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Design of Spread Spectrum Multicode CDMA
Transport Architecture for Multimedia Services

Po-Rong ChangMember, IEEEand Chin-Feng Lin

Abstract—in this paper, we investigate a new application of cars, remote hospitals, military services, homes, and office
the well-known spread spectrum code division multiple access gutomation systems is an attractive proposition. It would free
gzsé%i;m':%tt%?hﬂig”ﬁzxiogggf;riigg""\Ilvifglg’:;esm g‘;'ﬁ‘éeieisvgrki the users from cords or optical fibers tying them to particular
interconnecting with a wireline ATM-based broadband network. Iocatloris within the bu.'ld'ng' thus offering true mobility which
Such services allow users to share novel multimedia applications CoOnvenient and sometimes even necessary. The development of
without any geographical restrictions. However, since the mobile multimedia terminals will support the ever-growing demand for
radio channel has a fixed limited bandwidth, the traditional mixed data, audio, and video applications and will connect the
SS-CDMA system may not be sufficient to accommodate the ,,taple pen pad and lap-top devices to backbone information
vanable bit rate .(VBR) multimedia services requestgd by multiple resources and computational facilities. The bpossibility of
mobile users simultaneously. Moreover, the traffic load at the . > ] p_ ’ : p_ y
base station can Change dynamica”y due to the time_varying mu|t|med|a services W|” a”OW services SUCh as dlal-up V|deo
throughput requirement of these requested multimedia services. conference, video-on-demand (VOD) services, and portable
To tackle this difficulty, a multicode CDMA (MC-CDMA) tech-  PC-based applications incorporating video/audio/data transfer
nique is proposed to provide multirate multimedia services by 4 4y |ocation. Moreover, a number of different mobile users
varying the number of spreading codes assigned to each US€lcan simultaneously request multimedia data from one or
in order to meet its throughput requirement. In MC-CDMA, a : g y req - )
spreading code can be used to transmit information at a basic bit Mmore multimedia servers on the network. Each multimedia
rate. Users (video or data) who need higher transmission rates can server is capable of catering to multiple data requests from
use multiple codes in parallel. Meanwhile, the maximum available multiple users, simultaneously. Presentation of preorchestrated
number of codes in the MC-CDMA system is still limited. Hence, o, imedia information requires synchronous playback of
a cost-effective dynamic code allocation scheme has then beeri. d dent timedia dat din t -
proposed to dynamically assign appropriate number of codes M&-deépendent muilimedia data according to SOme prespeci-
to each user for achieving the maximum resource utilization f|ed temporal relatlonS. At the time Of creation Of mu|t|med|a
for multiuser multimedia services via the mobile radio channel. information, a user needs a model to specify temporal con-
Finally, a number of real multimedia titles generated from the straints among various data objects which must be observed
well-known MacroMind Director are conducted to evaluate the 4t the time of playback. Usually, the temporal relationships of
performance of the proposed wireless multimedia CDMA system. multimedia information may be characterized by a timeline
Index Terms—Multicode code division multiple access (CDMA), diagram which is the Commomy used tool in commercial
multimedia, object-composition Petri-net (OCPN). multimedia authoring products. Fig. 1 depicts an example of a
timeline diagram and its associated multimedia title generated

|. INTRODUCTION by the most commonly used product called MacroMind Di-

rector. Although the timeline diagram is a useful description
tool, it has a lot of redundancies in characterizing the temporal

) . . rartg tionships and is not suitable for further analysis and system
all the different services of second-generation systems

h wid ¢ broadband . dio. d luation, however. To tackle this difficulty and to obtain a
cover.a much wider range ot broadband Services (audio, Fbre compact multimedia representation, a well-known model
video, multimedia) consistent and compatible with the tec)i\2

HE THIRD-GENERATION mobile communication
system currently being developed is intended to integ

; . alled object-composition Petri-net (OCPN) [3], [4] is able to
nology developments taking place within the broadband 1SD scribe the temporal relationships of the various components

wireline _net\_/vorks [1], [2]. The con_cept of wireless mobil f a multimedia document and represents them in the form
C(_)mmumcgtlon_networks S.UQQGStS itself as a replacement_ 'a graph. Since preorchestrated multimedia information has
wired multimedia communication networks in order to avoi

~ Nighly time-varying bandwidth, the fixed bandlimited constant

" X . . Bit rate (CBR) wireless channel may not be appropriate for
and mobility to various pieces of equipment. Furthermor ( ) y Pprop

"fhe variable bit rate (VBR) multimedia services. Therefore,

the use of radio for mobile multimedia communication N is desirable to design a dynamic mechanism to manage

and allocate bandwidth according to the changing levels of

. . . _ , concurrencies of multimedia data streams. Vébv@l[5] have
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Fig. 1. Timeline diagram of a multimedia title generated from MacroMind Director.

spectrum code division multiple access (SS-CDMA) teclbetween multimedia objects. The OCPN has been demonstrated
nigues. to capture all possible temporal relationships between objects

In terms of the multiplexing/multiple access techniquesequired for multimedia presentation. Formally, the OCPN is
CDMA has gained significant attention in recent years asdefined as a bipartite directed grapiycpn, specified by the
competing technology for wireless mobile networks [6]. Unfortuple {T", P, A, D, R, M} where:

tunately, a major weakness of the conventional CDMA is thatT = {t1, t2, ..., tm, }

for a given system bandwidth, spectrum-spreading limits the set of transitions (bars);

peak user data rate to a relatively low value. For example, even? = {p1, p2, ..., Pm, }

with 50 MHz bandwidth and a spreading gain of 512, user bit set of places (circles);

rate is limited to just 100 kb/s. Meanwhile, multimedia services A = {T'x P}U{P xT} — I*T, I* ={1,2, ...}

should be supported with a high transmission bit rate within a set of directed arcs;

wider allowable bandwidth. This problem could be ameliorated D: P — R

via multiple code CDMA transmission per user [7]-[9], [15]. In mapping from the set of places to the real numbers
other words, higher data rates are achieved by allocating more (time durations);

than one code to a single user in order to create more than on®: P — {ry, r2, ..., "ms }

virtual channel for the user. The code number assigned to each mapping from the set of place to a set of object types,
user is proportional to the dynamic throughput requirement of corresponding to video, audio, or textural objects.
multimedia services requested by the user. However, since thé/: P — I°, I° = {0, 1,2, ...}

maximum available code number is limited, total code number mapping from the set of place to the integer, which
requirements may exceed the available number. Therefore, represents the number of tokens in a specified place.

