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Abstract differential detection as the transmission gains are
not known at the receiver, it suggests us to search
) ) . for an AST in case of DSTM. As mentioned in more
In this paper, the authors prove that the differential yetails in Section 4, we make use of transmitting the
space-time modulation techniques proposed in litera- ipitia| code block to enable the receiver to predict
ture provide a full spatial diversity. Based on that, the semiblindly, with the maximum likelihood, the best
authors propose an antenna selection scheme calledchannels out of all available ones. The receiver then
general N-out-of-M antenna selection technique for  iniorms the transmitter via a feedback loop enabling
wireless communications channels utilizing differen- {he transmitter to select these transmit antennas. It
tial space-time modulation. The simulation shows that ghoy|d be emphasized that, although, the transmission
differential detection associated with our proposed gains change faster than those in coherent detection,
technique provides much better bit error performance g that the transmission of training signals is im-

over that With_out antenna selection, and €Ven OVer Co- practical and, consequently, the utilization of DSTM
herent detection without antenna selection at certain jg useful, but they are assumed not to change too
signal-to-noise ratios. fast to transmit a few feedback bits. Otherwise, no
closed-loop transmit diversity technique, certainly, is
. applicable.
1. Introduction PP
The rest of this paper is organized as follows. In
Space-time codes have been examined intenSive|ySection 2, we recall some main points of DSTM
and various proposals for space-time codes have beenechniques proposed in literature. The diversity of
mentioned in literature so far. Specifically, space-time space-time codes utilizing DSTM is examined in the
codes can be decoded Coherently when transmissiorhext section. In Section 4, we propose an antenna
gains of the channels between transmit and receiveselection scheme called (generalyout-of-M AST
antennas are assumed to be known at the receiverfor wireless channels utilizing DSTM. The simulation
This assumption is suitable for the scenario where js presented in Section 5 and Section 6 concludes the
channels are assumed to be quasi-static flat fading,paper. The detailed mathematical proof of expressions
i.e. the fade changes so slowly that transmission gainsysed to prove the full spatial diversity of DSTM is
are constant over a frame comprising multiple symbol given in the Appendix.
periods. Therefore, the transmitter is able to transmit
the training signals enabling the receiver to estimate
the channels. In faster fading channels, however, thiso  Differential space-time modula-
assumption is not reasonable any more. The differ- ,.
ential space-time modulation (DSTM) [1, 2, 3, 4] is tION
then a more practical candidate. In all existing DSTM . ) ] ) )
techniques, transmission gains are not known at eitherIn this section, at first, we briefly outline the DSTM
transmitter or receiver. The drawback of differential scheme proposed by Ganesan et. al. [1], which is
detection is the worse of bit error performance. based on the theory of unitary space-time block codes.
Then, we shortly consider the DSTM schemes pro-
In order to improve the performance of space- Posed by Hughes [2] and by Hochwald et. al. [3]. We
time codes in fading channels, several antennaconsider a system with transmit andn receive an-
selection techniques (ASTs) have been proposedtennas. Let?;, A, N; be the {n x n)-sized matrices
in [5, 6] and our improved AST has been mentioned Of received signals at timg transmission gains be-
in [7] for coherent detection. The fundamental idea tween receive and transmit antennas, and noise at the
for selecting transmit (and/or receive) antennas in receive antennas, respectively. The!" element of
coherent detection is selecting the best channels out of4, namelya,.,, is the gain factor of the path between
available ones to transmit signals with an assumption the n** transmit antenna and thé” receive antenna.
that the transmission gains are known at the receiver. Transmission gains are assumed to be identically in-
Although, this idea cannot be directly applied in dependently distributed (i.i.d.) complex Gaussian ran-
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dom variables with the distributio6'N (0, 1), which wheretr(.) is the trace operation. Hence, the ML de-
remain constant during every frame comprising sev- tector for the symbaos; is:

