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Abstract—In order to support the diverse Quality of Service result in significant improvements in supporting QoS for
(QoS) requirements for differentiated data applications in broad-  differentiated data users with different QoS requirements over
band wireless networks, advanced techniques such as space-timg, i -aless networks

coding (STC) and orthogonal frequency division multiplexing . . .

(OFDM) are implemented at the physical layer. However, the ~_ >Pace-Time OFDM-CDMA PrOV'deS us with not only the
employment of such techniques evidently affects the subchannel- diversities, but also the multiple access control, such that
allocation algorithms at the medium access control (MAC) layer. multiple users can be assigned into a single subchannel, where
In this paper, we propose the QoS-driven cross-layer subchannel- they distinct themselves from each other by different signature

allocation algorithms for data transmissions over asynchronous .
uplink space-time OFDM-CDMA systems. We mainly focus on ScdUences. As a result, how to allocate the resources efficiently

QoS requirements of maximizing the best-effort throughput and in meeting the various QoS requirements becomes increasingly
proportional bandwidth fairness, while minimizing the upper- critical. While there have already been a large body of liter-

bound of scheduling delay. Our extensive simulations show ature on both space-time processing and OFDM-CDMA, the
that the proposed infrastructure and algorithms can achieve jnnact of such architectures on resource allocations at MAC
high bandwidth fairness and system throughput while reducing layer, its bandwidth faimess, throughput, and delay analysis
scheduling delay over wireless networks. ! SIS " - '
. ~and cross-layer optimizations, have received relatively much
Index Terms—QoS, cross-layer design, subchannel-allocation, |55 attention. Therefore, it is important to develop a cross-
wireless networks, space-time spreading, OFDM, fairness, . .
throughput, delay. layer scheme to integrate the resource allocation at the MAC
layer and the multi-antenna infrastructure implemented at the
physical layer.
. INTRODUCTION In this paper, we propose the QoS-driven cross-layer
The increasing demand for wireless network services susitbchannel-allocation algorithms for asynchronous uplink
as the wireless Internet access, mobile computing, and wirelepace-time OFDM-CDMA systems targeting at differentiated
communications motivates an unprecedented revolution in tata transmission applications. The QoS requirements that we
wireless broadband access [1]. This presents great challenigesis on include transmission reliability, bandwidth fairness,
in designing the wireless networks since the wireless chanisgbtem throughput, and scheduling delay. Specifically, the
has a significant impact on supporting the various Quality pfoposed algorithms are based on the delay-fairness-driven
Service (QoS) requirements for different users. scheduling, proportional bandwidth fairness, and best-effort
A number of promising schemes are developed at tileroughput. Also, we conduct extensive simulations to evaluate
physical layer to overcome the impact of wireless channetse performance of the proposed algorithms. Our simulation
Among them, space-time (ST) processing using multiplgesults show that the proposed infrastructures and algorithms
input-multiple-output (MIMO) architecture emerges as one @@n significantly improve the bandwidth fairness and system
the important technical breakthroughs in wireless communiddéroughput, while achieving more efficient resource allocations
tions [2]-[6]. Besides, the combination of the widely employedver wireless networks.
code division multiple access (CDMA) with orthogonal fre- The paper is organized as follows. Section Il describes the
guency division multiplexing (OFDM), called OFDM-CDMA, space-time OFDM-CDMA system model. Section Il proposes
takes the advantages of these two techniques and also receiivesubchannel-allocation algorithms. Section IV evaluates and
a great deal of research efforts [6]-[9]. Clearly, employmegpompares the various performance metrics through simulations
of the integrated design combining space-time processing antl numerical solutions. The paper concludes with Section V.
OFDM-CDMA can achieve the integrated diversities from
spatial, temporal, frequency, and code domains, which will II. SYSTEM MODEL

