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Space-Time Coding for Single Carrier Block
CDMA Systems

César A. Medina Raimundo Sampaio-Neto Tiago T. V. Vinhoza

Resumo— Neste trabalho é proposto um esquema unificado and receive signals. MIMO has gained a lot of attention
para sistemas de transmissdo CDMA por blocos em portadora as an effective diversity technique to combat fading and/or
Unica e codificagdo espago-temporal. O sistema proposto utiliza asincrease the capacity of wireless networks without indreas

componentes das miltiplas antenas e dos multiplos percursos do . . . .
canal CDMA como fonte de informagao redundante para atingir '€ Pandwidth or the transmitted signal power [1], [4]. This

maximo ganho de diversidadeGy = nrL, ondens é o namero robustness is achieved by the use of techniques such as the
de antenas eL é o nimero de percursos dos canal. O sistemaAlamouti space-time code [5], which uses two transmit and
proposto permite explorar a propriedade de ortogonalidade dos one or multiple receive antennas. Alamouti’s code is the onl

cddigos de Alamouti e decodificar cada simbolo separadamente,(_:‘xisting complex orthogonal design with full rate, full digity
reduzindo assim o custo computacional. g !
and minimal delay [4], [6].

_ Palavras-Chave— Cddigos espago-temporais por blocos, ma-  |n this work we propose a unified framework to single car-
ximo ganho de diversidade, sistemas de transmissdo CDMA eM iar space-time CDMA block svstems with Alamouti’s code
portadora Unica. P . y . . . ’

Two types of guard interval are considered: cyclic prefix and

Abstract—In this work we propose a unified framework for . . . - i,
single carrier space-time CDMA block transmission systems with zero padding. The diversity gain is analyzed and the cai

Alamouti's code. The proposed system uses the multiantenna 0 achieve this gain.are obtained. We exploit the orthogonal
and multipath components as redundant information to produce property of Alamouti’s code to decode each transmit symbol
schemes with full diversity gain, G4 = nrL, where nr is separately with the decision directed minimum mean squared

the number of antennas and L is the number of multipath  arror (DD-MMSE) receiver, although any other receiver can
components in the transmission. The proposed system allow be used

us to exploit the orthog_onal property of Alamouti's code and e . . . ) )
to decode each transmit symbol separately, thus, reducing the ~ This paper is organized as follows: Section Il describes a

computational complexity. unified framework of a Alamouti block transmission system.
Keywords— Space-Time block codes, maximum diversity gain, Section Il adqresses the definitions and properties of .the
single Carrier CDMA transmission systems. employed matrices for both SC CDMA systems. In Section

IV the diversity gain analysis is performed and the condgio
to achieved such diversity are analyzed. Section V presents
. INTRODUCTION the decision directed minimum mean squared error receiver t

Differently from second generation (2G) systems, designégcode each symbols separately and in Section VI we present
mainly for voice transmission, 3G must support variableadathe results obtained trough computer simulations. Finally
rates, depending on demand and level of mobility. Typical§ection VII gives the conclusions.

144 Kb/s is supported for full vehicular mobility and higher Notation: In what follows, I, represents & x k identity
bandwidths for pedestrian levels of mobility [1]. Widebandnatrix, 0,,x,, anm x n null matrix, (-)*, (-)# and(-)* de-
CDMA like systems have been widely proposed to suppdipte transpose, Hermitian transpose and complex conjiigate
this bandwidth-on-demand environment. respectively,® represents the pointwise product, diag is

The use of the well known CDMA with a guard intervala diagonal matrix with the components af as its nonzero
between symbols leads to two systems, namely, single cargéements,® is the Kronecker product and the operalof]
CDMA with cyclic prefix (SC CDMA CP) [2], [3] and single Stands for ensemble average.
carrier CDMA with zero padding (SC CDMA ZP). In both
cases,'the chips are transmitted sequentially over theewhol|| gpace-TIME CODING EORSINGLE CARRIER BLOCK
bandwidth allocated for that user. TRANSMISSION SYSTEMS

For the case oBeyond 3Gsystems these requirements are ) ) _
even stronger, with data rate transmission16b Mb/s for A discrete model of a downlink block space-time system
mobile andl Gb/s for stationary users [1]. One key to achievBMPloying Alamouti’s [5] scheme is depicted in Fig. 1. This
this performance is the use of multiple input, multiple autp scheme uses two transmit antennas and one receive antenna.
(MIMO) technology, which uses multiple antennas to tratsmlhe system is described as follows. Each user transmits

symbols s (i) which are first spreaded by the spreading

César A. Medina, Raimundo Sampaio-Neto and Tiago T. V. Vintmza codecy. It is assumed that symbols, (i), drawn from some

versidade do Rio de Janeiro (PUC-RI0), Rio de Janeiro (R3ziB E-mails:
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S1 (22) ]