a dynamic code allocation mechanism has been proposed téssociated with the definition of the Petri-net is a number of
assign an appropriate code number to each user in ordeffiting rules governing the semantics of the model. A transitjon
achieve the maximum resource utilization for the OCPN-bas#ites immediately when each of its input places contains an un-
multiuser multimedia services. Furthermore, in order to avoldcked token. Upon firing, the transitisnremoves a token from
the self-interference that a user employing multiple codes m@gch of its input places and adds a token to each of its output
incur, the multiple codes to/from one user should be magéaces. After receiving a token, a plageremains in the active
orthogonal. This particular spread-coding scheme is called fate for the time interval specified by the duratignDuring
concatenated orthogonal/PN spreading code [7]-[9], whichtlke interval, the token is locked. When the place becomes inac-
capable of subdividing a high rate stream belonging to a uddfe, or upon expiration of the duration, the token becomes

into several parallel lower basic bit rate streams. unlocked. For multimedia information modeling, a plagen
an OCPN represents the playout process of multimedia object

O;. Attributes associated with the object include its type, size,
throughput requirements, and the duration of its presentation.
Moreover, a transition in an OCPN represents a synchroniza-

A form of timed Petri nets called the OCPN has been uséidn point as it marks the playout start time of new concurrent
in [3] and [4] to specify synchronization and the relationshipbjects.

Il. OBJECTCOMPOSITIONPETRI-NET (OCPN) MODELS FOR
MULTIMEDIA INFORMATION
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Fig. 2. Example of OCPN representation for a multimedia title.

Fig. 2 illustrates an example of OCPN. In this figugg,;; data from its databases and communicates it on multiple vir-
represents the initial place in the OCPN which indicates the staral channels (MVCS) to the base station and has the connec-
of the multimedia presentation, apg,, denotes the final place tion to the requesting mobile user via mobile multipath fading
which indicates the completion of presentation. Plagendp, channels. Each connection between the multimedia server and
correspond to the playout processes of some video data; platbesbase station consists of multiple virtual channels, each of
p2 andp; correspond to the audio and text data, respectivelyhich is used to transmit an object of multimedia type. The
andp, plays out an image data when it has a token. buffers at the base station provide temporary storage for some

Since intermedia synchronization is ultimately desired, foaction of the multimedia data objects, in order to compensate
synchronize multiple data streams of an OCPN, it requirésr the rate difference between the wireline and wireless net-
concurrent streams to be played out at identical synchronizatiwork. These buffers also smooth the jitter delay that occurs in-
times x;. Such a playout time instant is called the playoutide the wireline network. In the multiple access system for mul-
deadline. Little and Ghafoor [3] have proposed a serialize-rt#hedia transmission of interest, the system is assumed to multi-
algorithm to determine those playout deadlides} based on plex a set of multimedia objects by applying CDMA techniques
the transitiong¢; } and the playout durations; }. Hence, each to the mobile networks. Each CDMA spreading code is able to
object in the OCPN is associated with the playout deadtinecreate a virtual channel for multimedia transmission via the mo-
and the playout duration. bile channel. Since the mobile radio channel has a fixed lim-

Moreover, the OCPN, being only a specification model fated channel bandwidth, the traditional CDMA system may not
presentation of multimedia information, does not contain thee sufficient to accommodate all the VBR multimedia objects.
communication and synchronization requirements over a ndtereover, the traffic load at the base station can change dynam-
work. Various multimedia data types have different performandeally due to various factors, such as the throughput requirement
requirements for network transmission and playback at the de$-each object, the changing level of concurrency of objects in
tination. However, the rates of communication and presentati@CPN'’s, and the number of users concurrently served by the
of an isochronous object, such as video or audio, need to tmse station. To overcome this difficulty, a multicode CDMA
equal in order to provide continuity in playback. In order téechnique is applied to the multimedia transmission in order
achieve this purpose, isochronous objects can be divided itancrease its transmission bit rate via the bandlimited mobile
smaller units of information to be used for maintaining syrchannels. In the multicode CDMA system, when a user needs
chronization. The smallest unit is referred as a synchronizatidhtimes the basic source rate, it converts its associated concur-
interval unit (SIV) [4]. As an example, the synchronization inrent multimedia objects using a multiplexer ind basic rate
terval for a video object can be 1/30th of a second, which corrgtreams, encodes each with a different code, modulates them
sponds to the playback duration of a single video frame. Henegth a different Walsh modulator, and superimposes them be-
a video frame represents an SIU. For audio data, its SIU cfame upconverting for mobile transmission. In other words, each
be audio sample. As a result, a complete multimedia objectdgde in the multicode CDMA carries a basic ratg
transmitted as a stream of SIU’s. N codes in parallel will provide a single uséf times the

basic rate capability. Note that each user admitted into the
system has a primary PN code assigned to it. These PN codes

