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Abstract

Perfect phase-quantized unimodular sequences with entries y
in {x € C | 2™ = 1} have optimal peak-to-average-power
ratio (PAR); however, they are extremely rare. For active
sensing or communication systems which are able to tolerate
sub-optimal PAR values, we show how to construct phase-
quantized sequences possessing both virtually pertect peri-
odic autocorrelation and low PAR. Numerical examples are

The Proposed methods
The modified PECAN

Generate a perfect unimodular sequence and con-
sider the m-level phase-quantized version of it.
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where {X;} denotes the discrete
Fourier transform (DFT) of {z;}

Compute { oy }

provided to 1llustrate the performance ot the proposed meth- R ?, gz < [11 — €1, 1+ &3]
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ods. Repeat the cyclic minimization l—e. B<l-—eg

until a stop criterion 1s satisfied.
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b1 = ‘Zl‘ CO5 (arg(zl) — %kz) , 0 <[ <n
where {2z} represents the Inverse DFT of {e/¥"}

Introduction

The periodic autocorrelation of @ 1s defined as

n—1
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Generate a perfect unimodular sequence and con-
‘=0 A = oo sider the m-level phase-quantized version of it.

The sequence @ 1s called perfect 1t

(B =0 ( od n) 1S]. 2 Zn—l ‘ R ‘2 Compute the optimal projection on I' Compute the optimal projection on A
R, = < — R , =L . ) > >
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The PAR metric 1s defined as R/_\

epeat the projections.
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PAR A _ THaX; 2| unimodular sequences x; = ¢’/
= - <= . 2 |
= J?_Ol ;|2 phase-quantized sequences z; = e k| | Numerical Examples

The key contributions of the proposed methods are:
(1) they allow small alphabet sizes 2 < m < n, (i1) they do
not restrict the length or alphabet sizes (in contrast to almost
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all perfect sequence construction methods), and (111) they pro-
vide many phase-quantized sequences theretore circumvent-
ing the rareness dilemma of perfect phase-quantized unimod-
ular sequences.

autocorrelation level (dB)

1
0

(a) (b) (c)

. " 2 4 8 16 32 64
Phase Selection n

. 1 1.842 | 1.356 | 1.085 | 1.085 | 1.022 | 1.022
A phase-quantized sequence is of the form x = {q; e/ = ki e 10| 1.842 | 1.250 | 1.250 | 1.022 | 1.022 | 1.022
= 1.842 | 1842 | 1.085 | 1.022 | 1.022 | 1.022

here 0 < k; < m — 1 and {«o;} are non-negative real num-
WICIC U = Ry = l & 1.004 | 1.904 | 1.904 | 1.805 | 1.290 | 1.104
bers. 25 1.992 [ 1.992 [ 1.992 | 1.610 | 1.289 | 1.245
s O~ 71— 1 1960 | 1.960 | 1.960 | 1.717 | 1.447 | 1.142
PAR = max{aq; =0 1.999 | 1.999 | 1.999 | 1.999 | 1.507 | 1.382
50 [ 1.009 | 1.999 | 1.999 | 1.999 | 1.655 | 1.350
2950 | 2.250 | 2.250 | 2.250 | 1.600 | 1.290
2.007 | 2.748 | 2.739 | 2.730 | 2.324 | 1.878
100 [ 3.095 | 3.095 | 3.095 | 2.097 | 2.027 | 1.515
Clearly, the PAR metric attains lower values when a = {«; } 2250 | 2.250 | 2.250 | 2.200 | 1.844 | 1444

Fig. 1.

1s closer to 1 (lIl the sense of ZGC-'DOI' m) Design of a phase-quantized sequence of length | Table 3. The lowest PAR values obtained for different lengths
n = 64 with low PAR via the alternating projection method. | (n) and alphabet sizes (/) by running the two proposed meth-

l The phase quantization level is m = 2. (a) the sequence am- | ods 50 times; alternating projections (see the first row for each

plitudes {cy } and integer phases {k;}. (b) the autocorrelation length) and the extended PECAN method with £; = 1 and

PECAN method levels (11.1 dB). of the obtained Sequenc.e. (c) the PSL and PAR g5 = 00 (see the second row for each length). The third row
] lm—level phase-quantized version of x“ vs. the teration numt.)er for the Obtall?ed'sequence.. the se-1 o each length presents the results of running the extended
d perfeCt unimodular sequence - - 23?2;2551;;\;?;&3%?“ perfect periodic correlation prop- PECAN method 10 times for the same values of (n,m) and
U — {ejgbl }n—l ‘ L= |m ﬂ (mod m) T g1 =&y =¢ € {0,0.05,0.1,0.15,0.3,0.4,0.5,0.7,0.9}. For
(=0 l DVt each length/alphabet size, the bold font 1s used to indicate the
- - lowest obtained PAR using the proposed methods.

In the following, we discuss the design of « for
the integer phases {k; }-
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