eral symbol periods and change from frame to frame.
It is important to note that, by using the term “frame”
here, the authors do not mean that the considered chan-
nels are very slow fading (or quasi-static fading) ones
like in coherent detection. We just use this term to
make it easier to explain the proposed AST in a very |f we denote:

general case mentioned in Section 4. Up to date, in

all existing DSTM techniques, the channel gains have D; = Re{tr(RE R, 1 X;)} + iIm{tr(RF R,_1Y;)}
been assumed to be constant during, at least, two con- 9
secutive code blocks. Therefore, when the Alamouti whereRe{.} andIm{.} are the real and the imaginary
DSTM, for instance, is used, the size of frames here is parts of the argument, respectively, then (8) becomes
four symbol periods. Again, the fade in the channels (see equation (13) in Appendix):

considered here is still fast enough, so that the utiliza-

5; = Arg gg}S{[Re{tr(Rth_lXj)sf} +

FRe{tr(RFR,_1iY;)s1}] (8)

tion of DSTM is useful. Noises are assumed to be i.i.d.
complex Gaussian random variables with the distribu-
tion CN(0,02). Let{s;}_, = {sF+isI}¥_, (where
i?=—1, si ands} are the real and imaginary parts of
s;, respectively) be the set pfunitary symbols, which
are derived from a signal constellatiSrand transmit-
ted in thet!” block. Since the symbols are unitary,
each symbol has the unit energy:
|s;> =1 @)
We define: 7, = 5378 (X;sj + iY)s]), where
{X;},-, and{Y;}/_, form a set of matrices of size
n x n, satisfying the following properties, which

are linked to the theory of amicable orthogonal de-
signs [8]:

X;x = Lywy=1 v 2
X;x8 = —xexX[ vy = vy vk £53)
X0 = wXx Yk @)

where I is an identitynxn matrix and(.)? is the
Hermitian transpose operation of the argument matrix.
From (1), (2), (3) and (4), we have:

12
Z2f = i,;(ZISJ‘P)I =1
j=1

Hence,Z; is a unitary matrix.

In the DSTM scheme proposed in [1], at the be-
ginning of every frame, an initial matrid/y = I,,x»

is transmitted. Then, the matrix transmitted at titne
(t=1,2,3...)is given by:

Wy =W,_12, %)

As Z, is a unitary matrix, the matri¥; is also a uni-
tary one. The model of the channel at e trans-
mission time(t = 0,1,2...) is as follows (theD”

transmission means the initial transmission):

Rt = AWt + Nt (6)

If the transmission gain matriz is assumed to be con-
stant over two blocks — 1 andt, then the maximum
likelihood (ML) detector for the symbol§s;}7_, is
calculated as follows [1], [9]:

{8;}j—1 = Arg  max Re{tr(RER, _1Z;)} (7)

s;},8;€8

55 =Arg Elg}:q{Re{D;sj} (20)

where D7 is the conjugate ofD;. Therefore, at
the receiver, we form the statistiD; to decode the
symbol s;. Expressions (9) and (10) show that the
detection of the symbal; is carried out without the
knowledge of transmission gains. Particularly, the
symbols; can be decoded by using the received signal
blocks in the two consecutive transmission times.
The penalty of the differential detection mentioned
above is that the signal-to-noise rati®/{ R) required

for the same bit error rate as in the case of coherent
detection is 3 dB higher. This is explicitly proven
in [9] (equations (5.5) and (5.30)).

Independently, Hughes proposed the DSTM scheme
based on the group theory in [2] and Hochwald
et. al. devised a DSTM technique based on unitary
space-time codes in [3]. It is interesting that the
detector for the symbok; in these schemes (see
equation (16) in [2] and Section V. C in [3]) is similar
to that mentioned in (7), although these approaches
are different from each other. This note is important
in the sense that the consideration mentioned in the
next section is true for all these DSTM schemes.