. TRANSMISSION OF OCPN-BASED MULTIMEDIA are not orthogonal between users. To avoid the self-interference
COMMUNICATION NETWORKS codes to/from one user should be made orthogonad; lis

the primary PN code of uséf with a basic transmission bit
In the future, the mobile communication network will allowrater g, and theith objectO; of the user requires a throughput
high mobility users to access multimedia information stored af |O;|, N new concatenated codes,,’s, can be derived
various network sites. These multimedia servers are connecdligdn ¢, by apm = cx X dmy 1 < m < Ny, Whered; Ld,,,
over a B-ISDN wireline network. A base station serves an if-# m, andN;, = fo:l [|O:|/rB], [z] denotes the smallest
terface between the wireline and the mobile networks. Fig.ilteger greater tham, and/. is the level of concurrent objects.
shows this concept. A server retrieves the requested multimetdiahould be mentioned that the total numBéy of orthogonal
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Fig. 3. Overall schematics of multimedia transmissions (downlink) via multicode CDMA mobile multipath fading channels interconnecting viiita wirel
networks for two users, MVCS represents the multiple virtual channels;;aaddd,,, denote the PN and orthogonal Walsh—-Hadamard (WH) codes, respectively.

codes assigned to usérdepends on both the throughput re#Vy;, in the jith time intervally;, = [Tkj,, Tk, jo+1), i-€.,
quirement of each object and the level of concurrent objects.(t) = Ny, for ¢t € I;,. Hence, the total number of WH

a specific time interval. Due to the orthogonality requirementpdes assigned to all thi€ users in the new time intervd} is

the maximum number of orthogonal codes per user is thé = 3" Ny, wherel; denotes thgth intersection interval
ratio V. of the channel chip rate and the Walsh modulataf the time intervals for all thé¢ OCPN's, i.e..l; = NE_ I, .
output rate.V, is termed as the spreading-sequence lengtkote that WH codes assigned to different users may be iden-
Hence,N;, < N.. The previous coding strategy is called theical. It should be mentioned that the earlier arguments are valid
subcode concatenated scheme that orthogonal sequencesvhem each user has a continuous multimedia presentation.
concatenated with a PN sequence to increase the randomméssever, this assumption may not be true since some users
of the orthogonal sequence. The binary orthogonal sequennesy not have multimedia objects during a specific time interval,
used in this paper were the well-known Walsh-Hadamai@., I, . To tackle this difficulty, the value ofVy;, for this
(WH) codes which have zero cross correlation at zero tinparticular interval is set to zero. Therefore, the earlier argument
delay. They are used when synchronization of transmissibecomes valid again. For simplicity, we assume that each of the
can be maintained. Unfortunately, the multipath fading in & OCPN’s has its corresponding multimedia objects during
cellular radio environment introduces nonzero time delays thgt The transmitting binary phase shift keying (BPSK) signal
destroy the orthogonality between WH codes. Feh@l. [7]  s;,,.(t) of the mth data stream (virtual channel) belonging to
showed that a sufficiently long PN sequence is concatenatgé kth user during thgth time intervall; is expressed as

with WH codes to randomize and eliminate their unsatisfactory

and inhomogeneous behavior at nonzero time delays. The long s, (¢) = \/ﬁakm(t)bkm(t) cos(wet + Orm )

PN sequence may be chosen as eithemasequence or Gold tel,1<m< Ny <N,1<k<K (1)
sequence.
i ) . where

A. Multicode CDMA Transmitter Model with Concatenated p transmission power of the base station:
Orthogonal/PN Spreading Code Scheme Orem random phase angle, uniformly distributed between

For K multimedia OCPN'’s transmitted over a mobile 0 and Zr, introduced by the modulator,
channel, each of them is divided intd,(¢) parallel data  bxm(t) data signal which consists of a sequence of rectan-
streams (virtual channels) for useat timet, where a specific gular pulses of duratioff’, i.e.,

WH code is assigned to each virtual channel. The valuégt)
is dynamically proportional to both the throughput requirement 00
of userk and the level of concurrent objects belonging to user bierm (1) = Z pio)

. . : ke (8 = 0T) )
k at timet. For simplicity, Ny (t) is assumed to be a constant

1=—00



CHANG AND LIN: SPREAD SPECTRUM MULTICODE CDMA TRANSPORT ARCHITECTURE 103

where bgfr)n € {1, —1}. The concatenated spreading cod&n addition, it should be mentioned that these channel parame-
arm(t) can be expressed as ters vary with the transmitter—receiver distance. It may be shown
thatB?,, = B4, = B3, andLyy, = Ly = Ly for1 < m <
@) Ny;, since all the parallel virtual channels introduced by the
e (T Z Gz, (t — i10) (3) same user are transmitted over the same propagation environ-
i=—00 ment between the transmitter and receiver and then would have
identical channel characteristics, whefedenotes the variance
whereagr)n € {—1, 1} is the concatenated spreading sequenoé a random variable.
which is equal to the product of a PN sequenjﬁée {-1, 1}
used by thesth user and a WH code sequent# € {—1,1} C. Receiver Model

assigned to itgnth virtual channel, i.e., The received signal at the input to the matched filter in the
‘ ‘ mobile receiver is given by
ajm = ) x di). (4)

In (2) and (3),I17(-) is the unit pulse function of duratioff, r(¢) =Re {/ hem (T)Sgm(t — 7) - exp(jw.t) dT} + n(t)

defined by —oo
K Nij Lgm,

1, te [0, T) =V 2P Z Z Z [3lknlaknz(t - lern)bkrn(t - le'rn)
HT(t) = (5) k=1 m=1 I=1
0, else.
- cos(wet + Qiem) + n(t)
The duration of each data bit i, while the duration of each ;... = — w7 + Grkm + Biiem (8)

chip in the spreading code &.. The number of chips per bit

isN. =T/T., WhereN is an integer. The period of the WH

code sequenoﬁm is equal to the processing gai.. The long Where

PN sequence.’ has a periodVpy that is much greater than (%) complex envelope of(%);

