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Performance Evaluation of a Joint CDMA/NC-PRMA
Protocol for Wireless Multimedia Communications

Jyh-Horng WenMember, IEEEJenn-Kaie Lain, and Yu-Wen Lai

~Abstract—A joint code division multiple access and noncol- access (TDMA), are inefficient for the transmission of busty
lision packet reservation multiple access (CDMA/NC-PRMA) traffic. On the other hand, the demand assignment access
technique is proposed and investigated as an uplink protocol for control scheme, which assigns the bandwidth to users dynam-

the third-generation (3G) mobile systems. Being the underlying . - . . .
time division multiple access (TDMA) architecture of the CDMA ically regarding their demand, is a feasible approach toward

transmissions, NC-PRMA enables the base station (BS) to have heterogeneous traffic environment [2]. Several multiple-ac-
a centralized control over the slot allocation policy. In order cess protocols pertaining to the demand assignment catalog
to reduce the multiple access interference (MAI) variation in  have been proposed for wireless multimedia applications.
a CDMA transmission, two different slot assignment schemes, |, [1], the dynamic TDMA (D-TDMA) scheme has been
referred to as load-balancing (LB) and power-grouping (PG) d'f', d t t timedia_ traffic. In that studv. th
schemes, are proposed and evaluated. Simulation results show"'0d!Med 10 Support muitimedia traffic. In that study, the
that considerable improvement can be achieved over the joint mU|t|serV|Ce-dynam|c-reservat|0n time d|V|S|On multlple access
CDMA/PRMA scheme, in which the MAI variation is reduced (MDR-TDMA) scheme was proposed. This scheme is based
by way of a dynamic permission probability for contending ter- on the TDMA architecture, and each frame is divided into
minals. Especially when an imperfect power control mechanism yoqyest slots and message slots. The request slots are used to
is considered, the proposed PG assignment scheme achieves ts f di d the basis of
significant performance advantages. convey access requests from dispersed users on the basis o
random access scheme, and the message slots are used to carry
information traffic. Thus, the base station (BS) can assign slots

in response to the request information received from request
slots. Another notable TDMA-based protocol, known as packet

. INTRODUCTION reservation multiple access (PRMA) [3], [4], achieves its

ITH THE development of high-performance devicestapacity gain by way of multiplexing voice traffic at a talkspurt
Wsuch as portable computers, personal digital asslgye_l rathe_:r _than permane_ntly allocating resources for voice
tants, and portable videophones, the demand for providiH@ff'C, as is in the conventional TDMA systems. However, as
multimedia services over the future wireless personal coiie trafficis heavily loaded, the PRMA protocol suffers serious
munication networks (WPCNs) has been rapidly increasif§formance degradation due to packet collisions.

[1]. In the third-generation (3G) mobile systems, a variety Several variants of PRMA protocol were proposed to en-
of media such as voice, data, and video are coexistent. Thance the original PRMA protocol. In [5], a centralized PRMA
system should be capable of multiplexing different media in 4€-PRMA) has been proposed, in which the BS plays a cen-
effective manner. A key issue in such a system is the design dfal role in scheduling the transmission of mobile terminals. The
suitable multiple access control protocol to efficiently arbitrateain evolution of C-PRMA is that the BS uses polling messages
multiple terminals on a common shared channel. to specify whether an uplink slot is “available” or “reserved”

Conventional random assignment and fixed assignmearid to identify the terminal to which the corresponding slot is
multiple access control schemes are unsuitable for the wirelessigned. In contrast to fixed place assignment, the slot places in
multimedia communications [2]. Random assignment methodle consecutive frames are dynamically controlled by the base
such as ALOHA and carrier-sense multiple access/collisiatation. In this way, the packet loss due to exceeding the delay
detection (CSMA/CD), are insufficient for real-time infor-constraintis reduced. In addition, the concept of dynamic slot al-
mation, and fixed assignment schemes, including frequerogation was also adopted in the packet reservation multiple ac-
division multiple access (FDMA) and time division multiplecess/dynamic allocation (PRMA/DA) protocol proposed in [6].

In the protocol, the BS also acts as a bandwidth allocation man-
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Fig. 1. Frame structure of joint CDMA/PRMA protocol.

