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Abstract — It has been shown that with probability
one the peak to mean envelope power ratio (PMEPR)
of any random codeword chosen from a symmetric
QAM/PSK constellation is logn where n is the num-
ber of subcarriers [1]. In this paper, the existence of
codes with nonzero rate and PMEPR bounded by a
constant is established.

I. INTRODUCTION

Recently, Paterson and Tarokh have raised the question of
what is the trade off between rate, minimum distance, and
PMEPR of a code [2]. It is also proved that the Varsharmov-
Gilbert upper bound remains the same for spherical codes
with PMEPR less than 8log n for large n. In [1], based on the
asymptotic analysis of PMEPR, it is shown that the PMEPR
of spherical codes and symmetric QAM/PSK constellations is
log n. Therefore, it is not surprising to have no trade off be-
tween rate and PMEPR as long as the PMEPR is less than
logn with probability one. However, without any contra-
diction with the result of [1], there still might be exponen-
tially many codewords with constant PMEPR, even though
the probability of randomly choosing one of them goes to zero,
and henceforth, they are rare!

The normalized complex envelope of a multicarrier signal
with n subcarriers may be represented as sc(8) = Y, cied%,
where 0 € 8 < 27 and C = (¢1,...,¢n) is the complex modu-
lating vector with entries from a given complex constellation
Q. The admissible modulating vectors are called codewords
and the ensemble of all possible codewords constitute the code

C. Then, the PMEPR of each codeword C € C is defined as,

PMEPR¢(C) = m [sc@®)”
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Similarly, PMEPR¢ is defined as the maximum of Eq. (1) over
all codewords in C. Clearly, when C is a random code such
that the c¢i’s are chosen independently from a constellation
with average power E,,, the average power of C is nEq,,.
Whenever we drop C from PMEPR, we mean C is a random
code with average power nE,,.

II. PEAK REDUCTION BY CHOOSING SIGNS

Given the codeword C = (c1,...,cn), we consider the de-
sign of an optimum sign, ¢;, for each subcarrier, in order
to minimize the PMEPR of the resulting codeword C. =
(e1€1,...,€ncn). Clearly the worst case PMEPR of a code-
word C is of the order of n. We also know from the result of
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[1], that a randomly chosen vector C will have PMEPR of logn
for large values of n, and therefore randomly choosing signs
should work well for large n. This raises the question of how
much further reduction in PMEPR can we get by choosing
the best sign for each subcarrier? Since changing signs does
not affect the average power, we can focus on minimizing the
peak of sc(8) over the e;’s. Here is the statement of the prob-
lem: For any given complex vector C = (ci,...,¢n) where
leil € VEmas, consider the following minimization problem:

n
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where € = (e1,...,€,) and € € {+1,—1}.

o What is the best achievable value of (2) for any code-
word C 7

e How can we design the optimum vector €?

III. Copes wiTH CONSTANT BounpeED PMEPR

In this section, we answer the first question raised above.

Theorem 1. Suppose c¢;’s are chosen from a constella-
tion Q with mazimum and average power Emaz and Eqy, re-
spectively. Then, there exzists a sign vector € = (e1,...,€q)
such that PMEPR(C.) < kEnaz/Eqv, for sufficiently large n,
where Ce = (€1€1,...,€xCn) and k is a constant independent
of n.

The proof of Theorem 1 is based on the result of [4] on
bounded linear forms.

Corollary 1. For any g-ary symmetric constellation in
which both A and —A are in the constellation, there exists a
code with rate R > 1 —log, 2 and with PMEPR less than a
constant, for sufficiently large n.

Addressing the second question raised in section II, an al-
gorithm to design the signs is proposed in [3]. The algorithm
guarantees the PMEPR to be less than clogn for any n.

It is also worth mentioning that the approach in this paper
can be used to study the peak to average power in multiple
antenna systems using LD codes.
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