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Abstract—Closed-form expressions of the bit error rate (BER) whereh!?, hgq) are the path gains from transmit antenna 1 and
are derived for space-time block codes based on Alamouti’s scheme2 respectively to receive antenpaPath gains are modeled as
and utilizing M-ary phase shift keying modulation with nonco- - complex Gaussian random variables with zero-mean and vari-

herent differential encoding/decoding. The analysis is carried out : : : fadi
for the flat, block-fading Rayleigh channel, and the BER expres- 2C€ 1/2 per dimension. The channel is assumed block-fading,

sion is an approximation for high signal to noise ratio. Theoretical 1-€-, fixed over the duration ok blocks. Noise Samplesg(,ll)c'

results are validated by simulations for BPSK and QPSK modula- ngq])C are zero-mean complex Gaussian random variables with
tions. . . . i .
varianceN, /2 per dimension. The symbols‘;) are differen-

Index Terms—Bit error rate (BER), differential detection, ija)ly encoded, transmitted by antennias: 1, 2. Without loss
space-time block code (STBC). of generality, we assume that the symbols amplitude/ig2
(such that the signal to noise ratio per symbol /@ Ny). The
I. INTRODUCTION superscript#’ denotes complex conjugation.
. : . The differential STBC scheme analyzed in this letter is the
SHIEC!ZFS;SE (;?(s)tl\e/aacf-?' n??a/ ;?oecfggggsatg?gtg? g;;;zgne recently proposed by Tarokh and Jafarkhani [5] based on
P .,' pace-t . ( ) A9mouti’s transmit diversity scheme. The message matrix is
Alamouti's scheme [1], it is possible to obtain a closed-for presented by the unitaryx22 matrix
expression for the bit error rate (BER). A closed-form BE ) @)
expression would serve as an attractive alternative to previously S, = [ Sk Sk ] )
derived bounds for evaluating performance of STBC [2], —sl2r gl
[3]. It is widely understoo_d that Alamoutr’s scheme h_as {Vhere the symbols,(:’) belong to an MPSK constellation. The
Fggoégagﬁ A(;S(SMoég)di }’(\;'ltlgvrvesstﬂz?t:]%t\ggg;g?g\?amiﬂ{psmessage matri8, is differentially encoded by a procedure re-
scheme with coherent detection can be obtained directly froslﬁ)r::bltlﬁg frt::gr?:]zg:;nsgel(:];jasmaer(];r(;zg)zr?itKérTor:]n;?Isz?):rg)r(]_smIS-
the result on receive diversity [4]. Here, we are concerned wi f y ¥

the BER analysis for STBC with (noncoherent) dif‘ferentia"ilmloIe

detection. While the procedure for deriving the BER applies to 1 1

any M-ary phase shift keying (MPSK) signaling, binary PSK Cy = \/? ‘{51 . 3)
(BPSK) and quadrature PSK (QPSK) examples are worked out V2 V2

in detail.

The differentially encoded messa@g, at timek, & > 1, is
obtained by multiplying the codeword at tinke— 1, C;_1 by
Il. SysTEM MODEL the current messadg,, namelyC;, = S;C_1. Note that the
Assume a communication system with two transmit antenng@dewordCy, has the same unitary property as the message ma-
andQ receive antennas operating over a flat, Rayleigh channiéix Si. Inthe absence of noise, the messdgesan be decoded
The transmission scheme generates blocks of two symbffm C,.CL_, = S,Cx_1C}_, = S, where }" denotes the
transmitted by each of the two antennas. With each blodRermitian operation.

we associate a time indéx = 1,..., K. The received signal At the receiver, at the output of each antenna, we form the
at time indexk, time slots 1, 2 within the block, and receive”natricesRSf), 1<q¢<Q,
antennay, 1 < ¢ < Q, is given by Rz(f) — C,H® 4 N}(Cq) @)
o S N PR R ROV where
il BIDE (] o ) e[ B
C
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