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HIGHLIGHTS

♣ Objective: Design amassive SIMO scheme for wireless communications with one-
shot noncoherent detection.

♣ Approach: Permutational index modulation over OFDM.
• Convey information on the ordering in which a set of values is mapped onto OFDM subcarriers.
• Spherical code with improved robustness against channel impairments.
• Exploit statistical channel state information and hardening.

♣ Outcome: A simple detector based on sorting quadratic metrics of data.
• Near-ML error performance.
• Low-complexity implementation.

BACKGROUND

SIGNAL Next generation networks:
Accommodate a large number and variety of devices.
Heterogeneous and versatile systems.
Mainly constructed over OFDM.

� Massive machine type communications (mMTC): small information volume with
highly reliable transmission and severe latency constraints.

LIGHTBULB Proposal: One-shot energy-based noncoherent detection [1].
No instantaneous channel state information (CSI) ⟹ reduce training overhead.
Statistical CSI + massive SIMO ⟹ channel hardening to achieve high reliability.
Multilevel index modulation (IM) ⟹ increase spectral efficiency (SE).
Permutation modulation (PM) ⟹ improve error performance of energy-based systems.
Sorting-based detection ⟹ low-latency & low-complexity.

PROBLEM STATEMENT
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Transmitted codewords 𝐱 ≜ [𝑥1,… , 𝑥𝐾]T ∈ ℂ𝐾.
Channel and noise are independent among different frequency bands.
Statistical CSI: 𝗵𝑘 ∼ 𝒞𝒩(𝟎𝑁, 𝐂𝗵,𝑘) and 𝘇𝑘 ∼ 𝒞𝒩(𝟎𝑁, P𝘇𝐈𝑁) known at Rx.
Likelihood function: No phase information
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, 𝐂𝘆|𝑥,𝑘 ≜ |𝑥𝑘|2𝐂𝗵,𝑘 + P𝘇𝐈𝑁 (1)

Codebook𝒳: {𝑥𝑘} selected from 𝐿-ary unipolar pulse-amplitude modulation (PAM),
𝒜𝐿 ≜ {|𝑥1| ≜ 0 < |𝑥2| < ⋯ < |𝑥𝐿|}, 𝐿 ≥ 2. (2)

Permutational indexmodulation (PIM)
PM: Each codeword is constructed by permuting the elements of a reference vector

𝐱 ≜ [𝑥1,… , 𝑥𝐾]
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]T, ∑𝐿
𝑙=1 𝐾𝑙 = 𝐾. (3)

𝒳 = 𝛴𝐾(𝐱) (i.e. permutations of the reference vector), with |𝒳| = 𝐾!/∏𝐿
𝑙=1 𝐾𝑙!. Its

spectral efficiency (SE) is maximized under uniform policy, i.e. 𝐾𝑙 = 𝐾/𝐿.
For 𝐾 → ∞, the SE approachesH({𝐾𝑙/𝐾}𝑙).

Maximum likelihood (ML) detection
Pre-processing of the received signal: {𝐫𝑘 ≜ 𝐔H

𝑘 𝐲𝑘}𝑘, with𝐂𝗵,𝑘 ≜ 𝐔𝑘𝚲𝑘𝐔H
𝑘 . Resulting

distribution is (𝗿𝑘|𝑥𝑘) ∼ 𝒞𝒩(𝟎𝑁, |𝑥𝑘|
2𝚲𝑘 + P𝘇𝐈𝑁).

ML detector: 𝐱̂ML = argmin𝐱∈𝒳∑
𝐾
𝑘=1 𝐫

H
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−1
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Complexity: 𝑂(𝐾𝑁2) (pre-processing)+𝑂(
Exclamation-Triangle

|𝒳|𝐾𝑁) (ML statistics).
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LOW COMPLEXITY DETECTION

Uncorrelated fading
The resulting ML detector simplifies to 𝐱̂ML = argmin𝜎∈𝛴𝐾 ∑

𝐾
𝑘=1 𝑢𝑘𝑣𝜎(𝑘), where 𝜎 is an

index permutation, 𝑢𝑖 ≜ ‖𝐲𝑖‖2 and 𝑣𝑖 ≜ (|𝑥𝑖|2 + P𝘇)−1.
MLdetection is equivalent topairing themostenergetic symbolswith themostenergetic
received signal per band:

𝜍 = arg sort
𝜎∈𝛴𝐾

{‖𝐲𝑘‖2} ⟹
{ ‖𝐲𝜍(1)‖2 < ‖𝐲𝜍(2)‖2 < … < ‖𝐲𝜍(𝐾)‖2 }

⇕ ⇕ ⇕
𝐱̂TML = [ 𝑥𝜍−1(1) , 𝑥𝜍−1(2) , … , 𝑥𝜍−1(𝐾) ]

. (4)

Complexity: 𝑂(𝐾𝑁) + 𝑂(𝐾 ln𝐾).
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Proposed scheme
Energy estimators developed in [2]: ̂𝛽𝑘(𝗿𝑘) ≜ 𝗿H𝑘𝐀𝑘𝗿𝑘 − Tr(𝐀𝑘).
Low-complexity detection: ̃𝜍 = arg sort𝜎∈𝛴𝐾{

̂𝛽𝑘(𝗿𝑘)}.
Complexity: 𝑂(𝐾𝑁2) + 𝑂(𝐾𝑁) + 𝑂(𝐾 ln𝐾).
Three designs:
1. Energy detector (ED):𝐀ED,𝑘 ≜ 𝐈𝑁/Tr(𝚲𝑘).
2. High SNR (HSNR):𝐀HSNR,𝑘 ≜ 𝚲−1

𝑘 /𝑁.
3. Assisted best quadratic unbiased estimator (ABQUE):

𝐱̂ED ⟶𝐀ABQUE,𝑘 ≜ 𝚲𝑘𝐂−2
𝗿| ̂𝑥,𝑘 / ‖𝚲𝑘𝐂−1

𝗿| ̂𝑥,𝑘‖2F ⟶𝐱̂ABQUE. (5)

Numerical results
Default configuration: 𝐾 = 32, 𝐿 = 4, uniform policy, 4-ASK, [𝐂𝗵]𝑚,𝑛 = 𝜌|𝑛−𝑚|.
Fundamental error floor at high SNR [3].
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FUTURE WORK

The use of tailored constellations [4] and optimized nonuniformpartitions are expected
to yield better performance.
Alphabet trimming to further improve its robustness to detection errors.
Combined coherent-noncoherent schemes for multi-resolution systems.
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