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Abstract—We propose a link-adaptation (LA)-based system
infrastructure and develop the corresponding dynamic channel
allocation (DCA) algorithm for downlink data transmissions
over MIMO-OFDM wireless networks. By integrating a
set of LA techniques, our system can dynamically select
transmit-antennas, modulation-levels, and transmission power
for different mobile users. Jointing with the proposed system
infrastructure, we develop the DCA algorithm to maximize the
total system throughput. In designing the DCA algorithm, we
first focus on CDMA-based MIMO-OFDM systems with any
given spreading gainG. Deriving the optimal G to achieve the
maximum throughput, we prove that the optimal spreading gain
is G = 1. This implies that the system without using spread
spectrum (SS) is optimal in terms of maximizing the throughput.
Extensive simulations show that the system throughput increases
significantly with the numbers of transmit antennas, receive
antennas, and mobile users. Moreover, our DCA algorithm can
significantly improve the system throughput performance as
compared with the conventional fixed channel allocations (FCA).

Index Terms—Dynamic channel allocation (DCA), transmit

antenna selection (TAS), adaptive modulation, power control,
OFDM, CDMA, MIMO.
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I. INTRODUCTION

HE EXPLOSIVE increase of high-speed wireless ne
working applications motivates an unprecedented revol
tion in wideband-wireless communications [1]. This presen

While LA can achieve remarkable improvements on spectral
efficiency over the non-adaptive schemes, some other interest-
ing techniques can also be integrated with it to further increase
the system capacity. In particular, multi-antenna techniques
such as MIMO and multi-carrier transmissions such as OFDM,
can be combined with LA to achieve the integrated diversities
from spatial, temporal, and spectral domains, which will result
in significant improvements in supporting QoS requirements
of different mobile users for the future wireless networks.

When employing the integrated scheme, the key issue is how
to combine these techniques in the most efficient and cost-
effective way. In this paper, we propose an LA-based system
infrastructure to efficiently integrate a set of adaptation tech-
nigues, and develop the corresponding dynamic channel allo-
cation (DCA) algorithm for downlink data transmissions over
MIMO-OFDM wireless networks. Specifically, the proposed
infrastructure is designed to adaptively select the transmit
antenna, constellation size, and power level basethstan-
taneouschannel conditions of different mobile users. Based
on the proposed system infrastructure, we develop the DCA
algorithm to maximize the system throughput. In designing
the DCA algorithm, we first focus on the widely employed
code division multiple access (CDMA)-based MIMO-OFDM
system, i.e., multi-carrier (MC) direct-sequence (DS)-CDMA
gystem [4]. Given the system with any spreading gait'pive

evelop the DCA algorithm to maximize the total throughput.
hen, we derive the optima} that can achieve the maximum

great challenges in designing the next-generation wireld§éal throughput. We prove that the optimal spreading gain

networks since the multipath fading channel has a sev

G = 1, implying that the spread spectrum (SS) always

impact on reliable transmissions. To overcome these problerfi§grades the system performance in terms of total throughput.

a number of promising schemes are proposed, such as |
adaptation (LA) technique [2], muItipIe—input—multiple—outpult
(MIMO) architecture [3], and orthogonal frequency divisior!

multiplexing (OFDM) signaling [4].

ensive simulations verify our analytical analyses and show
at the system throughput increases significantly with the
umbers of transmit antennas, receive antennas, and mobile

users. In addition, our DCA algorithm can significantly im-

Link adaptations (LA) — where the transmission parametep§0Ve the system throughput performance as compared to the

such as power level and constellation size are dynamicafl

9nventiona| fixed channel allocation (FCA) algorithms.

adapted to the time-varying fading channel — have emerged! N€ rest of this paper is organized as follows. Section lI
as one of the key solutions to increase the spectral efﬁciencﬁ@ﬁcnbes the system model. Section Il presents the adaptation
are

wireless systems [2], and thus received a great deal of rese

emes used in our system. Section IV focuses on the DCA

efforts [5][8]. Employing LA, the system can achieve mor&lgorithm for MC DS-CDMA system. Section V derives the

efficient transmissions to increase the data throughput wi

the channel condition is good; when the channel becomes b

imal spreading gain that can maximize the total system
oughput. Section VI conducts extensive simulations to

the system can decrease its transmission rate adaptively wiygluates the performance of our proposed DCA algorithm

maintaining the same BER. In contrast, the system without

can only be designed for the worst channel condition. As
result, LA outperforms the non-adaptive schemes significantly.
Due to its great performance, LA is currently part of both W-

CDMA and CDMA-2000 standards.

