SINGULAR DETECTION IN NONCOHERENT COMMUNICATIONS
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i Comunicacions
HIGHLIGHTS UNIQUE IDENTIFICATION AND SINGULAR HIGH SNR REGIME
DETECTION
¢ General analysis of noncoherent communications based THEOREM 1 — ASD IN THE HIGH SNR REGIME
on detection theory Definition 1: Unique identification A necessary and sufficient condition for @ to be detected
¢ Necessary and sufficient conditions for error-free data  an alphabet is uniquely identifiable if with vanishing error probability as SNR — o is

transmission:
¢ Large array regime
¢ High SNR regime

o Extended family of alphabets that achieve asymptotically > All noncoherent approaches use uniquely identifiable codes:
singular detection energy-based, differential, orthogonal, Grassmannian con- Intuition:
stellations, MOCZ, Borran-like, etc.
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SIGNAL MODEL Definition 2: Asymptotically singular detection SNR = 0dB SNR = 20dB SNR — oo
A noncoherent scheme yields asymptotically singular detec- p
Space tion (ASD) if it can achieve vanishing error probability as some £
Time ‘ system parameter grows without bound. 2
N antennas Tx §
T T @ Useful to characterize the existence of error floors. E
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- LEMMA 1 — NECESSITY OF UNIQUE IDENTIFICATION 0
e Unique identification is a necessary condition for an alphabet %D
h ~ (0N, N Cp) to be detected with arbitrarily low error probability. §
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LARGE ARRAY REGIME
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> Unit power symbolsS; € ©,i € J — A Ty s &
. . . where C(i, j) = C; "C,C; . c
> Transmitted signal: X £ \/B,S 2
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> SNR at the receiver: SNR = E[1Z] V=V,
EIF = _ _
s Statistical CSIR g 05 | IxN, SNR = 0dB SNR = 20dB SNR — oo
> Correlated Rayleigh fading and Gaussian noise S
> Vectorized signal y £ vec(Y) € CXM and extended : , E
codeword X £ Iy ® X € CKNeXN:s 05 7 ) E
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FROM INFORMATION TO DETECTION THEORY "
PROPOSITION 1 ASD IN THE LARGE ARRAY REGIME QSD =
, . , , A necessary and sufficient condition for © to be detected with 2 0 &
@ Detection error probability (Pr(e)) bounds mutualinformation _ . . c 2
, , , vanishing error probability as N, — oo is = 5
between transmitted and received signals (I(Y; S)): (N) & 5 o 5
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Important considerations Implications:
= | mec.]uallt}/. or «»  diverging norm for ASD @ S!:)ectrum shape of C; relative to C; becomes irrelevant at
unique identification high SNR:
~-Fano . strong convergence UIC ASD
----- Feder & Merhav Ml equality > o SNR— 00
0, = in Hilbert spaces C; # C > P, # P,
M . o , . . > Schemes that achieve ASD at high SNR: USTM, orthogonal,
min Pr(e) A ASD does not arise with finite Ny or by increasing received  differential, MOCZ.
o . power: it results from deeper interactions between C; and C;. @ They can all be regarded as Grassmannian constellations.
> Fairwise error probability (PEF): @ Energy-based systems: A Equidimensional codewords are not needed for ASD at high
Pr(S; — S;) =Pr(InL;;(y) <0|S=85), uIC SNR.
where @ Subspace-based constellations:
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> Maximum likelihood detector: | TP PP000000000
S, = argminy C;ly + In|C;]. -
< A/ Amay \ /
Funding
his work was (partially) funded by projec ( - -C21) b _ 1(NR)
I/IICIU/AEI/lO.13%3;/50)1/100011033ya|::1dJER[t)IEjé\L(JTEraPr:? 22(())2212 5152311%25 a?dlgra};tzozz FI SDUR 00164 by @ Subspace-based systems: J ij X Dghordal(\/ia V])a . . . o .
Departament de Recerca i Universitats de la Generalitat de Catalunya. o —1 M. Vila-Insa and J. Riba, “Singular detection in noncoherent communica-
2 A - . 2,A0,)) tions,” IEEE Wireless Communications Letters, vol. 14, no. 4, pp. 1164-1168,
Déhordal(Vis Vi) = [ — 1| + Z%) Sin“(Gn ™). Apr. 2025, 1SSN: 2162-2345. DOI: 10.1109/1wc . 2025 . 3536921
n=

ORCID: 10000-0002-7032-1411, 20000-0002-5515-8169 SIC’26 Imarc.vila.insa@upc.edu, 2jaume.riba@upc.edu


https://doi.org/10.1109/lwc.2025.3536921