This work was supported in part by the National Science Foundation We consider the BPSK_ m(_)dUIatlon'based uplink from _a
CAREER Award under Grant ECS-0348694. mobile user to the basestation in a packet-cellular network with
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mobile user. LetK denote the total number of mobile users

andU the tota number of subcarters o subchanfetgich 118 CE PSS BRECES B TR R BN o
are to be assigned to tH€ mobile users. The index set of all 9 d 9 9

. _ A design rules [4]. The spreading code veatg(t) used for STS
K users is defined a@ = {1,2, ..., K'} and theU subcarrier can be expressed as

frequencies are denoted by the set{gSi} _,. In addition, at

any instantaneous time point, only the users which have been Cr(t) = (Ck(t) ci(t) - cg(t)) ©)
assigned with bandwidth resources can transmit data paCkwﬁerec};(t), i€{1,2,..., N} has the finite duratiofd, NT}),
These users assigned with bandwidth resources are definequaigh is given by

activeusers. Denote the index set of active user®bgZlearly,

i ekt =iy +Ty), (1—1)Ty <t <
dC Q. ci(t) = { Ok( ' R o)th(li:-rwise ’ )
A. Mobile Uplink Transmitter Model Using Egs. (2) and (3), STS can be expressed as

The kth mobile user’s transmitter structure of our proposed A 5 N
space-time OFDM-CDMA system is shown in Fig. 1. In this Sk.u(t) = (Sk"u(t) Skoult) - Sk»u(t)) = Cr(t)Bru- ®)
paper, we consider the asynchronous uplink, where differentFollowing STS, thelU,, data streams of each antenna are
users transmit data asynchronously to the basestation, and thaissmitted simultaneously by modulatifgy different subcar-
we cannot use the synchronous model as used for downliidrs, which can be implemented by the operation of IFFT. The
from the basestation. As shown in Fig. 1, using the Serial- tfrequency spacing\ between any of the adjacent subcarriers
Parallel (S/P) converter, a block &f;, x N BPSK symbols {f,}V_, satisfiesA = 1/7., guaranteeing the orthogonal
each with bit duration off} is converted taU;, parallel sub- subcarrier condition. The selection of whidh, out of U
streams. Each df sub—streams consists of bits, which are subcarriers are used to transmit data is also determined by
denoted byby, ,, = (bi " b% - bN )T where(-)T represents our proposed subchannel-allocation algorithms. Denote the

the transpose of ) andu € {1’2,_. Ui }. The bit duratiorif, Ux subcarrier central frequencies assigned to e user

after S/P conversion becom@s = T,Uy. The valuely (U, < by {fru}y",, the transmitted signaky ,(t) from the nth
U) is determined by our proposed subchannel-allocation Hansmit antenna of théth user to the basestation within a

gorithms, which will be described in Section Ill with moreblock-interval[ry, 7, + NT}) can be expressed by

details. Then, eachy, , is space-time spread (STS) [3] using

the spreading code glven my, = () ch ... 97HT, where x4, (t =\ ZZb}C’;ck (t — 7)€ 2m frut=T)  (6)

ol € {£1}, g € {0,1,...,G—1} andG denotes the spreading u=1i=1

gain of the code. The chip duratidhy of the spreading code where 7, represents the transmission delay of ttt& user

satisfiesT. = T,/G = T,Ux/G. The waveform expressionwhich satisfies0 < 7, < T,; P denotes the maximum

ck(t) of the spreading code correspondingciois determined transmission power, which can be achieved whép =

by U; the coefficient\/P/(NU) indicates that the maximum
= transmission power is independent of the total numbers of
cr(t) = e cgpt—gTe), 0<t<T, (1) transmit antennas and subcarriebf,, is given by Eq. (2)
9=0 andci (t) is given by Eq. (4), respectively. Clearly, the larger

IWe use the terms “subchannel” and “subcarrier” interchangeably in tme numberU,, of subcarriers ass_igned to thieh user, the
following discussions. higher the throughput can be achieved.
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Fig. 2. Uplink data-/signal-flow received by theth receive antenna at the basestation for ktte user.
B. Uplink Channel Model C. Uplink Receiver Model at the Basestation