power levels in the corresponding information slots. Associatéarmance. In contrast to the issue that different power levels are
with our proposed slot assignment scheme, knowledge abaot dealt with in the joint CDMA/PRMA scheme, we do take it
the power levels of all active terminals can play a vital role imto account in the joint CDMA/NC-PRMA protocol by using
reducing of the multiple access interference variation; thuspower-grouping slot (PG) assignment scheme on the basis of
in this paper, we adopt NC-PRMA as the underlying TDMAnformation about different power levels acquired from signa-
architecture for the proposed joint CDMA/NC-PRMA protocoltures. To validate the effectiveness of joint CDMA/NC-PRMA
The code division multiple access (CDMA) scheme is anothsystem, its performance will be compared with that of joint
promising candidate for multiple access technique in wirele&OMA/PRMA protocol.
communication systems because of its ability of frequency di- The remainder of this paper is organized as follows. In
versity, resolution of multipath components, and universal fr&ection I, we describe some preliminary work, with emphasis
guency reuses [9]-[12]. With the CDMA scheme, different bitn the basic features of joint CDMA/PRMA protocol. In
rate media can use the entire channel bandwidth at the sa&Bsetion Ill, we propose the joint CDMA/NC-PRMA protocol,
time in a spread-spectrum manner. Thus, there would be a gtogdether with two slot assignment schemes referred to as LB
statistical multiplexing gain for the accommodation of differerglot assignment and PG slot assignment schemes, to reduce the
media. Recently, a joint CDMA/PRMA protocol is proposednultiple access interference (MAI) variation in the multiple
to merge the advantages of PRMA-based schemes and CDlsigcess environment. The relevant system parameters and per-
techniques [13]. In joint CDMA/PRMA protocol, multiple ac-formance measures for both single- and multicell systems are
cess interference variation is reduced by way of an approprigtesented in Section IV. Section V presents simulation results
control of the permission probability for contending users. Howvith discussion. Finally, the conclusion is drawn in Section VI.
ever, due to the decentralized slot allocation manner, the number
of actually transmitting packets on a specific slot is a statistical Il. PRELIMINARY WORK
phenomenon in nature. Thus, it may vary from slot to slot, and ) )
a certain amount of resulting multiple access interference va- Basic Features of Joint CDMA/PRMA Protocol
ation exists, suggesting some room for further performance im-The joint CDMA/PRMA protocol is essentially an extension
proved. Motivated by this fact, we propose using NC-PRMA a# the conventional PRMA protocol operating in a DS/CDMA
the TDMA architecture for CDMA transmissions. By this modenvironment. During a time-slot period, a certain group of termi-
ification, the slot assignment scheme is changed from a deceals have their quotas to transmit using the direct sequence (DS)
tralized manner into a centralized one. spread-spectrum scheme. Fig. 1 shows its frame structure. The
By means of the centralized control over slot assignment, ttime axis is divided into slots, which are grouped into frames,
number of transmissions in each slot may be well controlles in PRMA [3], [4]. The frame rate is identical to the packet
such that the multiple access interference variation is actuadlgrival rate of voice terminals so that a voice terminal may peri-
minimized. In this study, we refer to the slot assignment scherodically transmit a packet during a frame interval. On the uplink
to achieve this goal as load-balancing (LB) scheme. In additigarrier, a number of information channels, separated by different
to the effects of different traffic loads among slots, as long apreading codes, are dynamically assigned to terminals for in-
imperfect power control is concerned, the variation of receivédrmation transmissions. As for downlink transmission, each
power levels may play a vital role in bit error rate (BER) perdownlink packet is preceded by a feedback message in response
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to the results of the most recent uplink transmissions. If the BSIn a multicell system withk + 1 equally loaded cells, where
is able to decode the header of one or more arriving packets, fRelenotes the number of neighboring cells, and eachfas
feedback message identifies the packet-sending terminals, iraditive users, including contending and reserving terminals, the
cating which of the corresponding packets were received saerage SNR for test cell 0 under perfect power control can also
cessfully, and transmits the available permission probability bé written as follows [13]:
the corresponding slot in the next frame.

In the original PRMA, each contending terminal conducts a

. : . : - SNB_ 3PN
Bernoulli experiment with a predetermined permission proba- NR= X R (3)
bility as the parameter. If the outcome is positive, the terminal (K —1)Py + ZZ P, s
is granted to transmit. The essence of the joint CDMA/PRMA =

protocol is the use of the CDMA scheme in connection with the

PRMA protocol with a dynamic permission probability in '®where P, denotes the desired signal power level whilé —
sponse to the variation of the number of reservation users. Tﬂg;o and EK R P, iy, denote the intracell and inter-
’ k=1 i=1 $,2)0

BS, obtaining information from the packet headers sent from thgy, interfereriZe, rezspectively. Note that the effect of the AWGN

reserving terminals in a current slot, calculates the available p%r'neglected in (3), due to the consideration of the intercell in-

mission probability of the corresponding slot in the next framg farence. Thus, the bit error probabili; can be derived in

via a channel access function. Thus, the contending termingl§y single and multicell environments, according to (1). Con-
can contend for a reservation according to this permission pr%’quently the bit successful probability@s = 1 — P

o [
ability. To compensate the potential channel impairments, various

The purpose of the channel access function is to control tnﬁestigations suggest that forward error correction (FEC)

simgltgneou; c.onversatiorffb< in every slot such that the ca-.,4e is needed in packet CDMA systems [13], [17]. With
pacity is maximized under the constraint of the packet loss proR simultaneous conversations, assuming that a packet of

ability not exceeding the required packet loss probability limig g js transmitted over a memoryless binary symmetric
(Ploss )xeq- Typically, the permission probability decreases Wit o mmunication channel with bit successful probabifiy[ K]
the increase of the number of simultaneous conversations BRE employing a linear block code that can corteatrors, the

slot. Giving a constraint afPoss ).eq, the optimal number of si- packet successful probabiliy z[K] can be calculated from
multaneous conversations per sigf,; was calculated in [13].

