 be the ex-
pected packet corruption probability when the
number of voice terminals in reservation mode,
R;=r;, and permission probability for speech,
bs.:, are given. Here, we can approximate R;

as the sum of the number of terminals that

were in reservation mode and the number of

terminals that succeeded in contention in ™"

slot of the previous frame because the
number of terminals changing status from
talk spurt to silence period during one frame

are very few(we assume that R; is known
when p,; is determined). That is, we can

choose p,; by

max ps;

s.t. E[pcpteAriy ps_i]g(pcjzted) tar (2)

where

El poppedr: 051 = 22)[1 — Qe (r;+2)1p(2lps. )
= 31— Qe(ri+2)]

S )prca=n.7 .
@

In (3), Qglr,+2] represents the packet suc-
cess probability when #;+ 2z packets are trans-

mitted simultaneously(cf. Table 1).
Therefore, we need to obtain p(y) to get
ps; by (2). For this, first observe that Y;

can be represented by

Yi = Yt‘*l - Zl'*1+ Nsl_ Nt5+ ncpted( i)

Y 1= Zi 1+ Nyt nepea(d) )

I

where N,(N,) is a random variable denoting

the number of terminals changing status from
silence period(talk spurt) to talk spurt(silence

th

period) in " slot and #4.(9) is the number

of terminals Whosé packets were corrupted in
i™ slot of the previous frame(We assume that
a terminal switches from reservation to con-
tention mode when a packet transmitted in a
slot is corrupted and that it begins to contend
to transmit subsequent packet from the same
slot of the next frame. We also assume that
N, is very small). If we consider 3™ and 4

terms of (4) later, we have following rela-

tionship
57,‘: YiAIMZz'*1~ (5)

where Y represents the number of terminals

in contention mode in * slot which were in

contention mode in i—1% slot but could not
transmit initial packets in i—1" slot. As in
[6], if we assume that Y, ; can be approxi-
mated by a Poisson distribution with mean
Ai—y, that is,

—Ai-
e I/l?];l

Pr{Yj—lzy}: y! )

we have by Bayesian rule

Pr {Yi.1=vyl|Z; =2}

Pr{Yi_1=y, ZZ;IZZ}
Pr{Z,'AIZZ}

Pr{Z,-,1=z| Yi,1=y} ° Pr{Yi_lzy}

yZzPr{Yi—Lzy, Z; 1=z}

A (I—psi-1)}” %e SA )
(y—2)!

7N
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since
PriZ,_ =2z 1Y, =y}

:( i)ﬁiifl(lAﬁs,ifl)yiz. )

Therefore, from (5), we get
Pr{Yi=y| Z_,=2)
= PT{Y,;]:)"FZ | Z,',I:Z}

B {/11‘—1(1 *ps,iﬂ)} Yo — A (A=p o))
N ! )

Since Pr{¥Y;=y| Z;,_,=2z} is independent of
z, we can see that Y, also follows a Poisson
distribution with mean A;- (1 —p,;-1).

Let's assume that the length of a time slot is
1 ms and the silence period and talk spurt
follow exponential distributions with mean 1.35
and 1.0 second, respectively. Then the number
of terminals due to 3™ term of (4) follows

binomial distribution with mean
0] 11351 g
Ny L T3 © dt=0.0007404667, (10)

when the number of voice terminals in a silence
period at the beginning of a * slot, N, is
given as x,. Since a binomial distribution,
B(#n,p), can be approximated by a Poisson
distribution when # is large and p is small,
the 3™ term of (4) can be approximated by a
Poisson distribution. Therefore if we consider
only the first three terms of (4), Y, can he
approximated by Poisson distribution with mean
Aimi(L— p, ;- 1) +0.000740466 %, .

Suppose that a terminal switches from re
servation to contention mode when a trans

mitted packet is corrupted and it begins to

contend to transmit subsequent packet from the
same slot of the next frame. Then the number
of terminals due to 4" term of (4) becomes
Repedl D) (We assume that #.4(2) 1s known
when p,; is determined). Since Poisson ran-
dom variable plus constant follows shifted
Poisson distribution, Y; of (4) does not follow
Poisson distribution. But the packet corruption
probability is very low and #..(7) accounts
for only a small fraction of the number of voice
terminals in contention mode in ” slot. Since
the major part of (4) follows a Poisson

distribution, we can assume that Y; follows

approximately a Poisson distribution with mean

/1,'= A,'f 1(1 - px‘zfl) + 000074046671\“1" Vl‘-p,«e,/( l) .
(11)