We assume that the Rayleigh fading channel is frequency-The schematic for the:th receive antenna at the basestation
selective, but the delay-spreads, of the channel satisfy of our proposed space-time OFDM-CDMA system is shown
T,, < T. such that each subchannel conforms to the flat Fig. 2, where we focus on the decoding scheme for the
fading. In addition, the channel is assumed togo@si-static  kth user within a block intervalr, 7, + NT}). In addition,

i.e., the fading coefficients are invariant over a block-intervale assume that the channel state information (CSl) and the
and vary from one block to another. Thus, during each blocttansmission delay of each user can be perfectly estimated by
interval, the fading coefficient of theth subcarrierh;”"(t), the basestation.

betweennth transmit antenna of the user and théh receive Performing the inverse operation of the transmitter, the
antenna of the basestation, can be denoted;t?y[i], where received signalr,,(t) at the mth antenna is split into

i € {1,2,..} is the discrete time index for thé&h block U Sub-streams by demodulating, different subcarriers
interval. The time-varying channel can be modeled by an autgs 727 /++ (=71 " Then, each sub-stream correlates with

regressive (AR) process [9] as follows the kth user's referenced waveformg: (t — 74)}¥, dur-
N R N— ing [rx, 7 + NT;) to obtain correlation outputg)’, =
by [t = Eehyy 1o — 1) + vy, (] () ml  m.2 m,N\T : ,
(22 Zhw - Zhw ) - Then, the space-time decoding (De-

where ¢, is determined by theith user's Doppler velocity ST) is employed to obtainV decision variablesd}’, =
N, s _ H H : H H ’
gr?dum [i] is a zero mean |n'dependent @enucally dlstr|.butefjd2n;} d™2 .. d™N)T, corresponding to the original trans-
(i.i.d.) complex-Gaussian variable. In Section Il and Section Il| 'ti dN7 bit ’ db ol 2 BN VT Fol
we will focus on the discussion within a block interval™ .e s gxpresse .pkv“ = ku Pk k) 'MO'
Therefore, we drop the time index for convenience. As- lowing space-time decoding, all decision variabfe’, },,_,
sume that{h}""™ |Vk,u,m,n} are independeftidentically obtained fromM receive antennas are combined together
T ;
distributed (i.i.d.) complex-Gaussian variables with zero-mean M

and variance of/2 per dimension, i.eqg = E (|th$\2>- diw = Z W ke dVu=1,2,..,U; (9)

m=1

Assuming perfect power control, the received signalt)
received at thenth receive antenna at the basestation is givewhich represents the procedure of Maximum Ratio Combining
(see Fig. 2) by (MRC). Based upon decision variables given in Eq. (9), the

N U N receiver makes the decisions of the transmitted bits (see Fig. 2)
P - n,miyi,n i by
() = A\ N7 %; ; ; Pyl Ok €k (E — Tk)

o L (i1 g2 v\
.6j27rfkyu(t7‘rk) + wm(t) (8) bkv“ - (bk,u bk,u bk:,u) - Sgn[Re(dkyu)] (10)

wherew,, (t) denotes the complex Additive White Gaussial/n€re sgt-) is the signum function and R denotes the real
Noise (AWGN) at themth receive antenna with zero-mearPart of (-). Denote the index-set of active users allocated in

and double-sided power-spectral densityaf/2. the uth subchannel byp,,. Itis easy to see that
U
2Theoretically, the coefficients between different subcarriers are not in- P — P (11)
dependent. However, this independence assumption is valid if we employ - wr

frequency-interleaving operations [6][9]. In this paper, we omit the frequency- u=1
interleaving to simplify the presentation.