(and compares it with fixed channel allocations (FCA). The

paper concludes with Section VII.

Il. SYSTEM DESCRIPTION
A. Transmitter and Receiver Models

The research reported in this paper was supported in part by the NationaWVe consider the downlink of a single-cell MC DS-CDMA

Science Foundation CAREER Award under Grant ECS-0348694.

system with a total number df mobile users. The basestation



is equipped with/V; transmit (Tx) antennas and thgh user user’s feedback, or, in a time division duplex (TDD) system,
(k=1,2,..., K) is equipped withv® receive (Rx) antennas. the CSI can be obtained directly by the basestation since
Denote the total transmission power of the basestation B¢ channel is reciprocal. It is clear that the CSI feedback
P, the total number of orthogonal subcarriers iy and the will introduce certain amount of overhead. However, such an
total spread spectrum bandwidth Bly. Thus, the bandwidth overhead can be relatively small, especially.when the channel
per subcarrier is equal th = W/U and the chip duration changes slowly (e.g., an indoor slow-mobility environment),
T. = 1/A = U/W, guaranteeing the orthogonality betweednd the allocation is done once every many symbol inter-
different subcarriers. Denote the spreading gain of the syst¥/s [5]-
by G. Then, the symbol duratiof; can be expressed as
T, = GT, = GU/W. I1l. | NTEGRATED LINK-ADAPTATION SCHEMES

First, all rlrobi{ga usglrs’ l?a't&a\ streda}ms tar(i r:‘ed irr]no th<|a dg/rgarpd\g Transmit Antenna Selection (TAS)
resource allocation block. According to the channel state in- e . . .
formation (CSI) and the quality of segrvice (Q0S) requirements In recent years, the transmit diversity technique has received
of different mobile users, the system jointly allocates th%grgaétl dfggldgfaéﬁ)seﬁlr'c\:ﬂhoegogé ;orsthgcgﬂsﬁgogg dg.se'[bi,vg?é
system resources including transmit-power, modulation-leve ful | hi d'y m, Sp: he closed-|
transmit-antennas to each mobile user. Then, based on Hg&erful tools to achieve diversity gain. For the closed-loop
outcomes of the resource allocation, each mobile user's dat .é(\lettgct?nSilJget?st;ﬁth)rall\ﬂls%% gﬁ?ﬁ#&’rrﬁ;ﬁ ngﬁ’gxae?g%e
stream is converted into a number of parallel sub-streams, q 9 9

then transmitted simultaneously at different subcarriers. TREUMa! [10]. However, the optimal beamforming imposes high
sub-streams at different subcar¥iers can be assigned with j_rdware complexity. Moreover, the computational complexity

ferent power-levels and modulated with different constellatiqy| ci9envalue or singular value decomposition for beamform-
sizes, which is obtained by applying thewer controland the ing also restricts the implementation of transmit smart-antenna.
adaptive modulatior(AM), respectively. Moreover, different Alternatively, transmit antenna selection (TAS) provides a

sub;streams are sent by different transmit antennas, w_hickggg f:?rﬂ%gfe%egviggcce??rﬁlee)é%gsngnp;rsfror{;nrﬁg(rzﬁe.nna-base d
g]? T;]eevseed E X :iﬁgggssrwit"agéenpssgﬁltee%“%aﬂ'e-l;gﬁoﬁha'lstwﬁcheme, transmit antenna selection (TAS) receives relatively
sections P 9 "WRw research attention. TAS was first proposed in [11] and
: ; ; fter studied in, e.g., [12][13]. The idea of TAS can be
The rest of the operations at both the basestation rea ; . ) .
the mobile users are similar to those conventional MC D refly described as follows: by using CSI feedback, a single

s ; ; it antenna out of alV; candidates, which maximizes
CDMA systems. Specifically, the spreading and de-spreadi nsmi ' ¢ ' .
are performed at the basestation and the mobile users. post-processing SNR at the MRC output, is selected to

; : ; smit data for the corresponding user. Since TAS always
modulations at the basestation and the demodulations at centrates all its transmission power to the selected optimal

mobile users are implemented Hy-point IFFT and FET [tenna for data transmission, while STBC equally distributes

Eg;?gﬁghrgﬁgefet%%%g g? tCﬁ/eC I'n(; (?k:ﬁgxugs%rs) t'(s) 3ﬁrqneir?a?é EE%t‘ra_msmis:sion power over all transmit antennas for data trans-
effect of inter-symbol interference (ISI). When the number ({E‘" sion, the performance of TAS is always better than STBC.

