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Capacity Analysis of an Uplink Synchronized
Multicarrier DS-CDMA System

Duk Kyung Kim, Member, IEEEand Seung-Hoon Hwandlember, IEEE

Abstract—An uplink synchronous transmission scheme has versity whereas the processing gain per carrier is gendrally
been proposed in DS-CDMA systems to increase the uplink times smaller compared to DS-CDMA systems. At the receiver,
capacity through transmission timing control and a proper code = 4 matched filter (MF) demodulates the signal of each carrier and

usage. Since the scheme suppresses the interference along th bi f imal-rati bining for th
first paths of other users, it can achieve a significant capacity €n, a combiner periorms a maximal-ratio combining for the

increase when combined with multicarrier (MC) technique. This outputs ofA/ MFs [3].
letter mathematically compares the proposed uplink synchronized
MC DS-CDMA system with conventional DS-CDMA and MC

DS-CDMA systems in terms of the maximum number of users. B. Uplink Synchronous Transmission Scheme
The scheme consists of transmission timing control and

common scrambling code(s). Transmission timing control is

required to ensure that received signals are synchronized at the

|. INTRODUCTION cell site [1]. Users must share a common scrambling code so

N UPLINK synchronous transmission scheme has bedft only orthogonal spreading codes remain after descram-
A previously proposed to improve the uplink capacity, whichling. Accordingly, user dlscr|m|_nat|0n is based on spreading
controls the transmission timing of mobile users to guarant&8des. Interference among uplink synchronous users can be
orthogonality among spreading codes at the cell site. Its baS{PPressed owing to orthogonality of spreading codes, similar
concept and timing control algorithm were proposed and systéfthe downlink of conventional DS-CDMA systems [2].
performance was analyzed in [1]. The capacity was theoretically
derived in [2], where the impact of fast transmit power corf>- Channel Model

trol (TPC) and antenna diversity reception were investigated.jn MC DS-CDMA systems, each carrier has a narrowband
In this letter, a combination of the uplink synchronous trangyayeform owing to a low chip rate. Then, the channel can be
mission scheme and multicarrier (MC) technique is proposegimplified to have two resolvable multipaths, where the first path
The uplink synchronous transmission scheme can suppresst#ifys to carry most signal power. Each path can be modeled as
interference from other users along the first resolvable path [3] independent, zero-mean complex Gaussian process [5]. The
which tends to carry most of the signal power in MC DS-CDMAquared path gains of the first and second paths are exponen-
systems since each carrier has a narrowband waveform owing &y distributed and their means atgx and1/3, respectively,
alow chip rate. Therefore, the uplink synchronous transmissi@ierel /o +1/3 = 1 anda < J3. A correlator is used for each
scheme can achieve a significant capacity increase when useghftier because the impact of the second path is quite small. Let-

MC DS-CDMA systems. This letter mathematically comparggg agf},z denote the squared path gain of ftfepath at thejth
an uplink synchronized MC DS-CDMA system with CoNVeN: -\ -na of theuth user in thekth carrier al(&n?ls Gl = 1,2)

. . ' 9 link and their means are determined only by path index, i.e.,
versity reception.

E[agj;?l] = E[aﬁ,{?q?l] for anys, 7, k, m,p, q andl.
In a conventional DS-CDMA systend; mutually indepen-
Il UPLINK SYNCHRONIZED MC DS-CDMA SysTEM dent multipaths with a uniform power delay profile are assumed

A. MC DS-CDMA System to exist, i.e.,E[a](.f;)] = 1/L, and they are ideally combined

The input data is first spread with orthogonal spreading cod®4h anL-finger Rake receiver. An ideal receive antenna diver-
for channel/user discrimination and scrambled with a commgfY With / antennas is assumed for both DS-CDMA and MC
scrambling code for cell discrimination. Then, the stream molS-CDMA systems. Throughout this letter, a single cell is con-

ulatesM band-limited carriers, which enables the frequency dfidered and all users are assumed to be perfectly synchronized
in an uplink synchronized system for simplicity.

Index Terms—Multicarrier DS-CDMA, uplink synchronization.
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ground noise. Without fast TPC, the receiBg/ I, of themth Py is maintained at the desired level [5], i.8z = PrX, =
path at thejth antenna of the zeroth user can be defined as [5]5/X,,) X,, = S if we drop the terms related to the path loss
and shadowingE, /I, is calculated as

(0)
<@> = Ot J L 3,407
I - N—1L 3L 3
o m 2S5 (n) ) 27 X _
J 25Fp Lgogaj’l — ajm} Ey/I, = Z Z — Loa(”l) §NJ (5)
3 (7,0 s Y Bl X}
N §Gaj7m n= =1
~“N-1L ()
> ZE[%,I} because E[(Y1, a](f;))/Xn] = (1/J) in case of uni-
:’;:Cg =1 form power delay profile. The system capacity is given by
=22 ® N =E/2G/)

whereN is the number of users ar@ is the processing gain. B. Capacity for a Conventional MC DS-CDMA System