We demonstrate [10] that the SINR of decoding signals fis defined as the rate the packets are transmitted without
the kth user(k € ®,,) at theuth subchannel can be expressedetransmissions. When satisfying SINR~ requirement, the
by Eqg. (12), which is shown at the bottom of this page, wheBER P, of physical layer using BPSK modulation is upper-
ey = T, — 7 and pg(7%,;) denotes the correlation factorbounded by
between spreading codeg(t — ) and¢;(t — 7).

P <Q(v2) (14)
IIl. SUBCHANNEL-ALLOCATION ALGORITHMS

In order to design the subchannel-allocation algorithms f¥fhere@(-) denotes the Q-function defined by
data transmissions, we mainly focus on QoS requirements oo ,
for guaranteeingransmission reliability maximizing system Q(x) é/ 1 e~ T dt. (15)
throughput optimizing proportional bandwidth fairnessand x V21

minimizing maximum scheduling delayn the rest of this . . §
section, we will discuss each of these issues in detail. The corresponding packet error raftg, is upper-bounded by

Pyt <1—(1— P,)F (16)
A. Optimizing the SINR-Threshold
Due to the nature of CDMA technique employed in ouYVherEL denotes the packet size. When applying Selective-

system, subchannel can be reused by multiple users. ThPeat ARQ, the system goodplitcan be expressed as
introduces the following tradeoff. On one hand, in order -~

to increase the system throughput, we need to assign as R=R(1 = Ppt) 17
many users as possible into a single subchannel. The larger __ ) )
the number of users assigned into a subchannel, the high&ere {2 denotes the system throughput. Finally, the optimal
the system throughput can be achieved. On the other hand\R thresholdy,,; can be derived by

each user experiences co-subchannel interferences from other ~

users within the same subchannel. When the number of users Topt = argmax R. (18)
within the same subchannel becomes large, the interferences

increase and users’ SINRs decrease. As a result, the Bit-

Error Rate (BER) at physical layer and corresponding pack&- The Proportional Bandwidth Fairness

loss/-error rate at higher network-protocol layers increases. TOFor data transmission over wireless networks. different

characterlze the tradeoff betweep error rate and throughput, MEbile users usually have different bandwidth capacities due
need to introduce a pre-detgrm_med S,INR, threshold denot[% hardware or power facilities and service priorities due to
.by v .TO ensure the transm|ss!on reliability, each user thﬂ‘?e pricing schemes. This differentiated QoS in bandwidth
IS 2_155|gned with the{ch subcarrlgr,u € {1,2,..,U}, must can be achieved by employing the fairness-design criterion.
satisfy SINR> ~ requirement, which can be expressed as The fairness problems have been widely studied in litera-
SINRy,, >, Vke ®,. (13) tures [11][12]. In this paper, we develop our algorithms based
on the proportional bandwidth fairnesswhere the allocated
In order to guarantee the transmission reliability QoS fagandwidth to different users is proportional to their different
data transmissions, the upper-layer protocol must employ sofhdwidth capacities and service priorities. Thus, the users
error-control methods, e.g., ARQ based protocol, to recovigfth the higher bandwidth capacities or priorities, which are
the data error/loss caused at the physical layer. When Wearacterized by their maximum bandwidth capaciligg™
choose a too small SINR threshoid the system throughput (the maximum number of subcarriers assigned td:thauser),
in terms of the number of users per subcarrier is high, but tagl| receive the larger bandwidth-resource allocations.
number of retransmissions will be increased due to random| et the kth user's maximum bandwidth requirement be
loss; when we choose a too large SINR threshg|dthe prmax (Upax < U). To formally define the fairness factor,
number of retransmissions will be reduced, but the systega introduce theaggressive factory, by:
throughput drops because more subchannel admission requests
are rejected. This implies that there is the optimal SINR N
threshold~y that can maximize the system goodput, which k= W’

M N 2
PTb n,m|2
(5%) (Z i )

SINRy., = m=1n (12)