When there exist mixed voice and random-
data traffic in the system, Y, can be ap-

proximated by a Poisson distribution with mean
/1,':/1,‘.,."}’/1,’,,1 (12)

where A;, and A;, are the mean number of
voice and data terminals in contention mode in
i" slot. Let's assume that a random data
terminal creates a new packet in every slot
according to a Bernoulli experiment with
parameter S, . Then by the similar logic as

above, we can approximate A,, and A;, by

Aio=Ar 11— Dy 1) +0.0007404667, + 11epmea( )
AI}dZAifl,d(l_ps,ifl)‘F6dnd (13)

where #, represents the number of data ter

minals at the beginning of * siot.
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When we try to solve p,; by (2), we
adopted a simple heuristic method since the
constraint function is a very complex function.
That is, we increased p,; by 0.01 from 0
until the constraint is violated. On the other
hand, it takes much time to compute  p;
even by a simple heuristic method. So it is
necessary to prepare p,; for each combination
of »; and A; in an off-line way if we take
into.consideration of the mmplementation issues.
But it is impossible to obtain p,; for all
combinations of 7; (7;=0,1,-+) and A,(0<A,).
So we assumed that A; takes value 0.2 be-
tween [0,0.2], 04 between [0.2,0.4], -,
198 between [19.6,19.8], and 20 between
[20,0) to decide p,; conservatively. And we
made a table for p,; for each combinations of
i (r=0,1,) and A (4,=0.2,0.4,,20)
and used them during simulation. This table
can be looked up to obtain p,; in real situa-

tions, too.

4. Simulation Results

The performance of the Joint CDMA/PRMA
using new channel access function was eval-
uated by simulations. The main performance
measure is the maximum number of simul-
taneous conversations that can be supported
with an average voice packet loss pro-
bability(over all active terminals) less than or
equal to required voice packet loss probability,
Pioss<(Drss) eq- The packet loss probability is

the sum of packet drop probability due to

excessive delay in contention mode, P4, and

packet corruption probability due to excessive

MAL  porea- Let My { My ) denote the
maximum number of simultaneous conversa-
tions that can be supported with $;,,<0.02
( $1ss=0.001).

The simulation environment is almost the
same as that in [1] as follows. The slot length
is 1 ms, a frame consists of 20 slots, and the
maximum voice packet holding time D 1S
20 ms. Two types of source traffic are con-
sidered. A voice terminal is either in silence
period or in talk spurt whose durations are
assumed to follow exponential distributions.
Voice packets are created only during talk
spurts. The mean duration of the talk spurts
and silence periods are 1 s and 1.35 s, re-
spectively. Random data terminal creates a new
packet in every slot according to a Bernoulli
experiment with parameter 8, =1/47).

A standard Gaussian approximation was used
to determine bit-error ratio(BER). Probability of
bit error P, in a target cell 0 can be obtained

by

P~ Q(SNR) (14)

where

Ax)= 7’1271— fxme "4 Ry

TR \/ 3PN

(K~DPy+ 2 2 Paa,

In (14), N is a spreading factor, R is the
number of cells outside of cell 0, K is the
number of transmitters in each cell, P, is the
received power level at the base station of cell

0 from transmitters within cell 0, and Py, ,, is
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the received power level at the base station of
cell 0 from transmitters outside cell O.
Assuming that packets of length L bits are
transmitted and employing a block code, which
can correct up to ¢ errors, the packet success

probability Qg can be derived from
Qp= 2\ ( %)Pi(l*Pi,)“". (15)

For example, in a single cell environment,
assuming a spreading factor N=7, packets of
length L=511(bif), and a code that can
correct up to ¢=38 errors, Table 1 shows the
packet success probability when K packets are

transmitted simultaneously, Qg K] .

{Table 1) Packet Success Probability

K Q: K] K QK]

1 1. 11 0.572623

2 L. 12 0.248786

3 1 13 0.0770013
4 1. 14 0.0198179
5 L 15 0003468018
6 1. 16 0.000634512
7 0.999834 17 0.0000899494
8 0999719 18 0.0000169026
¢ 0.985993 19 0.0000026833
10 0.873207 20 0.00000036947

4.1 Results for Voice-Only Traffic

Following three cases were simulated to
evaluate the performance of the new channel

access function.

JCP, : Old channel access function of Fig. 2 is
applied to the Joint CDMA/PRMA.

JCP,, : New permission probability obtained by
(2) is applied to the Joint CDMA/PRMA.
When (Do) e = 0.02, (Pesea) r=0.01

is used to balance pgp and pora. SIM-
ilarly, when (u4) e=0.001, (e tar
=0.0004 is used.

