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Abstract—Non-coherent communication which employs
Differential Modulation (DM) technique is an interesting
technique to combat the uncertainty of channel in the
wireless communication system. This technique also
provides a more spectral efficient system than coherent
communication because it does not need the presence of
signal overhead for channel estimation purpose which
usually exists in the coherent transmission. To improve the
performance of DM technique, differential unitary
modulation technique which is combining DM and Space
Time Block Code (STBC) is explored in this paper. In this
paper, we modify a quasi-orthogonal STBC (QO-STBC) to
be used as a unitary matrix generator, and then we
introduce an element-wise calculation concept to minimize
the system complexity. The experimental results show the
proposed differential unitary modulation technique could be
an excellent technique to overcome the uncertainty of
channel in a wireless telecommunication system.

Index Terms—channel uncertainty, complexity, differential
modulation, non-coherent communication, QO-STBC

. INTRODUCTION

The uncertainty of channel is one of the main issues in
the wireless telecommunication system. This uncertainty
makes the Channel State Information (CSI), which is
used to calculate the channel estimation, cannot be
appropriately obtained. Without a proper channel
estimation, the performance of the coherent transmission
of wireless communication will decrease significantly.
One of the example of the uncertainty of channel is when
one of the receiver or transmitter or both of them are in
high mobility condition, because in this condition the
channel condition changes very fast. To ensure the
quality of the received data, a non-coherent transmission
which does not employ channel estimation is proposed.
Non-coherent transmission does not need signal overhead
for channel estimation purpose, which makes this
technique more economical especially in fast varying
channel [1]-[3].

Giving an example of this problem: an internet service
provider (ISP) is using long term evolution (LTE) system
with 2.6 GHz of the carrier frequency (F.) to serve a
passenger which is located inside a vehicle which is
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moving at a speed of 100 km/h (27.78 m/s). With this
condition, we can calculate the maximum Doppler

frequency (f,.):

_vF, 2778 x 2.6 X 10°
mToe T 3 x 108

By knowing the value of f,,, we can calculate the
coherence time as follows:

0423 0423
fn 24074

The symbol time (T,,,) of LTE is 66.67 |& which
means the value of T./Ts,,, is 26.34. This condition
means that the channel condition will change every 26.34
symbols. This value will decrease in accordance with the
increase of the velocity and the use of higher carrier
frequency. A shorter T, /T,,, makes it harder to get the
CSI accurately, while the increasing of the number of
signal overhead for channel estimation purpose will make
the system become uneconomical [1], [2].

In this paper, we analyze the performance of
Differential Modulation (DM) as one of the non-coherent
transmission systems. We try to combine the DM
technique with orthogonal space time block code
(OSTBC) and quasi-orthogonal space time block code
(QO-STBC) for four antennas. There are several ways to
combine the DM technique and space time block code
(STBC). One of the most popular combinations between
DM and STBC is the Differential Unitary Modulation
(DUM) technique which is proposed in [3]. Tran et al. in
[1], [2] proposed a modified concept of DUM so it can be
implemented in multicarrier  transmission.  This
modification is called Unitary Differential Space Time
Frequency Modulation (UDSTFM). Both DUM and
DUSTFM [1]-[4] use STBC Alamouti [5] to create the
unitary matrix which is needed in the encoding system.
The use of STBC Alamouti in this technique is the key to
achieve full diversity and full orthogonality which is
suitable for 2>2 Multiple-Input Multiple-Output (MIMO)
system. differential modulation concept also has been
analysed in several wireless communication systems such
as multiband orthogonal frequency division multiplexing
(MB-OFDM) [1], [2], LTE [6], multicarrier code division
multiple access (MC-CDMA) [7], and also in the recently
proposed modulations such as spatial modulation (SM)
[8], [9] and the Subcarrier Index Modulation (SI1M) [10].