! (k) _ ) o eanwhile, the authors in [13] showed that the performance
receive antennagV,”" > 1, the maximum ratio combining of peamforming is only slightly better than TAS (e.g., 1.5 dB
(MRC) is assumed to be employed at thia mobile user. superior than TAS whenV; = 2 and N, = 1). It is also

interesting to note that when employing TAS, the multiple

B. Channel Model transmit antennas at the basestation can be considered as

The wireless fading channel is assumed to be frequencjfansparent” to the receiver, making TAS very cost-effective
selective. However, the delay-spredds of the channel satisfy t0 be implemented in practical wireless communications.
T,, < T,., making each subcarrier conform with the flat- All previous work focuses only on TAS applied in single-
fading. Moreover, the channel is assumed to be quasi-statker communications over flat-fading channel. In this paper,
so that the channel gains are constant over a burst of symW§l generalize these results to multi-user multi-carrier com-
intervals but vary from one burst to another. Then, withimunications over frequency-selective channel. Based on the
a burst duration, the channel coefficients between ithe instantaneous CSI, the same user’s data at different subcarriers
transmit antenna of the basestation andjtheeceive antenna can be transmitted by different antennas. Specifically, the
of the kth user at theuth subcarrier can be denoted hjj’, Dasestation will select the transmit anteripg to send data
wherek € {1,2, .. K}, u € {1,2,..,U}, i € {1,2, ... Ni}, Lc;r the kth user at thesth subcarrier, wherg, ,, is determined

andj € {1,2,..N"}. N

The additive white Gaussian noise (AWGN) at the receiver . —~ |, ij 1
is assumed to have the zero-mean and single-sided power Uew = A8 N > |k @)
spectral density ofV, for all users. Therefore, the AWGN at =l

each subcarrier can be modelled as having the zero-mean apd sssume that

. - percentage factorey,, € [0,1] of the
variance equal te; = NyA = NoW/U. The downlink of the '[O'E:ll transmission poweP is allocated to the:th user at the
system is assumed to be ideally orthogonal and synchronizgf supcarrier. Thus, after the de-spread and maximum ratio
between users within the cell, i.e., no intra-cell interferenG®mpining (MRC), the post-processing signal-to-noise ratio

is considered in this paper. The inter-cell interference of thgNR at thekth user'suth subcarrier can be expressed
kth user at theuth subcarrier has the power denoted Rpy,. t ) Ve v p

In addition, the channel state information (CSI) of downlink
is assumed to be perfectly known by both the basestation and Vo = GPaju . )
the mobile user. The CSI at the basestation can be obtained by o Iy + 037
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where Q.. = max;e(1,2,... N,} Z;\E? hy’ | represents the the orthogonal downlink transmissions. Denote the number of
equivalent channel gain for thieh user at theuth subcarrier g)s(e::svggglr;éhmth subcarrier byk.,. This constraint can be
when employing TAS. P
B. Adaptive Modulation (AM) CONSTRAINT Il: K, <G, whereu =1,2,...,U.  (7)

Adaptive modulation (AM) is an efficient LA technique toTo solve the problem of maximizing under the above two
improve the spectral efficiency. Without loss of generality, weonstraints, we first only consider CONSTRAINT | while
employ the adaptive squared QAM modulation. The bit-errég@noring CONSTRAINT II. Then, we find the solutions under
rate (BER) for an AWGN channel with QAM modulation isboth CONSTRAINTS | and II.

upper-bounded by [7] N
B. Step 1: Maximizing? under CONSTRAINT |
BER < 0.2 exp ( 1.5y ) (3) Substituting Eq. (2) into Eqg. (5), the system throughput