L

B. DS-CDMA System Modeling Q=3 <L> (1— Q) Q. @)
In this paper, it is assumed that the performance of a CDMA im0 N’

system is measured by the BER [4], [5], [13]. A widely used

approximation for the multiple access interference to determine

the BER performance on the CDMA channel is the standag Inherent MAI Variation in Joint CDMA/PRMA

Gaussian approximation [16]. Assuming that the multiple |t has been shown that the joint CDMA/PRMA protocol can
access interference is Gaussian distributed, and using Higieve significant capacity gain relative to the random access
binary phase-shift keying (BPSK) modulation—demodulatioBppa scheme [13]. Since the permission probability is always
and a simple correlation receiver [16], the bit error probabilityet to unity in the random access CDMA system, the packet
P, can be obtained from transmissions suffer serious variation of multiple access inter-
P. ~ Q(SNR 1) ference. Thus, it can be viewed as a special case of the joint
¢ ) CDMA/PRMA system operating without the constraint of the
In (1), the average signal-to-noise ratio (SNENR) for the channel access function. Another scheme, named the optimized

ith packet in the case of unequal power reception when consiiPoSterioriexpectation access scheme, is employed as a good

ering a single-cell system can be written as [13], [16] benchmark for efficiency of the joint CDMA/PRMA protocol
[13]. When the number of contending termin&s is known,
S P the BS sets the permission probability for the contending termi-
SNR; = K @ hais as
LSyl
3N k=1 * 2r _ Kopt - Kres (5)
ki bs = K.
where . - ~ whereK,., denotes the number of reserving terminals at this
K number of smultaneous transmitting terminal§|ot The expectation of the number of terminlsn every slot
Inagiven slo'_[, can be estimated d$[K| = K, + K. - ps. From the viewpoint
T data bit duration; _ _ of mean value ofx, E[K] would approach¥.,.. However, a
No/2 two-sided power spectral density of the additivgertain amount of MAI variation still exists due to the dynamic
white Gaussian noise (AWGN) channel; characteristic of statistical behaviors. The main aim of this paper
Py power level of thekth user; is to reduce the variation inherent in the joint COMA/PRMA

N processing gain. protocol.
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Information Slots yjded intosm control minislots (CMs), and each CM can con-
tain n single tones, where each CM serves as a time interval
.. for the time—frequency signaling scheme. By using the same
coe o |:: idea of a fast frequency-hopped multiple-level frequency shift
R A ": keying scheme [18], [19], a receiver that is equipped with an
n-frequency filter bank is assumed to be implemented in the
AS, |AS, |eee | AS, BS. During each CM period, up t@ terminals can transmit to
the BS using different single tones. Since thererar€Ms in
the Cy, thus, the time-frequency signal scheme can constitute
(m x n) different signatures with each being uniquely recog-
nized by the BS, where the signature denotes a pdinofn).
Therefore, each signature can identify a specific terminal for the

A
Y

Downlink
structure

|uip,, [p1p, , [uID,, [DID,  |***[uUID,, [DID, , |

. By ‘ purpose of slot assignments in the BS. In this study, we assume
:ph:k " eee 3 B that dedicated signatures are assigned only to voice terminals.
structure eee ° o The voice terminals in the system are classified into silent and

------- : active terminals, and the active terminals are further categorized
into reserving terminals and requesting terminals. Whenever a
CM,|eee |CM terminal has a new talkspurt arrival, it changes from silent state
to requesting state and starts to transmit the signature on its ded-
icated CM to inform the BS about its bandwidth request. Upon
receiving the slot assignment command from the downlink con-

Y

<
<

Joint CDAM/NC-PRMA Frame

Fig. 2. Frame structure of joint CDMA/NC-PRMA protocol. trol slot, it enters the reserving state and begins to transmit the
packets on the assigned information slots. Similar to the joint
IIl. DESCRIPTION OFJOINT CDMA/NC-PRMA CDMA/PRMA protocol, eact® information slot can be simul-
taneously used by more than one user using a different spreading

A. Protocol with Centralized Operation code.

The NC-PRMA access scheme is suitable for wireless multi- As for the downlink carrier, the downlink control slat’f)
media communications. The reasons are summarized twofaklpartitioned intoO assignment minislots (ASs). Each AS
One is due to its excellent design of the time—frequency sigt < n < O) comprisesk pairs of uplink terminal identity
naling mechanism that offers an easy way for terminals to ifJID) and downlink terminal identity (DID) fields. The down-
form their bandwidth demand to the BS without collision antink control slot aims to broadcast the assignment information
the other is the operation of centralized control over a slot ab the terminals, which have a new talkspurt arrival or need a
location policy [7]. Thus, using NC-PRMA as the underlyinglot reassignment. The UID field of ASspecifies the terminal
TDMA architecture, joint CDMA/NC-PRMA protocol is a cen- 1D who has the right to transmit the packet on ttth informa-
tralized and frame-based protocol, which enables us to destgm slot of the uplink, while the DID field indicates the terminal
two slot-assignment schemes to further reduce the MAI variid that needs to receive the packet from thid information

tion, as described in the following. slot of the downlink. Hence, by listening to every AS in each
downlink frame, terminals that have a new talkspurt arrival or
B. Frame Structure need a slot reassignment can realize which slot is allocated to

