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feedback is used for downlink CSI acquisition. With the increase of antenna scale, codebook-based CSI feedback
needs more and more overhead. The CSI feedback compression method based on Al (artificial intelligence) was pre-
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TN TEARAALE 7] o (1) SRR (S A T4 e K 11
HALTFEIAKR, 5G NR R G0 I A REAE ) 12 1
1T A RS ASKRRAE 7] AT R 4 5
fIE ) ARG AR AR e . BRI AR T S 5%
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W AL gt ds, FIF AL gabt#s x5 16 5 Bt
1T i e R eh B, BESb PAT 0 e K S 15
TEAS R O 2w SRAT RS T8 AL THE EA T FUAL BE Y
H B AL Smiaasii NII4ERE, AIMFEE Al
VIR ALIE . (510 1) T B 55 56 15 18 8 1
Sl A SRR B AT o 7E— 28 AL BRADER 1
ik, CSI RN EAE E AR N AL BRI A1
N, M AT MR DR 5 AL gD a1
Wk ARG CSI R BRI, AT gafids 2
ANAST 5 BT (R AR

BT BT AT AE g R R B

SCHR[22]42 RS T VR B 2% 311 CST R4
4 CsiNet W H] 118 1 o4ty . & CsiNet 17,
WG CSI RBHR I RAPATRAE Al Hufiday
o fFIEMTIAC R R R Zeun PR L AT
AT G IN A4S B A R AT A5 AT f B — i
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T 3 MEEARS . SCIR[23]M BT TR, X
T4 X 1. (frequency division duplex, FDD)
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Ao b, CR I SCH AR 5 HURFEUS R4 b
R LU ME . 8B, R JE 4 A5 T 70 AT 1 11
FHOGHE, AT LUK 2 s 95 s CST HEAT 1 CR
FE4i, IR CST TR CR 4.

SCHR[2413E T SCHR[22]1 CsiNet HEAT T eidk,
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ELENIN . AT BB RAH OGAE B T UL EE AT 58
IR SE R RS, T — A BaT7,
B, A—AFHATRRT . 4 AL A S B
A AL BB (R BERI S5 R 5 2 SR, T B
TR BT AL B, 24 AT BRI
KERI—A “BET7 N, SHMIEATET i
Al B BAR R AT 4, RGBT G2 e %
A AR, B TR EE R Bk, B

T AT BRI OGS B AL 7 20, HRe /R 5K
Ab, AT FTRET ZhRUELL AT gt 2 N = 1 ) 2%
R, AT PRAE AR H 510 A 2R RIS 504
Hok, FHEFMEL CSI RBHEEm T,
FRER/NFIRS . AL BB, AT Sfidh o 3R A5
(1) CSI R4 Rt vl BetL A T AN R 11T AL i
H AT BERD3-2 [IAC HL 1) S i ] LAA K A& AT (2%
PITBIA EL, DRI TC AR bR A 1% S i A (1) LA
WA A, R TFERREAGIZ R It 1) LA /N
Bk, A AT DU 12 S B N R LA o
THET ALK CSI 4 1 CSI st s 45t Ly
KNFIRE R 5G NR R84 HTEE T-RAT CSI it
AN, PEEANHERR 7 ZEb A BT ) CST St 7 2.
IbAh, YIgk AR B AN, ARuEAG I 5E
Mt AT AEANE] . BEIG b, AT R (R I 2T LAZE
Ui AT, AT CAAESE R AT . CST & i e 2
IR 2 FATEE R MTEERE. BT FTE
A 2l M7 S % E SRR, ik
2yl 55 5 TR F SN ECE AT AT BRI ZE. H
L IR A7 5 (R R I R i B, Bl AR IR A7
b2 o L IR A7Ai 23 1], B R )1 5ot 24 i
{ORPIE 3P RN {1 A 0 = 3 B S =
GRIAARE B A R BRYE, A LS A T A & .
U R (RN AT i U AT, FEh A2 S % 4
Ui 73 AE . AT BRI AR OG5 L, X FAT % oK
Y NN . Ik, RS MEEAT AT
BRI N GR T g 5 B . st ] LACEE 224 2 i (1)
GG DB, AR —BEH T2/
Ui 1K) AL BT, AR JE BB IR A S A BRI 45 4%
Ao 0P TILHIR A AT B[R 2y, Byl ] DA
RS R/ 2 10 A & k1% AT BERUAH A
Bho U ALY U ZRAE TS AT I, 2 oy 7 2
I Bk S AR T KRR /A5 0 1 SR dh Bdls . DA T4
PR A RIS TR 1| e o R 4] 2 ot A3 A i/
GIE R AR, R AR T B LR A 7Y
15 T8 R AR/ A T8 1 S ah S R T AT LU T o 4R