We can drop the terms related to the path loss and shadowingvithout fast TPC, the receivel, /I, of the first path at the

by assuming perfect compensation due to open loop power c9fh antenna of the zeroth user in thia carrier can be expressed
trol. The transmit si?nal power at a mobile user can be denotggl

asS/(327_ Y7 ay) = (5/J) and the instantaneous re-
ceived signal power at a cell site antenna becaffigitimes the E,
corresponding squared path gathis the target signal power <—
for power control after antenna diversity reception and is the
same for all users because only a single type of traffic is consid-

ered. Here, the background noise is neglectedué?j,gcgn be \whereG, is the processing gain for MC DS-CDMA systems
omitted from the denominator in interference calculation sin¢g,y there is no interference coming from users in other car-
it has a negligible impact for a large number of users [5]. Theyrs 3], The path diversity is not taken into account for MC
term 2/3 in the denominator comes from the assumption of regfs_cpwva systems since only a single correlator is assumed
angular chip pulse shape [6]. per carrier.

TheE, /I, of the zeroth user after antenna diversity reception The £, /1, of the zeroth user after antenna diversity reception
can be obtained by can be obtained by

Gu a;v?])',l _3Gu (0

~ = — Q.
]0>_ N-1 2 2 N kil
Wt e[S S

n=0 =1 e

(6)

G J ©) 3G K J
N Z Z a0 - (2) Eb/Io = oM agf])'71~ (7)

Jj=lli=1 k=1 j=1

[\J V]

J L
Ep/1, = Z > (Eu/Lo) =

Letting v denote the targel, /I, level, the outage probability Then, P, is calculated from (4) by replacingL with K.7, L
P, is defined ag>, 2 Pr{F,/I, < ~}.Then,P,, is given with «, andG with G,.

by With ideal fast TPCX,, can be modified to
K J )
Pouwe =Pra 38" alY < 3 Xn=222 @l ®)
j=11=1 k=1j=1

wherey’ = (2/3)(N/G)y. The term on the left-hand side, in™nally, we can get
the braces, is the sum gf_ independent, identically distributed

: : ) e E 3Gy 3G 1 a/f \7F
random variables with an exponential distribution and accord=* _ 2 _ 2¥M <_ )
ingly, it follows an Erlang distribution with pdf being I AilE[ai’f}nLai’f}z} 2 N \KJ KJ—-1

X
n=0
LJL o (9)
rly) = myn Lem Ty (y). (4)
becauseE[a,(c’fil/Xn] = (1/K.J) and E[a,(fig/Xn] =

If taking into account the ideal fast TPC in a multipath fading«/3)/(KJ — 1). The capacity is expressed a§ =
environment, we need to consider instantaneous variations intB¢2)(Gy, /v)((1/K J) + ((«/B) /(K J — 1))~
path gains.X,,, the multipath fading experienced after antenna Consider a special case bfa = 1 and1/3 = 0. Compared
diversity reception, is expressed.dg = E}]:1 Ele a](f’l’). To with (5) in a conventional DS-CDMA system, sin€g; is1/K
keep the received signal power at a desired level, the transtirites smaller in MC DS-CDMA systems, (9) is simplified to
power at mobile users need to be controlled. Then, the instanka/1, = (3/2)(Gn/N)KJ = (3/2)(G/N)J. Accordingly,
neous transmit signal powe? at a mobile user becomes in-both systems have the same capacity, which is consistent with
versely proportional toX,, so that the received signal powetthe finding in [4].