Fig. 2 shows the frame structure of the proposed joititem to transmit packets to the BS or to receive packets from
CDMA/NC-PRMA protocol. Traffic of uplink and downlink is the BS. Once the first packet of a talkspurt has been success-
transmitted on separate radio carrier, i.e., frequency divisifiily received, the related terminal can transmit the successive
multiplexing (FDD) mode. The uplink information carrier isinformation packets on the assigned slot until the talkspurt fin-
time-partitioned into frames, and the frame duration is identicishes or a slot reassignment occurs.
to the packet interarrival time of voice terminals. Each frame
containsO information slots and one control slgt. Here, D. Channel Access
we usel,,,1 < m < O to denote thenth information slot ~ The BS assigns a unique signature (air, »n) to each ter-
in each frame. Since the joint CDMA/NC-PRMA systems arginal during the call set-up procedure. The active voice ter-
operated in a centralized manner, the address field usedrinals use their signatures to indicate the bandwidth demand
the joint CDMA/PRMA systems in each information packein every frame while the silent terminals are not required to
header can be extracted for the application of control slot. Thizinsmit their signature. Hence, at the end of each uplink con-
suggests that there is enough bandwidth for the design of thel slot, the BS knows the bandwidth demand information and
control slot. The detailed design issues of the control slot witn then make slot assignments or reassignments according to
be discussed in Section V. the slot assignment schemes. The BS broadcasts the slot assign-

) ) . ment information to the terminals through the downlink control
C. Time-Frequency Signaling Scheme slot. The uplink and downlink terminals IDs about slot alloca-

The control slot is used to carry the required control metiens and reassignments are carried by the UID and DID fields

sages of terminals. The uplink control slati() is further di- of ASs. Upon receiving the messages on ASs, the terminal trans-
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mits its information packet in af,, slot until the talkspurt fin- TABLE |
ishes or a slot reassignment occurs. At the end of a talkspurt, the SYSTEM PARAMETERS
related terminal releases the time slot by ceasing the transm Ttems Toint Joint CDMA/
sion of its bandwidth-demand indication in its dedicated CM CDMA/PRMA | NC-PRMA
; ) L (511,229,38) | (315,185,13)
There_after, the_: BS can assign the corresponding slot to other Tnformation size (1) o e
questing terminals. Symbol size (bit) 229 185
Packet size after coding (bit) 511 315
E. Slot Assignment Schemes Frame duration (ms) 20 20
Information slot 20 20
In order to reduce the MAI variation, we propose two effi-Control slot i - 1
cient slot assignment schemes for the joint CDMA/NC-PRMALnformation slot duration (ms) 1 9.9
hich d ibed foll Control slot duration (ms) - 2
system, which are described as follows CDMA channel rate (kbps) 3577 3577
1) LB slot assignment schemla this scheme, only the ter- PRMA channel rate before coding (kbps) 229 205
minals, which have a new talkspurt arrival (not yet bhefRMA channel rate after coding (kbps) S11 350
. . d lot by the BS. Si t,@cessmg gain 7 10.22
come reserving), are assigned a slot by the BS. Since tigymber of orthogonal tone - 25
BS knows the traffic distribution of each slot, it asSigN<Duration of single tone (ms) - 0.09
the requesting terminals that have a new talkspurt arriviDuration of guard time (ms) - 0.01

to the slots with the least reserving terminals while the

assigned slots of the reserving terminals are unchangerli. ¢ b loited t dat Th
The aim of this scheme is to control the number of tef ¢t 9aPS can be exploited to accommodaté more users. The

minals assigned to th® information slots in a frame slow voice activity detector is modeled as a two-state Markov

as equal as possible. Thus, the load among all slots vﬁﬁocess. The periods of talkspurt and silence are exponentially
t

approach balance under this operation. In Section V, ! tlr 'blflfre]q W_'tT dmean F'mel t: 1 SfarldtQ E 1t':'55 3 fr_es%ec-
joint CDMA/NC-PRMA system with the LB slot assign- Ively. This yields a voice activily Tactof, that Is defined as
I‘ﬁ?e fraction of time where voice is detected to be about 0.43.

ment scheme will be evaluated and compared with t . . . :
joint CDMA/PRMA protocol under perfect and imperfec egarding to the con'stralnt of voice 'packet delay, the maximum
power control assumptions, respectively. tolerable de_lay of voice packef3,., is set to be 40 ms [20].
2) PG slot assignment schemihis scheme differs from For the_ video traffic model, we adopt the same video m_odel
used in [13] for the purpose of performance comparison.

the previous one in that the received power levels 160 terminal ¢ ket i ot di
taken into account and the slot position for each reservi g; €0 terminals create a new packet in every siol, according
a Bernoulli experiment with paramete; = 0.9. Once a

terminal might change from slot to slot. By measuring; . o .
the current power level of each active terminal from | !deo packet is produced, it is first queued in the local buffer of

signature at the beginning of each frame, the BS cé’hdeo term_inals. If therg are any packets queue_:d in the buffer,
learn the current power ordering information of those te}’-'deo terminals transmit one packet per slot until the buffer be-

minals. Assuming that there afé active terminals in comes empty. Additionally, video packets haye o be retrans-
the current frame. The power ordering information caW'ttEd when they are corrupted due to excessive MAI.