= 240.74 Hz

= 1.757 ms
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In this paper, we propose a modified QO-STBC for
four transmitting antennas as a unitary matrix generator.
By using QO-STBC we could improve the spectral
efficiency of the system because there is no full rate
OSTBC for four transmitting antennas. Several studies
about using QO-STBC for differential modulation are
proposed in [11], [12]. In this paper, the proposed QO-
STBC is modified from the STBC scheme which was
proposed by Tirkkonen in [13]. Although some
researches have proposed differential modulation
technique which uses quadrature amplitude modulation
(QAM) and amplitude phase shift keying (APSK)
modulation [14], [15], our proposed modification could
be implemented only when the transceiver system uses
phase shift keying (PSK) modulation as a symbol mapper.
In the experimental process, the performance of our
proposed scheme is compared with the differential
modulation which uses OSTBC as a unitary generator.
We also propose a low-complexity differential
modulation which uses an element-wise calculation in
order to solve the complexity problem of differential
unitary modulation technique. This technique is a
developed from the element-wise calculation technique
which is proposed in [16]. Unlike the method which is
proposed in [1], [2], which only proposes a low
complexity technique for the decoding process, in this
paper, we propose a technique which has low complexity
either in the encoding process or decoding process. With
low complexity encoding, we hope our proposed
technique can be implemented not only for downlink
communication but also uplink communication.

This paper is arranged this way: Section I: Introduction,
Section Il: Differential Unitary Modulation for 4>4
MIMO, Section IlI: Low Complexity Differential
Modulation, Section IV: Complexity Analysis, Section V:
Experimental Result, and Section VI: Conclusion.

Il.  DIFFERENTIAL UNITARY MODULATION FOR 4>4
MIMO

LC Tran et al. proposed a DM for multicarrier
transmission for 2>2 MIMO which is called unitary
differential space time frequency modulation (UDSTFM)
in [1], [2]. This technique is developed from the DM
technique which was proposed by Ganesan et al. in [3].
These papers [1]-[4] used a similar unitary matrix which
was derived from STBC Alamouti [5]. In [3], Ganesan et
al. also proposed a DM technique for 4>x4 MIMO. This
proposed technique [3] uses an orthogonal STBC
(OSTBC) for 4 antennas which has a rate of 3/4 as the
unitary matrix.

In this paper, we introduce a new unitary matrix for 4
transmitting antennas which has 4/4 rate. The purpose of
this new unitary matrix is to create a transmission which
has higher spectral efficiency than using OSTBC. To
create a new unitary matrix, we modify the QO-STBC
which was proposed in [13] so it can be used as a unitary
matrix. Let us consider that U is the encoding of STBC
which is proposed by Tirkkonen in [13].

o=l 2 g
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where
_[a b _[c¢c d
A - [_b* a*] ’ B - [_d* C*:I (2)
Therefore, U can be written as the following:
a b c d

ep @ —ar ¢
U= c d a b
—-d* ¢* =b* a”

However, unlike OSTBC, U is not an orthogonal
matrix, and if this matrix is not an orthogonal matrix, it is
impossible for us to create a unitary matrix from U.
Therefore, to make U into an orthogonal matrix, we have
to make some modifications.

To make modifications, first we have to consider the
definition of unitary matrix. A unitary matrix is a square
matrix which the conjugate transpose of this matrix has
the same value with the inverse of this matrix X# = X1,
Therefore, if we multiply a unitary matrix with its
conjugate transpose, the result should be an identity
matrix. However, in our case, if we multiply U with its
conjugate transpose the result is as the following:

a 0 B O
0 a 0 p
uu = 3
B 0 a 0 @)
0 B 0 «a
where @ = aa”™ + bb* + cc* +dd*and f = ac™ + ca” +

bd* + db*

In order to make U into a unitary matrix, we have to
modify this matrix so the value of a become 1 and the
value of g become 0. Because in our proposed scheme
we use PSK modulation as symbol mapper, making «
become 1 is an easy task because in the PSK modulation
the absolute value of its symbols will be always 1.
However, the problem is how to make the value of g
become 0, so U can be transformed into a unitary matrix.

The simplest way to make 8 become 0 is to consider
that 8 will be O if the following equations are valid:

ac*+ca* =0
bd*+db* =0

To make this condition happens we propose some
modification rules:

a. The modulation (symbol mapper) which is used in

this system has to be PSK modulation.

b. Replace the symbols a, b, ¢, d with an addition or a
subtraction between two symbols, example:
a=s;+5S,b=5;+s,.

c. The multiplication between a and c, also between b
and d, must produce x? — y?. Example: because
a =s; +s,, then c should be ¢ =s; —s,, so the
multiplication between a and ¢ will produce
5;% — s,2. With the same concept, the value of d
willbe d = s5 — s,.

Proof:

ac*+ca* =0

To prove the truth of our modification concept, let us

substitute a and ¢ respectively with s; +s, and s; — s,
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(the same with the examples above), where s; and s, are
the outputs of PSK modulator.

