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Research of CSI compression feedback based on deep learning

WANG Zhaoyuan, LI Lihua

(School of Information and Communication Engineering, Beijing University of Posts and
Telecommunications, Beijing 100876, China)

Abstract: For compression feedback technology of channel status information (CSI) based on deep
learning, this paper proposed a CSI compression feedback based on multi-layer perceptron
(MLP)-Transformer deep autoencoder. Starting from the shortcomings of existing algorithms, this scheme
realized a network model of high-precision CSI compression and reconstruction recovery, based on the
lightweight design criteria of encoder module and the application of Transformer self-attention
mechanism. The simulation results show that the CSI compression feedback scheme of deep self encoder
based on MLP-Transformer has high CSI reconstruction accuracy under different compression ratios of
frequency division duplex (FDD) downlink massive multiple input multiple output (MIMO) system
scenarios, and that the lightweight design of its encoder module has lower encoder complexity than other
schemes.

Key words: communication technology; massive multiple input multiple output (MIMO); deep learning;
CSI compression feedback

0 315
Tk, BEAE S TARFE 8185 (5th generation mobile communication systems, 5G) [k &5 &,
it 2 i A P s FR R 1 e 4 e 2% IR AN RN B G 2 s (R AR A, TC 43015 T e SRS B S I &%

EZE/NY: LKA (1997—), 5B, WiEwisd, FEHFR T LBl
BIEBRARAN: T, B0%, EEMIUT: MIMO M2 REMEHEAR . IMERBEEA. L RmBEEOR . B BN H AR 2 #k
FE4 K. E-mail: lilihua@bupt.edu.cn



F16 FH2 M
2023 4 6 H FERIEXELERIEX 242

FAGIAE ) B R EkRN . St RN, A T4 f8 Cartificial intelligence, AD HARTE HARIE S B, THHL
PRSE S A 2 A U R AT T 8 W ), AL H R B2 27 o SVE I AR B SR 5 kS T Do 4 3 A AU AT 5T
BV RTE . WFFUE AR AL Rl R IR Y R S L& AE 5 A Z ARG &, 738 18 7] Ak i
FEREMAGEGE, HHHA NG 5G 506G A EmAE T M Z—.

CSI I 4 [ i oA o5 W) 3 2 Bk i) B — 36, R ARR B om B fhiH 5 201 CSI, &
ISPt % I At B (R ek R o Rt D) AT AR S B8t 1K) CST EAT T b A5 45 A R T B T4, 3 i I Al e .
X TR MIMO R EGEI CSI H 48 et R 5 R S (A A 7945 5 77 58 (R R AR Vvt 5 25 SRR 2 7 e 1
HDENK, K, SO RS TR A R STk, R S BORNE SE 8 1) CST HEAT I 4 0F [ s, LA
SEINAEHIE ST R D0 S it SE AR R (R A5 B, 2 AR SK CST s S At AU 9 1R B 2 7 1)

ST TR 2T 0 CST 4 R iR, [ P AhELA 3 TR B 2% ST CST S5t 7 28 R 4312 S
B 065 T 45 P e P B4 e AR EDURTS 7 B P SEARE T 1), AR FEAR S A 10 45 08 W 7 35 £ L A I S S A
Mg, 0T i) MIMO {518, A EH s i) At R AR AN G . ik, AR 2021 4F
2022 PRI 3 55T Transformer! ) CST 45 5 5000 B 2 B ASEE (0280 3L, (H I et
WA — 5 18, BIEA 1 gmid4s (Encoder) Flfii#s (Decoder) #4034 H T Transformer Encoder
8¢ Decoder 7, XA} Encoder #i7; (M 42 Hf il K, 1 Encoder 1145 M H] T~ 2 i 25 /MA R W& |,
PrLL, R Encoder P45 Bevt A & CSI i SO BB ALK G . Ik, ASCERXT FDD BN KRR
MIMO FREEH I TR S 1 CSTR AR RBHA, $2th T Fdk T MLP-Transformer [¥) CSI Hs4ii [ 15t 5
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1 RGpiRE
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Joi s B A VIE T8 F 0 45 o0 26 0 4 A T R 406 T R R0 7 FRE S 40 0 7 Ay A5 Ly S Bt
SR K B B 1) S vt LUARR JEAT A e Ak 3L 0o A s 2 I %, e A TRl i P R A T e N, AR S
JE—A FDD BEF 1 H/ N X R AT KA MIMO #2148, HAETIREE2: )W) CSI 4 S 45t i) ARG ] 1
TN

K 1 H i gmid# (Encoder) FfgElih2s (Decoder) HI o H T CSI B4iAITK &P 4%, IR %
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b M OREETREH N OB A O K A RO AT H R DA 1K) CST R
i it o] BB 2 s .