be represented ag(, P, P>, .-+, Pio_1), wherePF; is
the signature power level of usérand Py, < P, <
P, < --- < Pyo_1. With the PG slot assignment scheme, For comparison purpose, the parameters used in the
the BS assigns the firgtterminals with signature power joint CDMA/PRMA protocol are adopted for the joint
level Py, P1, P», ---, P;_1, respectively, to the informa- CDMA/NC-PRMA protocol with a little modification to
tion slot 11, the next/ terminals with signature power support the control slot in each frame as mentioned above.
level Py, Pitq, - -+, Pos_1, respectively, to the informa- As shown in Table I, the control slot duration is 2 ms. Since
tion slot,, and so on. By this way, all the terminals asthe joint CDMA/NC-PRMA is a centralized protocol, the
signed to a specific slot have a comparative power levelddress field is not necessary to transmit in the wireless
This is what the term “power-grouping” implies. As willhop. Therefore, the address field of each information packet
be seen in Section V, the joint CDMA/NC-PRMA systentan be extracted to design the control slot. Assuming the
with PG slot assignment scheme will provide an excellefumber of uplink control minislotsn = 20, the duration
performance in the presence of power control imperfegf each uplink control minislot plus guard time @1 ms.

B. Design Issues for System Parameters

tions. So choosing the duration of each uplink control minislot
T = 0.09 ms seems enough to take care of the guard time
IV. PERFORMANCE EVALUATION required in practice. On the other hand, with= 0.09 ms,
_ the bandwidth that is required for each signature is at least
A. Traffic Models 1/T = 11.11 kHz. Thus, the total bandwidth required for

In order to support wireless multimedia applications, botsupporting 25 orthogonal tones is at least 277.75 kHz, which
voice and video media are considered in this investigation.is much smaller than the channel bandwidth 3577 kHz. This
voice terminal creates a pattern of talkspurts and silent gapsstaement supports our plan to implement the time—frequency
classified by a slow voice activity detector [3], [4]. Thus, theignaling scheme for the joint CDMA/NC-PRMA protocol.
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Fig. 3. Packet successful probability versus simultaneous conversations fpigr 4. Packet successful probability versus simultaneous conversations per
slot whenM = 229. slot whenM = 185.

It is well known that each cell uses the whole system banthtes are in the range of 0.45 to 0.65 fof = 185, which
width for information transmission in CDMA systems. In theés equal to the size of the joint CDMA/PRMA packet minus
proposed system, the bandwidth required for the uplink conté# bits of the address field, as shown in Fig. 4. Therefore,
slotin each cell is about 277.75 kHz for the time—frequency sig- (315, 185, 13) nonprimitve BCH-code [21], which has
naling scheme. Therefore, the total system bandwidth can bedicode rate around 0.55, is chosen for our proposed joint
vided into 12 disjoint bands to support a cluster size of 12 cefPMA/NC-PRMA system. The system parameters for both
to operate the time—frequency signaling scheme in a frequerf¥ptems are summarized in Table .
division manner. Thus, the total bandwidth should be reused for
every 12 cells. Obviously, with a cluster size of 12 cells, the- Imperfect Power Control Model
reuse distance for the time—frequency signaling scheme is faSeveral studies [22]-[24] showed that system performance
enough to keep the signal-to-interference ratio (SIR) to no lessn be remarkably degraded in the presence of an imperfect
than 18 dB [25], which is large enough to assure the proper gewer control. The level of imperfection of this mechanism de-
tection of signature in each cell. On the other hand, in ordpends on many causes, such as power control algorithm, power
to make sure the correct reception of control slots, the targemntrol loop delay, the distribution of the terminals, propagation
system of our proposed scheme should be synchronized witkitvironment, etc. In this paper, following [22]-[24], the imper-
one cluster. But it is allowed to be asynchronous in differefection of power control is modeled as a log-normal distribution,
clusters. In fact, there is no difficulty for us to satisfy this regiven by
quirement using current techniques.

When operating in a DS-CDMA environment, the packet Py(t) = Py10°0/10 (6)
successful probability in a given slot depends on the number
of packets simultaneously transmitted, the correcting abiliynere _ _ ,
of FEC code used, and the processing gain. (&n M, t) &(t) Gaqsglan random variable with zero mean and standard
BCH-code is considered for FEC code here, where deviationo;

I number of packet bits; P, desired signal power level;

M number of information bits: P. _ actual received power level. _ _

+ number of correctable errors. The hlgher.values of denote a more serious imperfect power
For a givenM, an increment of. may result in an increment Ontrol, whiles = 0 dB means a perfect power control.
of ¢. Thus, the processing gain decreases if the CDMA channel
rate is kept constant. Therefore, a meaningful consideratibn
about system parameters design should be given. Figs. 3 and As for the performance measures, we consider the maximum
are given to reveal the relation between the packet successfuinber of simultaneous conversations that can be accommo-
probability @ £[K] and the code rate, defined asM /L. By dated under the constraint of the loss probability no more than
calculating@ g[K] with a different code rate while keeping(Pioss)req- Furthermore, there is another benchmark, named
M = 229, including 160 information bits and 69 bits headeperfect scheduling, that is driven as the theoretical maximum
using the Varsharmov—Gilbert bound to determihg21], capacity in [13]. With the definition 0¥ ,; and Q@ r[K], we
appropriate code rates are in the range of 0.4 to 0.6, as shownan believe that by achieving the maximum capacity with a
Fig. 3. Therefore, a (511, 229, 38) BCH-code [21], which hasgiven (P ):.q, €ach slot should be loaded with eith€g,, or
code rate around 0.45, was chosen for the joint COMA/PRM@(.,,; + 1) simultaneous conversations. Thus, the packet loss
system [13]. Following the same approach, appropriate coplebability P can be represented in (7), shown at the bottom