(s14+52)(51 = 52)" + (51— 52)(s51 +52)" =0
5151 — 85255, + 5151 — S5; =0
1-1+1-1=0

0=0

Because the absolute value of every PSK symbol is 1,
then the multiplication between each symbol with its
conjugate will always be 1. Therefore, the equation in the
left side will result in 0, and with this, this equation is
proven. This proof is also appropriate for equation bd* +
db™ = 0 which has exactly the same feature with ¢* +
ca.

Therefore, we will get this kind of equation as the new
form of matrix U:

51 +Sz 53 +S4, 51_52 53_54_
* * * * * * * *

_S3 - 54 Sl + SZ 54 - 53 Sl - 52 (4)

51_52 53_54 Sl +52 53 +S4

St —S3 Si1—S;, —S3—Si S;+s;

U=

The multiplication between U and its conjugate
transpose is:

We can see, that U already become an orthogonal
matrix, although it still has not become a unitary matrix.
The last step to make U to become a unitary matrix is to
make the value of a become 1 by divide the matrix with
1/+/8. Therefore, the last form of matrix U as a unitary
matrix is as the following:

uuf =

[eNo oy e)
Lo o

S oo @
0 oo o

0 0

51+SZ S3 +S4 51_52 53_54
—S3—S; S{+S, S;—S3 S1—S;

u=1/V8| °_ _ ()
S1— S, S3 — Sy S1+ S, Sz + 54

*

S4—S3 S{—S, —S3—S; S{+5;

This matrix is only one of the variations which could
be designed from our proposed modification rules. We
can produce the other matrices which have the same
properties as this matrix as long as we follow the set of
rules which is presented above.
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I1l. Low COMPLEXITY DIFFERENTIAL MODULATION

A. Encoding

To minimize the complexity of differential unitary
modulation, LC Tran in [1], [2] proposes a low
complexity decoding process by decodes it two symbols
by two symbols instead of jointly decodes it in a set of
subcarriers as in their proposed encoding process. We
show how our proposed algorithm is presented by (6) if
we use the same encoding technique which is introduced
by LC Tran in [1], [2]. The block diagram of our
proposed low complexity differential modulation system
is shown in Fig. 1.

The notation “di” represents matrix diagonalization
process, Ux, represents the space time frequency coding
(STFC) matrix and s;, is a column matrix size
(Nsype 1), the components of s, ,,, are the outputs of PSK
modulator, S;,, = [Stm,1 Stm,2 = SemNeypel-

Although this technique allows all symbols within one
subcarrier to be encoded together, the diagonalization
process adds a lot of zeros in this matrix in order to make
this matrix into a square matrix. Because of this, the
multiplication between two unitary matrices will also
have to do multiplication between zeros of both unitary
matrices, which does not give any gain to the system
performance but increase the system complexity.

To solve this problem, in this paper we replace the
multiplication between matrices into an element-wise
multiplication  process.  With  the element-wise
multiplication, we do not have to add any zeros in our
encoding and decoding process. The differential
modulation using element-wise multiplication process for
2>2 MIMO has been proposed analyzed in the [16], while
in this paper, we propose differential modulation using
element-wise multiplication for 4>4 MIMO. We use the
unitary matrix which is introduced in the previous section
for the base of our proposed element-wise multiplication
process. First, we consider (7) is the proposed STFC
encoding, where s, ,,, is a column matrix size (Ngyp>1),
the components of s, ,,, are the outputs of PSK modulator,
Stm = [Stma1Sem2 - SemNgpe)- WE choose to call this
matrix an STFC matrix rather than an STBC matrix
because each element of this matrix consists of multiple
symbols (size ( Ngy,. ><1)), which after the encoding
process they will be transmitted through different
subcarriers.

di(seq +8¢2) di(Ses +Sp4) di(Se1 — St2) di(Se3 — Sta)

Ux, = 1/8

St1 T St
—S{3—Sia
U, = 1/v8| o T
l St1 — St2
* *
Sta — St3

di(—s{3 — $;4)di(S{q + S¢2) di(sia —Si3) di(Se1 — Si2)