N.. Moreover,Npy and N, are chosen to be relatively prime Re{-} denotes the real part of complex number;

so that every possible chip of the PN sequence can occur at the(t) ~ white Gaussian noise with two-sided power spectral

beginning of some data bit. density No /2.
As a result, the total signal transmitted&busers is For simplified analysis, the first virtual channel of the first
user is chosen as the reference for calculating the probability of
K Nij K error of its data symbcﬁ(’) in the jth sampling time interval
s =33 sumt), telj=()Iy. (6) I = [(j — DT, jT]. The receiver is able to coherently re-
k=1 m=1 k=1 cover the carrier phase;x,,, and ;.. locking to thelth path

as a reference path between the transmitter of reference and its
corresponding receiver. All other paths constitute interference.
B. Mobile Radio Channel Model That is, we assume without loss of generality thag = 0 and

The Rayleigh multipath fading model is the general acceptéd: = 0- The envelope of the matched-filter output at jie
channel model for macrocellular mobile communications [103ampling time instant = ;7" is denoted by’ and can be
In this paper, we adopted the Rayleigh fading model for perfd?xpressed as
mance analysis in our multicode CDMA system. The channel
impulse response for thath virtual channel of théth user is

. T
given by v = / r(t)agy (t) cos(wet) dt
G-nT
L : PT? )
P () = Z BukemO(t — g ) &7 P14 =i 5 by +Inty +Inty + Ints +»
=1 K
tel,1<m< N, 1<k<K (7) ]SO)g]j:ﬂ]kj (9)
k=1

where

Bikem [th Rayleigh distributed random path gain; h
oun  [th random path phase, uniformly distributed be?"eTe

tween zero and2 iT
Tiem  lth uniformly distributed random delay ranging V—/' n(t)ai1(t) cos(w.t) dt. (10)
. . . GG—-1T
from zero to one data bit period;,
6(t) the unit impulse function; Int;  intramultiuser interference (self-interference) indi-
Lim the number of resolvable multipaths for theth cating the interference introduced by the other vir-

virtual channel of usek. tual channels of reference user;
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Int 2
Ints

intramultipath interference;
denotes the intermultiuser interference.

Nyj
Int; =+/P/2 Z /311nzbgj,,)lle, 11(nf, 0) (11)
m=2
Nij Li
Inty =+/P/2 Z Z {/3,11," cos(@q1m)
m=1 g=1
o
X [bgjnjl)le,ll(n&v nllv qum)
+b§jn)zf€1m, 11(”&7 nllv qum):| } (12)
K Nij Liym
Intz =/ P/2 Z Z Z {/qum c0s (Yqkm.)
k=2 m=1 g=1
(-1 o
x |:bkm, Rk"lyll(nkv n, qurn)
b Ry, 11(n, qum)} } . (13)

In (11), (12), and (13)R1m, 11(n}, 7), Rim, 11(n, 77, 7), and

Ry 11(n), ), 7) are the well-known continuous periodic
cross correlation and partial cross correlation/autocorrelatio
of the regenerated code and a delayed version of the interfer

codes [7], [8], respectively. They are defined as follows:

3T

Rlnl,ll(nav T) = /

aim(t+n\T. — 7)
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D. Determination of Maximum Number (Capacity) of WH
codes Based on the Quality Requirement of Multimedia Service

Usually, the bit error rate (BER) can be regarded as the per-
formance index used to evaluate the quality of multimedia ob-
ject, such as audio, video, and text. For the simplified derivation
of the BER, the Gaussian assumption is to take all the self-in-
terference, intramultipath interference, and intermultiuser inter-
ference terms as Gaussian noise. To calculate the overall vari-
ance of the interference terms, one should evaluate a term like
as shown in (17), shown at the bottom of the page.

Pursley [11] showed that® is a constant which has the value
2/3N.,. Since the interference terms in (9) are all mutual condi-
tionally independent, the overall variance becomes

0? = var{v} + var{Int; } + var{Ints} + var{Intz} (18)

wherevar{r} = NoT/4 andvar{Int;} = 0. It is shown in
Section llI-Bthat33,,,, = 67 andLy,, = Ly for1 < m < Ny,
andl < k < K. Therefore, the expressions ofr{Int,} and
var{Int3} are, respectively, given by

PT? N
var{Inty} = = — KON X Y B (19)
=1
per
PT2 K L;\, _
var{lntz} = e K% X {Z Ny Z /32k} . (20)
k=2 gq=1

I}{Ié)reover, since all the signals including the desired signal and
Hq interfering signals caused by the oth&r— 1) users relative
tothe reference user (user 1) are transmitted to the first mobile
receiver from the same base station (downlink) and have the
identical propagation environment between the base station and
the receiver for user 1, it can be shown thgf, = 3%, and

(G-nT L, = Ly = L. From the previous discussion, the variance of
can(t+niT)dt (14) the total interfering signals then becomes
Ry 11(ng, ny, 7) = / apm(t + 0}, —T) var{Into} 4+ var{Ints}
G-uT
. all(t + nlch)dt (15) PT2x2 L _
. §T = x & Nij % Z /32
ern, ll(n;g7 71/1, T) = / akrn(t + nZTc - T) g=1
T q#l
. all(t + 7’L/1Tc) dt (16)
K L
. 22
wherer/ is the initial phase of the PN sequence used by:the + ; Nj x <z_:1 ﬁq)
user. ) - -
Fonget al. [7], [8] have shown thatR;,, 11(n}, 0) is al- PT242 L
ways equal to zero whem,,,(t) anda,(t) are the concate- = {M X <Z /72) — Nlj/_il?}
nated spreading codes. This implies that the orthogonality of 4 g=1
the concatenated spreading codes eliminates the intramultiuser E,Tr>
interference (self-interference). =7 {M xn— Ny} (21)
b(j—l)R ( ) b(j) i o 2
km km, 11Ny, Tiq, qum) + b em, ll(nkv N qum)
W =E 17)

T2
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whereE, (= 37 PT) represents the received signal energy peice. The value of BER,; (in dB) can be obtained by calcu-
bit via thelth path (reference path) = S-¥_, Ny;, andy = lating the weighted sum of BER\c, (in dB), BER,udio (in dB),
S (B2//%). Similarly, the received signal power is found taand BERex; (in dB) and is given by

