Journal of the Society of Korea Industrial and Systems Engineering

Vol, 26, No. 2, pp.42—45, March 2003.

2H PSS 9B

A Study on the Modified Resource Auction Multiple
Access for Wireless PCS

Ho-Joon Kim, Sang-Hum Yoon

School of Information Technology and Computer Engineering, Jeonju University

2 mES FUAUSAECS)HANA 712 A4 RFASRAMA POl 7D Sl B 29E 5 3
= A2 AAANISHSPHMRAMA)S Qe 98 Zolth ALd Wi AE AL =939 23
29 771 A B SRS Fulshs GRS Be® 4 o, B9 Folvit AUHE AveoEe Ay
S Ay % WA SHEATHY) THE P FEFOLH WET FA A%, AR, Ao 7}
S B wRd A ohrd B30 AEUelNS $3) Ay MRAMA®Ho] 71Ee RAMAS] M) o
$9d 45 e Holu g A

Keywords : modified resource auction multiple access, wireless PCS, slot assignment

1. Introduction

Wireless communication has become an important fileld in
the mobile telecommunication era. One problem associated
with the wireless communcation is that the system bandwidth
is limited. To provided huge multimedia services to many
users with limited bandwidth, an efficient multiple-access(MA)
scheme is required. Reservation-based time-devision MA(TDMA),
Dynamic TDMA(D-TDMA), Packet reservation multiple ac-
cess(PRMA), and Resource auction multiple access(RAMA)
have been extensively studied as a efficient multiple access
schemes[4][6].

The RAMA was proposed by Amitay[1] to address the
need for fast and flexible access, handoff and resource assign-
ment in future high capacity wireless personal communication
system(PCS). And Amitay and Greenstein[2] have examined
the effects of channel fading and noise, considering both GSM
and IS-54 cellular environment in RAMA. Also Amitay and

Nanda[3] have evaluated the performance of RAMA for stat-
istical multiplexing of speech.

X. Qiu and V. O. K. Li[8] have studied differenct reser-
vation-type multiple aceess schemes such as D-TDMA,
PRMA, and RAMA. They have observed that RAMA pro-
vides the best voice performance at the expense of slightly de-
graded data performance and that the data traffic load has no
influence on the voice performance.

These studies have an advantage that no communication re-
sources are missed due to collisions by using deterministic
algorithm. However there have been no concern on the prob-
lems of wasted auction slots in the auction process of RAMA.
Because the assignment cycle, which consists of the fixed
length auction period and the resource assignment period, is
repeated until the auction process terminates and for each cy-
cle the auction period is much longer than the resource assign-
ment period, the wasted auction slots cause the performance
of RAMA to be significantly degraded. It can be noted that
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each auction period is being wasted due to the fact that the
base station does not utilize the previously obtained list of the
users involved in the auction.

In this paper, a modified resource auction multiple ac-
cess(MRAMA), which adopts the auction table and the com-
bined preemptive-nonpreemptive priority scheme, in which the
auction table is updated in parallel with resource assignment
period, is proposed and analyzed. We introduce the auction ta-
ble in order to overcome the disadvantages of RAMA and in-
crease the number of handoffs/assignments per second. We al-
so newly applied the combined scheme of preemptive and
nonpreemptive priority[S][7] to meet the need of fast and flex-
ible access, handoff, and resource assignment in wireless PCS.

2. Modified RAMA

The proposed MRAMA, which combines random and reser-
vation multiple access scheme, is operated as a conflict free

protocol by using auction table and also as a contention proto-
col by using combined preemptive-nonpreemptive priority
scheme. ’

In MRAMA,

(1) Auction table : Based on the previously obtained in-
formation in the auction process, the auction table can
be constructed by the base station. At the end of 7th
assignment cycle, the base station has the list of ID
of users taking part in sth auction. In the ID list, a
full ID of users is appeared or, at least, the most sig-
nificant digit is obtained. So the base station can con-
struct the auction table by orderly rescheduling the
users taken part in the sth auction. By using auction
table, the base station can assign the resource to the
winner of 7+ 1 th assignment cycle without auction
period. If there is no other user with high priority, the
available communication resource is assigned accord-
ing to the obtained auction table. In MRAMA, the as-
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signment cycle has the variable length in contrast to
fixed length cycle of RAMA(See Fig.l1 and Fig.2).
Variable length auction period is used in MRAMA to
prevent the waste of auction slots due to the use of
fixed length auction period in RAMA. So the auction
slots used in assigning the available resource to the
users participating in auction are significantly reduced.

(i1) Combined preemptive-nonpreemptive priority schem

e : If the resource assignment is strictly scheduled ac-
cording to the auction table, it is difficult to carry out
fast and flexible access, handoff, and resource assign-
ment, that is the native properties of RAMA. So a
combined preemptive-nonpreemptive priority scheme
is adopted to maintain these properties. In MRAMA,
the combined priority scheme is employed, as below,
according to 7, the ratio of the elapsed time to the
total time of the auction period.

