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ABSTRACT

This paper proposes an low-complexity soft-output multiple-input multiple-output (soft-MIMO) detection
algorithm for achieving soft-output maximum-likelihood (soft-ML) performance under max-log approximation. The
proposed algorithm is based on a parallel tree-search (PTS) applying a channel ordering by a sorted-QR
decomposition (SQRD) with altered sort order. The empty-set problem that can occur in calculation of
log-likelihood ratio (LLR) for each bit is solved by inserting additional nodes at each search level. Since only
the closest node is inserted among nodes with opposite bit value to a selected node, the proposed node
insertion scheme is very efficient in the perspective of computational complexity. The computational complexity
of the proposed algorithm is approximately 37 —74% of that of existing algorithms, and from simulation results
for a 4x4 system, the proposed algorithm shows a performance degradation of less than 0.1dB.
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1: R= OA\’7->< Ny Q=H, P= I[\'»,—><4\'»,-

2: for i=1,--,N,

3: if i==

4: =i

5: else

6: I=argmin?™ [ q >

7 end
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9: rii= lal

10: q;=q;/r;,

11: for j=i+1,---,N,

12: ri;= a/q;

13: q;=q;,—7; 4

14: end

15: end

16: x=Px
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F 2. SoftMIMO A% daelEEe] dutshd A4 HAte

Table 2. Generalized computational complexity of soft-MIMO detection algorithms

Algorithm Process # of Multiplications. # of Iterations
Channel Ordering, || g, | 2 2N, (N +1)(N—2)/2
QR Decomposition 4NZN, 1
Proposed Algorithm z=Qfy AN Ng 1
T,=T,.,+A4, 2 NP+ ((N;—1)N,/2) Mlog,P
Total (5NZ+ 3N, — 2) Nyt (2P+ (N;— 1) Mlog,P) Ny
Channel Ordering, | h,| * 2N, N,
QR Decomposition 4N}Ng [ N2
Double-Detection!” z=Q"y ANV [ Va2 ]
D(x)=llz—Rx I ? 2N, NP
Total 2N Np1+2 { NTI (NV+ 1))+ 2NZP
Channel Ordering, | h, | * 2N, Ny
QR Decomposition 4NZN, 1
Qoct z=Q'y AN N, 1
T,=T,..t4, 2 NP+ ((Ny—1)N,/2) M(P—1)
Total (4N 4+ 6) NN+ (2P+ (N— 1) M(P—1))N,
ML D(x)= Ily—Hx I ? 2N, | . P
Total anN P

u}2bA] shift-and-add A4HS o]83ke] 7hds] &
z] 2~ 0]

= T M-I
Ak = Akl 7S e, d@ EE Ak
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Eo] = #HE 2] log, el Bl ol
2

Ak soft-MIMO 7& dag|&oe] t}E dag]
SRl g2 il EAEE v § Sle T8
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&
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Aes daElEse] b BAEE IeblE N,
|

3|
(2] SIC FAelM AMgsle A= Aluae)
A 4 slicing A4+ shift-and-add2 7r<bs] 7318k
T olel 238 stk

3, % 38 4x4 Azl tigl oAb HA S

% 204 HelEl Aol wel Ak AkE welE
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E 3. 4x4, 16-QAM % 64-QAM A|2~Hlel|lA] soft-MIMO
A% dae|EEe it HAkw vla

Table 3. Computational complexity comparison of
soft-MIMO detection algorithms in 4x4 system with

16-QAM and 64-QAM

# of Multiplications
Algorithm
gont 16-QAM 64-QAM
P d M=2 584 1,016
roposed 680 1,160
Algorithm
M=38 872 1,448
Double-Detection™” 1,184 2,720
M=2 840 2,376
oc! 5
Q M= 4 1,200 3,388
soft-ML 524,288 134,217,728

o} % 304 AltE dae]Ee] 4k Bxte
v due|EEel vjE] Ao R Yk &
16-QAM  ®rt} 64-QAMelA EAte 2]z} o
FeHAA] Yepde) o] Aok k= Ak 7
ujrolck Ak k= A4le] ZHel o S
2 AEE TR AE HEe p= HE Ao
log, #tell wlelshe, = Az}, sletule] ko] Sl
e BAE 7L ey Ak

4x4 A 2~Hlo|x] AlgkE daE]E (m=8)2] A4k
E2l% = Double-Detection?#} v]w5}e] 16-QAM
oAl 74%, 64-QAMeIA] 53% <F=o|w, Qoc!
(M=24)e} v|wshd, 16-QAMI} 64-QAMAA 2t
73%3} 37% ==},
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