Fa) _ 2732
be (T_Eb/2) (_(J_DT B )/_2). Hence, the average value of half BER i (B) = w, BER ieo(dB) + qBERuudio(dB)
the signal-to-noise plus interference power ratio becomes

o =+ wy BERtext (dB) (28)
TE, .
1 N where BER, and wo are the BER requirement and
R weighting factor for object O, respectively, where
2 TERIM Ny, NoT . .
% [ - ﬁ} Z BER, = 10log;,p.(7,) (dB). Note that the logarithmic
. scale is able to make BERco, BER,ydi0, and BER.y be in
_ |2 Mg Mo (22) the same order of magnitude. Thus, the maximum number of
3N, M Eb ' WH codes assigned to all the multimedia users during the time
In addition, assume thatx M > N,;. Then,5, becomes interval ; is determined by
_ 2Mn No} -
%z[ M) @) ,, _ 3N 1 VP
3Nc Eb max 204L . BERmult 0/ b ( )
Note that is always greater than one. For simplicity, assume De §€XP 10

that the path gains for all the virtual channels in the same user . ) . o
are independently identically distributed (ii.d.), id. = 3, “"Werer. (-) denotes the inverse function pf(-) which is a
1 < ¢ < L. Thus, the value ofy is identical toL, i.e.,n = L, monotonically degregsmg fgncﬂon of BER:. quaﬂon (?9)
and the expression of (23) for lardgeV! reduces to shows thatMy,ay is Increasing when .BEB““' IS Increasing

or the degree of multimedia presentation quality is decreasing.
_ 2ML 17t However, it should be noted thaf,,,.,. of (29) is used to sup-
Yo & [ 3N, + NO/E"} ; (24) port the presentation quality of OCPN belonging to the refer-

— . . . ence user (user 1). In order to maintain the presentation quality
Moreover, for the application of multimedia presentation €6 BER....., for all the & OCPN's, M...... of (29) should be se-
vices, the interference term can be reduced by a multimedia P&~ ac ;ollows e

sentation activity factor ofe [6] given by

Min
. k
M pax = 1<k<K {Ml(na)x}

@ = fvideo X Qlyideo + faudio X Qgudio + ftext X Cgext (25)

whereao andf are the activity factor and the presentation oc- 3N, 1 o
currence frequency for obje€, respectively. Thus, with mon- = v L BER... — No/E)y, min
itoring multimedia presentation activity, is increased relative maxHmax | ot {exp <17(‘)“‘”> }
to (24)and becomes
. (30)
¥y A [2ML04 + NO/E,} . (26) where
3N MI(IQX maximum number of WH codes assigned to user

Proakis [10] showed that the BER for both the nondiversity exp{-} exponential function with a base of ten.
coherent receiver and a receiver with maximal ratio combining other wordsexp{r} = 10%, apax = 1naX1<k<K[Oé(k)],

(MRC) of orderL, can be expressed as a form in terms pf o maXlgkgK[L(’“)], and By pim = Ininlgkﬁls’[@b‘ ).

Pe = pe(Fy) al®) deno_t((e’?) the presentation activity factor of ffta OCPN.
1 =~ o _ L™ andE; "’ represent the number of multipaths and the re-
5 [1 4/ m} , for nondiversity receiver ceived signal energy per bit from the base station td:theno-
b bile receiver, respectively. Therefore, the quality of all ke
1—p\ 2 fat OCPN's may satisfy the BER requirement. In the near future,
<T) X Z we will propose a new power assignment technique to select an
= =0 (27) appropriate level of transmitting power for each user in order to
y <Ld -1+ s) maximize the value of (30). For this case, the transmitting power
s for userk of (1) may be different and can be selected to achieve
s he maximum ity.
X <1+TN> , for MRC of orderL,. fhe maximum capacity

IV. DYNAMIC SPREADING CODE ASSIGNMENT FOR

In (27), for MRC, the quantity¥, represents the av- OCPN-BASED MULTIMEDIA SERVICES

erage signal-to-noise ratio (SNR) per combined path, and

=7,/ 1 +75,). The base station is responsible for assigning the appropriate
Assume that BER,1; denotes the BER requirement for suppumber of WH codes for every multimedia object in all the con-

porting the acceptable quality of multimedia presentation semrrent OCPN'’s in each time interval. It is therefore essential
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that information about OCPN's, i.e., the playout deadlinghe codes, where) is a set of all the concurrent objects in an in-
playout duratiorr;, and the throughput requiremeiiy; | of ob-  terval . Prior to describing the procedure for code assignment,
jectO; inthe OCPN’s must be provided to the base station at thetations used in the procedure are defined as folldws:
time of connection establishment prior to assigning WH codégnotes the throughput requirement of obj@gtr s represents
(or virtual channels) to those objects. When the total number tae basic transmission bit rate for the multicode CDMA system,
qguirement of WH codes assigned to all the OCPN's is greatgy; is the set of all the concurrent objects belonging toktte
than M.« of (30), and the total number of WH codes assigneaser in an intervall, and N and N*) are the code number
to each OCPN is also less thah, the transmission rate of mul- requirements in an intervdl for all the K users and théth
timedia objects over the mobile radio channel can be matcheskr, respectively. They are defined 8s= >, . .[10;|/75]

with the playout rate at the mobile terminal, and the presentgad ¥*) = > 0.0, [10:1/7B].

tion quality of each OCPN is guaranteed with a BER value lessA procedure for code assignment in an intevéd described
than BER,,,;;; of (28). However, the maximum number of WHas follows.

codes may not be sufficient to accommodate all the OCPN'Sgtep; 1) satisfaction for all the code number requirements.
for a c.ertaln time interval. In this case, r(_aiasag.nment 01'c WH a) If N < My, andN® < N.. 1< k < K,
code; is needed at the occurrence of transitions in OCPN's. T_he then perform the following procedure. Other-
possible way to code reassignment is based on either dropping wise, go to Step 2.