. . . , 6
| diser — 502) di(Ses —Sea) di(Ser + ) di(Ses +5ea)| ©)
di(s;s —Si3) di(sgy — S¢2)di(—Si3 — S;4)di(S{q + S¢2)
St3tSta St1—St2 Stz Sts
S{1+St2 Sta—Si3 Si1—Siz @)
St3 —Sta St1tSt2 Stz T Sta
St1—St2 —Si3—Sia Siit St
309
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Fig. 1. Transceiver diagram of low-complexity differential modulation
By using a similar concept with the concept which Uizy Uizy Urwsy U]
proposed in [16], we change the multiplication between U U U U
X ) X A t21) Yraz) UYres) Uiee
two unitary matrices into an element-wise multiplication Eb, = (14)
§ e : Uiy Uiy Uiz Uiea
process. The element-wise multiplication process is U U U U
shown in (7). In this paper, we consider “o” as the 2 P12y Pe3) PG4
notation of element-wise multiplication. Uesny Uiwzy Uras  Urew]
Xa; = Xa;_, o Ea; + Xb;_, o Eb, + U, U U U
@1 Yer2) Yraz Uiee)
Ec, = 15
XCt_l ° ECt + th_l ° Edt (8) t Ut(3,1) Ut(4,2) Ut(1,3) UL‘(ZA) ( )
We consider Xa, is the result of the proposed element [Uis1) Ura2y Ursy Uizl
wise multiplication, except in the first transmission, ] _
where Xa, = U;. For understanding better our decoding Ut Uiz2) Uies Uiaw
concept, Xa, can be explored as the following equation: Ed. = Utay Uiz Uiz Ui (16)
.=
Xat(l,l) Xat(l,z) Xat(1,3) Xat(1,4) Ut(4-,1) Ut(3,2) Ut(2,3) Ut(1,4)
. Xty Xaioy Xteos Xaiom . Uty Uiy Uees)  Uraa
de = [Xars1) Xaisz Xaaz Xaasl ©) The result of this element-wise multiplication, Xa,, is
Xap1) Xz Xz Xapas the transmitted STFC symbol before IFFT process in the

where Xa,, q) represents the elements of matrix Xa;, p
represents the number of rows, and g represents the

number of columns.

After getting Xa, we can generate Xb,, Xc;, and Xd,

in the following way:

Xc;

Xd,

(X Q¢ (1,2)
Xaiz,2)
Xay(3,z2)
[ Xapa,2)
[XAt1,3)
Xag 3
Xayaz3)
[ Xy (4,3)
(XAt (1,4)
Xay4
Xay 4

| X At(4,4)

Xaeq,
Xagen)
Xay3,1)
Xaga,)
Xay(1,4)
Xay a4
Xay (s
Xay(aa
Xay1,3)
Xay 3
Xays3)
Xaya3)

Xag(1,4
Xagz4
Xy 3,4
Xar(a0)
Xag1)
Xagz)
Xaezy
Xapa,)
Xay(1,2
Xay 2,2
Xay sz
Xaya2)

Xat(1,3)’

X Qt(2,3)
X Qt(3,3)

Xaiaz)]
Xai1,2)]

Xai (2,2
Xay (32

Xaiapl
Xa,]

Xaiz1)
Xai sy

Xaianl

(10)

(11)

(12)

Matrices Ea;, Eb;, Ec;, and Ed; are derived from the
components of STFC matrix U, as the following:

Uiy U2y Uiz Uias
U U U U
Eq, = |Van Uen Uiy Uwas| o)
[Uany U2y Uiz Uiaal
Uiy Uizzy Uiz Uias
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transmitter. This element-wise multiplication gives the
exact same transmitted symbols as multiplication
between Ux, and Ux,_,. Because the elements of Xa,
always have constant correlation each other, the
transmitted matrix Xa, can be written as the following:

a b ¢ d;

_ b ar —di
Xa; = ¢, d, a b, @an

—d; ¢ -—bi a;

B. Decoding

The received symbols after FFT process in the receiver
can be described into this following equation:

Ya; = Xa, °H; + N (18)

where Xa, is the output of element-wise multiplication (8)
as well as the transmitted symbols before IFFT process in
the transmitter, H, represents the channel coefficient, and
N represents noise.