Performance Measures
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Fig. 5.  MAI pattern for joint CODMA/PRMA system under 375 simultaneous-ig. 6. Packet loss caused by MAI pattern depicted in Fig. 5.
conversations.

of the page, wherd’z[K] = 1 — Qg[K] is the packet-error : ; ; : ; 5 ; ;
probability. The probability that a slot is loaded with {,; + 1) 12 4o .......... .......... ........... ........... ..........
conversations ig[Kopt + 1] = 1 — p[Kopt]. This yields : : : i 1 1 1 :

p[Kopt]
— (KOPt + 1) ) (PE[KODt + 1] - -Ploss)
(Kopt + 1) N PE[Kopt + 1] - Kopt N PE[Kopt] - Ploss '
(8)

Hence, the maximum number of simultaneous conversations 1
a given(Pioss Jreq 1S

Simultaneous Conversations

Cmax = O~ 1/ as - (p[Kopt] - Kopi +p[Kopt + 1] - (Kopi +1)). 20 22 24 26 28 30 32 34 36 38
. . . (9) Time (Second)
In this paper, we will also evaluate this performance to show
how well the proposed system can perform. Fig. 7. MAI pattern for joint CDMA/NC-PRMA system with LB scheme

under 375 simultaneous conversations.
V. SIMULATION RESULTS AND DISCUSSIONS

Computer simulation based on the aforementioned modelifig Voice-Only Traffic in Single-Cell System

and performance measures is used as the main approach fa this subsection, the simulation results of the
explore the performance evaluation of our proposed joijaint CDMA/PRMA protocol and the proposed joint
CDMA/NC-PRMA scheme. The BS is assumed to be equipp&DMA/NC-PRMA protocol with the LB slot assignment
with an omnidirectional antenna. Each BS has a fixed numbsrheme operating in a voice-only traffic and single-cell system
of terminals under communication, and the terminals aege compared. The typical multiple access interference patterns
uniformly distributed over its service area. During the entirare shown in Figs. 5 and 7 for the joint CDMA/PRMA and
simulation interval, each voice terminal changes its state kibe joint CDMA/NC-PRMA protocols, respectively, with 375
tween talkspurt and silence according to the two-state Markeimultaneous conversations. The packet loss caused by the
process. Therefore, the effect of call arrivals and departuresresponding MAI pattern are depicted in Figs. 6 and 8 for
are not considered in our simulation. This situation is identichbth protocols, respectively. It is observed that the MAI pattern
to that adopted in the joint CDMA/PRMA protocol [13]. Theof the proposed the joint CDMA/NC-PRMA protocol becomes
result for each performance measure is obtained by averagmngre stationary than that of joint CODMA/PRMA protocol from
over ten Monte Carlo simulation runs where each run KEgs. 5 and 7. As expected, by balancing the loads among all
performed over an interval d0° information slots. slots, a less interference variation is achieved. Consequently,

-Pl _ p[Kopt] : Kopt : PF][K()pt] +p[K0pt + 1] . (Kopt + 1) . PF][KOpt + 1] (7)
o p[Kopt] ’ Kopt +p[Kopt + 1] ’ (Kopt + 1)
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Fig. 8. Packet loss caused by MAI pattern depicted in Fig. 7.
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Fig.10. \oice packetloss probability versus simultaneous voice conversations
with one, two, and three video terminals, respectively, in a single-cell system.

TABLE I
SIMULATION RESULTS OFMAXIMUM SIMULTANEOUS VOICE CONVERSATIONS
FORMIXED VOICE/VIDEO TRAFFIC

Num. of Video 1 2 3
Protocol JCP JC/NC JC/p JC/NC JC/P JC/NC
P =0.02 335 352 291 309 245 264

of simultaneous terminals. However, the statistical behaviors of
the Bernoulli permission probability experiments conducted by
different terminals render its effectiveness to be limited. On the
other hand, the joint CDMA/NC-PRMA protocol minimizes the
variation of simultaneous transmission users by the use of the
LB slot assignment scheme. In addition, the performance curve
for the proposed protocol with the LB slot assignment scheme
quite often approaches the theoretical maximum capacity of the
perfect scheduling scheme. In summary, the proposed protocol

Fig. 9. Voice packet loss probability versus simultaneous voice conversatiqR#h the LB slot assignment scheme successfully migrates the

for different schemes.

TABLE I
SIMULATION RESULTS OFMAXIMUM SIMULTANEOUS V OICE CONVERSATIONS
FOR VOICE-ONLY TRAFFIC IN DIFFERENT ENVIRONMENT

Environment Single Cell Cellular, y = 4 Cellular,y =3
Protocol JC/P JC/NC JC/P JC/NC JC/p JC/NC

P =0.01 358 389 266 288 209 224

P =0.02 379 406 280 298 220 234

packet loss due to the MAI variation under the assumption of
perfect power control.

B. Mixed Voice/Video Traffic in Single-Cell System

In the joint CDMA/PRMA protocol, video terminals are con-
sidered to generate continuous information, hence, they are re-
garded as permanent reserving and almost transmit one packet
per slot [13].

