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Abstract — We consider the problem of optimal
placement of training for time varying channels with
inter symbol interference (ISI). We assume that chan-
nel has a finite impulse response of length (L + 1) and
that each tap of the channel fades independently and
identically. The time variation of the fading is mod-
eled by a Gauss-Markov process. We constrain the
training symbols to be placed in clusters of length
(2L + 1) and each cluster contains only one non-zero
training symbol. We show that at high SNR, the cu-
mulative channel MSE is minimized by placing the
training clusters periodically in the packet. A spe-
cial case (L = 0) of this result is the optimal place-
ment of pilot symbols for Rayleigh fading channels
with Gauss-Markov variation.

I. SUMMARY

One of the main obstacles in achieving high data rates in wire-
less communication is the time varying nature of the propaga-
tion channel. Inserting training symbols in the data stream is
a popular technique for tracking the channel in such an envi-
ronment. The optimization of the placement of training in a
data stream is thus an important issue both from theoretical
and practical points of view.

We assume that the channel has a finite impulse response
of length (L +1). The channel at time instant & is denoted as
hy = (A, A", - h{M)!. We assume that hy ~ CA(0,T).
The time variation of the fading is modeled as a Gauss-Markov
process with correlation «. That is,

h;, = ah;_1y + zs, (1)

where zj, is an i.i.d process distributed as CA(0, (1 — o®)I).
The channel output is corrupted by the additive, zero mean,
white Gaussian noise nj, with variance o2.

On this channel, data is transmitted through packets of
length (N + P) where N is the number of unknown sym-
bols and P is the number of known symbols. Known symbols
are inserted into the packet in order to estimate the time-
varying channel. The placement of known symbols can be
specified by a set P that contains the positions at which they
are present or, as shown in Fig. 1, the placement can be spec-
ified by r = (m,n), that is, two tuples m = (m1,---,my)
and n = (n1,---,ns+1) where m gives the lengths of unknown
symbol blocks and n the lengths of known symbol clusters. For
placements that end with unknown symbols we have ny41 = 0.
The number of elements in each of these tuples is a variable
and depends on the placement scheme.
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Fig. 1: Representation of Placement Schemes

We limit ourselves to the case when P is of the form (2L +
1), where 4 is a positive integer. We also assume that every
training cluster is of length (2L + 1). Further, we assume
that each training cluster starts and ends with L zeros and
has only one non-zero training symbols that is placed at the
center of the cluster. Such training clusters are shown to be
optimal in a certain sense in [1, 2]. We are interested in the
optimal placement of these training clusters. We also assume
that every packets starts and ends with at least one training
cluster implying n1 > (2L + 1) and n¢y41y > (2L + 1). This
constraint also implies that i > 2.

The receiver forms an MMSE estimate of the channel taps
using training only. The objective is to optimize r so as to
minimize the cumulative channel MSE over all those channel
taps that affect the output due to data symbols. In other

words,
. ) @2
P = arg min E (E {‘hk }), (2)

(k—i)gP
where 7155') is the MMSE estimate of h;ci).

The following theorem gives the optimal placement at high
SNR.

Theorem 1 Under the assumption that P = m(2L + 1),
where m > 2, the placement v, that is optimal with respect to
(2) at high SNR is given by
2L + 1 ,m (3)

mi € {[%J,L%J+l}. (@)

ni = i=1,--

This placement scheme is the QPP-(2L+ 1) placement scheme
that was introduced in [2].
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