[ht(l,l) ht(l,z) ht(l,S) ht(1,4)]
sy hiezy Peesn  hies|

He =l hesy heas R (19)
t31) @2 ME3 e
heany heazy heas)  Peas

The received STFC symbol Ya, can be written as the
form of (20).
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[ (as-hi,y) + 1) (be-hirzy) + 1) (¢r-hez +1) (de-hia + n)]

Yat=|

(=b{. hiz1) + n)(af-hiz o) + 1) (—di- hezz) + 1) (¢ heaa) + 1)
(ct-hezy + 1) (de-heaoy) + 1) (ap-heasy +n) (be-hizay +n)

| (20)

L(=di- hegany + 1) (€5 hegazy + 1) (= heaz) + 1) (a5 hegaay + 1))

For understanding better our decoding process, Ya,
can be written as the following:

Yainy Yarazy Yaras Yaras

Ya = Yaiz1 Yarez Yares Yaies 21)
CYarsy Yarsa  Yaes Yassel
Yars1y Yarwzy Yarws Yaras

In this decoding process, Ya, is not only a received
STFC symbol but also functioned as one of decoding
matrices which are needed to decode the received
symbols. The decoding matrices Yb,, Yc;, and Yd, which
are derived from Ya, are written as the following:

[Yarzy Yarez Yares Yaree

Yb, = Yai1y Yaiaz Yaras Yaras 22)
Yaiu1y Yaiuz Yaiws Yaies
[Yarzy Yarsz Yarss Yagsa
(Yarsy Yarsz Yarss Yagsa

Ye, = Yaraiy Yaiaz Yz Yaraa 23)
Yai1y Yaraz Yaras Yaras
Ya,o1) Yareo Yares Yaea
[Yara1)y Yaraz) Yarws Yaraa

Yd, = Yaiay Yaaz Yass Yaes (24)
Yaia1y Yoz Yares) Yares
[Yar1,1) Yaraz Yaras Yaeaal

Aside from the matrices which are mentioned above, to
decode the received symbols, these following matrices
are required for the decoding process:

Yaia.y Yaiayy Yaiany Yaian)

Da, = Ya%:(z,Z) Ya;:(z'z) Yag(z‘z) Yag(z‘z) (25)
Yat(s,s) Yat(s,s) Yai s Yat(3,3)
,Ya;(4,4) Ya;(4,4) Ya;(4,4) YaZ(4,4).
Yaio1 Yaion Yaien Yaien]

Db, = Ya%:(l,z) Yag(lrz) Ya{u,z) Ya£(1,z) (26)
Yarusy Yarus Yaias Yaias
,YaZ(3,4) Ya:(3,4) Ya:(3,4) Ya;(3,4),
Yars1y Yaisy Yaisny Yaisn]

De, = YaE(A"Z) Ya£(4'2) YaEM'Z) Ya£(4‘2) @)
Yaraz Yaius Yaias Yaias
_Ya;(m) Ya:(2,4) Ya§(2_4) Ya;(“)_
Yaia1y Yaiay Yaruy Yaian]

Dd, = Ya£(3‘2) YaE(S,Z) Ya£(3_2) Ya£(3‘2) 28)
Yaip3 Yaies Yaies Yaies
_YaZ(1,4) YaZ(1,4) Ya:(1,4) Ya;(m)_

where Ya;,, 4, is the conjugate of Ya,(, q).
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Finally, the element-wise decoding can be written as
follows:

ﬁt = Yat o Dat_l + th o Dbt—l +
YCt o DCt—l + Ydt o Ddt—l (29)

where, U, is the received form of the matrix U, which has
been affected by channel and noise. In order to
understanding better our decoding process, matrix U, can
be written as the following:

[ fortTeo Trat+fra Tei—Fo  Fiz—Tra]
0, = —Afc*,3 —ATA‘;,AL 7:”;1 + 7:”;2 7:";,4 - 7:':*,3 7fzt*,1 - 7fzt*,z | (30)
| o1 — T2 Teza—Tea Te1t+Te2  Tez+ Teal
Fla— Tl Fli—Tin —Fls—1ia Fl1+7

where 7, ,,, represents the received symbol of s, ,, which
has been affected by channel and noise. Because matrix
U, is a received STFC matrix, which each matrix element
is received through a different channel coefficient and
noise, we can take advantages of this diversity in order to
get more accurate symbols (7, ,,,) by using these simple
equations:

Teq = 1/8(ﬁt(1,1) + 03 + ﬁt*(Z,Z) + 17;(2,4) +

ﬁt(3,1) + ﬁt(3,3) + ﬁt*(4-,2) + ﬁ:(a,,a,)) (31)
Tt = 1A/8(ﬁt(1,1A) - ﬁt(l,a + ﬁg(z,zl —Uiom +
Ui — Utz + Uiaz) — Uraay) (32)
Tt3 = 1A/8(ﬁt(1‘22 + ﬁt(1,4l - ﬁg(z,g - ﬁt*(zs) +
Uis2) t Uese) — Urany — Upaz)) (33)
ft,3 = 1,\/8(ﬁt(1,2’)\ - ﬁt(l,ﬂ - ﬁt*(z,{)\ + ﬁt*(z,s) -
Uis2) + Uz + Uian) — Utaz)) (34)