Fig. 10 illustrates voice packet loss probability versus si-

a smaller portion of transmitted packets is lost for the joimhultaneous voice conversations with one, two, and three video

CDMA/NC-PRMA protocol, as shown in Figs. 6 and 8.

terminals, respectively, for the joint CDMA/PRMA protocol

Fig. 9 depicts the packet loss probability versus simultaneoaisd the joint CDMA/NC-PRMA protocol with the LB scheme.

conversations for various schemes considered. The maxim@iire maximum number of simultaneous voice conversations
number of simultaneous conversations under the constraintuoider the constraint dPj..s < 0.02 is summarized in Table IlI
Prss < 0.02 and P < 0.01 are summarized in Table Il. for both joint CDMA/PRMA and joint CDMA/NC-PRMA
From this table, the number of maximum simultaneous coprotocols. The joint CDMA/NC-PRMA protocol with the LB
versations for the joint CDMA/NC-PRMA protocol is supescheme still outperforms the joint CDMA/PRMA protocol
rior to those for the joint CDMA/PRMA scheme. Furthermorein the mixed voice/video traffic environment. Especially, the
the joint CDMA/NC-PRMA scheme even outperforms the joinpint CDMA/NC-PRMA protocol achieves more capacity gain
CDMA/PRMA protocol with the optimizea posterioriexpec- compared to the joint CDMA/PRMA protocol when there are
tation access scheme, as shown in Fig. 9. As mentioned in targger video terminals in the system, i.e., the capacity gain of
preceding section, the optimizagosterioriexpectation accessthe join CDMA/NC-PRMA protocol is 17, 18, and 19 more
scheme tries to reduce the interference variation by controllitigan those of the joint CDMA/PRMA protocol for one, two,
the permission probability on the basis of the expected numtzerd three video terminals, respectively. The reason can be
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explained as follows. Due to the bursty characteristic of vide 01

traffic, the more video terminals there are, the larger the va
ation of MAI in the joint CDMA/PRMA. So. the performance g
degradation of voice terminals becomes more serious as & : : : : : ; :
number of video terminals is increased. On the other hand, 1§~ '] : pr ays o
joint CDMA/NC-PRMA with LB scheme always assigns theg : : : : :
new talkspurt arrivals to the slots with the least MAI; so, i3
has the ability to alleviate the variation of MAI arising fromg
the video terminals. Hence, the impact of increasing the vidig 0001 1
terminals on the capacity degradation of voice terminals is le5%
serious than the joint CDMA/PRMA. 3

loss

{—— RA:(7=3)

. —A— RA{Single)
§—0— JCP (y=3)
- e
=t JCIP (Single) :
: —0— JCINC (LB, v-3}
i —@— JCINC (LB, y=4)

C. Voice-Only Traffic in Multicell System 0.0001 £~ JGINC (B, gl
50 100 150 200 250 300 350 400 450

Vo

In this subsection, we discuss the performance for the cc
sidered protocols in a multicell system. In a multicell systen,,
not only the interference created in the considered cell has tol-)*?;f 11. Voice packetloss probability versus simultaneous voice conversations
accounted for but also the interference originated from the othea multicell system.
cells, i.e., the intercell interference, should be taken into account
for capacity evaluation as well. We consider a regular hexagor
cell layout with BSs in the center of each cell. The average vall
of anintercell interference level can be obtained from the proc g
dure developed in [14] and [17]. When considering a path-losZ
law with a distance-independent path-loss exponent, forequag o, |
loaded cells, the normalized intercell interference for unit traffi £
per cell Iiytercen depends only on the value of path-loss expo 3
nent. For path-loss exponefnt= 3 and~ = 4, Iitercen (UNIt
traffic/cell) amounts to 0.749 and 0.37, respectively (see [14]%
Thus, the second term in the denominator of (3) can be subs% 0.001 1
tuted by K3

Simultaneous Voice Conversations

0.1

—&—J C/P (0=0dB)
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et L

—v—.J CINC (LB, 6=0.5dB)
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K R C-a —4&—"J C/NC (LB, 0=3.0dB)
s T 1 1 T T

Z Z P(k,i)g = Py - Imtercell * O (10) 0 100 200 300 400 500

k=1 1=1 Simultaneous Voice Conversations

whereC denotes the simultaneous conversations in each Cﬂ!@i 12, \Voice pack . . . )
. . . .12, packet loss probability versus simultaneous voice conversations
andO is the number of slots per frame. Simulation results fG§ a single-cell system under the presence of power control imperfections.
the voice-only system with both = 3 and~y = 4 are de-

picted for the considered schemes in Fig. 11. The slot assi¢ et
ment scheme, adopted in the joint CDMA/NC-PRMA protoco
is the LB scheme. By comparing the joint CDMA/NC-PRMA
protocol with the joint CDMA/PRMA protocol, the capacity in- 5 ; 5 : : : ;
creases of the simultaneous voice conversations are about 14§  1e2 /- - e fe 7ol ---------- o
18 fory = 3 and~y = 4, respectively, undefPioss )req = 0.02. g : : : : ; : :
Since the CDMA systems provide the advantages of univer%;
frequency reuses, our proposed system makes a considerabl 8
pacity gain for a geographical CDMA system in which ever@ 1e3 4