Vol.16 No.2

June 2023 FORE%: K TFHREF T CSIEG R T R 243
Huf sy

R (R

—

& —>
518 5
E
|

N —>

BT HUN XN AT REE MIMO TR 2274 2] 1 CST s 45 Js 15 R SR Y

Fig. 1 Deep learning-based CSI compression feedback system model for downlink massive MIMO in single-cell scenario
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Fig. 2 Autoencoder-based CSI compression feedback model
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Fig. 3 CSI compression feedback network architecture based on MLP-Transformer
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Fig. 4 Transformer Block architecture
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Tab. 1 Channel parameter table

ZH [ERSE PoN
FER R (M) 32
BEuh R4 W5 e kR
LR (WD 4 R
L 5.3 GHz
RGN v 300 MHz
A TR (KO 512
Yyt Y 1 ENIEEHEE (Indoor)
Y5t 2: EANZKEEE (Outdoor)
MFEA KL 100 000 (TTI)
A 18 504 4k 2 () Yt 1{51&: 100000 (TTD x32 (M) x4 (N) x512 (K)

Y5t 2 f51: 100000 (TTI) x32 (M) x4 (N) x512 (K)

T TTI AL N el (8] Bg) o

mt, ARIEER 1S EE, N REIES SRR T 100 000 MEHR I EE (TTD AL E
s, B Y 2R AE AR R BB 100 000, FF42 I 70%. 20% A1 10% ) L AR 20k X 73 R I 28
AR SRR, INGEE R RA/MMIEE K/ (Batch Size) WHE A 100.

ANATH UL BN AE R BRI E @, fEMMEES 5t (Indoor A1 Outdoor) Al 4 F k45 %
y=S/2MNK) € {1/4,1/16,1/32,1/64) &, 4 5%} CsiNet™ . CsiFormer'® . TransNet'” LA Jz A 3C $2 H 1
MLP-Transformer F1I5] A 10%HE65 (K25 Fl MLP-Masked-Transformer #3E17 CSI JE 45 [ i I 4 W 25 Y1l 2
H A MLP-Transformer A1 A5 Fh f] Transformer Block )23 L 2k 3. & WM& Zeit) EAASHn R 2 Firs.
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Tab. 2 Parameters for training CSI compression feedback network
ZH fE &TE
R NN 70 000
KRR KA 20 000
Batch Size 100
125 (Loss)) Bi%L MSE loss Loss =E ||H' - H|
LEENES 7S 1000
AL S Adam 5%
ol 0.001 FER T, B 107
AL HE 4 LR A AL AL HT O S8 1 — A Sigmoid BREWUE £(0,1) X [,

A0, DX 4 BRI 5 AL .

WL AE LTt UL B dRbR 7 0 ke, AT 10% 00038 45 Kol #4705 B0 . 7E8E R R I i,
AR K T S 4 B0 25 A0 B BRI R ETEAE B B2 18] ) NMSE BN 4% AL RS p A b 15 30 i o
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F by R Ry 53 SRR kAT 3 ISR R (0 B, AR p A R
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Tab. 3 Simulation and testing results of deep learning-based CSI compression feedback

E W5 (Indoor)

E4M 5 (Outdoor)

y ) 44

NMSE/dB p NMSE/dB p
1/4 CsiNet -17.36 0.990 -8.75 0.914
CsiFormer -20.45 0.992 -12.81 0.951
TransNet -29.22 0.998 -13.99 0.966
MLP-Transformer -28.37 0.997 -13.08 0.959
MLP-Masked-Transformer -26.69 0.996 -12.37 0.940
1/16 CsiNet —-8.65 0.912 —4.51 0.790
CsiFormer -13.50 0.964 —6.33 0.893
TransNet -14.98 0.977 —6.90 0.901
MLP-Transformer -15.01 0.978 -7.03 0.910
MLP-Masked-Transformer -14.62 0.971 —6.89 0.896
1/32 CsiNet -6.24 0.891 -2.81 0.674
CsiFormer -9.32 0916 -3.51 0.741
TransNet -9.83 0.921 -3.77 0.762
MLP-Transformer -9.91 0.930 -3.91 0.774
MLP-Masked-Transformer -9.82 0.921 -3.74 0.758
1/64 CsiNet -5.84 0.872 -1.93 0.596
CsiFormer -6.85 0.895 -2.25 0.639
TransNet -5.77 0.851 -2.20 0.618
MLP-Transformer -6.99 0.906 -2.24 0.634
MLP-Masked-Transformer -6.84 0.895 -2.22 0.626