3. The spatial diversity of differen-
tially modulated space-time codes

Itis proven in Appendix (equation (12)) that the statis-
tic D; in (9) is calculated as follows:

D; ~ %tT(AHA)Sj + Re{tr(WtHAHNt—1Xj)}

Re{tr(N AW, _1 X;) + ilm{tr(WT A" N,_1Y;)}
iIm{tr(N AW,_,Y;)}

Z > lawnl?s; +n;

k=1n=1

+ +

1
NG

where:

Re{tr(WHARN,_1 X;)} +
Re{tr(NFAW,_1X;) +
iIm{tr(WH AT N, 1Y)} +
iIm{tr(Nf AW,_,Y;)}

nj

+ o+
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Fig. 1. The diagram of systems with the genei
out-of-M antenna selection scheme in the differential (b)

detection scenario. . . . .
Fig. 2. Code blocks transmitted in a frame with (b)

and without (a) the antenna selection technique. The
The statisticD; has a form of the received signal in delay of transmitting the feedback information is not
the case that the symbe} is transmitted while the  considered.
noise of the channel ig;. The coefficient of; in the
statistic is small only when ath x » complex modules . ] o o
of transmission gains are small. In other words, the Signals during the initial transmission time of each
DSTM schemes proposed in [1], [2] and [3] provide a frame.
full spatial diversity ofm x n level. It is shown in [9]

(equation (5.30)) that th& N R of the statisticD; is Let us consider a system comprisiny = 4
approximately: transmit antennas and only one receive antenna using
. . the DSTM based on the Alamouti cod¥ (= 2) as an
SNR e Lir(APA) D1 Doy |an|? example. The transmission gain matrix is assumed to
dif f =~ p 202 2002 be constant in a frame comprisiad symbol periods.

(11) Again, as we emphasize in Section 2, this assumpt[on

Clearly, the larger thé N Ry, is, the more precise ~does not mean that the channels are very slow fading

the detection is. ‘ (or quasi-static fading) ones like in coherent detection.
The proposed AST is as follows:

In addition, not only the DSTM techniques pro- o )
posed in [1], [2] and [3], but also the one proposed At the beginning of every frame, the transmitter
by Tarokh et. al. [4] is proven to provide a full spatial sends an initial block, = Iy, via M transmit
diversity (equation (26) in [4]). Generally speaking, antennas, instead of sending an initial blo€k = /5

all existing DSTM techniques have the same property via N transmit antennas as in every existing DSTM
that the SNR of the decision metric is linearly technique. Because the size of the initial matfi
proportional to>>" | 3", |a.,[*>. This note is  has been changed, the size of the other matrices in (6)
important in the sense that the AST mentioned below have also been changed. We emphasize the change

is applicable to all existing DSTM schemes. in the size of matrices by using the tilde mark for
matrices as below:

4. Antenna selection technique for Wo=InA=(ar az a3 as)

channels utilizing DSTM No={(nor o2 s fioa )

wherea, (n=1...4) is the transmission gain of the
In this section, we consider a system compris- channel from the;*" transmit antenna to the receive
ing M transmit antennas and one receive antennaantenna, anch,, is the noise affecting this channel

while the transmitted code blocks have a size of during the initial transmission. The received signal in
N x N (N < M) The redundant transmit antennas the initial transmission time is:
are used to provide spatial diversity. R s ~