S orny il 7(i) represents the interblock interference (IBlI).
ne For block transmission with CP, the receiver must remove
s2(21) . . . .
@1 2 —— the guard interval from the received signal to eliminate. IBI

In the ZP case, guard interval removal is not necessary. This
operation is represented by the matf whereR = R, =
Ip for ZP systems anR = R., = [Onmxq| Inm] for CP

e (2).

systems.
Finally, a space-time decoding is performed by stacking the
. (2‘) 26) ) | signals as
Srl2),, (B2 ; \ . .
\ . vy (2 FoRr(2i
8u(2i+1 2(7) Ut r(2¢+1)%> y(i) = [ y;8 } N [ FQPrer*((21)+ 1) ®)
v (D) Fo P R (20 + 1) Noise where Q = M for CP systems and) = P for ZP case,

P, is a@ x Q permutation matrix whose choice depends on
gig. 1. Space-Time Coding for Single Carrier CDMA Block Tramission  the gverall system employed as detailed in the next section
ystems and Fy is a Q x Q matrix that implements &)-point FFT,
normalized such thatt Fp = FoF = I,,.
If we defineC = \/E,Cp, whereE, = (Ey + Fy +---+ - 5
Ex)/K is the mean transmitted energy; is the transmitted » MATRIX DEFINITIONS
: = The use of the appropriate matricdsand R as defined
energy for uset, p = dia , =/ Ey/Es . . .
and gy_ p %Z; fﬁe S ;:e)-t'rike codin k/métr' in the previous section, leads to two commonly used systems,
~ [tcl C2 o ond VE P —Ci ) ng Yhamely, single carrier CDMA with cyclic prefix (SC CDMA
maps vectorss(i) = >, vV Ercrsi(i) = Cs(i), as CP) and single carrier CDMA with zero padding (SC CDMA
X (i) = 3(2i) P.s"(2i+1) o) ZP). These choices are interesting because they lead us use
Y= 3(2i+1) —Pys*(20) the following properties:
) ) . . . 1) CP caseR.,H;(2:)T,., reduces to a circulant matrix
where s(i) = [s1(1) sa(i) - sk()]", Pocis ad x M PD I, (2i) of dir%erfs(io%Mpx M
permutation matrix which depends of the system employed 85) Zlé case:R., H,(20)T., is .equivalent t0H;(20)T
detailed in the next section. S EPTTIAT AP : . J Zp
Before transmission a guard interval insertion is perfame ;ﬁgtﬁ%\gﬁijg?&fg tmhztgfc(n?;tslrg%?,s'ow x P
by the P x M matrix T', whereP = M + G and G is the : . ) . )
length of the guard interval. For the most commonly use%3) A circulant matrixI;(2i), as in pl) and p2), can be

: : : : decomposed aBl;(2i) = F A;(2i)Fy and HY (2i) =
d int Is, | fix (CP) and dd ZP) [7 J QAT J.
?huea%a:?riit.l\“/i; d(;)liicng:dperlzzlx (CP) and zero padding (zP) [7] FY A%(2i)Fq, whereA ;(2i) is a diagonal matrix whose

entries are the frequency response of the transmission

T, - { D ] T, — [ Ox=6) [ 1o channelh, (2i), ie., A;(2i) = diag Fh, (20)), where F
GxM M is a @ x L matrix formed with the firstL. columns of
The channel impulse response from tlhi¢h (j = 1,2) the matrix that implements the (non-normalizéghpoint

transmission antenna to the receiver is modeled here as FFT.
a FIR filter with L taps whose gains are samples of the

channel impulse response complex envelope. Assuming thatPermutation Matrices

during two sympol periods each _muItipath channel impulse P,, and P, are permutation matrices drawn from a set
response remains gogstant, thathg(2i) = h;(2i + 1) = pmyJ/-1 \where denotes dimension oP [8]. EachP{™
[7,0(22) - by, 1 (24)]", the transmission through the multi-petorms a reverse cyclic shift that dependsiomhen applied
path channel can be represented by & P lower triangular 4 4 7« 1 vector.

