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This paper presents an algorithm to minimize the performance loss (PL) of minimum mean square error
(MMSE) in code division multiple access (CDMA) based optical multiple input multiple output orthogonal
frequency division multiplexing (O-MIMO-OFDM) systems over 1200 km of standard single mode fiber
(SSMF). The performance of the system using proposed algorithm scheme is compared to MMSE scheme
by simulation results. It shows the superior performance of proposed algorithm.
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1. Introduction

SPECTRAL efficiency (SE) of any communication systems will be
improved by applying multiple input multiple output (MIMO) tech-
nique [1]. Alot of study has been done by integrating MIMO systems
into orthogonal frequency division multiplexing (OFDM). Optical
MIMO-OFDM [2,7-14] is a multi-carrier modulation technology
that has been proposed for fiber optic communication because it
is an effective solution to inter symbol interference (ISI), when
symbol period of each subcarrier is longer than the delay spread
caused by group velocity dispersion (GVD) [3,4,7-13]. It has several
advantages including efficient bandwidth usage, transformation of
a frequency selective fading channel into a flat fading channel and
simplified channel equalization.

On the other hand, CDMA technique is a promising method for
MIMO-OFDM systems since it can conflict strong fading, eliminate
the effect of narrowband interference and provide high capacity.

MMSE algorithm can recover the transmitted data considering
the trade-off between system performance and complexity. Unfor-
tunately, the performance loss is considerable. To minimize the
performance loss of MMSE in CDMA based O-MIMO-OFDM systems
over 1200 km of SSMF, an efficient algorithm is proposed without
increasing considerably the computational complexity.
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2. System model

By assuming the instance assigning spreading chips over the
subcarriers, the relationship between input and output for the syn-
chronous CDMA-based O-MIMO-OFDM systems is given as:

y=ABx+n (1)

where x, y and n are transmitted signal vector of all users, received
signal vector of all antennas at the receiver and noise vector of all
antennas at the receiver, respectively. x, y and n can be represented
as:

T

x=[xI xI «I xl ] (2)
T

y=0yT yI I yhl (3)
T

n=[n] nl n} nk (4)

where x, is the transmitted signal vector for user number u, u =
1,2,3,...,U and U is the number of active users; y; is the received
signal vector for subcarrier number j, j =1, 2, 3, ...N and N is the
number of subcarriers; n; is the noise vector for subcarrier number
j,j=1,2,3,...N, respectively.
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By the way, A and B in Eq. (1) are defined as:

H1’151’1IZ 0 . 0
0 szzszyzlz . 0
A= (5)
0 0 Hy nSnnIz

B = diag { diag( By 1 B.1) diag( By

Bzu )}
(6)

where H;y, $jy, By, i and I are the channel coefficient matrix of the
jth subcarrier of uth user, the jth chip of the spreading code (SC)
of uth user, symbol amplitude for corresponding transmit antenna,
i=1,2,3,...,zand z x z identity matrix, respectively.

To have an accurate tradeoff between system performance and
computational complexity, a MMSE algorithm is advised. x,, is esti-
mated as below using MMSE algorithm [5]:

52u = Ztu (7)

where z, satisfies equation below:

2y = arg (min(E|xy — z{fy|*)) (8)
By solving Eq. (8), z, will be obtained as [5]:

-1

zu = (Elyy"]) Elyx] 9)
By replacing z, from Eqgs. (7)-(9), X, will be obtained as:

. -1

%u = E[xuy"[(Eyy"]) 'y (10)

By substituting y from Eq. (3), E [xuyH] and E [yy”] can be
obtained as:

E[xuy"] = E[xu(ABx + n)'] = E[x,(x""BHAH 4 n")]
= E[x,x"B"AH] + E[x,n"] = BFA" + 0
= BHAH = BHsHHH (11)

where By is symbol amplitude for corresponding antenna. H and S
also are given as:

H],-l 0 0
0 Hyy ... 0
H= (12)
0 0 ... Hyw
S$1,1 0 0
0 $2,2 0
S= (13)
0 0 ... SN,N

E[yy"] = E[(ABx + n)(ABx + n)"] = E[(ABx + n)(x"BHA" + n'!)]
= E[ABxx"B"AF + ABxn'" + nx"BHAM 4+ nnM|
= E[ABxxHBHAH 1+ 0 + 0 + nnM'] = E[ABxx!'BF AH
+E[nn'"] = E[HSBxxHBHSHHH| + E[nn™]
= ||BIPHE[SST1H + 0212 (14)
where o2 is the variance of the noise and ||B||? is defined as:

|IB||*> = BBH (15)

If the SCs for all active users are known by any user, then Eq.
(10) will be obtained as:

Xy = BHsHHA(||B|2HSSM HH + alez)_ly (16)

As each user must know the SCs for all active users, therefore
some information about signal needs to be sent time by time to the
users. Consequently, the SE will be reduced.

If the SCs for all active users are not known by other users but
they know the number of active users, then Eq. (10) will be obtained
as:

- -1
%, = BistHA(1BI2HHT + 6212 ) 'y (17)

Using Eq. (17) to estimate x,, compared to using Eq. (16), has
larger PL when the number of active users is less than number of
users which be supported in a spreading block.

To overcome the problems mentioned above, a new algorithm
is proposed to minimize the PL for the MMSE in CDMA based O-
MIMO-OFDM systems. In this method, there is no need for the users
to know the SCs. Users must know the channel. However, to imple-
ment the new algorithm, SS" in Eq. (16) must be estimated. The
computational complexity will not significantly increased by using
new algorithm because SSH can be repeatedly used for multiple
spreading block.

By multiplying both sides of Eq. (3) to H~1, Eq. (3) will be mod-
ified as:

H'y=H'ABx+H 'n=H 'HSBx + H 'n=SBx+H 'n (18)

Now, the autocorrelation function of H-1y will be obtained as:

]

F-yp1y = EICH'y)H'y)"] = E[(SBx + H-"n)(SBx+ H~'n)"
= E[SBxxHBHSH] + E[SBxn"H=H] + E[H ' nx" B SH ]
+E[H 'nanfH-1H] = |B||?SSH + 0 + 0 + c2E[H TH~1H]
= [IBII*SS? + 0?1y 1y (19)
I'y-1y-1 can be broken down as:
Ty-1pg-1 = diag(rquH]_l .. 'r”ﬁ]”ﬁl) (20)
By assuming identical distribution for OFDM subchannels, we have:

r (21)

“1y-1 =T,
HyTHy

MAy-1=...=T
H2 HZ
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HN HN

Then, only rp;-1,,-1 must be computed and Eq. (20) will be rewrit-
1 1
ten as:

Ty-ig-1 =IN® rH]JH;l (22)

Then, by combining Eqs. (18) and (22), SS* will be obtained as:
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where H(i) and y(i) are channel matrix and received vector of the
ith spreading block, respectively.

SSH is a non-negative matrix so that second term of Eq. (23)
must be smaller than the first term of Eq. (23). For the higher signal
to noise ratio the second term is much smaller of the first term.
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