Ry = AWy + Ny
If the transmission gains are known at the re- — (a1 +nor as+nor ast+mes as+mos )
ceiver then, from the equation (11), one realizes that ~ — * "1 " 701 %27 702 @37 03 B4 7 04
the optimal AST is selecting th& transmit antennas ~ .
out of M available ones, from which the complex L€t£o = (‘To1 702 703 704 ). After determin-
modules of the transmission gains of the paths to theing the received matrix?,, the receiver carries out
receive antenna are maximal. This scheme has beeriwo tasks.
well examined for coherent detection [5]. However, ] o ]
this principle cannot be directly applied for differen- First, the receiver semiblindly estimates th&
tial detection as the receiver has no knowledge aboutbest channels based on the matiy by comparing
transmission gains. Therefore, we propose here anthe complex modules of four received signals, namely
AST for differential detection where the transmitter |ro1|, |roz2|, |r03] and|re4|, @nd then finding out the
selects transmit antennas based on the statistical comtwo received signals corresponding to the first and
parison carried out at the receiver between receivedthe second maximum complex modules. Without
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TRANSMITTER RECE'VER o : —e— Differential dete;tion \_Nith antenna selectio‘n
1a. Transmit§Vy=1I,, la "2 Diterental detection oL anenna selection
2. Determines
1b. CalculatesV, 1b o Nantennas | |
using the tacit defaulf 3 3a. Informs g
matrix Wo=In transmitter i
4. Achieves feedbacly é
information . 3 3b. FormsR, 5 il ]
5. Transmits via 6. Decodes
Fig. 3. The generalN-out-of-M antenna selection w0’y I I 20 2
technique for the system using DSTM. SNR(AB), 2bits/s/Hz (QPSK)

Fig. 4. Differential modulation with the proposed an-
tenna selection techniques.
loss of generality, we assume here that they are
the first and the second received signals. Then the
receiver informs the transmitter via a feedback loop to gyr AST and the one without antenna selection.
select the first and the second channels (antennas) to
transmit the rest of data of the considered frame (SeeThe transmission procedure of a whole frame in-

Figure 1). Again, it is emphasized in Section 1 that, cludingL code blocks is shown in Figure 2. The code

although, the transmission gains change faster thany|ocy 17/, is transmitted via four transmit antennas
those in coherent detection, so that the transmission of;, four symbol periods. The following blocks are

training signals is impractical and, consequently, the ansmitted via two transmit antennas in two symbol
utilization of DSTM is useful, but they are assumed hariods.  We can realize that another différence
not to change too fast to transmit a few feedback bits. patveen the differential modulation with our AST

h . f h hich and the one without antenna selection is the number
Seconccjj, t ed recslverh ormg tt?l mkatrRO, whic di of code blocks transmitted in a frame. If one can
is used to decode the code blocks transmitted in {ansmit -1 code blocksW,, ..., Wy, carrying

the next transmission times, by taking the first and 57,1y symbols in a frame in a differential modulation
the second elements of the matri%, which are  technique without antenna selection, then the number
corresponding to the first and the second maximum of those in a frame in the proposed techniqué.ig
complex modules, i.eRo=( a1 +no1 a2 +nez ). (or 2(L-2) symbols are transmitted). Additionally,
The transmission of the rest of data in the consideredif the channels are required to be constant during,
frame after the initial transmission is exactly the at |east, four symbol periods in all existing DSTM
same as that in the system using the first and thetechniques, then they are required to be unchanged
second transmit antennas olnly. In other words, at theduring, at least, six symbol periods in our proposed
transmitter, the next transmitted matridés (¢=1, 2, AST. In the above consideration, the delay of trans-

3,...)In (5) are calculated by using the tacit default mitting the feedback information from the receiver to
matrix Wy=Iy (in the example, the default matrix the transmitter is not considered.

Wo=1,). The formation of the matriced’; does not

necessarily take place after the transmitter achieveswe call the scheme mentioned above the general

the feedback information. 2-out-of-4 AST. The scheme can be generalized to
) ) o apply for other space-time block codes of a larger

It is worth to note that, in all existing DSTM tech-  dimensionN as well as for any number of transmit

niques, the initial matrixWo=Iy is only used to  antennasM (N < M) without any difficulty. This

initialize the transmissioni{y, is utilized to calculate  scheme is called the genersitout-of-M AST (or just

the next transmitted block$V; (¢ > 1), and to  N-out-of-M AST whenever there is no ambiguity)
form the received matrix?,, which is indispensable  and presented in Figure 3.