Toeplitz_ convolution .matanngQi), whose first column i These matrices have two properties which are shown bellow:
[hjy()(ZZ) e hj’Lfl(Ql) 0... 0} .

As we assume a downlink scenario, where users experierﬁ:@ Pr(i; ar.1d post;nulpplymg a(%rcular?t rrgg)trﬂﬂj(ZzT), b_y
the same channel condition, the received signal vectors col P; 3(/7'Slds H; (2(12)' Le., Py H; (20 P, = Hj(2i)
lected over two consecutive symbol periods are: and P,V H;(2i) P;" = HI(2i) [8].
p5) T.,PY = PYT,, [9].

r(2) = HO(%)E(?Z)‘ ) ) The five properties above allow us to simplify the systems
+H 1 (20)T5(2i + 1) 4+ n(2i) + 1(20) as follows. Using (2) we can rewrite (3) as
r@i+l) = Ho(2)TPus(2i+1) b [ FolHo)s(20) + folER)s(2i+ 1)
—H, (2i)T Py, 3" (2i) + n(2i + 1) ye F1(Ho)s(2i + 1) — f1(H:)s(2i)
+n(20+1) 2 FoRn(2i)
- - : : - | FoPRn*(2i +1) ()
wheren(i) is a complex white Gaussian noise vector with Q- rx in (20

zero mean and covariance matiik[n(i)nf(i)] = e 1p, 0
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where where P (+) is the block (block of symbols o users) error

fo(H;) = FoRH,(2i)TC probability and is given by
0 i) =TLQ j

f1(H;) = FoPo RH (2)T Py C. 6) P(elho,h1) = > P(3]s, ho, ha) (15)
SEX sex
Note that the termw(i) in (2), which accounts for IBI, is s#s

removed by the joint operation of matric&sand R. It should where x represents the set of possible values forand
be stressed that the guard interval length must be at least th(3|s, h, k) is the conditional probability of the event that

channel order in order to avoid IBI, i.eG > L — 1 [7]. the detected block i when the transmitted block is(s # s).
1) SC CDMA CP:If we chooseP,, = P, = P]E/‘,)) and For a minimum distance receiver, given the probability of
using pl), p4) and p3) we have: selecting a given alternativé when all other alternatives are

possible is upper bounded by the probability of a minimum

fo(Hj) = Aj(2i)FuC = A;(20)V (7)  distance receiver selectirig s in a binary decision scenario.
Fi(Hj) = A (2i)Fy C = Aj(20)V (8) So, for a givenhy andhy,
whereV = F,,C = \/ESV andV:FMC’p. P(3|s,ho,h1) < Q (\/||A01V(.§—s)||2ES/2No>
2) SC CDMA ZP:We can choos®,, = PS"") and P, = 3 )
PV, and using p2) we havg,(H,) = FpH,(2i)T.,C and < exp{—[|AnV (s —s)["y/4}  (16)

Fi(H;) = FpPp"H;(20)T., Py} C. Now, using pS), p4) where~ — f, /Ny

and p3) From (14)-(16), we have, for equiprobable symbols
H;)=A;(20))FpT.,C = A;(20))V 9 1 =
JolH) = A2 FrTnC = Ag(2) O plathoh) < 2575 exp{—|An V(5 — )|*/4)
fi(H;) = A3(2i)FpT.,C = A’ (2i)V (10) Xl &
8#s
whereV = FpT,,C = \/E,V andV = FpT.,Cp. 1 o
Using the previous results, (4) can be expressed for the four = ﬁ Z e)exp{—[ Ao Vel"y/4} (17)
models as 70
. ) . here|x| denotes the cardinality of, e = § — s andd(e) is
T A2 AL(20) Vs(2i) . w :
y(i) = CAI(2i) AE(20) Vs(2i+1) +n(i) (11) the number of occurrences of a given veatoie then have,
1 _
A(2i) P(er) < o > 0(e)Engn, [exp{—[ Ao Vel*y/4}]
whereV is a matrix of dimensior) x K and is defined for 1 €70
each system as in before. < — Z J(e)f(e) (18)
Defining Ao; (21) = [Aj(20)Ao(2i) + A(20)A; (20)]"/2, Xl

then exists a unitary2QQ x 2Q matrix U(2i) =
A(2i) (I, ® Agi'(24)), such thatUH (2i)U (2i) = I,q and
U (2i)A(2i) = I, ® Agy(2i), then:

whereEp,, », [-] stands for the average with respecthip and
h,. To computef(e) we first proceed to rewritd Ao, Ve||?

