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Lightweight and Low Complexity CSI Feedback Method for FDD
Massive MIMO Systems
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(School of Microelectronics and Communication Engineering , Chongqing University, Chongqing 400044, China)

Abstract: Aiming at the problems of high complexity, low precision and high overhead of the channel state informa-
tion(CSI) feedback method in frequency division duplexing massive multiple input multiple output(MIMO) communication
system, this paper proposes a low complexity CSI feedback method based on deep learning. This method constructs a net-
work structure from the encoder of user equipment to the decoder of base station in an end-to-end way. The codec uses a
continuous average pooling layers and up sampling layers to complete the dimensionality reduction and dimensionality in-
crease of the feature map, and introduces a depthwise separable convolutional neural network to reduce the amount of net-
work parameters. In the decoder part, this paper uses the residual network to construct continuous residual blocks with large
convolution kernel to approximate the original CSI matrix. Simulation results show that, compared with the existing repre-
sentative methods, the method proposed in this paper has 2 dB~5 dB improvement in normalized mean square error, and
2%~5% improvement in cosine similarity, and it has better performance in time complexity and space complexity.

Key words: frequency division duplexing; massive MIMO(Multiple-Input Multiple-Output); channel state informa-
tion;deep learning ; depthwise sparable convolution neural network ; residual network
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SC % B T RRAE T AT G 0T BV 1 AR AE L ECE S
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operations, FLOPs) , X h 75 [H] 52 2% B A 465 U 2 440 i
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{1y FLOPs #11 MP W= (8) F1(9).
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S WA H, B A% KRN R K x K, , Cy, b i A T8 T8 4L
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MR R TR =0, FR AT 43 5145 B T CsiNet , Csi-
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Bty i A2 R BE LB S AR R A B, JF AN 2 B T DL 5 2t
PR EE F gmAd s, IR AGZo0 L . SR 1T FRATTT
PIE W, P aifE it es b, FC T A S BUE R 25
F , B S B R 4 AU BE 2 1 4 BUZ Y CsiNetPlus,
FCARSR i i HAR R S50 1 R 2 8. FRAT 4 iy i 4%
S IE S BT X% ) T B L ) 2 BR FC, KR FEAR
UE iy 2 5 4 19 52 20 B =2 80 B i A I S 8800, 1%
JEHRAL /NI DSCNN T AP 2545k 1 21 B AR B R
58 WU P 1 4 i A
F1 HEBIBEMPICEMSHENSHA

CR ik Total FC [EE a4
A 262318 262272 99.99%
116 B 262478 262272 99.92%
A 131182 131136 99.99%
132 B 131342 131136 99.84%

(A: CsiNet B: CsiNetPlus)

FiAh, INFE 2% = Fh 5 ik i e AR S5 4 MP AT FLOPs
X 3K F , LCsiNet 7 AP US . DSCNN F1 CNN 454 1
JEF , MP FFLOPs A8 L HA3 i [ 24 #R 2L/, NMSE Fl
p WHRA B B A4 T, 158 BH T 32 I 4% LCsiNet 7€ AE 18 12
FHEREZ Ah AR T 48 1 2 4=

5 (FEESRMSH

1E Matlab {5 £ & 5% Ff COST2100" {7 12 455 154
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FEF U ) BERLAS E AR F= A P 2R B OE4E - (1) TAE



# 5 W B

B R AR 22 2 1 FDD AL MIMO £ 48 CSI R 45 5 12 1215

R2 Z=Fh77iEEI MP 0 FLOPs BXTEE

CR Eiztan CsiNet CsiNetPlus LCsiNet
MP 2103224 2121928 510516
" FLOPs 4201024 4238397 1015505
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ot FLOPs 268864 306237 199825

AN 5.3 GHz AT B 1) % N Sl i 8 7 . (2) ARSI
300 MHz AR BERY =AM 5. R SHEROR 832 . 1, 4%
KERBED, P 172 RER BB, P08k 1024, IR
R B A A R R A, DFT 28 3 2 I, FUBURT V=
3247 . R BB B 2 ) R HESE R Keras. $UH 5 5
A YNNI E\I L : 100000\30000\20000. FH 7k %541 K
/1N (batch size) 2 200, Y| 25 %5 Ik (epoch) 1500, 2% >J <
(learning rate)0. 001. {/j E.iX # it & CPU : Intel (R) Xeon
(R)E5-2678, Nff:64 GB,GPU:RTX 2080Ti.

