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HIGHLIGHTS LOW COMPLEXITY DETECTION
& Objective: Design a massive SIMO scheme for wireless communications with one- Uncorrelated fading
shot noncoherent detection. * The resulting ML detector simplifies to Xy, = argmin__,._ ZIk{:l Uy Uyky, Where g is an

& Approach: Permutational index modulation over OFDM.

, | (=2 O | | index permutation, u; £ ||y;||> and v; £ (|x;|> + P)~.
« Convey information on the ordering in which a set of values is mapped onto OFDM subcarriers. —

- Exploit statistical channel state information and hardening. received signal per band:
& Outcome: A simple detector based on sorting quadratic metrics of data. 5 5 5
 Near-ML error performance. { ”yg(l)” < ”Yg(Z)” S e S ||Yg(1<)|| }
. Low-complexity implementation. ¢ = argsort{||y.||’} = (> (> (> . (4)
oer A
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BACKGROUND - Complexity: O(KN) + O(K1In K).
Jlll Next generation networks: o R = X X141
= Accommodate a large number and variety of devices. Likelihood ><
= Heterogeneous and versatile systems. ratio: T
= Mainly constructed over OFDM. XML,2 = X1+1 X
B Massive machine type communications (mMTC): small information volume with
highly reliable transmission and severe latency constraints. Proposed scheme
@ Proposal: One-shot energy-based noncoherent detection [1]. - Energy estimators developed in [2]: S(r,) £ A r, — Tr(A,).
= No instantaneous channel state information (CSI) = reduce training overhead. . lexity detection: & = ¢ A
= Statistical CSI + massive SIMO = channel hardening to achieve high reliability. ow-complexity detection. ¢ = arg sor anK{ﬁk(rk)}‘
= Multilevel index modulation (IM) = increase spectral efficiency (SE). - Complexity: O(KN?) + O(KN) + O(K1nK).
= Permutation modulation (PM) = improve error performance of energy-based systems. - Three designs:
= Sorting-based detection = low-latency & low-complexity. ' A
1. Energy detector (ED): Agp . = In/ Tr(Ay).
PROBLEM STATEMENT 2. High SNR (HSNR): Ayzsnr k = Alzl/N
3. Assisted best quadratic unbiased estimator (ABQUE):
\ A A —2 —1 2 5
&{\Q’@ P Xpp — AaBquEk — MCrizk / IACr2klF — Xapque- (5)
& Numerical results

r Nantennas - Default configuration: K = 32, L = 4, uniform policy, 4-ASK, [Cp],.. = o™,
» Fundamental error floor at high SNR [3].
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- Transmitted codewords x = [x, ..., xg]' € CX. 0
= Channel and noise are independent among different frequency bands. SNREdB]
- Statistical CSI: hy ~ CN(Oy, Cy i) and z, ~ CN(Oy;, P,Iy) known at Rx. — 5(5) SER=10"3, 0 = 0.7
= Likelihood function: . . O 15}
/»No phase information 10|
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- Codebook X: {x,} selected from L-ary unipolar pulse-amplitude modulation (PAM), . N \ _
10-1% |
A & {1, 20<|x,) << x|}, L>2. (2) :*8_2 SNR = 30dB
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Permutational index modulation (PIM) » 1073
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- PM: Each codeword is constructed by permuting the elements of a reference vector j‘g_s I — _ -
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- X = 2p(x) (i.e. permutations of the reference vector), with |X| = K!/ H1L=1 K;!. Its N =64,0=07,5NR = 15dB

spectral efficiency (SE) is maximized under uniform policy, i.e. K; = K/L.
» For K — 0, the SE approaches H({K,/K},).
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Maximum likelihood (ML) detection T AT uncoded

 Pre-processing of the received signal: {rk 2 UEyk} with Cy, 2 UkAkU,EI. Resulting

distribution is (r|x;) ~ (:’N(ON, % | Ay + PZIN).
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* ML detector: Xy, = argmin__., ZIk{:I rE(|xk|2Ak + PZIN)_lrk + 1n||xk|2Ak + PZINI. SE[bpcul]
A
- Complexity: O(KN?) (pre-processing) +O( || KN) (ML statistics). FUTURE WORK

- The use of tailored constellations [4] and optimized nonuniform partitions are expected
to yield better performance.
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