«80 -

RIRTARRI AT AT B RTAR DI ZRA1, Sk m] LA+
AL B EEET. FEubEXS AL BT B0
i B[] 280 A3k AT BRI R S DAPRAEOA
P AT R R UL

Sy Bk, AR T AT 1) CSI
Jis i S AU RE 7S R AT EL 5 BT o

Hevl i

SRR BB R | (A, SR
>

JRABER
{5 T/ B R R S B
Al [
AR RAE B

Y

HT AIRICSLR St &/ A7 B

oy

Y

CSI-RS

o ETAIRCSIR
BitHE
FHFAIYCSIR i &

-

K5 JLF ALY CST H4i R B n e K

3 MRS NE

BAR KR IFARBFAE 73T AL 1) CSI
BB BRI 2, o AT T SE B REEAAR I A
K ki -

(1) PZ8 R0

A FET AT ) CSI A 2% 4514 22 I K i
] AT ZRBDa83EAT CSI BRI 48, Feak il ]
Al BT CSI BRI . AEIXFh 4548
PR, I TARIE AT Gufi/ e ibhge, Tr2ixt Al
SRS AR AL AR IC S 20 X IR AL GnhE i Fli%
T AR AE R — MR R AT INZR, RIEH AL afidds/
PER SR IE EMEIR LS . — 71, Al 4wt s/
PR AE R IALId R T CSI RS Z AN
T 7L, AL Rt gs 4/ EoC TE 18
(B AEH o Q RAE RS AT IR, Wl R
TR VAR BB A — A T PR ) I s SR 2 iy
MHEATIIZR, AT YIZRasty A n e 2 A2 REFN )
FEE M, 4 TR B R, R R Y

RPIAE . AT BEBUE T 5. B, R
RMASTIEAT AT RN T &, 853, RN
WS AT AR, 55— D D e A 10 U7 %6

(2) H AR

AR I SRS A TR 5 . B Hk
DRI BRI A5 TG R BE,  #fE LARR R 52 B 145 18 4%
PEEECHAE R S 4. W T S B (R B AT AL
BRI G, ] HEAT I 25 BT 7 50 4R (3R
S s . FH B 75 B R 1)

(3) AL IR AR

AR IR 55 S M N B A DG 1
AR IIZRT) Al B BRI ZE, ITCVERIIE
CSI [ IIIRE L o BB Bt 5 T LALRAIE AT A5
RIRPERE, (AR 2B 8. Wil FRAIC AL
IR ST AR 82 SEBR N FH I — K e ok, I
FFErh AL B 2 RS IIZRT) . FRSIIZRI Al
R LAVCRCAR TE B2, T UG S A%
FEESEEIL AT AR (1 31288 B A 2 7 B LR 1) i

(4) AT Bz AL 0]

Al BRIz AL FE AN 2 T I N 2 — 7 T
&P R AR AL, S — T 2 Rl — AN AR
ZMMEE AT IR Z . AT A T B
RIS AL, FEACT AL BORME BINAC B
e OJAE R TR AT B R T
JUE A PR BT TR s B B IR AL 5.
h TAESEPR RGP AT AN, AL
e — AR BB .

(5) MBI FSEBR IR 4 HAR K 31

A AT AL CSTRBFF T BT it (1
RE 2 (BB R W s DA ZRIF 1Y) AT BB, JR%
AHEIE Al BRAHOAE B AC 2R HAR, UK
Al BIAHOAT B A . RSP H 7
T2 LB AE BAS L AN B AR R 3%

4 PEREITAE
AR T P 2 BRI T AL HE e



«8]1

misRlE 2022 £ 3 4

iR trERe. iR AL 1, L, M. N,
Po Mys Npv Mys Ny 58 BI3RTE 27 11 Kb T
B AP RGBT 8 REWAE. FEETT
[ R TARCEL . K5 [ R i B 3 B[]
IR E W SR I 118 2 Sy 10 SR /K SF- 1im) OR 45 B
RIS I EL Y aeS ARE SV L L S B S
3 10 B3 1) BEOR 3fE B7 [) BT IRV BE . PEAL T A
FIHT AL W28 AnIE 6 Fros. AT IES IR 25T
A AL VIR BRI 1, TR AT g
ARAT AL PRI AR . G as B S P4~ TB
Pt (transformer based block) —/M 1% )= (Dense
2 Pl EAR S, TB P T it WA a2
6] CSI HFfik, AIEEJZM T RIS CSI, R
PRI Sigmoid 80 R ECR it H— AL 2[0,1]
i Efas i, EERm AN S Em o —
BERILCR 2 R, PR ES LB S P4 TB B
M R U s, i E s A
(1) B ) LEARE E S S [0, 1B Y TRl 1R S 8, &
AN RIER S LRAEMULRCI YR, 2Py
/N TB YUK R CSI. Hrb, TB YR T 24

