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OSIC M S HEF QR 77 R FPGA £
THE, BEAL, EAA, BEML, HEE

(1. B B R K2 i P Rb 2 B K7D 41007352, 7 [ H R SR N B 26 32 W55 B, ¥ 201808)

W E . #F A& 4 F R R (Ordered successive interference cancellation, OSIC) £ % #r AN % # &
(Multiple input multiple output, MIMO) % % —#r % A 4912 T 40w ik A2 Lk e Svk & (B 2E 5
et TR TrRAERSEL, Rk, it 8 2 KA Ak 5k 5 IL4E M K 1% o i TR 40 22 5% 5 3 AR A4 52 3L
o Kb, AR SR AT AZ i 4B M B AT HE 5 B 3 = /A (Orthogonal triangle, QR) 5 f# 649 4B F& TR 4L 22 A% 44 Jm
BAFE,EPH IR EAA 1R G REE T FHHR L HBETHE, QR M f2 4 AR E R K
10 4 A7 A% 3% 40 F 3t L (Coordinate rotation digital computer, CORDIC) 3% 4%, 7 % /4 & Givens 7% # it 42
L FEREN, T EERASAE, ST @A QR 69T 5 Givens 5 45 45 M ag R K & B34 4 #Jm
it EE SRR RERFRE, HASREEANA, KA OSIC Kt A kig 4y R 4e 5 & T 120
o OSIC # il 51 ke A R — 5, 42 49 A T CORDIC # 4%, 89 Givens i # 45 M 4 & A o B A A,
RERIRAFAEFRRBY TR SN, 2 4% 4P &tk 2] 250 MHz, 48 4 5 i B vk F 40 5
%) 1.88 M Matrices/s, 88 %% i 2 4 X & A VA L MIMO % %408 vk 2 Ao i 32 5 K
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Efficient FPGA Implementation of Sorted QR Decomposition in OSIC Detection

WANG Hailin', FENG Xianli', GU Fanglin', GAO Mingke’, ZHAO Haitao'

(1. College of Electronic Science and Technology, National University of Defense Technology, Changsha 410073, China;2. The
32nd Research Institute, China Electronic Technology Group Corporation, Shanghai 201808, China)

Abstract: Ordered successive interference cancellation (OSIC) is a commonly utilized signal detection
algorithm in multiple input multiple output (MIMO) systems. However, the algorithm’s performance in
terms of throughput and latency is constrained by the computational complexity of the channel matrix
inverse operation. Therefore, matrix inverse decomposition pre-processing with low computational
complexity and high speed is the key to hardware implementation of the algorithm. In this paper, we adopt
a hardware-accelerated matrix pre-processing scheme for sorted orthogonal triangle (QR) decomposition of
the channel matrix, in which the sorting process introducing a fast estimation method for complex-valued 1-
norm to eliminate complex modulus computation. The QR decomposition process uses a deeply pipelined
coordinate rotation digital computer (CORDIC) iterative method to eliminate the element vectorization and
nulling rotation angle computation in the Givens rotation process, thus a pipeline circuit structure with a

reusable Givens rotation structure for QR decomposition is designed, obviating the necessity for multipliers
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in the matrix decomposition process. Simulation results demonstrate that the OSIC enhancement algorithm
proposed achieves the bit error rate (BER) performance comparable to that of the signal-to-noise ratio-
based OSIC detection algorithm. The CORDIC iterative Givens rotation structure proposed in this paper
can achieve highly time-sharing multiplex. It significantly improves the system parallelism and reduces the
resource consumption, and the system design clock attains up to 250 MHz, and the matrix decomposition
throughput reaches 1.88 M Matrices/s, meeting the processing throughput and latency requirements of 4 or
more antennas MIMO systems at the receiver.

Key words: multiple input multiple output(MIMO) signal detection; ordered successive interference

cancellation(OSIC); sorted QR decomposition; Givens rotation; field programmable gate array (FPGA)
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Fig.2 Schematic of 4 X4 antenna OSIC detection
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SNR /dB
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®1 HHEAETHERMNA

Tablel The resource utilization of computing units

He et b L rx :
CORDIC Pk CORDIC Tk
SliceLUTs 606 1274 585 0
SliceFFs 626 1412 603 0
F2 EBEHERREILE
Table 2 Resource comparison of the entire design
251 SCHRL9] SCHRL[L7] SCHK[19] A3
5 Virtex7 Virtex7 Virtex6 Zyng-7 000
R A 4X 45 4X 45 4X 45 4X 45
b Givens JiE#% Givens Jig#% Givens Jig#% Givens Jig#%
+CORDIC +CORDIC +CORDIC +CORDIC
(R HeFe HeRe T HER? HeRe
ZEABIR MHz 333 330 128 250
Slice 20 315 9078 1851 1409
Slice LUTs 71737 31468 — 4694
Slice FFs 78 984 35983 — 3230
DSP48 448 48 — 0
Kb BERBh cycles — 132 137 133
A ik — 2.5 0.934 1.88
LS AR A Ik — 275 505 1334

T fE M Matrices/s 8437 1fi BUTE It 45 =7 i ik /Slice
B,k B AE > 24.8 %0, T B T B kS AR TE 24 3.85 6% o [WI STk [ 19 14 HE , Slice ¥ I 23.9%
77 ik A R T2 1A, By TR AR Ay ki R T 29 1.64.4% .
26 3 MR HR I 20 M. AR 26 3T, 2R A OSIC 5 He 75 B2 3 45 i 4 35 3 250 MHz(4 ns) B, #1
AR SC T $2 6 PR 45 R, T B 22 67 R HE (Worst negative slack, WNS) 1 22 4 #5 i 2 45 1 (Worst
hold slack, WHS) 3 5li£ 45 0.509 ns .0.041 ns (5 HRI4Y, GEM6 16 2L o A ki 10 375 5K
£3 HESW

Table 3 Chronological analysis

BETT AR WNS/ns WHS/ns
250 MHz(4 ns) 0.509 0.041

4 ZERIE

X MIMO F 58 OSTC i 5 46 W0 53 v i 9 338 3 B A7 A Aol 1 59 B 77 T A2 4% 32 v P X A, 7 SR
BT Givens JiE 5% HEAT HEIF QR il (09 R 23 Ak 7 58, 41 40 17 6 T 130 200 30 10 i P 08 £ 7 3 AR A
£ K A CORDIC 254X 52 BURE B 00 3% 2%t AL AR B R AR A T 58, W38 IR AR T A2 2R I . I AR R
WY, A ST H 59 U HO AR BB 5 FH B T A I H 9 OSTC #6053 9% M B S A — B0, 7E FPGA B RS9t
b B BT T R R B A R 0RO LR UE T RTL Ik, A0 0 IR R O . AR R,
CORDIC #EHL L A3 A S BT #E i 55 Bl ad R b AN 2 BORIETH R BRI 8 . DL 4X 4 B0
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W 3 il SR 9], by T B 45 4 BE A O3 I 52 S R B O AT, B Y 2R G e i ) B BE A B 250 MHz, ¥ i
BE T 1.88 M Matrices/s. 15 HA SCHR 7 58 HL A, S B BE U AN Slice 2 2 fig /> 84.500 , JLAlh 2 4t B¢ I
A PR AR R A i3 33 IR B A ] I, AL T B ik D RE AR TH A 1644 . A ST R S5 M BE
50 1 4 R K LA L A G e Wi s Ak A ok RIS 5 5K, 7 i MIMO & 58 v B i T B A AR KR g
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