some SlU’s in order to decrease total number requirement of b) Codé assignment:

WH codes assigned to all the OCPN’s or increasing the value of

BER.1; in order to increase to value 8f,,,,. Both strategies n; =number of WH codes assigned to objéxt
result in the degradation in presentation quality. Véoal. [4] . =10:|/r5], 0; € 1. (32)
have shown that the tolerable loss of SIU’s can be expressed in
terms of reliability requirement. For example(, 4. = 0.98, ¢) Terminate the procedure, and then outigut
Cvideo = 0.9, Giext = 1. In other words, the presentation of ob- Step 2) Violation for the code number requirement per user.
jeCtO with loss Of(]. — C)% information is tolerable. a) If N < Moax and there exists a user, i_e_7 user

We can define the loss of information as the “dropping ratio” k such thatv(®) > N, then perform the fol-
6, of objectO;. It represents the degradation in the transmis- lowing procedure. Otherwise, go to Step 3.
sion of objectO; as a result of that the code number require- b) Drop some SIU’s of object®; in 15, such that
ment for all the users exceeds the maximum number of avail- N®) = N.. Solve the NLP:
able WH codes. As an example, for a video object whose code
number requirement is less than a giviefy,..., the number of NLP1: Minimize E® = lefk) + wQEék) (33)
video frames has been dropped with a ratié%fin order to re-

: ; subect to
duce the code number requirement. However, the quality of each i
survived video frame is still maintained with a constant perfor- )
mance of BER,,;; during the presentation period. In terms of Z [(1— 6)|0:|/7B] = N. (34)
SIU’s of objectO;, the ratiod; is given as Orcn
~_ number of SIU's dropped i@; (31) i) Search range:
‘" Total number of SIU's iD;
Wooet al.[4] indicated that expressing the rafipin terms of 0<6: <10, 0 € n (35)

SIU’s provides a better control mechanism for distributing the
total droppage of objee®; uniformly over all its SIU’s. whereE® andES¥ are the costs used to mea-
sure the uniformity of);s and the degradation

A. Spreading Code Assignment for Concurrent Multimedia loss for objeck:, respectively. They are defined

Objects in A Fixed Time Interval as follows:
(k) _ 92
A fair code assignment policy requires that the degradation B = Z J (0 = 60) (36)
should be evenly spread across all the objects that are being O“fi‘lcw’“
transmitted concurrently if transmission needs to be degraded. E® _ Z 62
The degradation in transmission occurs when either code o
number requirement for all the OCPN'’s (users) or code number e ) . o
requirement for each OCPN (user) exceeds its maximum avail- wy andw; are their associated weighting fac-
able code number in time intervdl The previous argument tors. _ _
implies that all the objects have roughly equal dropping ratios. ¢) Find the optimal solutio}’s, O; € ¢4 to
Moreover, all the dropping rati#s should be selected to NLP1 of (33). Thus, their code assignment is
minimiz_e the_ total Qegradatic_)n loss of all the_ OCPN's. Unde_r [(1— 69|04 /rB] if O; € 9y
the earlier discussions, nonlinear programming (NLP) [12] is n; = : (38)
[0:]/r5] if O; ¢ 1.

proposed to find the dropping rat#)s for objectsO.s € ¢ in
an interval! to conform the limited available number of WH d) Terminate the procedure, and then outglt
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Step 3) Violation for the code number requirement for total 7, i o1 nrh
K users 0 Mmth
a) If N > M., then perform the following pro- 7y % WERNE
cedure
b) NLP2: T, T, T 4
Min F = lel + wQEQ (39)
subject to Fig. 4. lllustration of the time relationship betweén, O, andOs: ¥'¢ and
i) U 0, 05 € ¥5, andO; € V5.
Z |—(1 - 91)|OZ|/7B—| = Muax (40) . . .
Orcw dynamic code assignment, some notations and parameters used
i) in the assignment are defined. LEt denote thejth interval
[T}, T;+1) as the current time interval:; denotes the set of
Z [(1 = 6)|0s]/rp] < Ne (41) concurrent objects if;, which is composed of two disjoint sub-
O:Ciby sets,y; andy§. 7 represents a set of new concurrent objects
iii) Search range: that start their presentation’&f. ¢ consists of objects that con-
0<6;<1—¢,0;, € (42) tinue their presentations during intenal ¢,; denotes the set
of objects belonging tg; for userk. Similarly,; ; andyy; rep-
where resent the sets of objects belonging/tpand+¢ for userk, re-
E, = Z (6; — 6;)? spectively. Formallyy; (or 9x;), 1% (or ¢7,), andes(or ¢y
0, 01€ can be defined as follows:
ad 0; { w’ (or wfj b Mm=1; (44)
By — Z 0 Yi(or ¥y,), ifm <Tj <mj+75
Orees Fig. 4 illustrates an example 61, O3 € ¥3, andO; € y5.

denote the measure of uniformity and the M, (t) denotes the available numberngH codes assigned to
degradation loss for totaK users, respec- all the K users at time. Sir_nilarly, let M )(t) be the available
tively. number of WH codes assigned to useat timet, 1 g k< K. _
¢) Find the optimal solutioi’’s, O; € ¢toNLP2 i represgnts the tptal number of WH codes assigned to object
of (39). Thus, their code assignment is O; bglongmg toy; in I;. N7 and N,jj are the c0(_je number
. requirements for new concurrent objects belonging foand
ni = [(1=6)|0il/rp],  Oi €. (43) Y3, in I, respectively. Lefl;~ denote the time just before the
d) Terminate the procedure, and outp(i. transition at timé/’; is fired. Thus, the available number of WH
NLP1 or NLP2, which are indeed quadratic programmingPdes before firing the transition &} is computed by
problems, can be solved efficiently by a variety of techniques Mo (T;7) = Mo(T;-1) + (total number of WH codes
[12]. However, it is quite plausible that the solution to the afore- released by all the objects ended at a time
mentioned NLP1 or NLP2 is not feasible. If no solution ex- .
ists, then the reliability requiremeigt of an objectO cannot instant betweefl;_, and7})

