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Abstract— We proposed a simplified propagation channel
model for evaluating maximal-ratio combining (MRC) diversity
characteristics in OFDM where multipath delay profile exceeds
the guard interval. The model, we call “Equivalent Transmission-
Path (ETP) model”, is characterized by a two-wave model which
can predict irreducible error rate (BER floor) very accurately.
By extending our previously developed ETP model for SISO
OFDM system, we develop a model, and the prediction accuracy
is identified by comparing with computer simulation results.
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L INTRODUCTION

In multipath propagation environment where the delay
profile exceeds the guard interval (GI) of OFDM, irreducible
errors due to inter-symbol interference (ISI) with inter-carrier
interference (ICI) cause serious degradation in wideband
signal transmission performance. Since it seems difficult to
perform a statistical assessment of the irreducible errors
theoretically, the transmission performance has been estimated
by using computer simulation or partial theoretical approaches
without closed form of BER calculation formula.

For this purpose, in our previous study, we have proposed
an equivalent transmission-path model (ETP model) using a
simple 2-wave model to express a multipath propagation
environment with a large delay spreading for single-carrier
transmission systems [1], then we have extended the model to
make statistical assessments of the characteristics of the
irreducible errors in a single-input single-output (SISO)
OFDM system [2].

This paper further extends the model from SISO OFDM
application to single-input multiple-output (SIMO) OFDM
one with maximal-ratio combining diversity and evaluates the
accuracy of model by using computer simulation.

II.  ETP MODEL FOR ESTIMATING BERF,gor FOR
SISO IN OFDM

The ETP model in [2] for SISO OFDM application is a
simplified channel model for theoretically estimating the
transmission characteristics, in which the multipath delay
environment is transformed to a 2-wave model, while the
values of the key parameters of the radio propagation

environment are preserved. The floor value of BER under
frequency-selective fading in the ETP model is given by the
following equation, taking the amplitude ratio » (S|a.2/a.1|) and
the phase difference ¢ (Zarg(ac./a.1)) of the two waves as
variables:

BER,,, = [[ £,,(r-¢:AT)R(r,¢: AT, )drdg (1)

where f-¢ is the joint probability density function (PDF) of r
and ¢ expressed in the 2-wave model. Py is the BER of the
2-wave model as a function of r and ¢. Since there are no
good formulas for calculating the floor value of BER of the
2-wave model, Py is used from a table of pre-calculated values
which is called “BER map”. Figure 1 shows an image of ETP
model for irreducible error analysis given in (1).

BERjqor
Multipath

I wo-wave for the two-wave ™,
environment .

§ approximation % [modcl :
A~ (ETPmodel) % (BERmap Y
{ @ -f;@(r: @ AT,)
H . a ! ;
H 1 H ) E
i == a, &2 RBi.gAr)

Delay T J_Ia

.0 Ar,
) Multipath = © <" Dpigital .

Propagation Modulation

Statistical estimate
of BERq0r

[[ £, Rucirdg
Fig. 1. Basic concept of ETP model for BER floor analysis.

III. ETP MODEL FOR SIMO-MRC IN OFDM

A. Modeling

1) fundamentation

Figure 2 shows how the SIMO channel is transformed into
the 2-wave model. The fundamental calculation formula for
BERyor has much in common with (1). We separate the joint
probability density function (PDF) f.¢ into functions f. and fy

and attempt to formulate f.4 (7, @) as f{7) f4(9).
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Fig. 2. ETP model application for OFDM MRC analysis.

2) PDFofr:f.

The PDF for each amplitude of n-th element (@esn, dez: n=1,
2, .., N) of the 2 waves expressed in the ETP model is an
independent Rayleigh distribution. The PDF of the amplitude
after MRC can be approximated by the Nakagami-m
distribution. PDF of the amplitude ratio  of two waves can be
expressed in the following equation:

20 (m, +m,)a™ r*™™ _2m
T(m)T(m,) (e +r*)"*" Qm,
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where m; and Q, for i=1, 2 are the parameters of the
Nakagami-m distribution, I is the gamma function.

3) PDF of ¢: fy

The PDF of phase variations for each of two waves may be
followed by that of Nakagami-m fading. However, the
simplified PDF formula is not available yet, we approximate it
using the Nakagami-Rice fading given by

1
fNRJﬁ,. (4:K;) = EEXP(_KQ

3
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where K; is the Rician factor and erf is the error function.
The variance of each phase variation can be estimated by
oy =(07)=[ 87 fin_8:K ) @)

Since derivation of PDF for phase difference ¢ based on this
equation is still quite complicated, we took further
approximation using a truncated Gaussian distribution as

follows. ¢?
f(¢-a)—m (-r<p<m
P\ %) = <
\/ﬁ%erf(ﬁia) (5)
]

where o, = /ﬁigqflJrg;z) with #=0.65.

B. Evaluation:

Computer simulation was used to evaluate the performance
of the proposed method. The exponential delay profile and the
multi-cluster delay profile (i.e. Sally-Valenzuela model) were
applied for the multipath environment. The results of
irreducible errors (BER floor) against delay parameters and
OFDM parameters are shown in Fig. 3. As we can see from
the figure, the calculation results matched very well with the
simulation results. Consequently, the validity of the model is
confirmed.
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Fig. 3. BER floor characteristics for OFDM/DQPSK:
calculated vs. simulated.

IV. CONCLUSION

We have developed a simple BER floor calculation scheme
for SIMO-MRC OFDM system based on a simple propagation
channel model. Due to page limit of this summary, we will
give evidences about development and assumption of Egs. (2)
and (5) in the presentation.
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