The preemptive priority scheme is employed in cases of (1)
the higher priority user than the users in the auction table is
arrived before the beginning of a new assignment cycle, (2)
the higher priority user is arrived when the elapsed time for
the lower priority user in the auction period is less than 7.
Here the auction process of a low priority user is interrupted
and continued after the resources allocation of the high prior-
ity users.

The nonpreemptive priority scheme is employed in cases of
(1) the high priority user is arrived, when the elapsed time of
the low priority user in the auction period is greater than, (2)
the high priority user is arrived, after low priority user is
assigned. Here high priority user moves ahead of low priority
users in the auction table, but does not preempt lower priority
user already in the assignment cycle.

3. Simulation Results

To verify the improvement of the proposed MRAMA, we
simulated and compared its performance with that of RAMA.
Amitay and Nanda assumed that each subscriber was repre-
sented by a nine digits-decimal number of social security num-
ber and additional priority digit. They used 4-digits decimal
number to identify finite time slot number of the frame. To
be consistent with previously published papers[2][3], we also
initially assume a 10-digit decimal for a user ID and a 4-digit
decimal for the assigned slot ID. We use MATLAB tool as

a event driven simulator. The simulation has been performed

for various normalized offered load. We simulate both the
RAMA and proposed MRAMA under the same M-ary FSK,
GSM parameters, and propagation delay, and assume that 7
is 0.5.

In Fig.3, we have plotted the auction slots for the cases of
nonpreemptive, preemptive and combined priority scheme. As
can be seen in the figure, the number of auction slots can be
reduced 18.97%, 23.45% and 25.14% for normalized offered
load of 0.45 respectively. For various values of normalized of-
fered load, the performance of combined priority scheme is al-
ways superior to those of preemptive and nonpreemptive prior-
ity scheme. So the combined priority scheme is an effective
method to assure the fast resource assignment.
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<Figure 3> Auction slots against normalized offered load
for nonpreemptive, preemptive and combind
priority scheme

We calculated the number of assigned slots per unit time,
and compared MRAMA with RAMA for various values of
M(the number of orthogonal signals in M-ary FSK) and prop-
agation delay. Table 1 lists the number of handoff/assignments
per 4.615 ms frame (and per second, in brackets) for prop-
agation delays of up to 30 s and the values of M ranging
from 2 to 16. Using selected GSM parameters with RAMA,
in microcells with propagation delays of 1 us, 5.7(1,080) re-
source assignments per unit time are feasible; and with delays
as high as 30 wus, 1.9(432) assignments per unit time are
feasible. In MRAMA, as can be seen in Table 1, 7.1(1,512)
and 2.5(432) resource assignments per unit time are feasible
respectively when arrival rate is 0.3. Observe that, as ex-
pected, the number of auction slots can be reduced 19.2% and
29.2% for normalized offered load of 0.08 and 1 respectively.
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<Table 1> Handoffs/Assignments per 4.615 frame
Propagation M=2 M=3 M=4 M=8 M=16
Delay( ts) RAMA MRAMA RAMA MRAMA RAMA MRAMA RAMA MRAMA RAMA MRAMA
1 5.1 6.3 5.7 7.1 5.4 6.7 39 4.8 2.6 32
(1,080) | (1,296) | (1,080) | (1,512) | (1,080) | (1,296) (648) (864) (432) (648)
5 38 4.7 4.5 5.6 4.5 5.6 35 43 25 3.1
(648) (864) (864) (1,080) (864) (1,080) (648) (864) (432) (648)
10 28 35 36 4.5 38 47 32 4.0 23 2.8
(432) (648) (648) (864) (648) (864) (648) (864) (432) (432)
15 23 2.8 3.0 3.7 32 4.0 2.9 3.6 22 2.7
432) (432) (648) (648) (648) (864) (432) (648) (432) (432)
20 i.9 2.4 2.6 32 2.8 35 2.7 33 2.1 2.6
(216) 432 (432) (648) (432) (648) (432) (648) (432) (432)
2 1.6 2.0 2.3 2.8 2.5 3.1 2.5 3.1 1.9 24
(216) (432) (432) (432) (432) (648) (432) (648) (216) (432)
30 1.4 1.7 1.9 25 2.3 2.8 23 2.8 1.8 23
(216) 216) (216) (432) (432) (432) (432) (432) (216) (432)

4. Conclusions

The proposed MRAMA, which uses the hybrid random-res-
ervation multiple access, can prevent the auction slots from
being wasted by use of the previously obtained auction table
and combined priority scheme, and thus yields significant im-
provement in performance compared with the RAMA.
MRAMA always yields better throughput for various load un-
der both ideal and real radio channel and significantly in-
creased the number of handoffs/assignments per unit time. As
results, MRAMA is expected to be applied as an efficient
multiple access scheme for future high capacity wireless PCS.
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