be accommodated with the given maximum available number =M, (Tj—1)+ Z T, j—1- (45)
of WH codesM,,..x. The feasible solution to NLP1 or NLP2 (Os|ms+r:CI;—1}
can be achieved by either decreasing the reliability requiremenhote that the expression of (45) is also valid Mék)(T'_)

i i i1 i J
or increasing the value G« This implies that the searchl < k < K. The base station should update its available code

range of _(35) or (42) becomes larger or the d_es'red q_uahty ﬁ)tfj?nber at the occurrence of each transition, and it is also able to
BER,,4; is degraded. For the case of decreasirig the video

licati th — th . d . i assess the code number requirements for the next interval, based
application with a givemiy,ax, the maximum dropping ratio ., 1,6 jnformation given in OCPN's of the connected users. In
(1 — )% of video frame is increasing. However, the quality o

. o - ; ther words, the code assignment for the next intefyal can
each video frame is still maintained with a constant performanBS determined continuously ahead of time by inspecting code
of BER,,; during the presentation period.

number requirements specified in OCPN'’s.

The procedure for dynamic code assignment is summarized
B. Dynamic Spreading Code Assignment as follows.

The aforementioned code assignment is valid for all the CON-Step 0) Initialization:/ = maximum time indexM, (Tj)
current objects that start their presentation at a time instant in a M. M(gk)(T_) “ N 1<k<K, n
fixed time interval. However, for a general OCPN-based multi- 0 \‘;Z"éndy. _ 8. e =T =T
media presentation, some objects may start their presentati0n§tep 1) Tesé the termination:
at atime instant in the previous time interval. Therefore, the ear-
lier code assignment should be modified to deal with the gen- If 5> J, then terminate the procedure.
eral multimedia presentation. Similarly, prior to describing the Otherwise, go to Step 2.
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Step 2) Code number requirements for new objects:

Ny = > 1l0|/r5]

Oiesz-

and

Ny = > [0id/rs]l, 1<k<K. (46)

Oiew’ij

Step 3) Satisfaction for allthe code assignment requirements:

if N? < M,(T7) andNy; < MV(T7), 1 < k <
K, then perform the following procedure. Otherwise,
go to Step 4.
a) Code assignment:
ni; = { |—|OZ|/7B—|’ If Oz € Z/)] (47)
N, j—1, if 0, e 1/);:

b) After code assignment for the new objects, the
available code number &t becomes

M, (T5) = Mo(T;) = Y mi
O;EUL'_‘:-
MMN(Ty) = MI(T;) -

Oiesz-k

and then go to Step 6.
Step 4) Violation for code number requirement per user:
a) If N° < M,(7;"), and there exists a user, i.e.,
userk, such thatNkj > Mé")( 1), then per-
form the following procedure. Otherwise, go to

Step 5.
b) NLP1:
Min EM = w B +woBES, O ey,
subject to
) Y [(1=6)|0]/re] = M{I(T})
O Cyy
i)0<6;, <1-¢,  O; €y (48)
where
EY = 3 (6:-6)
Oigoleij
i<l
and

E® = Z 6.

Oiew’f,j

¢) Find the optimal solutio’s, O; € j; to

NLP1 of (48), and their associated code assign-

ment is given as
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d)
Mo (T3) = Mo(T; ) = Y i
O'Eu"ﬁ
MM(Ty) = MM(T Z n; 1<k<K
OEw

and then go to Step 6.

Step 5) Violation for code number requirement for takal

users.
a) If N7 > M,(7;"), then perform the following
procedure
b) NLP2:
Min E, = w, E,; + w2 E,o, O; € Y3
subject to
D) Y [(1=6)|0il/re] = Ma(T})
Oiesz-
i) Y [(1—6)[0]/re] < MI(T})
Oiew’,ﬁ,j
i) 0<6; <1-¢ (50)
where
Ea= > (6i—6)
Oy, O Cib3
i<l
and
Eo= )Y 6.
O;Ew;

c) Find the optimal solutio®;’s, O; € 7 to
NLP2 of (50), and their associated code assign-
ment is given as

ni; = [(1—69)|0:l/rB] if O; € ¢ (51)
! N, j—1-
d)
Ma(T3) = Z i
O &w]
M@ =MET) - Y ny  1<k<K
O;eu’;;k

and then go to Step 6.
Step 6) Update the available code number for the next time

interval.
a)M ( J+1) MO(Z) + Nij
{Oilmi+7:C1;}
b) MW (T;,,) = MV (T5)
+ > nig,  1<k<K
{O;|mi+7€l;,0; €1}

c)j < j+1, and then go to Step 1.

(1= 0D10:l/ra], 1 O: € Vi o V. |LLUSTRATED EXAMPLE
and usett has violation
ni; = 4 [10:l/rB], if O; € 93, Using the previous spreading code assignment procedure, the
and uselk has satisfaction =~ base station can assign the available WH codes to users dynam-
i j—1, if O; € ¥f,;. ically based on information in users’ OCPN'’s and the avail-

(49) ability of the station’s resources. The channel model described
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Pe

t
1

]
O f--
o
N
(<2}
o

Total number of WH codes, M

Fig. 5. BER(p.) versus total number of WH codes assigned to allkhasers, M. (a) [(b)] and (c) [(d)] denote curves obtained from the MRC and MRC plus
BCH (15, 7) coding for the first (second) multimedia title, respectively, whete 2.

