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Abstract
Orthogonal Frequency Division Multiplexing (OFDM) is combined with Multiple Input Multiple Output (MIMO) systems in recent
wireless standards to provide high data rate with reliable communication. Improvement in performance of the system can be achieved
when Channel State Information (CSI) is used at the transmitter to perform adaptation. The diversity gains are diminished when the
adaptations are done with the delayed outdated CSI. Here we derive the closed-form average Bit Error Rate (BER) expression for

Multiple Input Single Output (MISO)-OFDM system, as a function of correlation (*) between perfect CSI and delayed CSI. Here, we
develop an analytical model which explains the effect of feedback delay. The simulation results for analytical model also prove that

the diversity gain of considered MISO-OFDM system decreases for p<1.
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1. INTRODUCTION

The key challenge faced by next generation wireless
communication system is to provide high data rate with high
Quality of Service (QoS). OFDM provides high speed data
transmission in frequency selective channels which in turn
enhances spectral efficiency. MIMO is another advanced
physical layering technique which provides spatial diversity
gains to mitigate the effects of fading. Hence to meet the
mounting demands of high data rate with reliable
communication, recent wireless standards combine OFDM
and MIMO systems. MIMO-OFDM is used in wireless
standards such as Long Term Evolution (LTE), Long Term
Evolution-Advanced (LTE-A), IEEE 802.16, IEEE 802.11,
etc. to achieve better QoS [1].

In closed loop MIMO system, channel is estimated at the
receiver side and the CSI is fed back to the transmitter side
which is also termed as Channel State Information at the
transmitter side (CSIT). Through literature studies it is known
that having CSI at transmitter side, leads to improvement in
the efficiency of data transmission by updating the
transmission parameters according to channel quality.
Therefore, we can improve the performance of the wireless
communication systems by performing adaptation based on
the perfect CSI at the transmitter side [2,3] .i.e. If the CSI is
known at the transmitter side then we can go for any of the
techniques like precoding or transmit beamforming [4],
adaptive bit loading, adaptive power loading and variable code

rate, to improve the overall performance of the system.
Therefore, it is very important to have perfect CSIT.

In Frequency Division Duplex (FDD) system, channel
estimation is performed at the receiver and via a dedicated
feedback channel, CSI is fed back to the transmitter. But in
practice, the feedback channel is band limited and in MIMO-
OFDM systems, with the increase in number of subcarriers
and number of antennas, the amount of CSI data also grows
linearly. Therefore, when the data transmitted through the
limited feedback channel increases, it leads to occurrence of
non-zero feedback delay [5,6].

The present wireless standards offers high data rate even at
high mobility. LTE systems are expected to offer reliable
services even at 350 kmph mobility. While LTE-A are
expected to offer reliable services even at 500 kmph mobility
[7]. High mobility leads to reduction in coherence time which
makes the channel time varying [8].

The non-zero delay and time varying nature of channel makes
CSIT outdated with respect to the actual channel. Thus the
adaptations that need to be carried out based on the CSIT
become futile because of the outdated CSIT, which in turn
degrades the performance of the MIMO-OFDM system. Thus
the non-zero feedback delay diminishes the diversity gains
offered by MIMO-OFDM system [9].

In this paper, we have developed an analytical model which
states the effects of non-zero feedback delay. The analytical
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model is also validated with the simulation results. The rest of
the paper is organized as follows: Section 2 describes the
analytical model. Section 3 presents simulation results and
Section 4 concludes the paper.

2. ANALYTICAL MODEL

The block diagram of considered MISO-OFDM system is
shown in Fig.1. Here the modulated symbols are encoded
through SFBC encoder [10]. The encoded symbols are passed
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Fig.1 Block diagram of the closed loop MISO-OFDM system.

2.1 Average BER Expression for M-Quadrature
Amplitude Modulation (QAM)-MISO-OFDM System

Now we derive the closed-form average BER expression for
MISO-OFDM system.

Let us represent the correlation function between actual
channel frequency response H, (M) and the delayed outdated
estimate of channel frequency response H (m) as p.

where 0< p<1.

In general

E[HH]=0pl @)
where H=[ H(0), H(1),...H(L-1)]" . I is the identity matrix of
size L X L. For simplicity, symbol and subcarrier indexes are

ignored in the above expression.

It is easy to determine probability density function (pdf)
of [A|" but it is very difficult to determine the pdf of |H|"To

resolve this issue, we first determine the pdf 011H|

conditioned on PJTO model this we use Gauss Markov model
where actual and delayed CQI is related by [11]

H=pHi +1-p*5 ?)

where g an error term. Letd has Complex Normal distribution
with zero mean and variance 1. Therefore for a given H we
can write,

H O CN(pH,1-p?) @)

Letu resent ‘ﬂ‘ and |H| as 7 andz respectively. Also
take ﬁs BFor a given B', the pdf of Z follows non central
Chi square distribution with two degrees of freedom. It can be
represented as,

~(z+b?)/(1-p?)
P (2/D) =" (z‘fb J @

1-p° 1-p

The pdf of Z for MISO system with Nt transmitting antennas
can be derived from order statistics as [12]

Volume: 03 Special Issue: 07 | May-2014, Available @ http://www.ijret.org 350



IJRET: International Journal of Research in Engineering and Technology eISSN: 2319-1163 | pISSN: 2321-7308