# LCsiNet M 4% 5 347 CS 58 F1 DL 5 B UEAT 1
B CSHHEA TVAL3' OMP' 7 i . DL A Csi-
Net . CsiNetPlus F1 CS-ReNet. TVAL3 J&— 3 4 ek (14
FF A KE FE B R T MO 24 e 50
AL . OMP 2 — F 75 2 18 s 5 B2 e 46 1) SR AR 1R
% . CsiNet J& 5 B8 DL A9 A i 28 7 ik, BEFIAT
W 95 SE R I TR AT R . CsiNetPlus M2 7F CsiNet f 5
filt 1R B KA LI B R 2 1 5% 22 5 40 ok $2 5t
CSI T ## Jii 1 . CS-ReNet 5] A 4 735 th £k )2 SPP-Net [

5

NMSE/dB
3
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LA o br ik e 45 SR A6 b LSS H AN H 22
(&) 59 14 — 1k 44 J7 % 2% (Normalized Mean Square Error,
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NMSE:wxlong{HH—ﬁHz/||H||§} (12)

T T 1 A ) L D T ) R A A
SEARMLEE , WL (13).

I H
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h
Nl

Horfh, R0 %) A B 0 A TR R A I A
S 20 ¢ AR B A BRI ) A 3 1)

HE 4l (&1 2 FEL 3 7, 4 %% (Compression Ratio,
CR) By BUE AR PG 28 F CR=M/(N!x N, x 2) #E 41 5 . M
HYHR(E N 32,64 ,128 256,512, %)W A9 CRE M 1/4.1/8 .
1/16.1/32 . 1/64. 7E 1/4 5] 1/16 [E45 % 2 [] , 3£ T CS 7
AR AT R (A SRR 48 SR 5 B B AL R
FETCTE R BUCA 25 B, L 3T CS B 5 I 2 o ik i
S5 . WITVAL3 ZE 1/16 JE46 %1, NMSE A4 5% A1)
FERRIE . R FRATHT AR — A58 IR R T, CS
VLR E A S TOR . RO T DL A ik, ARt Az
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11 L

T
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HREMHZE N5 B RS 14 F11/32 3171205
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10 F

KI5 E . D5 BE R NE 4, NE el LIE 1A SO
Y LCsiNet ZEPR B0RS B0 = A NG O0 T, 25 1R 5 R oy
Ke—E RS . W AEBA TR Y SRR AR Y
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LCsiNet:0.15 ms, 2 F DL ) 5 354 L3 T CS A9 B3k,
SPILHER LA

—6— OMP:Indoor

—%— TVAL3:Indoor

107 ¢ CsiNet:Indoor

—&— CsiNetPlus:Indoor

—H— CS-ReNet:Indoor

—Hk— LCsiNet(Proposed):Indoor

0 2 4 6 g 6
SNR/dB

(b) 1/32 JEA YIRS

F4  ERGETRRMER

6 it

FEA SO, FRATTHE T —Fh e i AR 2 24 5 1 €SI
S BRHESE 1LCsiNet , AH LT B 93T DL A9 5 i Rk 1
CS W73, LA 30 R e v o A o ot B . B4 Wl R
T AP US .DSCNN FI CNN [RE , & 2 10K i i CST ik
7 H 4 A g, SR S 400 5T/ HAMERE 3 A /Y DSCNN
IR 2% T T CSIER SRS FE . @ a5 B X L

Je B, LCsiNet 15 AR 9 265 52 2% 2 1) [R) If 0 3145 T AN i

HITERER I .