as:
) = Uty = | ) Pee | IaVelt = eV AR ATM Ve
<yl | romeme. a2 = LIS = 2 el
. , o
lgsgr ;trle?yblockSS(2Z) and s(2i 4+ 1) can be demodulated _ ! Xglﬂq(e)ffhj\z 19
i=0 4=
20(1) = A1 (20)V's(20) + 70(21) where 3,(e) is the ¢g-th element of3(e) = Ve, A;, is the
z1(1) = Ao1(20)V's(2i + 1) + 11 (20 + 1) (13)  ¢4-th element ofA ;, and to arrive to the last expression we use

p3), £ denotes the-th row of F.

Let us denoteK = E [h;h}'], j = 0,1, the covariance
matrix of the channel vectadt;, j = 0,1, where it was assu-
med that the channels; are identically distributed. SincK
IV. DIVERSITY GAIN ANALYSIS is square Hermitian, it always admits spectral decompositi

; = P . : .
Let us drop the time index and use only one equation froh§- & = Q@DQ", where D is a L x L diagonal matrix

(13). If P(ex|ho, hy) is the conditional error probability of WhoSe entries are the eigenvalueséf and €2 is a unitary
userk, then matrix whose columns are the eigenvectorskof

If we introduce the channel vectdi; = D~'/2Q"h;,
P(ex|ho, h1) < Pp(elho, hy) (14) which by construction has a identity covariance matrix, and

whereUH (2i)n(i) = [nd(2i) n¥(2i+1)]T. UH(24) does
not alter the statistical properties of the noise.
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define Proof: First observe that by construction ay columns
o of ® are linearly independent. In fact, any vectors fq
o 21 1/21HOH § #H 1/2 are linearly independent (as they are rows of a matrix that
I'(e) = Z; 1B4(e)|"[D =17 fo fy 2D (20) implements a-point FFT of aL-point sequence), then, if we
- choose any. vectors f, of © to form a full rank matrix®,
then (19) can be rewritten as and then pre-multiplying by the full rank matr[)Dl/Q}HQH,
we get a full rank matrix,[D'/?)#Q”@,. This means
that any L vectors8, = [DY/27Qf f, of @ are linearly
independent. Now, iV e has at leasf. nonzero entries, then
diag3(e)) = diagVe) has at least, nonzero entries on
If the channelsh; are statistically independent, then baseis diagonal. Finally, we conclude that digife))©" has at
on (21) and averaging (16) with respecthg’ ] — 0’ 1, we leastL nonzero rows, which by the pl’ecedlng observation are
get f(e), for high signal to noise ratio, as [4]: linearly independent, then rafdiag(3(e))©") = L, which

by Condition 4.1 guarantee maximum diversity. |j
I3 2
1
fle) = <H i+ 7Al<e>/4>> ¢

=0

1
|AoVel®> =Y hI'T(e)h,;. (21)
j=0

A. Maximum Diversity in the Proposed Systems

where \(e) are the eigenvalues df(e). If x(e) is the rank 1t js well known that the use of maximum likelihood
of I'(e), then);(e) # O if and only if I € [0, x(e) —1], it thus  yetection is necessary to exploit the full diversity gaip [#.,
follows from (22) that multichannel and multipath diversity. However, the choie

. 2 appropriate user codes allows suboptimum receivers to@mpl
_ (7 ~2n(e) [ ) 23 some of the multipath redundant information, as shown in the
fle) = (Z) IT M : (23)  next sections.
1=0

1) SC CDMA CP:In this systemV = F,;Cp. Then the
The valueG, = 2min._.o x(e) is called diversity gain [6], US€r codes have to be carefully chosen in order to guarantee

[10]. As the maximum rank oF (e) is L (its dimension isL, x  Condition 4.2. One possibility is to choogg as:
L), then we say that the system achieves maximum diversity

gain if mineo #(e) = L, and thusk(e) = L, V e # 0, 1 1 1
resultin - 1 €1 €2 K
g C=——Fif| . S (26)
—2 . . . .
1 —2L L1 M-1 _M-1 _M-1
P(ey) < m (%) Zﬁ(e) (H )\l(e)> €] € €x
) . e#0 9 =0 whereﬁ normalizes the user codes, such tbgftc, = 1.
< — (1) Z i (24) The parameters;, can be chosen as equispaced points on the
x| \4 5 det'(T(e)) unit circle by settinge;, = e~V =127/M)k 11],

