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Abstract — We investigate the effect of channel gain
quantization on the information capacity of unknown
time varying flat fading channels. The phase and/or
amplitude of the flat fading channel gain is modelled
as a finite state Markov (FSM) process and the in-
formation capacity of the FSM channel is calculated
numerically as a measure for choosing the number of
channel quantization levels, as well as quantization
thresholds. The results indicate that for binary sig-
nalling, the capacity is saturated beyond 8 to 16 levels
of phase and 8 to 16 levels of amplitude quantization.

I. EXTENDED SUMMARY

According to the classical communication theory of time in-
variant additive white Gaussian noise (AWGN) channels, the
quantization of the received signal into 4 and 8 levels (soft-
decision decoding) results in approximately 1.4 dB and 1.8
dB performance gain compared to 2-level binary quantization
(hard-decision decoding), respectively. Whereas, there is only
a 0.2 dB margin between the receiver performance with 8-level
signal quantization and the continuous-level soft-decision de-
coding limit. A similar question arises in the estimation of the
complex channel gain for coherent detection in unknown time
varying flat fading channels. Namely, “What is the minimum
quantization resolution for estimating the complex channel
gain without losing much in the channel capacity?”.

Following Clarke’s model for flat fading channels, the sam-
pled output of the matched filter at the n** signalling interval
is

Yo = CnXn + Zn = Rn€’®" X0 + Zn. (1)

where X, Y,,, Z, are the channel input, output, and AWGN,
respectively. The signal to noise ratio is denoted by v, =
Ey/Ny. The channel fading gain, C,,, is a zero-mean station-
ary complex Gaussian process, with auto-correlation function
given by Racr(m) = 0%Jo(2rmfpT), where fp is the maxi-
mum Doppler frequency and 7T is the symbol period.

An infinite channel memory order is assumed in the
Clarke’s model, which is prohibitive in terms of receiver de-
sign. Research results indicate that assuming a finite memory
order, between 0 to 5, is justified for accurately tracking the
channel dynamics at the receiver side [1]. It is also shown
that the first-order memory Markov model is applicable for
flat fading channels with f;7" < 0.01 [2].

In the literature, the emphasis is often on the quantization
and finite state Markov (FSM) mapping [3] of the fading am-
plitude R,,. However, since phase estimation is essential for
coherent detection, we study joint phase and amplitude quan-
tization and FSM mapping of the complex fading process.
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Flat Fading phase and amplitude quantization
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Fig. 1: Capacity as a function of SNR. There is only 0.3 dB gain
in soft channel estimation, compared to 16-level phase and
16-level amplitude quantization.
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We study the information capacity of the quantized flat fad-
ing channels and propose the quantization gain as a measure
to choose the optimum quantization resolution and thresh-
old for the channel estimation. Therefore, the best tradeoff
between computational complexity of handling more channel
states and channel quantization gain is obtained.

In Fig. 1, fading amplitude and phase are mapped into a
first-order memory Markov model [4] and the capacity is cal-
culated using the numerical method [5], which makes capacity
analysis of FSM channels with large number of states practi-
cally feasible. The general trend carries over to slower and
faster fading conditions, as well. For very slow fading, where
channel state information (CSI) assumption is accurate, ca-
pacity with 8-level quantized phase and 8-level quantized am-
plitude CSI is within 0.2 dB of the continuous-level CSI limit.
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