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Low PAPR Orthogonal Time Sequency Multiplexing
with Selectively Scrambled Walsh-Hadamard Transforms
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ABSTRACT

We propose a novel technique to generate low Peak-to-Average Power Ratio (PAPR) Orthogonal Time
Sequency Multiplexing (OTSM) using a scrambled Walsh-Hadamard transform (S-WHT). While conventional
modulation schemes like Orthogonal Time Frequency Space (OTFS) and OTSM are designed to improve
performance in high-mobility and multipath channels, they suffer from high PAPR, reducing power amplifier
efficiency. Although discrete Fourier transform-spread OTFS (DFT-s-OTFS) has been introduced to reduce
PAPR, it compromises diversity and robustness in high-mobility scenarios. Our method addresses this trade-off
by selectively applying an S-WHT matrix, reducing PAPR while retaining OTSM’s resilience to multipath
fading and Doppler effects. We demonstrate through simulations that our technique achieves lower PAPR
compared to conventional OTFS, OTSM, and DFT-s-OTES, while also achieving superior bit error rate (BER).
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Table 1. Brutal searching algorithm for S-WHT

Algorithm 1
Inputs:
N : Dimension of WHT matrix

C = 2 : Number of sets for comparison

Initialization:
Wy «WHT matrix of size N X N
B—All 2V binary sequences of length N with elements in {—1, 1}, generated
by applying scrambled vector (Size: 2V x N)
D«All possible BPSK data combinations of length N with elements in {—1, 1}
(Size: 2N x N)
b; = B[]
Find
Opt_Indices = arg m(lrle (1max (mm(pk,qk )))
| Py = max ((D(k wy) O (D% )WN))
where
g = max ((D(’mdiag(bl)w,v) © (D% diag(b)Wy) )

Output:
S — {B[i*]|i* € Opt_Indices}
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Fig. 5. BERs of proposed scramble method, SLM
method, DFT-s-OTFS, OTFS and OTSM (modulation:
16QAM, M= 128, N=16, EVA channel : 500km/h)
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