And last, the maximum likelihood decoding to decode
the transmitted symbols can be written as the following:

§t,m,k = arg minst_m_kec { (mlft,m,k - St,m,k|)2
+(S|7¢t,m,k - St,m,k')z} (35)

IV. COMPLEXITY ANALYSIS

A. OSTBC vs. Proposed QO-STBC

We can see the comparison of complexity between
OSTBC [3] and QO-STBC in two different points of
view. First, if we see it as a single matrix, then obviously
the complexity of the proposed QO-STBC is higher than
OSTBC because in our proposed QO-STBC we have to
do extra additions or subtractions process. However, if
we see it as a part differential modulation system the
complexity of our proposed system which uses QO-
STBC is lower than if we use OSTBC. The reason is if
we use OSTBC we can only put 3N, symbols in one
STFC Matrix, while if QO-STBC is used, we can put
4N, pe Symbols in one STFC Matrix. This condition
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makes differential modulation using QO-STBC has fewer
STFC Matrix than if we use OSTBC, and because of this,
the number of multiplications which has to be done by
the proposed system also fewer than if we use OSTBC.
Because multiplication process is more computationally
demanding than addition and subtraction, the
computational time of QO-STBC will be shorter than
OSTBC.

B. Unitary Model vs. Element-Wise Model

To compare the complexity between Unitary
differential modulation and our proposed Element-Wise
differential modulation, we compare the number of
multiplications which has to be done by both systems.
unitary differential modulation model for multicarrier
transmission which uses a unitary matrix with
diagonalization process as shown in (6) has (4Ng,p.)3
multiplications for one single differential symbol
calculation, while our proposed system only has 64N,
multiplications. The number of multiplications which has
to be done if we use unitary differential modulation will
increase exponentially in accordance with the number of
subcarriers, while the complexity of our proposed system
will increase arithmetically. Therefore, compared to the
unitary model, our proposed scheme has a great
improvement in term of computational complexity.

V. EXPERIMENTAL RESULTS

In the experimental process, we compare our proposed
system with UDSTFM for 2>2 MIMO which is proposed
in [1], [2] and differential modulation using OSTBC. The
parameters of our simulation are shown in Table I.

TABLE |. SIMULATION PARAMETERS

Parameters Value
Subcarrier 256
Subcarrier Spacing 15 kHz
Cyclic Prefix 25%
Convolutional Encoder's rate | 1/2
Convolutional Decoder Viterbi (hard)
Modulation OFDM
Channel Model Rayleigh fading channel
Carrier 2.6 MHz
Vehicle Speed 100 km/h
Simulation Technigue Monte Carlo
Communication Direction Downlink

10°

2x2 MIMO Alamouti
4x4 MIMO OSTBC
4x4 MIMO QO-STBC

:0 1‘5 2‘0
SNR (dB)
Fig. 2. Comparison between differential modulation using Alamouti,

OSTBC and QO-STBC using BPSK

0 5

25
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10°

2x2 MIMO Alamouti
o +-+-4+=4x4 MIMO OSTBC
o +=++=4x4 MIMO QO-STBC

20 25

SNR (dB)

Fig. 3. Comparison between differential modulation using Alamouti,
OSTBC and QO-STBC using QPSK

From Fig. 2 and Fig. 3, we can conclude that our
proposed differential modulation using QO-STBC almost
matches the performance of differential modulation using
OSTBC. The difference of our proposed system and the
differential modulation using OSTBC system is around 1
dB, which means that our proposed system needs 1 dB
more power in order to achieve similar Bit Error Rate
(BER) with differential modulation using OSTBC system.

VI.

In this paper we propose a low complexity differential
modulation for 44 MIMO OFDM system. In order to
improve the spectral efficiency, we use a modified QO-
STBC to become an STFC Matrix rather than OSTBC.
The proposed QO-STBC is suitable only if PSK
modulation is used in the transceiver system. The low
complexity differential modulation concept is achieved
by using element-wise multiplication concept rather than
using unitary differential modulation concept. The
experimental results confirm our proposed system could
match the performance of differential modulation using
OSTBC, while in the same time our proposed system
gives better spectral efficiency and also lower
computational complexity.

CONCLUSION
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