2b —1 can be derived as follows:
where0 < v < 30 dB is the SNR of the AWGN channel and w KU
b > 2 is the number of bits per symbol. In our MC DS-CDMA R= — Z Z log, <1 + GOk wuk u) (8)
system, we assume that different users have different target GU o1 el T

BER requirements denoted by, (k = 1,2, ..., K). Therefore,
for the kth user at theuth subcarrier, the maximum numbefyhere we define,, , = —[1.5 P Qo] /[log(5T%) (Ii.u + 02)]
U . U U n

by, Of bits transmitted in a symbol can be expressed as 5 the effective channel qualityof the kth user's at the

uth subcarrier. Considering CONSTRAINT I, the problem of
brw = log, <1 + %,u) (4) maximizingR can be solved by using the Langrange multiplier

as follows:

where ;. ,, is given by EqQ. (2)7k.. 2 —1.595,/ log (5T'%) w Y

represents theeffective SNRof the kth user's at theuth v=ar > log, (1 + G5k,u0<k,u>

subcarrier when employing TAS, using the adaptive QAM k=1u=1

modulation, and taking the AWGN?,, inter-cell interference K U

I..., and target BER-Qo$, into consideration. As a result, + A ( Z Z hu — 1) (9)

the system throughpuR of all users at all subcarriers is b1 u—1

determined b
I y where ) is the Lagrange multiplier. Theptimal fraction of

1 KU w KU power assigned to théth user'suth subcarrier, denoted by
R = T Z Z b = Yelii Z Z log, (1 + %,u>. (5) the optimal percentage—factar,;,u, can be obtained by solving
5 k=1u=1 k=1u=1 o /Oy, = 0. The solution of this problem turns out to be

In this paper, we assume that the constellation size is contifie Well-knownwater-filling formula which is given by

ous, i.e., the throughput of each subcarrier is based ftuich 1 /1 1
model . ==, Oku=>do
ak,u = G 60 6k,u / (10)
IV. DYNAMIC CHANNEL ALLOCATION (DCA) 0, Oku < 0o
A. DCA Design Criteria where &, is the cut-off threshold determined by CON-

Based on the proposed system infrastructure, we develop $HERAINT |. The water-filling formula shows that the better
corresponding DCA algorithm. In designing DCA algorithmthe effective channel quality;, .., the larger the percentage-
we focus on the quality-of-service (QoS) of maximizindactor «; , of the transmission power. When the effective
the total system throughpuk while guaranteeing different channel qualityd, ,, is smaller than the cut-off thresholi,
users’ target BER requirements. While the fairness is also #e kth user cannot use theth subcarrier for transmission.
important issue for multiuser data networks, it is out of thPlugging Eg. (10) into Eq. (8), the maximum system through-
scope of this paper, and will be discussed in another papeput, denoted byz*, can be derived as

The maximization problem is subject to the following two

constraints. First, the transmission power of the basestation, . oW &Y Sra\1"
which is the sum of the power assigned to all subcarriers R = @ZZ log, S (11)
for all users, must be upper-bounded I This implies k=1u=1 0

that the summation of all percentage-factdrsy .} of the A

transmission power is upper-bounded by 1, and thus this powérere [z]7 = max{z,0}. To completely solve the problem,
constraint can be expressed by we need to find the cut-off threshol@ in Eq. (10). Sort the
effective channel qualitie$é, ., |k = 1,...,K;u = 1,...,U}

of all subcarriers for all users into a descending order, i.e.,

CONSTRAINT I: Z Z ag =1, where0 < agu <1. from the best channel quality to the worst channel quality, as
k=1u=1

K U

(6) W > 52 > ... > §KU-1) > §(KU) (12)
Second, in MC DS-CDMA systems, multiple users can o B B -
be assigned to a subcarrier at the same time. However, tueh that{6(V}XY forms the permutation of the original
maximum number of users within a subcarrier is uppefd, .|k = 1,..,K;u = 1,..,U} in a descending order.
bounded by the spreading gain of the system to guaranteeCorrespondingly, we denote the assigned percentage-factors



of transmission power by(), a(?, .. oK) corresponding such that{s()}¢Y forms the permutation of s\’ | i =
to 01,62 .. §(KU) respectively. 1,2,..,G;u = 1,2,...,U} in a descending order. Noting
Assume that among®),§® ... §(KU)  the first M terms that Eq. (19) has the same structure as Eq. (12) except
is no less than the cut-off thresholy, i.e., §*) > 4, > that the number of terms is reduced froRU to GU, we
s(M+1)_ Thus, in terms of Eq. (10), the assigned_fraction nstruct a new maximizing problem which is not subject to
transmission powen(M+1) o(M+2) " 4(KU) are all zeroes. “ONSTRAINT 1l and can be solved by the same way as the
Then, the first part of Eq. (10) and CONSTRAINT I can bé)robler_n_ only considering CONSTRAINT 1. The following
formulated in a matrix form as follows: proposition ensures that the above allocation algorithm is
optimal in terms of maximizing throughput.