JCP, ,. * New permission probability obtained
by (2) is applied to the Joint CDMA/
PRMA and time slot rearrangement is
applied to reduce the variance of the in-
terference. Since we know that Q:{9]1=

0.985993 ( Q[81=0.999719) from Ta-

ble I, we try to maintain the number
of simultaneous transmissions as 9(&)
as much as possible when
(D) reg= 0.02 ( (Do) oy =0.001)  like
Figure 3. That is, if the number of
terminals in reservation mode in slot 7
is less than Hwhen (Pug)ne=0.02)

or a terminal switches from a talk

spurt to silence period in * slot, the

terminal in reservation mode in 7%(7> 7)

slot is rearranged to ™ slot from the

next frame.
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For the above three cases, My and M,

obtained by simulations are summarized in



Table 2. All simulation results are the mean of
10 replications with 500 second simulated time
discarding first 250 second as a warm-up
period. From Table 2 we can see that when
(Dioss) g =10.02, the performance of JCP, and
JCP, are almost the same and JCP, .
increases the capacity about 2.3% compared to
that of JCP,. When (Pps)q=0.001, JCP,
and JCP, , increase the capacity about
6.6% and 12.8% respectively compared to
that of JCP,.

(Table 2> Simulation Results for Voice-Only Traffic

Jcp, JCP, JCP, re
My 386 384 39%
Mo 001 233 307 327

4.2 Results for Mixed Voice/Random-Data
Traffic

Following three cases were simulated to
evaluate the performance of the new channel

access function when (pi) e, 1 given as 0.02.

JCP, : Old channel access function of Fig. 2 is
applied to the Joint CDMA/PRMA.

JCP, . New permission probability obtained by
(2) with (pertea) r="0.01 is applied to
the Joint CDMA/PRMA.

JCP, 4.a * New permission probability obtained
by (2) with (Perea) or=0.01 is applied
to the Joint CDMA/PRMA and some
slots are dedicated to packets in

reservation mode, that is, a frame is

divided into two region @ reservation

region and contention region like Fig.

4, Packets transmitted from the ter-
minals in reservation {contention) mode
are transmitted only through reser-
vation (contention) region. The size of
the reservation region is determined by
the number of voice terminals in the
system. For example, if 250 voice ter-
minals are in the system, the average
number of terminals in the reser-
vation mode is 106.38(=250/2.35). So
11.82 (=106.38/9) slots are required and
12 slots are assigned to reservation

region.
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For the above three cases, the maximum
number of data terminals that can be supported
with the voice packet loss probability less than
or equal to 2% were obtained by simulations
for a given number of voice terminals. All
simulation results are the mean of 5 replications
with 100 second simulated time discarding first
50 second as a warm-up period. Table 3 shows
the maximum number of data terminals that
can be supported for the varying number of
voice terminals. From Table 3 we can see that

the performance of JCP, is always superior to
that of JCP,. JCP, increases the capacity up



{Table 3> Simulation Results for Mixed Voice /
Random-Data Traffic

no of voice data terminal
terminal JCP, JjcpP, gain(%)
130 117 148 265
175 102 132 294
200 %0 113 256
225 77 % 234
230 67 9 179
275 57 61 70
300 46 46 0.0

to 294% compared to that of JCP,. Table 4
compares the voice packet loss probability
(packet drop probability plus packet corruption
probability) of JCP, and JCP, 4,4 under the
same traffic load. From Table 4, we can see
that the performance of JCP, 4., is slightly
better than that of JCP,.

(Table 4) Voice Packet Loss Probability of the
JCP, and JCP, 44

no of voice data Pl
terminal terminal Jjcp, JCP, 4
150 148 0.019443 0.017362
175 132 0.019847 0.017905
200 114 0.020231 0.016805
225 9% 0.020238 0.016537
250 &0 0.020177 0.015852
275 61 0.019624 0.014901
300 46 0.019183 0.01485

5. Conclusion

We have proposed a new channel access
function to enhance the performance of the joint
CDMA/PRMA. Under voice-only traffic, new
channel access function has almost the same
capacity as that by Brand et al. when the QoS
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requirement of the cell loss probability is 2%.
When the QoS requirement of the cell loss
probability is 0.1%6, new channel access function
increases capacity of a cell about 6.6%. Under
mixed voice/random data traffic, new channel
access function increases capacity of a cell up
to 29.4%.

Under mixed voice/random-data traffic,

JCP, 44, which reserves some slots for

packets in reservation mode, has slightly
higher capacity than that of JCP,. Suppose
that there are several types of source traffic
which have different QoS requirements on the
cell loss probability and are required to be
sent in a reservation mode, like file transfer,
etc. In this case, it would be preferable to
reserve some slots for each types of packets
in reservation mode respectively. The perfor-
mance of this method needs to be further
investigated.

We assumed that N, in (10) is known

(Ny==n,) when p,; is determined. But in
real situations N, is unknown and needs to be
estimated. We will devise a method to estimate
N, and we will evaluate the performance of
the new channel access function with estimated
N, in the future.
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