to decode the code blocks transmitted in the next

transmission times). Unlike these techniques, in

the proposed technique, the initial identity matrix 5 Simulation Results

Wo=I,r is transmitted. This matrix has two main

roles. It enables the receiver to form the initially |n this Section, the performance of differential mod-
received matrix Ry indirectly (from the received ylation with the proposed AST is presented. The
matrix Ry), which is used to decode the next code Alamouti code and the QPSK signal constellation
blocks. Simultaneously, in some sense, it also playsare considered. In this simulation, we consider
a role of training signals, i.e. it provides the receiver the 2-out-of-4 AST, i.e. N=2 and M=4, and the
with the statistic of the channels. This is the main receiver uses 3 feedback bits to inform the transmitter.
difference between the differential modulation with The SNR is defined to be the ratio between the
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total power that the receiver receives during each techniques, the signals received when the initial
symbol period and the power of noise. It can be matrix W, is transmitted are used to initialize the
seen from Figure 4 that differential detection without transmission only. However, in our proposal, these
antenna selection has a 3 dB worse performancesignals are also utilized to enable the receiver to
compared to coherent detection (without antenna make the maximum likelihood decision about the best
selection). The performance of differential detection channels. The receiver then informs the transmitter
with the generaR-out-of4 AST is worse than that via a feedback loop to select those channels. The
of the coherent detection at low SNRs. However, at channels are much faster fading ones compared to
SNRs > 8 dB, the antenna selection remarkably those in coherent detection, and consequently, the
improves the performance of differential detection. utilization of DSTM is useful (the transmission of
For instance, aBER = 10~*, the performance of training signals is impractical), but they are assumed
differential modulation is 5 dB better than that of not to change too fast to transmit some feedback
coherent detection and, therefore, 8 dB better thaninformation.
that of differential detection without antenna selection.

The simulation shows that differential detection
This is interpreted as follows. The received sig- with the proposed technique provides a much better
nalrg, (n=1...M) can be expressedy, = a,, +noy, bit error rate over that without antenna selection.
wherea,, andng, are defined in Section 4. Because Moreover, in comparison with the performance of co-
both a,, andng, are the i.i.d. Gaussian random vari- herent detection, the proposed scheme also provides a
ables with the distributio” N (0,1) and CN (0, 0?) better bit error rate at arS'NR >8 dB. Therefore, the
respectively,ro, is also an ii.d. Gaussian random proposed AST remarkably improves the performance
variable with zero expectation and its variance is of wireless channels utilizing DSTM.
given as follows:

Var(ro,)=Var(a,)+Var(ne,)=1+0? 7 Appendix
whereVar(.) is the variance operation. It is important ) ) _ ]
to notice that, essentially, th¥-out-of-M AST pro- In this section, the authors mention the expression of

posed in Section 4 is based on selectingihbest an-  the statisticD; mentioned in (9). Then, we prove that
tennas, which correspond to théreceived signals of  the detector for the symbe); is given by:

the highest power (or highest variance). Therefore, if

the SN R is large enough so that the variance of trans- §8; = Argmax Re{Djs;}

mission gains 2is large en2c>ugh, compared to the vari- 55€5
?Qggv%fdns(,)igr?;l bgﬁ.ble»rgu gm; gr}g(rao\)?rﬂ:?ec; tgftﬂ:ﬁ of Before proceeding further, it is important to note that:
the transmission gain, i.6/ar(ro,)~Var(a,). As a 1
result, at highS N Rs, the problem of selecting th€
maximum complex modules amomg,| (n=1...M)

may be considered as the problem of selectingithe
maximum values amonf,|. Consequently, at low
SN Rs, selecting the maximum norms of the received
signals does not always lead to selecting the optimal
antennas which are corresponding to the transmission
gains of the biggest norms, because the variance of
noisess?, which is inversely proportional to th&V R,

is not small enough compared to the variance of the
transmission gains. In other words, the proposed AST
does not always select the best antennas. However, at 5. { X} and{Y}} satisfy the following properties:
high SN Rs, specifically atSN Rs > 8dB, the con-

Atr(WATA)} is real if ¥ is a Hermi-
tian matrix, i.e. Y=¥H.  Consequently,
Im{tr(VAT A)}=0.

