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MOTIVATION
A common agreement for next generation communication systems is the de-
ployment of massive antenna arrays. Although employing a large number of
antennas has many advantages such as reducing fading and increasing diversity,
it comes to a cost in terms of CSI acquistion complexity. In order to mitigate
the training overhead, noncoherent communications have reemerged.
A popular choice among noncoherent detectors are energy detection schemes,
specially for low-complexity applications. These systems employ PAM constel-
lations, with the main drawback of exhibiting an error floor at high SNR when
the transmitter has no CSI. Instead, if statistical CSI is also assumed at the
transmitter, it is possible to design constellations optimized for a specific de-
tector with no error floor at high SNR. Precisely, in this work we focus on the
design of such constellations under correlated Rayleigh fading.

PROBLEM FORMULATION

Narrowband SIMO system with 𝑁 antennas at the receiver.
Statistical CSIR and CSIT.
𝑀-ary PAM constellation 𝒳 = {√𝜀1 ≜ 𝑥1,… ,√𝜀𝑀 ≜ 𝑥𝑀}.

Received signal after preprocessing:

r = hx + z, h ∼ 𝒞𝒩(𝟎𝑁, 𝚪), z ∼ 𝒞𝒩(𝟎𝑁, 𝐈𝑁). (1)

Under white noise and isotropic channel, ML detection can be decomposed as:
1. Computation of a quadratic statistic of data: 𝜀(𝐫).
2. One-dimensional decision problem: 𝑥(𝜀).

𝜀(𝐫) = 𝐫H𝐀𝐫 + 𝑐

Different detection schemes can be obtained by properly designing 𝐀 [1]:

Energy detector (ED): 𝐀ED ≜ 𝐈𝑁/tr(𝚪).
High SNR (HSNR): 𝐀HSNR ≜ 𝚪−1/𝑁.
Best quadratic unbiased estimator (BQUE): 𝐀BQUE ≜ 𝚪𝐂−2

r|𝜀 /∥𝚪𝐂−1
r|𝜀 ∥

2

F
.

Leveraging the CLT, when 𝑁 → ∞:
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Our goal is to design optimized constellations for such receivers.

CONSTELLATION DESIGN
From (2), an approximation for the SER can be obtained:
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where 𝜏𝑖 denotes the threshold between symbols 𝜀𝑖 and 𝜀𝑖+1.
The constellation design process consists in minimizing the error probability sub-
ject to the constraints imposed by the power-limited PAM structure. Formally,

min
𝜺,𝝉

P𝜖(𝐀, 𝜺, 𝝉)

s.t. 𝜺, 𝝉 ≥ 𝟎,
𝜀1 = 0,
∑𝑀

𝑖=1 𝜀𝑖 = 𝑀,
𝜀𝑖 ≤ 𝜏𝑖, 𝑖 = 1,… ,𝑀 − 1,
𝜏𝑖 ≤ 𝜀𝑖+1, 𝑖 = 1,… ,𝑀 − 1.

(3)

Simulation results have been obtained for an exponential correlation model:

[𝐂h]𝑘,𝑙 = 𝜌|𝑘−𝑙|, 𝜌 ∈ [0, 1), 1 ≤ 𝑘, 𝑙 ≤ 𝑁. (4)

In Figure 2 and Figure 3 it can be observed that the proposed constellation de-
sign improves or matches the performance of the KLD optimization method
proposed in [2] for all detectors and correlation levels.

Figure 1. Comparison of 8-ASK and ED, HSNR and BQUE optimized constellations at 15 dB
and 𝑁 = 256 for different levels of channel correlation. Given that the variance of each 𝜀(r|𝜀)
increases with the symbol amplitude, low-power symbols are closer than those of the 8-ASK,
whereas high-power ones are further apart.

Table 1. Summary of the simulation setup and results.

Detector Solid line Dashed line Best constellation
ED ED-SER KLD ED-SER

HSNR HSNR-SER KLD HSNR-SER
BQUE BQUE-SER KLD BQUE-SER/KLD

ML BQUE-SER KLD BQUE-SER

Figure 2. Error probability at different SNR levels with 𝑁 = 128 and 𝜌 = 0.7. Note the lack
of error floor at high SNR.

Figure 3. Error probability for different channel correlations with 𝑁 = 64 at a SNR of 15 dB.
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