Ny The standard Whittaker function is given by,
1 (i+1)z (5)
p% (Z) N Z [ j( ) e M)Mu (Z) _ Zu+llze—u/2q)(u —7\.+%,2U +1 Z) (13)
From the relationship B‘:\/E the pdf of B'can be given Comparing the last term in (12) with (13), we get
as, A
Ny-1 N _1 . . 2, 2 2\2
pB(b u) _ 2b NT ( T ](_1)Ie((l+l)b 1p%) (6) A=1/ 2l u=0 ’ Z = (1 P ) (14)
<\ [[p +({+D)A-p )]]
p,(2) is given as, p’(1-p°)
Last term in (13) is a confluent hyper geometric function
p,(z) = j -(2107)Pg (07)db @) which is given as,
2
by :2) =14 22 HOFDZ
- . . y! y(y+1)Z!
Substituting (4) and (6) in (7) gives, (15)
IN.  MA/N. -1 i Substituting (14) in (13), we get
pz(Z)Zz(l—_Tz)Z( ! ](—1)
pE=p )i v - M0 (2) = Z"%7?%§(0,1,2) (16)
P —(z+b?)1(1- ((i+ 2] b' 8
{{L e ¢+t (R [ ]db} Thus equation (16) reduces to
1-p?
Considering the integral part in (8) Moo (Z) = 227" (17)
Tb._e—(z+b'2)/(1—p2)e—((i+1)b'2/p2)J (Zjﬁbl)db'
0 1-p° Substituting (17) in (12) and simplifying gives us
6 —(E(+a-p?)b? ©)
_ _[b'e . pz(l—pz’)) J (ijb jdb. Ny -1 _1 (_1)ie—(i+l)Z/(m+1—mp2)
’ P, (Z
> p :(2) = Z( j milmpr  @®
Considering the standard integral The instantaneous BER of M-QAM modulation with ‘b’
bits/symbol is given
" F( V+-U+ ) B 2 .
[xeea,@aox=—22—2e M, , [B J P, —0.2e o7/t (19)
' : susv 4o
0 2 2 2
BotT(v+1) (20) Wherey, is Average Signal to Noise ratio.
Comparing (9) with (10) gives, The average BER can be expressed as,
u=1 P, = [ PP, (2)dz (20)
v=0 z=0
O+ +-pY) (11) Substituting (18) and (19) in (20) and simplifying gives,
p°(1-p%)
N, -1 i (b
= S ('@ -1
2jzb’ Pe =0.2Ny [ : j — : 21
B= 111/;2 ¢ ; I 1.6«/S(|+1—|p2)+(|+1)(2b -1) (21)
Substituting (11) in (10) gives the integral of (9). 2.2 Average BER Expression for M-QAM-Single
4 Input Single Output (SISO)-OFDM SYSTEM
1-p")  p(l-p?)*? WM (1-p*)? The pdf of  for SISO system can be reduced from (5) as,
2z 0] 2 [+ 0+ 00-p)] - &
oX(1-p?) p,(z)=e";2>0 22)

(12)
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The pdf of B’ for SISO can be given as,

. 2b' _(h2/42
pB(b ) :—2e (0%/p%) (23)
p
The pdf of Z can be found by substituting (22) and (23) in (7).

Using same steps from (8) to (17) the pdf of Z can be derived
as,

p,(z)=¢e" (24)

Substituting (24) and (19) in (20), we get average BER for
SISO system as,

5 _ 022 1)
© 16y, +2°-1 (25)
3. RESULTS

In this section, the performance of the MISO-OFDM system is
evaluated by computer simulation for frequency selective
fading channel with 10 taps (N=10). The channel taps are
complex Gaussian random processes with zero mean and
variance 1/ NThe OFDM system includes 64 subcarriers. Here,
we consider two transmitter antennas (N, =2)  and one
receiver antenna (N, =1) with 32 QAM constellation (M=32).

Fig. 2 shows Average BER against SNR curves for different

values of that as £ decreases, there is degradation in
performance of the system.
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Fig 2 Average BER vs. Average SNR (dB)
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Fig.4. Average Spectral Efficiency (R) vs. Average SNR (dB)

Fig.3 shows Average BER comparison between SISO-OFDM
system and for MISO-OFDM system for different values of
such as 0,40.8, 0.99 and 1. MISO-OFDM system with Ny=2
and Ng=1 is denoted as 2x1 . From Fig.3, we can see that
BER performance of SISO-OFDM system and MISO-OFDM
system with p =0is same. This proves that MISO system will
act as SISO system when correlation p =0

From other curves it is clear that diversity gain of MISO-
OFDM system decreases for values of p <1 .

Fig.4 shows Average spectral efficiency (R) vs. SNR for
MISO-OFDM system for different values of 8uch as 0, 0.5,
and 1.The average spectral efficiency (b/s/Hz) can be
calculated from

1 L-1 _
R= E{mzum) [1- Pe(m)]} (26)

p/ m=0
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where, W is total system Bandwidth, T, is useful symbol
duration, T, is cyclic duration, b is blts loaded on m™"
subcarrier, and E denotes expectation.

From Fig.4, it is clear that as odecreases, the average spectral
efficiency also decreases. For SNR of 15 dB, we get spectral
efficiencies as 0.4, 2.3, 3 corresponding to values of p such
as0,0.5, 1.

4. CONCLUSIONS

The effects of feedback delay on the performance of a MISO-
OFDM system have been analyzed in this paper. The feedback
delay degrades the overall performance of the system.
Through analytical modeling and simulation results, it is
clearly visible that average BER and average Spectral
efficiency performance of MISO-OFDM system decreases,
when correlation (p) is less than 1.
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