N

L tr(QY)=tr(TQ) if Q andY are square matri-
ces.

3. ZHWH =WH

N

- Zy = 5 3 (Xesy + iYies)

trast scenario usually happens. It means that, at larger a X X=Lvwil=I Vk
SNRs, the proposed antenna selection scheme is more b. X, X ==X, X[1; i, Y/=—YVV;I Vk #1
precise. C. XkY'lH _ }/EX]fa Vk, 1
. One has:
6. Conclusion
RIR, 1 = (AWi1Zy+ NP (AW,_1Z, + Ny)

In this paper, we prove that all existing DSTM
techniques provide a full spatial diversity of thexn
level. Then we propose an antenna selection scheme +
called (general) N-out-of-M AST for wireless

channels utilizing differential detection. Instead of +
transmitting the initial matrixiW, = In (N is the

required number of transmit antennas), we transmit

the initial matrix Wy=I,;, (M is the number of If the noise variance is small enough, the term
available transmit antennas). In all existing DSTM N/ N,_, is negligible. We have the following trans-

ZEWH AT AW, | +
ZEWH ARN, _ +
NI AW, 1 + NN,y
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forms:

D = Re{tr(R{'Ri—1X;)}
1

\/15
Re{tr]

~
~

Re{tr(XJ'WH AT AW, _1X;)si} +

(X' sy —i¥yTsy) x

NE

. 1
VD

e
I

1
x WH AN, 1 X)) —

1 p
Re{tr(—p S W AT AW, X;sh)}
k=1
Re{tr(NF AW, _1X;)}
1
—tr(A7 A)st 4
\/p ( ) J
Re{tr(ZFWH AYN, 1 X;)} —

1 b
Im{tr(—p Z X, VHEAT AT} +
k=1
Re{tr(NFAW,_1X,)}

Q

1
%tr(AHA)sf + Re{tr(WH A" N,_1X;)}

12
Im{tr(ﬁ Z X;VHsf AR A)} +
k=1

+  Re{tr(NFAW,_,1X,)}

—H

Let=Z=>""_, X;Vsl. Clearly,= =
Hermitian matrix. Therefore:

X;Y,H sl AM 4)}=0 and:

,l.e.Zisa

P

Im{tr(ﬁ b1

1

VP
Re{tr(WH AN, 1 X;)} +
Re{tr(NF AW, _1X,)}

DE

H R
! tr(AT A)s? +

~
~

+
+

Similarly, we have:
D! = Re{tr(R{' Ry_1iY;)}
Ltr(AHA)

VP
4+ Re{tr(NF AW,_1iY;)}

~
~

sf + Re{tr(WH AY N,_1iY;)}

The statistic for decoding the symbg] is given be-
low:

D; =D} +iD}
Ltr
VP
Re{tr(WH AT N, X;)} +
Re{tr(NFAW,_1 X;) +
ilm{tr(WH AR N, 1Y)} +

iIm{tr(Nf AW,_1Y;)}

(AT A)s; +

+ o+ + o+

(12)

Decoding the symba$; is equivalent to minimizing
the following expression (note that;|2=1):

IDj — ——tr (A7 A)s,

* 1 H 2

Di;D;+ —(tr(A7 A
\/ﬁ V) p( ( ))
2

%tr(A A)Re{D;s;}

Therefore, the detector of the symbglis:

Arg mg)S([Re{tr(Rth_lXj)sf} +

Re{tr(Rth—liE')S;H

Arg glggg Re{Djs;} (13)

Equations (12) and (13) are the aim of the proof.
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