https://www.researchgate.net/publication/3158905_Performance_of_Orthogonal_Multicarrier_CDMA_in_a_Multipath_Fading_Channel?el=1_x_8&enrichId=rgreq-f7132385-31a7-473c-a5cb-01445e04aff2&enrichSource=Y292ZXJQYWdlOzM0MTY2NzM7QVM6MTQwMDkzMjc2ODIzNTUyQDE0MTA0MTIyNDg5MDY=
https://www.researchgate.net/publication/3154691_Theoretical_analysis_of_reverse_link_capacity_for_an_SIR-based_power-controlled_cellular_CDMA_system_in_a_multipath_fading_environment?el=1_x_8&enrichId=rgreq-f7132385-31a7-473c-a5cb-01445e04aff2&enrichSource=Y292ZXJQYWdlOzM0MTY2NzM7QVM6MTQwMDkzMjc2ODIzNTUyQDE0MTA0MTIyNDg5MDY=
https://www.researchgate.net/publication/3154691_Theoretical_analysis_of_reverse_link_capacity_for_an_SIR-based_power-controlled_cellular_CDMA_system_in_a_multipath_fading_environment?el=1_x_8&enrichId=rgreq-f7132385-31a7-473c-a5cb-01445e04aff2&enrichSource=Y292ZXJQYWdlOzM0MTY2NzM7QVM6MTQwMDkzMjc2ODIzNTUyQDE0MTA0MTIyNDg5MDY=
https://www.researchgate.net/publication/3154691_Theoretical_analysis_of_reverse_link_capacity_for_an_SIR-based_power-controlled_cellular_CDMA_system_in_a_multipath_fading_environment?el=1_x_8&enrichId=rgreq-f7132385-31a7-473c-a5cb-01445e04aff2&enrichSource=Y292ZXJQYWdlOzM0MTY2NzM7QVM6MTQwMDkzMjc2ODIzNTUyQDE0MTA0MTIyNDg5MDY=
https://www.researchgate.net/publication/3381687_Interference_suppression_factor_in_DS-CDMA_systems?el=1_x_8&enrichId=rgreq-f7132385-31a7-473c-a5cb-01445e04aff2&enrichSource=Y292ZXJQYWdlOzM0MTY2NzM7QVM6MTQwMDkzMjc2ODIzNTUyQDE0MTA0MTIyNDg5MDY=
https://www.researchgate.net/publication/3158937_Performance_of_multicarrier_DS_CDMA_systems?el=1_x_8&enrichId=rgreq-f7132385-31a7-473c-a5cb-01445e04aff2&enrichSource=Y292ZXJQYWdlOzM0MTY2NzM7QVM6MTQwMDkzMjc2ODIzNTUyQDE0MTA0MTIyNDg5MDY=
https://www.researchgate.net/publication/3158852_On_the_Performance_of_Multicarrier_DS_CDMA_Systems?el=1_x_8&enrichId=rgreq-f7132385-31a7-473c-a5cb-01445e04aff2&enrichSource=Y292ZXJQYWdlOzM0MTY2NzM7QVM6MTQwMDkzMjc2ODIzNTUyQDE0MTA0MTIyNDg5MDY=

KIM AND HWANG: CAPACITY ANALYSIS OF AN UPLINK SYNCHRONIZED MULTICARRIER DS-CDMA SYSTEM 101

140 T T T = . T 140 T - T T v T
y link hronised MC D A
uplink synchronised MC DS COMA X Wy gy o uplnksynchionised MC DS GDMA
~ D conventional DS CDMA X
conventional DS COMA X | 120 - * AN tional MC DS CDMA - 7
conventional MC DS CDMA - X N conventijonal +
Solid ling L=K=8 AN % Solid fine L=K=8
Dash-dotted line L=K=4 - 100k \\ \ Dash-dotted line L=K=4 |
Dashed line L=K=2 oo ¥ NI Dashed line L=K=2
Dotted line L=K=1 A ¥\ Dotted line L=K=1

The maximum number of users
The maximum number of users

gamma
gamma

Fig. 1. The maximum number of users for various values of the tdggt.,

+ without fast TPC § = 2 and P, = 1%). Fig. 2. The maximum number of users for various values of the tdgef,,,

~ with fast TPC(J = 2).

C. Capacity for an Uplink Synchronized MC DS-CDMA

System with a single correlator per carrier. The uplink synchronized

] ) ] MC DS-CDMA system greatly improves the system capacity,
. Without fast TPC, the recelvgﬂb/Io of the first path at the (e4ching the upper limit of 128 with a low value-afThis upper
jth antenna of the zeroth user in thth carrier can be approx- |imit is equal toG; and comes from the number of possible or-

imated as thogonal spreading sequences. This limit can be overcome by
B Gural® 3 3G assigning additional scrambling code(s) to a cell.
<_"> ~ Mgy 30GM o (10)  Fig. 2 shows the maximum number of users with fast TPC
I . N-1 2 N kil . - .
©/kil 25N g [ai‘n/) 2} for various values of. Since ideal fast TPC can perfectly com-
3 a0 - pensate the variation due to fading, the conventional DS-CDMA

because the signals along the first paths of other users ares Stem achieves an equal capacity regardless bfthe case of
9 9 P 9,1 DS-CDMA systems, the uncaptured signal power results in

counted as interference. different impact of. on system capacity. However, the uplink
TheE, /I, of the zeroth user after antenna diversity reception mp y pactty. Hov . P
. synchronized MC DS-CDMA system can still achieve a great

can be obtained by Y

capacity improvement.
In conclusion, we have investigated mathematically the at-
E,/I, == @1 (11) tainable capacity improvement when the uplink synchronous
2 N = transmission scheme is combined with multicarrier technique.
i . Compared with conventional DS-CDMA and MC DS-CDMA

Then, P, can be obtained as for a ConV‘:‘m'o"'aéystems, the uplink synchronized MC DS-CDMA system can

MC DS-CDMA system excepty’ is replaced with greatly increase the system capacity. The effect of fast TPC and

3AGM v~ ()

(2/3_)(]\_7//301”)7' o _ _ the targetE, /I, were both considered in view of attainable
With ideal fast TPCX,, is given as in (8) and?,/ L, is cal-  gystem capacity. The impact of imperfections in synchroniza-
culated as tion and fast TPC are left for further study, as is extension to a
B,/I, = %GM _3Gu( o/B -1 12) multiple cell system.
PReTNT Ta0 ] T2 N\KJ-1)
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