PT, MoN N 9 M N

m=1p=1 q=11€d,, ,l#k m=1n=1

ke (19)




where0 < ay < 1. Then, we can definfairness factorp [11] ®,. Otherwise, if any of the SINR in Eq. (21) is lower than the

by: thresholdy, the jth user is rejected to use theh subcarrier.
) Our initial allocation algorithm attempts to “activate” as
é A (Zkgg ak) (20) many users as possible under the constraint that these users’
K co o SINR > ~. Specifically, theU subcarriers are sequentially

tested for each user. Once a user is successfully assigned a
where the cardinality of || = K (the total number of users) single subcarrier, it becomes an active user. Then, the bases-
anday is given by Eq. (19). It is easy to see thaK ¢ < 1. tation stops join-in-testing for this user and starts searching
The perfectly fair allocation has the maximum fairness fact@andwidth for other users. The sequence of testing users is
¢ =1, which is attained when, = «;, Vk # j, i.e., the band- based on our allocation-scheduling scheme, which will be
width allocated to all users are equally proportional to theifescribed in Section IlI-E for details. The users which cannot
maximum bandwidth capacity/;"**. The worst bandwidth- pe assigned with any subcarrier are not allowed to transmit
allocation fairness hag = 1/K — 0 as K — oo when only data during a block-interval. But, they will apply for data
one user occupies all the bandwidth resources. Obviously, thensmission when the next subchannel-allocation procedure
more the number of inactive users, the lower the bandwidi performed. We define these users within a block-interval as
fairness attained. inactive userslt is clear that the index set of inactive users is

Our proposed subchannel-allocation algorithm can be d\ ®. As a result, every active (inactive) user which is accepted
vided into three steps, which are calleffocation-scheduling (rejected) to transmit data is assigned one (zero) subcarrier
initial allocation, and dynamic allocation respectively. In during the initial allocation algorithm, which can be expressed
Section IlI-C and I1lI-D, we first describe our initial andas
dynamic allocation algorithms. Then, in Section IlI-E we
present our allocation-scheduling scheme. All algorithms asg, =
exerted each time the system receives its CSI information.

Ur _ ﬁ, ke® (active userl;, = 1)
Uprex 0, ke Q\® (inactive user[J; = 0).
(24)

C. Initial Allocation Algorithm ) ) )
D. Dynamic Allocation Algorithm

Let the jth user(j € Q,5 ¢ ®,) be the candidate which I . . _
; . . . The initial allocation algorithm maximizes the number of
attempts to transmit data using th¢h subcarrier. Since the _ . . . . o
active users, but it considers neither optimizing the propor-

basestation knows the information and the statistical Char?f:qhal bandwidth faimess nor maximizing the system through-
0

teristics about the channel, we can pre-compute the SINR . . ; .
: . . . put, which are the goals of our dynamic allocation algorithm.
decoding signals for each user at thtéh subcarrier using . : . .
The key idea of our dynamic allocation is to assign all the

Eq. (12). Thejth user is admitted to use theh subcarrier if leftover bandwidth resources after the initial allocation to

and only if active users based on the proportional fairness criterion [see
SINR; ,, > v Eqg. (20)] defined in Section III-B.
{ SINR};u 2 v, Vk e o, (21) Let © denote the index set of active users which cannot be

assigned with extra bandwidth resources. At the beginning of
where SINR ,, and SINR, ,,, as the special cases of Eq. (12)dynamic allocation algorithn® is initialized as an empty set
can be expressed by Egs. (22) and (23), respectively, whieh= (. If the ith user belongs t® (: € © C ®), it implies
are shown at the bottom of this page. that:
If Eq. (21) is satisfied, thgth user is qualified to be assignedCase I: The ith user has achieved its maximum bandwidth
to the uth subcarrier. Then, it becomes a new active user gapacity, i.e..U; = U™; or

K2

() ()

SINR; ., = m=ln=l (22)

P\ M NN ? 53
(32) XXX 3 [nsaimznzzr] + <Z Zh;’T'z) B

m=1n=1

PIY (S )
w) (o mre)

m=1n=1

PTb T IE p,m qu2 L& n,m|2
(FR)EEY X [ouatimizntrr] + (S werr ) v

m=1n=1

(23)
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Fig. 3. System throughpug and goodputR versus SINR thresholg. Fig. 4. System goodpuR versus SINR thresholg and numberk of users.