(7

(8)
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HE 3 LA, L ENIE &S, A E4% T, 3T Transformer [ CSI H4i & 15t 77
LNV E A R AR T CsiNeto EFR4EH A 1/4 1, TransNet [F) AL = I U s fER4E5 4 1/16 F1 1/32 1,
ASCHRH 5T MLP-Transformer [ CSI Fs 4 [ 15 7 & W M) i B i, WAL T-ILA 7 585 FE R4 %4
1/64 I, % NI 5 N AT MLP-Transformer [ CSI Fs4ii [ 1577 ZEdeft:, #1540 5 AT CsiFormer [
CSI Wi e 5t 7 et o AT ARSI M T %, AW HEAS I MLP-Transformer 484 X LE 47 #E 14 11
MLP-Masked-Transformer 22K 14 GE7E TG 15 00 B E 4T

REEE T R E R MG S EYIOE, U ETTRINEIRE (MK SEE) XMk 4 P,

T4 ARERE (NESHE) ik

Tab. 4 Comparison of solution complexity (network parameter count)

y ) % Encoder (&  Decoder Z¥ i MK NS R
1/4 CsiNet 10 336 18 478 28 814
CsiFormer 1593 748 7 904 660 9 498 408
TransNet 3166 304 5269 600 8435904
MLP-Transformer 10 336 7 899 232 7909 568
MLP-Masked-Transformer 10 336 7899 232 7909 568
1/16 CsiNet 174 560 182 702 357262
CsiFormer 1757972 8 068 884 9 826 856
TransNet 3330528 5433 824 8764 352
MLP-Transformer 174 560 8 063 456 8238016
MLP-Masked-Transformer 174 560 8 063 456 8238016
1/32 CsiNet 182 816 190 958 373774
CsiFormer 1766 192 8076 960 9843152
TransNet 3338784 5442 080 8 780 864
MLP-Transformer 182 816 8071 712 8254 528
MLP-Masked-Transformer 182 816 8071712 8254 528
1/64 CsiNet 184 896 193 038 377934
CsiFormer 1768 272 8079 040 9847312
TransNet 3340 864 5444 160 8782 944
MLP-Transformer 184 896 8073792 8256 608
MLP-Masked-Transformer 184 896 8073792 8256 608

& 4 WAL, ASCHH ST MLP-Transformer [¥) CSI 45 J 15t 9 45 1) 5 2 4= 5 CsiFormer
F1 TransNet 1) S5m0, WX PR 0> — i, {H MLP-Transformer (1) Encoder Z4{ it /v T3
fl W AP I T Transformer 1775, LT Encoder £ &8 2 ¥ v RN, WL T CST F MRS & 12 TF .

SRKUE, 3 FPHE T Transformer (1) CSI R 45 SOt EIAAE A 47 % N I PEREAH ZEAN K, AEAN A 1) s
A% TSNS o« ASCHH EE T MLP-Transformer 1) CSI F4f S 457 78 4 % 4 1/16 F1 1/32 AL T
LAt B2, TUF B 70K 9 4% F 0 F ) Decoder [ 520 Encoder M 25 3EA %12 W4T 1, H. Transformer H
HEBEDHHE KN XY CSI R4 EMES TREMNER. HRFEEMNE, WHRMEDY
MLP-Masked-Transformer %2 #J X [t AS 417 # #5 if) MLP-Transformer 22K G & Bt F B, E B 5L 4G
Transformer Decoder " (165 22 Sk id i D BEH I A 2 e o0l 1 115 308 Bdim I 2 A 28 28, HeRey 1y 5 [k Jse iy
23 BELBG RS T8 R 1R 1) 27 >
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ASCEEXT FDD 0 RIS MIMO R4 5L TURFE2% ) 10 CST i [ Bthe R, E /el T IA+
ARH R, SIA TT ZA R, LR T 3 TR 2] A Gt 25 1) CST R4 S HOR 1 R BiA, i
Ja#th 7 3T MLP-Transformer () CSI H 4 [ 1577 %8, PRI 5 SR TR BE2 2T 1 CST He 4 [ 1t 77 72
7t FDD AT MIMO R IR N AT BN L 500 0. DT A5 RS MR AR RE TR I, A S HH (1) 3
F MLP-Transformer ) CSI W4 15t )7 ZAEHE B Encoder N1h 2 T, WRETEZ P L4625 TSI CSI
PR 32 TT
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