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TBM
Contributions:
1. Combination of TBM and Orthogonal Time Frequency Space modulation 
(OTFS)
2. Derivation  of the Input-Output relationship for multiuser single path 
TBM-OTFS modulation

OTFS converts a time-varying, frequency-selective channel into a time-
invariant, non-selective delay-Doppler channel
System model

Input-Output relationship

Low rank tensor (per user) ➔ Block-Term Decomposition for user separation

Per-user delay-Doppler effects on a TBM-OTFS waveform: an example with 
𝑁 = 4 and 𝑀 = 3.

➔ Rank-(2,2,1) 
block-term 

decomposition
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Without Ghost filter

With Ghost filter

• CCSK

Symbol to transmit:           3 1 4
CCSK symbols:                   𝑃3 𝑃1 𝑃4
QCSP transmitted
frame: 

• Detection Score Proximity filter Ghost filter

mitigate multiple detection of the 
same high energy received frame

Sum of correlation magnitudes squared 
σ𝑛=1
𝑁 𝐼𝐹𝐹𝑇 𝐹𝐹𝑇 𝑦𝑛 ⊙𝐹𝐹𝑇∗(𝑃0)

Problem: At high SNR, the side lobes of
the Half Raised Cosine pulse shaping
filter cause the same frame to be
detected across multiple frequency
bins, creating “ghost” detections.
Contribution: A ghost filter that keeps
only the detection with the highest
score within each frequency band,
suppressing all others.

• Results for multi-user earth-to-satellite communication post processing 
real data (QCSP transmission to LEO Yam-5 satellite, ADONIS project) with 
8 transmitters representing 128 virtual users. [5]
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Preliminary results 
Parameters Values

𝑀 64

𝑁 50

𝑁𝑅𝑥 20

𝐾𝑎 10

𝑆𝑁𝑅 0 dB
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QCSP (Quasi Cyclic Short Packets): 
Short Cyclic Code Shift Keying (CCSK)-LDPC based 
preamble less frame with efficient synchronization and 
detection capabilities. 

TBM (Tensor-Based Modulation): 
blind signal separation via tensor algebraic 
considerations for random access.
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