Note that this choice forces a Vandermonde structur¥ jn

where det) denotes determinant. Then, from (20) We cafynich guarantees that, for any dimensional vectoe # 0,
state the following sufficient (but not necessary) condsi®o v . nas at most — 1 zeroes. or equivalently, at leadf —

achieve maximum diversity gain. _ K +1 elements different form zero, then, to satisfy Condition
Condition 4.1: Let © be the L x @ matrix whose co- 42 A7 — K + 1> L, or equivalentlyx < M — L + 1.
IurrI?;s;rthheQ vectorseq Of. d|men5|or}IL,. where 6, = Remark: Consider the use of Hadamard codes. Suppose
[DY2]7 Q" f,. If the matrix diagB(e))®™ is full column only one user using the first code;, = (1/vVAN)[L,---1]7,
rank, then maximum diversity gain is achieved by the systean v — Fuer = (1/VM)[1,0,---0]T. Note thé\t a zero
) ) o in the first subcarrier of\y; is sufficient to lose the diversity
Proof: It is easy to show that with the above definitions °§ain.

9, and®, we can rewrite (20) as Furthermore, Condition 4.1 implies thE&te) must be full

o rank, then (21) must be greater than zero for any channel
T'(e) = Z Iﬁq(e)IQOQOf = @diag 8" (e)®B(e))®™ (25) Vector in order to achieve maximum diversity gain. From (19)
e is possible to observe that for the distance to be equal to
zero, the null elements ahy; must be located on the same
then, from basic linear algebra, if dig@(e))®” is full subcarriers that the non null elements@fe).
column rank, then®diag3*(e) ® B(e))® is full rank, Nevertheless, is very unlikely that, and A; have zeros
k(e) = L, and the diversity gain i&; = 2L. |] over the same subcarriers at the same time, to produce awzero i
Condition 4.2: In order to achieve the maximum diversityA,; and even on the same subcarrier than a nonzer@(ein
gain, G4 = 2L, is sufficient to guarantee that, for amy~ 0, Then, relaxing the conditions, we can conclude that other us
at leastL elements fromV e are different from zero. codes than (26) can also achieve maximum diversity gain.



XXVI SIMPOSIO BRASILEIRO DE TELECOMUNICAGOES - SBrT°08, 02-05 DE SEMBRO DE 2008, RIO DE JANEIRO, RJ

2) SC CDMA ZP:In this system,V = FpT.,Cp. Lets In the decision directed phase, fpr {0,1}:
denoteVe = Fpy €', where Fpy s = FpT,, isaP x M 1) Detection:3;(2i + j) = disc {wf (i — 1)z;(i) }, where

matrix formed with the firsf\/ columns ofF'p, ande’ = Cpe disc {n} is the symbol of the signal constellation closer
is a M-dimensional vector. A€ is full column rank,e’ # 0 to n;
whene # 0. 2) computeR;. (i) through (29);

If we note that theP>-points discrete Fourier transform of a3, computeR, ,, (i) through
sequence of\/ points can have at modt/ — 1 zeros (because . o
the Vandermonde structure of the matrix that implements the R, (i) = aR. (i — 1) + (1 — a)z;(4)55 (20 + 7);
discrete Fourier transform), theRp, e’ has at least? — .

(M —1) = L+ 1 elements different from zero, which by
Condition 4.2 is sufficient to achieve maximum diversityrgai
Note that maximum diversity gain is achieved independently
from the choice of the user codes and the number of userdn this section we evaluate the bit error rate (BER) perfor-
on the system, provided th&t is full column rank (the user mance of the proposed system based on the proposed decision

4) computew; (i) = R, (i)R.,s, (i).

ZjZj

VI. NUMERICAL RESULTS

codes are linearly independent). directed minimum mean squared error receiver. We consider a
BPSK signal constellation and four types of user codes: hYals
V. DECISION DIRECTED MINIMUM MEAN SQUARED Hadamard, Vandermonde (in SC CDMA CP we fol¢eto be
ERRORRECEIVER Vandermonde) and Zadoff-Chu [14] [15] codes, each of length

. : .16 and pseudo-noise (PN) sequences of lengthwe consider
From (13) we can use the following equivalent expressions . .