10 --- 0 -1 oM 1/6( Proposition 1 Given any spreading gai@ and under the
0 1 1 a® 1/6® CONSTRAINTS | and I, the total system throughpiit is
_ 1 optimal when using the above allocation algorithm.
: " : : -G : Proof: The proof is available on-line in [14]. |
0 1 -1 o) 1/6(M) Thus, considering both CONSTRAINTS | and Il, we obtain
11 --- 1 0 G%s e the solutions of the problem for maximizing.
0
(13)
For a given integefM (1 < M < KU), the solutions of V. SYSTEM THROUGHPUTOPTIMIZATION
Eqg. (13), denoted by} i=1,2,.., M) anddo,n, respec-  |n Section IV, we develop the algorithm to maximize the
tlvely, can thus be determined by the fOIIOWIng equatlons: System throughpuR gi\/en a certain Spreading ga[ﬁ In
' 1 1 1 this section, we further investigate the impacttébn system
ag\? —— < _ ) , throughputR.
G \dou 00 When the spreading gai@' increases, in terms of CON-
1 1 Mo (14) STRAINT II, the upper-bound of<,, also increases, i.e., we
— =— |G+ Z —= can assign more users within each subcarrier to enhance the
bom M = 00 total system throughput. However, the throughput of each user

decreases a§ increases, which can be easily observed from
Clearly, due to inequality (12), the following inequality alwayshe fact that the throughpuky, ,, of the kth user at theuth

holdsal) > o > ... > (™. To guarantee all Subcarrier given by
ag\z) >0 =1,2,.., M), itis sufficient to ensure the smallest 1974
term o) > 0. Therefore, the optimal, denoted byM/*, R = aU logy (1 + Gokuvk,u) (20)

is the largest\ such that the inequalityeg\y) > 0 holds. The

optimal valueM* can be expressed as is a monotonically decreasing function with respect to the

variable G. On the other hand, when the spreading g&in
. decreases, the throughput of each user increases but the fewer
M= {?f};( {M [1<M< KU} (15) users can share the same subcarrier. Therefore, there is an

o 20 optimal spreading gain denoted B that can maximize the

system throughput. The value &f* is determined by the

Thus, the corresponding cut-off threshalgdis given by following theorem

0o = 0o, M+ (16) Theorem 1:Under CONSTRAINTS | and I, the optimal
G* that maximizes the total system throughputds = 1.
C. Step 2: Maximizing? under CONSTRAINTS | and I Proof: Denote the fraction of power corresponding to
In the second step, we consider the maximization problefi’, 0\, ..., 6. given in Eq. (18) byal’, ai”, ..., at,
subject to both CONSTRAINTS | and . respectively. Then, the system throughput of tkie subcarrier

When the total number of users satisfigs8 < G, the denoted byR, can be expressed as
CONSTRAINT Il always holds since we always haig, <
K (u=1,2,..,U). WhenK > @G, at each subcarrier, we sort w E k) - (k)
{6 }1, in a descending order, which can be written as Ru=cp > log, (1 + G0, oy, ) (21)
k=1

(1) > 52) > ... > gKE-1) - 5(K) — ) ) ) )
0u’ 2047 2 = z 0, u=12..U0 (7) According to the analyses described in Section IV-C, the

number of users assigned to theh subcarrier is upper-
bounded by the smaller one betweéh and G, which is
denoted byQ = min{ K, G}. Then, Eq. (21) can be rewritten
as

such that{s\"}/ | forms the permutation ofd , }/<, in a
descending order. Since the number of ug€gawithin theuth
subcarrier cannot be larger thah we only select the firsts

terms of {6} } X | as —_—)
_ (k) (k)
s > 5@ > 5660 >5@ =12 . U (@18) Ru =G5 kzll% (1 TGOy ) (22)