in this paper is identical to Model-I employed in [13]. In thiSf,gice = fvideo = 0.5. Curve (b) of Fig. 5 shows thdwgﬁx
model, the variances of the Rayleigh path gains are the sabezomes smaller and equals about 29for the second title. By
for all users and equatsl4 dB (0.038). Additionally, the max- employing the BCH (15, 7) error correction with a code rate
imum number of resolved multipaths for all users is equal @f R, = 7/15, curves (c) and (d) show that,,,, for both

four, i.e., L = 4. The multicode CDMA system has a transcases become extremely large, i.8f{t, = 150 for title 1

mission rate of-g = 64 kb/s, a processing gain &f. = 128, (video phone) and/{2x = 96 for title 2. However, the source
and a bandwidth of 10 MHz. Its corresponding PN and orthoggtes for both video and voice are also increased by a factor of
onal spreading sequences are chosen as the m-sequence Wyitf) = 15/7(= 2.143). This would degrade the transmission

a period equal to (2-1) and the WH code with a period of efficiency. Meanwhile, it is able to offer multimedia services
128, respectively. For the CDMA receiver, it has a maximufith lower transmission error via wireless channels.

ratio combiner (MRC) of ordeL, = 4. To evaluate the per- |t should be mentioned that the throughput requiremient,
formance of the multimedia transmission via multicode CDMAf an objectO is always set to a multiple of its source rate of
channels, two OCPN's for users 1 and 2 are assumed to hayeje., |O| = m x ro, m > 1, in order to shorten the trans-
two object types, i.e., voice and video objects. For the applicgyission delay. In other words, a larger number of WH codes
tion of a wireless channel, Khansatial.[14] showed that voice are required to provide a sufficient number of virtual channels
with source rate equal to 8 kb/s and low resolution video Wiy meet the throughput requirement. Once the valudZgf,
source rate equal to 128 kb/s are suitable for such applicationss been determined, Fig. 6 illustrates a result of the dynamic
The BER requirements for voice and video are3lénd 164, code assignment for the two OCPN's in video phone application
respectively. From (28), the value of BER: is found to be wijth BCH (15, 7) channel coding according A6, = 96 =
10-3:50r —35 dBwhenwsice = wyideo = 0.5. Moreover, two  Min{150, 96} of (30). Fig. 6(a) shows the timeline diagram of
different multimedia titles (programs) are conducted to evaluatge OCPN representations for both users. The first OCPN has
our system. The first multimedia title has two video and voicgree objectsD;, O,, andOg whereas the second OCPN has
object types of identical presentation activity factor. This yieldgyr objectsDs, O4, O3, andO;. Note that each of those objects
the application of video telephone whetyice = awvideo = 3/8  belongs to either video or voice type and has its corresponding
and fyoice = fvideo = 0.5. For simplicity, here, we assumethroughput requirement. For example, the throughput require-
that Vo / E,, is negligible compared to the multiuser and multiment of O3 is almost twice more than that 6f;, or O,. Multi-

path interference. Thus, from curve (a) of F|g 5 the maximufedia object®); , O», andO5 start their presentation at tinfg
number of WH codes is found to be abauti. = 41 for simultaneously. Prior to the presentation, the base station should
the first title. The second multimedia title has a higher videgerform the proposed code assignment procedure to determine
presentation activity factofyijeo = 0.8, avoice = 3/8, and  the appropriate number of WH codes for each object. Fig. 6(b)



110 IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS, VOL. 18, NO. 1, JANUARY 2000

(@
user 1 * },/@\.{
(@)

user 2 }/" * “

A L L T T T
(@)
Mo
n;
G O,
0,
)
e
[3
2
[0 04
o
8
G o,
O
t
A L . L T, T

(b)

Fig. 6. (a) Example of OCPN’s for users 1 and 2. (b) Dynamic code assignment for OCPN-based multimedia objects, vadeerates the WH code number
assigned t@); for the jth time interval[T;, T;11) and M,.x = 96.

shows the resulting code number assigne@ téor the jth time VI. CONCLUSION
interval [T}, T;11), denoted byn;;. At time 7, it is found
that there arev10(=26), ns(=22) andngo(=48), for [T, T1) In this paper, we have proposed a multicode SS-CDMA

wherenig+n20+n30 < Mpax = 96, n10+n20 < N. = 128, system to provide multiple access and retrieval of multimedia
andnsg < 128. Thus, M, (Tp) = 96 — 26 — 22 — 48 = OFor the information via mobile radio channels interconnecting with
next time interva(71, T>), when a new call of two new objectsthe wireline B-ISDN networks. Since the maximum available
04 andO; is received at timé€] by base station, it tests thenumber of spreading codes in the multicode CDMA system is
admissibility condition of the code number requirement for tHemited, the objective is to appropriately manage the limited
call. At time 77, the code number assigned@ is released codes of the network for maximum utilization while guaran-
sinceOs is ended aff;, and the available code number at thaieeing synchronized presentation of multimedia information
time becomes\/, (77 ) = M,(To) + n3o = 48. Since this within the quality constraints specified by a given BER. Some-
new call failed in the test, the base station proceeds for drdpnes, since the total code number requirement may exceed
ping uniformly some SIU’s o>, andOj; by performing either the maximum available code number in a time interval, some
NLP1 of (48) or NLP2 of (50). By (51), it leads to these twdIU’s of multimedia information should be dropped within a
new assigned code numbets; (=20) and n;;(=28). How- reliability requirement in order to make the transmission rate
ever, the code numbers for old obje€¥s and O, during this of multimedia data stream over the mobile radio channel be
new time interval7y, 75) are given byni; = n10 = 26 and matched with the playout rate at the mabile terminal. Toward
ne1 = oo = 22. Finally, the appropriate code numbers fothis end, we present a dynamic code assignment scheme
the remaining object®s andO7 during time interval$l», 75), to determine both the total droppage of multimedia objects
(15, T4), and[14, T5) can be obtained by the proposed assiguniformly over all their SIU’s and an appropriate code number
ment procedure and are shown in Fig. 6(b). assigned to each of them.
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