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ABSTRACT
• We propose two new detectors with near-

optimal error performance. One has linear
complexity for general modulations and the
other has constant complexity for PAM sig-
nals

• We design an algorithm for computing the
upper bound on the symbol error rate (SER)
of the new detectors

MOTIVATION
The state-of-the-art detectors, such as the

piece-wise linear detector (PLD), achieve near-
optimal SER performance with linear complexity.
However, the signal structures are not fully ex-
ploited to further reduce the detection complex-
ity

SYSTEM MODEL
• 3-node DF relay network with one source

(S), one relay (R) and one destination (D)

• D is assumed to have the instantaneous
CSI of the S-D and R-D links and only the
statistical CSI of the S-R link

• In the first time slot, S broadcasts its signals.
In the next slot, R detects and transmits to D

• Received signals are

yX,Y = hX,YxX + nX,Y,

where X,Y ∈ {s,d, r} denote the transmit-
ting and receiving nodes, respectively

RELAY DETECTION
• Closed-form solution

xr = 2b
<{y∗s,rhs,r}
2|hs,r|2

+
M + 1

2
eM − (M + 1),

where bneM , argminm∈Z,m∈[1,M ] |n − m|
with Z as the integer set

• The average SER is denoted as ε

PROPOSED DETECTORS AT THE DESTINATION
• Almost MLD (AMLD) at the destination: maxxs∈X Pr(ys,d|xs)

∑
xr∈X Pr(xr|xs) Pr(yr,d|xr), where

Pr(xr|xs) = 1− ε if xr = xs; Pr(xr|xs) = ε/(M − 1) otherwise

• Apply max-sum approximation to AMLD:

max
xs∈X

{
Pr(ys,d|xs)max

{
(1− ε) Pr(yr,d|xs), max

xr∈X ,xr 6=xs

ε/(M − 1)Pr(yr,d|xr)
}}

• Further obtain the proposed linear-complexity MAMLD and constant-complexity NMLD as

x̂s =arg min
xs∈X

{
|ys,d − hs,dxs|2

Ns,d
+min

{
|yr,d − hr,dxs|2

Nr,d
, min
xr∈X

|yr,d − hr,dxr|2

Nr,d
+ η

}}
MAMLD

=argmin

{
min

x∈X 2,xs=xr

f(x), min
x∈X 2

f(x) + η

}
NMLD

where f(x) , ‖y − Hx‖2, y =
[
Re{y∗

s,dhs,d}
|hs,d| ,

Re{y∗
r,dhr,d}
|hr,d|

]T
, H = [|hs,d|, 0; 0, |hr,d|], x = [xs, xr]

T ,

y ∼ N (Hx,Σ), and η , log (1−ε)(M−1)
ε

• The detection is essentially a two-dimensional lattice decoding problem with Hx as the lattice
points, and y as the observations

SER UPPER BOUND
� We design an algorithm to find the

Voronoi-relevant cover set (should cover all the
Voronoi-relevant neighbors) for each point, and
the union bound of the SER can be calculated
� General ideas of the algorithm are:

• Construct an original decision region
whose minimal circumcircle has radius r

• Calculate the distance d from the interest
point to the decision boundary between this
point and its neighbor

• Compare d and r and update the cover set
based on the defined selection condition

DESIGNED ALGORITHM

Algorithm 1: A high-level description
Input: hs,d, hr,d, η, M , rd, rnd,Wi, i ∈ [1,M ],

vk,j , k ∈ [1,M − 1], j ∈ [1,M − k]
Output: Vnd

i , i ∈ [1,M ],
Vd
k,j , k ∈ [1,M − 1], j ∈ [1,M − k]

/* Procedure 1: update Vnd
i based on

selection condition 1 */

1 for i = 1 :M do
2 for (m,n) ∈ Wi do
3 if dd(m,n) < rd then
4 Vnd

i ← Vnd
i ∪ (m,n) ;

/* Procedure 2: update Sk and Ik */

5 for k = 1 :M − 1 do
6 for m = (1−M) : (M − k − 1) do
7 update Sk and Ik;

/* Procedure 3: update Vd
k,j based on

selection condition 2 */

8 for k = 1 :M − 1 do
9 for j = 1 :M − k do

10 for m ∈ vk,j do
11 update Vd

k,j ;

SIMULATION RESULTS
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• The SER performance of NMLD approaches
that of the AMLD

• The proposed bound is quite tight in the
high SNR regime
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• The runtimes of the proposed MAMLD and
NMLD are linear and invariant with M , re-
spectively

• Significantly lower complexity

CONCLUSION
• By exploiting the signal structure of the PAM

signals, the near-optimal detection complexity
can be reduced to constant

• We should also exploit the signal structure of
the PAM signals to reduce the complexity of the
designed algorithm further
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