As a result, the othe(K' — ) users cannot be assigned t%ince the maximum value oR, is independent of con-

the uth subcarrier. |hen{(51(j)}i:1 of all U subcarriers are stantsW and U, we define a new variablé?’ given by
h h | i ! ) ) u
gat ered toget er and sorted in a descendlng order as R& 1 Zg_l 10g2 1 G(S&k) 7(1k) . which has the same

s > 5@ > ... > 5GU-1) 5 §(GU) (19) maximizerG* as that forR,,. Then, the following equations



hold: ' ' ' '
K=50,U =128, SNR =10 dB
P ) @ 1+ Gs® o 1/G ) 60 G- 1Tx, 1Rx, FCA | |
L= log | [T (1+G6Ma®) B i
k=1 2 5g —3- 16Tx, 4Rx, FCA | |
1/6 = e
= X, 1RX,
q o 54| & oo
X, 4Rx,
log, H<1+G5u ay, )><1><~~-><1 -g,
k=1 (G—Q) terms £ 3f
o
@) 1 Q S 2[%\\
] ~ N
< log, el Z <1+G51(Lk>a7(f))+1+---+1 £ 1§§§\\
=1 (G—Q) terms = o :
Q 0, 2 4 8 . - } 18
k)  (k
= logy [ 1+ Z 0y, )OQ(L ) Spreading Gain (G)
k=1
b Q Fig. 1. Normalized throughput versus spreading gainThe number of
(<) log, [ 1+ Z 5D (k) usersK12: 50, the number of subcarrief$ = 128, and the SNR = 10 dB.
. T T T T
- ’ k=1 b h G- 1Tx, 1Rx, FCA K=50,U=128
= —7 4Tx, 1Rx, FCA
. 1 1 6(1)6 (23) 10 X 1Z$:§:: E(CDQ 4
= logy (14,7 0u = i inoor >
—o- 8Tx, 2Rx, DCA
e | |-8- 16Tx, 4Rx, DCA |

where 8, £ ZQ_lan) =3 o) is the percentage of

power assigned to theth subcarrier. The first inequality in
Eqg. (23), denoted by (a), is due to the fact that the geometric
average is smaller than or equal to the arithmetical average.
The second inequality in Eq. (23), denoted by (b), is due to
Eq. (18). The equalities hold in Eq. (23) if one or both of the

following two conditions is satisfied:
() G=0Q,ie,K>Gands) =62 =... =5 >

s > ... > 59 je., each assigned user has

the sameeffective channel quality
(i) oV =al? =...=a®) =0, ie., nouseris assigned

with the uth subcarrier, and thus?,, = 0.

The last part of Eq. (23) corresponds to the maximum througﬁg' 2

put of theuth subcarrier, which is achieved whéh= 1. Thus,
the proof follows.
According to Theorem 1, the optimal throughput can

achieved when CDMA is not employed in the system, i.

. v i “of
the optimal system is based on a FDMA-liked scheme w?tfﬁ
dynamic subcarrier allocation. At each subcarrier, we on

select the user which has the beffective channel qualitgs
the candidate for sending data. The new transmission sch

(with G = 1) is an integrated one based on the well-knowg,e

multiuser diversity [15] and transmit antenna selection.

Normalized Throughput (bits/sec/Hz)

25

Averaged SNR (dB)

Normalized throughput versus averaged SNR. The number of users
= 50, and the number of subcarriets = 128.

B or not whenN, > 2, we use full-rate STBC in all simulations,
. br‘aepresenting the best performance, and we ignore the overhead

cyclic prefix (CP) for simplicity.