Case II: There is no leftover bandwidth available for tfite interval of scheduling, the scheduling delays of All users
user. are recorded accumulatively and sorted. The complexity of

The dynamic allocation algorithm searches for ttie user the scheduling varies, depending on different scheduling al-
(k € ®), which has theminimumaggressive factos;, defined gorithms used. The user which experiences larger delay will
by Eg. (19) and can be assigned with extra bandwidth. The tested earlier in initial allocations during the next interval
index of this user can be obtained by: of scheduling. Therefore, the scheduling delays will be fairly
) shared by all users, and thus this scheduling is calieldy-

k= i 25 . : .
are kren%r\le{ak} ( fairness drivenscheduling.

where® is the index set of active users obtained by the initial
allocation algorithm. IV. SIMULATION AND NUMERICAL EVALUATIONS

If the kth user does not achieve its maximum bandwidth We i tigate th ; fth d ;
capacity, i.e.,U, < U, the algorithm at the basestation € investigate ihe performance of the proposed system

attempts to assign an extra subcarrier to it based on SIMastructure an_d sub_channel-allo_cation a_lgor_ithms by simu-
criterion given by Eq. (21). The attempt can succeed or fail. Iﬁuons. In the S|mulfat|ons,. the chip duration is ;etIi;o;

it succeeds, the basestation updates the aggressive dfaabr .7'8125”5 and spreading ga@ setto 16. Thus,-the. bit duration
the kth user and selects the new user which has the minimd?hﬂ’ = TG = 125us and bit rate per subcarrier is 8Kbps. We

’ ina Ed. (25). If it fails. th tati set the total numbeU of subcarriers qual t&/ = 8. There-
tcz)k(ss(lggseq”)( 5)- If it fails, the basestation adds ks user fore, the total bandwidth of the systeml5T, = 1.024MHz.

If the kth user has achieved its maximum bandwidth capa%.—he packet size is set t& = 8000bits and the SNR per

ity, i.e., U, = U™, the basestation also adds itdo(Case . it v, is set to 10dB at the basestation. The subchannel-

The dynamic allocation algorithm repeats urgil= ®. aIIocatmn—scheduImg is executed every 10ms. The spreadmg
codes are random signature sequences. The correlation factor

between different asynchronous random spreading sequences

E. Delay-Fairness-Driven Scheduling is approximated as a Gaussian random variable with zero-mean

Re-examining the subchannel-allocation algorithm dend variance ol/(3G) [7]. Doppler frequency is set to 20Hz
scribed above, one can observe that when the initial allocatitan all users. Since we mainly focus on transmit diversity in
is applied, the user which is tested earlier receives the higttbis paper, the number of receive antenna at the basestation is
priority to become the active user than the later tested onest toM = 1 for all simulations.
This is due to the fact that SINR criterion is easier to be satis-Fig. 3 plots the simulated system throughput and numeri-
fied by the earlier tested users. If we employ a Round-Robigally solved goodput [using Eq. (17)] versus SINR threshold
based scheme testing alf users, the later attempted users. The plots of throughput are obtained through simulation
are more likely to be rejected for transmitting data in eadxperiments and the results of goodput are based on the
subchannel-allocation. As the result, their scheduling delagamerical solutions for the analyses derived in Section IlI-A.
will be longer than the earlier attempted users. This problefe total numbers of mobile users is set to 15. As expected,
gets more serious when the numli€of users becomes larger.the system throughput decreases when SINR threshold
In the worst case, some users even cannot transmit any datmerteases. However, the goodputs have the peak value when
all. To solve this problem, we propose the delay-fairness drivenaround 10dB, which represents the optimal SINR threshold
scheduling scheme to minimize the upper-bound of schedulifg,:(~ 10dB) for K = 15. We can also observe that the
delay. Specifically, the scheduling is applied periodically tepace-time infrastructure can significantly improve the system
adjust the sequence of mobile users’ attempts. During eablnoughput and goodput, but the optimal SINR threshold
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Fig. 6. ThroughputR versus numbeiK of users.