. L a scenario where the system hassers. Regarding power
to derive the MMSE receiver:

distribution, we simulate a severe near-far scenario weach

. . K o P interferer has a power leveD dB above the desired user, that
2;(i) = Aor(20) ) Viesi(2i + j) + 7 (2i + ) (27) s, near-far ratio NFR) is equal to 20 dB. For the time-

k=1 variant channel, the sequence of channel coefficients fdr ea
whereV;, is the k-th column of V andj € {0, 1}. user, h;(i) = pray(i) ( = 0,1,2, ...,L — 1) is obtained

The k-th user MMSE receiver for both symbols,ith Clarke’s model [16]. This procedure corresponds to the

wr MMSE = [WokMMSE Wik MMsE], 1S obtained by generation of independent sequences of correlated uniepow
minimizing the mean-squared error criterion, whose smfuti complex Gaussian random variabl&s (a?(i)|] = 1) with the
is given by [12]: path weightsp, normalized so tha} ;"' [p1|> = 1. In this
W NINSE = R;J;szszk (28) work p; = /1/L,1=0,1,2, ...,L—1, and af4T = 0.001

was assumed. We simulate channels with length- 4 and
whereR.. ., = E [z;(i)z](i)], R.,s, = E[z;(i)s;(2i +j)]. L =8, and use a guard interval length equal to the channel
The matrix R;}zi can be estimated recursively from theorder, i.e.,G = L — 1. The results are an average 100
observation vector first using Kalman RLS recursions experiments, and on each ensemble new codes are assigned to
NI B PO _ N each user.
R, (i) = > [Rz,-zj (i = 1) — @;()®; (1) ¥ (Z)} (29)  We consider perfect channel state information (CSI) at the
receiver. In practical implementations, the CSl is not knat
the receiver, but can be estimated by the use of pilot symbols
In Fig. 2 and Fig. 3 we plot the BER versus tlig /N,

where0 < a < 1 is the forgetting factor®;(i) is defined as
the @-dimensional Kalman gain vector and computed as

U,(i) = R;jlzj (i — 1)z (i) (30) (E{> is the energy per bit of the desired user) for systems

. using the four types of codes. As can be observed the DD-

andp; (i) = Llaa + sz(i)R;lz,(i —1)z;(3)| . MMSE receiver can exploit, in almost all the cases, the space
The value for the input signal autocorrelation matrix atgimtime diversity provided by the channel. With Hadamard codes
zero is [13] the SC CDMA CP system can not exploit the multipath

R components as predicted in Section IV. As verified in our
R. . (0) = Egdiagl,a ', a7 %, ,a” @ V) (31) studies, the use of Vandermonde codes in the SC CDMA
where E, is the forward prediction error energy and must bgé" Systems allows to exploit the multipath as well as the
a positive value [13]. multichannel diversity if maximum likelihood detection is
In order to computeR, ., (i) recursively, a decision di- used. Thesg results are not included here due to lack of§pace
rected method can be employed. The complete algorithm g€ Suboptimum receiver, however, cannot collect mukipat
summarized next: diversity for this type of code.
In the training phase, fof € {0, 1}: .In Fig. 4 the BER versus thé, /Ny .for §ystems using
1) ComputeR-L (i), through (29); different codes and the DD-MMSE receiver is shown. In order
. ZiEi N ' to compare with previously proposed systems, it is shown the
2) computeR., (i) through performance of the system proposed in [17] and generalized
R, . (i) = oR. . (i — 1)+ (1 — @)z (i)s5(2i + §); to block CDMA systems in [18], which uses Walsh-Hadamard
ok ’ ’“A . ! ’ " user codes and a receiver of the same type. A channel with
3) computew; (i) = R;jlzj (i) Rz, s, (7). L = 4 paths was considered. It can be observed that the
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orders, DD-MMSE receiver. a) PN b) Zadoff-Chu [9]

proposed scheme outperforms the system in [18] for both §8]
CDMA CP case and SC CDMA ZP case. The use of Zadoffl-1
Chu codes results in better performance in all cases. (11

[12]
(13]

VII. CONCLUSION
In this work a new space-time scheme for single cart4]
rier CDMA block transmission was proposed. The proposed
scheme uses Alamouti’'s space-time codes, and allow us[ts
exploit its orthogonal property and to decode each trans ig
symbol separately. It was analysed the diversity gain of the
systems and established conditions to achieve the maximif
diversity gain, i.e., the conditions to fully exploit the ftan-
tenna and multipath diversity. (18]
It was proposed the decision directed minimum squared
error receiver, which can use, depending on the user co-
des, multichannel and multipath components of the signal to
enhance the bit error rate. It was shown that the proposed
systems outperform previously proposed systems.
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