Fig. 1 plots the normalized throughputs (the system through-

b’ut normalized by the total bandwidti) versus the spreading
ain G employing DCA and FCA with the different numbers

®ransmit/receive antenna combinations, respectively, where

numberk of users is set tak' = 50, the number of

subcarrierd/ = 128, and averaged SNR = 10 dB, respectively.
VI. SIMULATION EXPERIMENTS We observe from Fig. 1 that all throughputs are the monotoni-
ally decreasing functions wit¥, which verifies our analytical

We evaluate the performance of our proposed DCA agrnalyses derived in Section V. Also, Fig. 1 shows that the
gorithm by simulations. In all simulations, we assume thgore the number of transmit/receive antennas, the better the
{hy.7,} are independent identically distributed (i.i.d.) complexperformance of DCA, which is the contribution of our TAS-
Gaussian random variables with zero-mean and variancebased scheme. In addition, Fig. 1 shows that our proposed
0.5 per dimension, respectively. Although our scheme can BEA outperforms FCA significantly. Since the smalléstan
applied to heterogeneous mobile users’ situation, we simulaehieve the maximum throughput, we gét= 1 in the rest of
homogeneous users for simplicity, i.e., all users have the sasmaulations.
number of receive antennas and the same target BER For Fig. 2 depicts the normalized throughput versus the aver-
comparison, we also simulate the performance of fixed chanagled SNR using DCA and FCA with the different numbers
allocation (FCA) using adaptive modulations and equal powef transmit/receive antenna combinations, respectively, where
assignments. When the number of transmit anteriias 1, the number of users is set tA = 50, and the number
space-time block codes (STBC) [9] are integrated with FCA iof subcarriersU = 128. Fig. 2 shows that the higher the
order to compare with our proposed TAS-based scheme. Simseraged SNR, the larger the normalized throughputs. Similar
it is still unknown whether the full-rate complex STBC exist$o the conclusion drawn above, increasing the number of



SNR=10dB, U =128
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Fig. 3. Normalized throughput versus the number of ugérsthe number
of subcarrierd/ = 128, and the averaged SNR = 10 dB.

transmit/receive antennas improves the performance of D

Fig. 4.
number of userd{ = 64, and the averaged SNR = 10 dB.
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Normalized throughput versus the number of subcarfier§he

conducted extensive simulations to evaluate the proposed

significantly. Also, DCA shows a great advantage over FCA/90rithm and to verify our analytical analyses. The obtained
The superiority of DCA over FCA increases as the averagéH““'at'on results show that the system throughput increases

SNR increases, which is due to the fact that the increasin
slopes of throughputs’ plots for DCA are higher than tho
for FCA as shown in Fig. 2.

Fig. 3 presents the normalized throughputs versus the n
ber of usersK, where the number of subcarriers is set to
U = 128, and the averaged SNR = 10 dB. Fig. 3 shows
that the throughputs of DCA increases as the number ot
mobile users increases, which is due to multiuser diversity.
In contrast, the throughputs of FCA stop increasing wheie]
the numberK of users reaches its ImiK = U = 128,
since at mostk' = U = 128 users, regardless of their
channel qualities, can be allocated into the FCA system. Onét—:J
again, the throughput of DCA can be increased by increasing
the number of transmit/receive antennas, thus achieving t
advantages of both multiuser diversity and transmit antenna
selection. 5]

Finally, Fig. 4 plots the normalized throughput versus the
number of subcarrierg/, where the number of users is set 6
to K = 64 and the averaged SNR = 10 dB. Fig. 4 showd®
that the normalized throughput of DCA never drops regardlegs)
of number of subcarrier§/. By contrast, the throughput of
FCA is a constant when the number of subcarriérs< 8]
K, since only K users are allocated to the system; wherl
U > K, the throughput of FCA starts dropping and decreases
with U, increasing the throughput superiority of DCA over
FCA. Also, based on Fig. 4, we have the same conclusiof{!
that increasing the numbers of transmit/receive antennas can
significantly increase the throughput, and DCA has mugin]
better performance than FCA in terms of throughputs. (1]
VII. CONCLUSIONS

We proposed and analyzed the LA-based system infrat?
tructure and developed the DCA algorithm for MIMO-OFDM
systems in multiuser downlink data transmissions. Given tki]
CDMA-based MIMO-OFDM system, we developed DC 14]
algorithm which can maximize the system throughput. Inteft-
estingly, we proved that the system without CDMA techniques
is optimal in terms of throughput. Thus, our proposed scheme
integrates the advantages of multiuser diversity and transrﬁ%g
antenna selection, i.e., at each subcarrier, we only trans |ﬂ
data for the user with the best effective channel quality.

nificantly with the numbers of transmit antennas, receive
tennas, and mobile users. In addition, our DCA algorithm
can significantly improve the system throughput performance
JAs.compared with the conventional FCA algorithms.
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