S% 30k

[1] LARSSON E G, EDFORS O, TUFVESSON F, et al. Mas-
sive MIMO for next generation wireless systems|[J]. IEEE

Communications Magazine, 2014, 52(2): 186-195.
[2] BARRIAC G, MADHOW U. Space-time communication



5 1 B

B R AR 22 2 1 FDD AL MIMO £ 48 CSI R 45 5 12

1217

[10]

(1]

[12]

[13]

for OFDM with implicit channel feedback[J]. IEEE Trans-
actions on Information Theory, 2004, 50(12): 3111-3129.
RAO X, LAU V K N. Distributed compressive CSIT esti-
mation and feedback for FDD multi-user massive MIMO
systems[J]. IEEE Transactions on Signal Processing, 2014,
62(12): 3261-3271.
CHOI J, CHANCE Z, LOVE D J, et al. Noncoherent trellis
coded quantization: a practical limited feedback technique
for massive MIMO systems|J]. IEEE Transactions on Com-
munications, 2013, 61(12): 5016-5029.
MIRZA J, SHAFI M, SMITH P J, et al. Limited feedback
massive MISO systems with trellis coded quantization for
correlated channels[J]. IEEE Transactions on Vehicular
Technology, 2016, 65(10): 8240-8254.
DAI L, WANG Z, YANG Z. Spectrally efficient
time-frequency training OFDM for mobile large-scale MI-
MO systems|J]. IEEE Journal on Selected Areas in Com-
munications, 2013, 31(2): 251-263.
RAGHAVAN V, SAYEED A M. Sublinear capacity scal-
ing laws for sparse MIMO channels[J]. IEEE Transactions
on Information Theory, 2010, 57(1): 345-364.
DONOHO D L. Compressed sensing[J]. IEEE Transac-
tions on Information Theory, 2006, 52(4): 1289-1306.
WEN C K, SHIH W T, JIN S. Deep learning for massive
MIMO CSI feedback[J]. IEEE Wireless Communications
Letters, 2017, 7(5): 748-751.
PR, WhifEifg, AL, 55 . — AR TR 2 i FDD K
HUBE MIMO # 48 CSIEC5t 7 i 1)1 W 724412, 2020, 48
(6): 1182-1189.
LIAO Yong, YAO Hai-mei, HUA Yuan-xiao, et al. CSI
feedback method based on deep learning for FDD mas-
sive MIMO systems[J]. Acta Electronica Sinica, 2020, 48
(6): 1182-1189. (in Chinese)
GUO J, WEN C K, JIN S, et al. Convolutional neural
network-based multiple-rate compressive sensing for mas-
sive MIMO CSI feedback: design, simulation, and analy-
sis[J]. IEEE Transactions on Wireless Communications,
2020, 19(4): 2827-2840.
LIANG P, FAN J, SHEN W, et al. Deep learning and
compressive sensing-based CSI feedback in FDD massive
MIMO systems|J]. IEEE Transactions on Vehicular Tech-
nology, 2020, 69(8): 9217-9222.
FRANOIS C. Xception: Deep learning with depthwise
separable convolutions[C]//IEEE International Confer-
ence on Computer Vision and Pattern Recognition. Piscat-
away, New Jersey, USA: IEEE, 2017: 1251-1258.

[14]

[15]

[16]

HE K M. Deep residual learning for image recognition
[C)//ZHANG X Y. IEEE Conference on Computer Vision
and Pattern Recognition. Piscataway, New Jersey, USA:
IEEE, 2016: 770-778.

LIU L. The COST 2100 MIMO channel model[J]. IEEE
Wireless Communications, 2012, 19(6): 92-99.

LI C, YIN W, ZHANG Y. User s guide for TVAL3: TV
minimization by augmented lagrangian and alternating di-
rection algorithms|R]. Houston: Department of Computa-
tional and Applied Mathematics, Rice University, 2009:
46-47.

NOURI N. A compressed CSI estimation approach for
FDD massive MIMO systems|[C]//AZUZUPOUR M ]. Ira-
nian Conference on Electrical Engineering. Piscataway,
New Jersey, USA: IEEE, 2020: 1-6.

EZEE I

E B BfFE1IAmATHIA
BT WO R RIOEIE R A L
WEFETT 10 2 N — UL 5 A T RE X
8 AT A TR AR T R

E-mail: liaoy@cqu.edu.cn

EER F1996 47 A LT 0
. BN E RS T 5 0 £ TR BEE 5
Az BTSSR P Y CST s B
BRI

E-mail: cleeshark@cqu.edu.cn