“Yopt ~ 10dB virtually does not change regardless of what
different antenna combinations are used. We observe that the bandwidth fairness decreases, while the
To further investigate the influence of total numhki§rof throughput increases, ds gets larger. This is expected since
mobile users on the optimal SINR threshoid,:, Fig. 4 the larger number of users, the higher spectrum-efficiency of
plots the numerically solved system goodput against twoDMA system, and thus the higher system throughput. On
independent variables SINR threshaldand the total number the other hand, the larger number of mobile users makes the
K of mobile users. The number of transmit antennas is setliandwidth fairness more difficult to be achieved, decreasing
N = 2. As shown in Fig. 4, the system goodput attains thie fairness factor. Figs. 5 and 6 also show that after exerting
maximum whemy ~ 10dB which is virtually independent of the initial allocation, algorithm, the dynamic allocation can
the total number of mobile users. From Fig. 3 and Fig. 4,evidently improve the bandwidth fairness and system through-
we can conclude that the optimal SINR threshelg; can be put. When the number of users is relatively small, there are
pre-determined as a fixed value, regardless of what numiseificient leftover bandwidth resources after the initial alloca-
of transmit antennas are used and what number of users t@wa. Therefore, the dynamic allocation can easily assign these
employed. Since the maximum goodput can be achieved, aedources to active users based on the fairness criterion. Hence,
the goodput approaches to the throughput wherr 10dB, both fairness and throughput can be significantly improved.
thus, we set the SINR threshojdo 10dB and only investigate When the number of users becomes larger, there are less
the system throughput~{ goodput wherny = 10dB) in the leftover bandwidth resources after the initial allocation. Thus,
following simulations for convenience. the improving rate slows down. Fig. 5 and Fig. 6 also show
Applying the initial and dynamic allocation algorithms, thehat the space-time OFDM-CDMA infrastructure at physical
simulated fairness and throughput versus the nunfbeof layer can significantly increase the fairness and the throughput
mobile users with different number of transmit antennas aoéthe system as the number of transmit antenna increases. For
presented in Fig. 5 and Fig. 6, respectively. The bandwidéxample, both fairness and throughput can be increased more
capacitiesU”** are randomly chosen between 1 abd than 40% by using 4 transmit antennas instead of 1 transmit
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antenna when 30 mobile users are in the system. V. CONCLUSIONS

Fig. 7 plots the simulated average numbeimaictivemobile We proposed and analyzed the subchannel-allocation algo-
users versus the total numbkr of users with the different rithms based upon Quality of Service requirements of maxi-
combinations in the number of antennas. From Fig. 7 wgizing fairness and throughput while minimizing upper-bound
find the average number of inactive mobile users increassfsscheduling delay for the space-time OFDM-CDMA-based
when K gets larger, which agrees with the observations imireless networks. Also, we conducted extensive simulation
Fig. 3 since the more inactive users, the lower fairness attaingtperiments to evaluate the performance of the proposed
(see Section 1lI-B). We can also observe that the space-timigorithms. Our simulation results show that the proposed al-
infrastructure significantly reduce the number of inactive useigorithms can significantly improve the proportional bandwidth
For example, for total number ok = 30 users, the averagefairness and system throughput while reducing scheduling
number of inactive users approaches to zero when= 4 delay. Furthermore, the space-time infrastructure can achieve
transmit antennas are employed as compared to the case whetee efficient bandwidth allocations over finite resources in
the average number of inactive mobile user¥, when only the wireless networks.
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