Vo

JCIP (0=0dB) '

{f —e— JCIP (0=2.0dB) :

cell uses the same frequency band. 8 $ —a— 4O (0=3.008)
® : —O— JC{NC (u:OdB);
. .. 2 1 ~%™ JCINC (LB, 0~050B)
D. Voice-Only Traffic in the Presence of Power Control S A : . . i O JOMNC (LB, o=1200B)
1 : : : : ¢ —0O— JCINC (LB, 0=20dB)
Imperfections Tod i S I o ..o JGNG 48, 0=308)
Previous studies have suggested that imperfect power con 0 s 100 150 200 250 360 350
does serious performance degradation to CDMA systems [1.,, Simultaneous Voice Conversations
[22]_[24]' The joint C_:DMA/PRMA prOtOCOI h?‘S the ;ame phel':ig. 13. \oice packetloss probability versus simultaneous voice conversations
nomenon when the imperfect power control is considered [15].a multicell system f = 4) under the presence of power control

The performance degradation for both joint CDMA/PRMA proimperfections.

tocol and joint CDMA/NC-PRMA protocol with the LB slot as-

signment scheme in single- and multicell systems=(4) are protocol with the LB slot assignment scheme outperforms the
shown in Figs. 12 and 13, respectively. The capacity loss ijpint COMA/PRMA protocol, its capacity is also degraded ob-
creases rapidly with the increasedn Although the proposed viously whene increases. This is because that the LB scheme
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Fig.15. Voice packetloss probability versus simultaneous voice conversations
in a multicell system { = 4) under the presence of power controlFig. 17. \oice packet loss probability versus signature missing probability
imperfections. for the joint CDMA/NC-PRMA protocol with the PG scheme under imperfect
power control § = 0.5 dB).
just considers the slot with the least reserving terminals as the
slot with the least multiple access interference. However, thisthe capacity of the proposed protocol with the PG scheme is
not always true when the imperfect power control is consideregignificantly improved when compared with that of the joint
The terminals with a small power level might experience serio@PMA/PRMA system. Simulation results demonstrate that the
bit error probability even though they transmit in a slot with &oposed joint CDMA/NC-PRMA with the PG slot assignment
smaller population. scheme is a robust and effective multiple access control scheme
The proposed protocol with the PG slot assignment scheff®é the 3G mobile systems.
is emphasized for resisting the impact of imperfect power con-
trol. Figs. 14 and 15 depict the packet loss probability versus the
simultaneous voice conversations for the joint CDMA/PRMA Obviously, in the joint CDMA/NC-PRMA system, the
protocol and the joint CDMA/NC-PRMA protocol with the PGsignature mechanism plays an important role in slot allocations.
slot assignment scheme in the presence of power control impierthe BS, the traffic load distribution of voice terminals can
fections under single- and multicell systems £ 4), respec- be known well by the perfect signature mechanism. When the
tively. When the imperfection of power control is small, the pessighature mechanism is not perfect, the performance of the
formance degradation is slight for the proposed protocol withint CDMA/NC-PRMA systems will be slightly degraded.
the PG scheme in both single- and multicell systems. Since fhiee traffic distribution recognized by the BS might mismatch
transmitting terminals in the same slot are with a comparativwgth the actual traffic distribution due to the error reception of
power level, the phenomenon that the terminals with a smattme signatures. In this subsection, we further study the effect
power level may experience serious bit error probability everf signal missing probability on the system performance. Here,
though they transmit in a slot with a smaller population whetihe signature missing probability is defined as the probability
applying the LB scheme is migrated successfully. Furthermotbat a detection of signature is failed.

System Performance in the Presence of Signature Missing
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Figs. 16 and 17 show the packet loss probability versus thg1]
signature missing probability for the joint CDMA/NC-PRMA
protocol with LB and PG slot assignment scheme, respectivel)(ﬂ]
Both results of Figs. 16 and 17 are performed under 389 simul-
taneous conversations, which is the system capacity of the joir[llt !
CDMA/NC-PRMA system with either the LB scheme in the
ideal power control environment or the PG scheme in the pres-
ence of imperfect power control with standard deviatieg.5
dB under the constraint of the packet loss probability no moré“]
than 1%. Simulation results exhibit that our proposed protocol
with either the LB or PG scheme is very robust if the signa<{15]
ture missing probability is no more than 0.001. Furthermore,
if the signature missing probability ranges from 0.001 to 0.01[16]
the system suffers only a little degradation in packet loss prob-
ability. [17]

VI. CONCLUSION (18]

A joint CDMA/NC-PRMA protocol using the LB slot assign- [19]
ment scheme in a perfect power control assumption and the P
slot assignment scheme in an imperfect power control condi-
tion was proposed and evaluated. Under the centralized slot al-
location policy, the MAI variation in both perfect power control [21]
and imperfect power control environments was significantly req2z;
duced. Results showed that the number of simultaneous users
can be remarkably increased when compared to that of the joilf%]
CDMA/PRMA protocol. Especially, the imperfect power con-
trol situation severely degraded the performance of the joint
CDMA/PRMA protocol, while it only slightly degraded the per- [24
formance of the proposed joint CDMA/NC-PRMA system with

the PG slot assignment scheme. [25]
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