Transformer 84 [ 22 Skt I ML B2 A= U
g AR T0,1] RIA 2 ki
o T gt o (0 AR E R 4R, AT R
SEIANR] ST . AERE 7 BIPPA A R, Rl
S TR 5G NR R G AL T Aidnl B 1) 8 Hs 4 114 14
5% Type ITAGAHEAT CSI SISt RIPE BEAE Jy LA
FEUE,  LEER P RR 7 2R Bl P AR R AL )
55 S R PR S AR AIE 1) 8 PR AR X AHALLRE o AR s AH AL
FERITHE A (1) Pros, RREAEAS M EZ
[ (R A A

by
ST

Hrp, vERIRGFIERERE: 8 T Type 11
TEAS, b R Zui KB TR AL AR B s 0T T
AL 1] CSI Ji5t, b Rom Al B2k H 1518
AL 7]

AR 7 (VPS5 R AT LUE e R 4%
FHBLEN , 5T AL IS TE AR S SBT3 i
Type I[fi5AC CSI ABtAT LA 44 80~150 bit K1 FF4H .

(D

i TBH
Er: %3k K LDenseE xR
| B [ (R [FLReLU[ | DS g
I‘--------------------------------------------------------_-_-_-_ 111
i E]2><32><2 12x64 12x64 12x64] 768 | Dense)Z k 'ki
TR e MR [ TBYE [l TBYE L TR e (GO L RAEE
2 ' 1 9
CSI E i
+¥
AT 35 fiE
____________________________________________________________________________________________ i
iff
. |
Witk 123202 o | 12ed 12464 12464 68 S|k ok | ®
B A Y ST NP L P . ) B g

ALFIS 3

6 BT AL MFTERFIE 48 S 15t AL 4% S5 4



A 5. scomitEA

e« 82

x1 HERK

ZHIR 18

KLT7 % FDD/OFDM

Y TEEIX

Y 2 GHz, b NATHIEBE A 200 MHz

S [a] 200 m

eNB [MIRERIE 32 3 L:(M, N, P, My, Ny M,, N,) = (8, 8,2, 1,

1,2, 8), (dH,dV) = (0.5, 0.8)%

UE MRENE 4 ¥ 0 : (M, N, P, My, Ny M, N,)=
(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)4
BEul R IL T H 49 dBm
e R W 29m
ARG 10 MHz
THPEII bR 15 kHz
CQI F-f 4 PRB
ki 4L RK122
CSI 13 CSI B EM: 5ms; WENE: 4 ms
%=t FTP #ix 1, BK/NA 0.5 MB
BLUEA A 70%
UE #1[ W 80% (3km/h) , E4F20% (30 km/h)
UE #ldk MMSE-IRC
0.94
092 F
0.90 |
0.88 /°
0.86 | E/ =
2084 F
0.82 F
0.80
0.78 |
076 | —o— WY Type I 7A
—a— BT AICSIR 1
07455 700 750 200 250 300
FFEH/bit

K7 HT ALY CSI RIGFIE R Type [THA
CSI B34 A 2 AR AL RE IR LL A

5 ZERiE

ARICAHT TR R R G ) CSI R A5t
FE4G 1), g T HT AL 25308 IR 4 R 05125
BT AL SRR R 40 S BT VERIE T AL 2
it CSI Wik, JET TAET AL 1) CSI
RABIIFRHEAERRT, o THE 5G-A REH AT
ST AL CST AR 7). VPAl &5 K0,
TEAR A A2 AR, A TR S ) 3 T A

(K] CST i, & AT A5 TEARFAE S A5 7470 BL:
i AR CST R A5 IT 4 o

S35 3k

[1] CHATAUT R, AKL R. Massive MIMO systems for 5G and
beyond networks-overview, recent trends, challenges, and future
research direction[J]. Sensors (Basel, Switzerland), 2020,
20(10): 2753.

[2] BJORNSON E, VAN DER PERRE L, BUZZI S, et al. Massive
MIMO in sub-6 GHz and mmWave: physical, practical, and
use-case differences[J]. IEEE Wireless Communications, 2019,
26(2): 100-108.

(3] BRiids, phime, 507, A5 RMBORZBORIRE BOR JR HE
H¥k M), dbat: AR AL, 2019.

CHEN S Z, SUN S H, SU X, et al. Principles and design of mas-
sive beamforming technology[M]. Beijing: Posts & Telecom
Press, 2019.

[4] 3GPP. NR; Physical layer procedures for data (V17.0.0): TS
38.214 [S]. 2021.

[5] KUO P H, KUNG H T, TING P G. Compressive sensing based
channel feedback protocols for spatially-correlated massive an-
tenna arrays[C]//Proceedings of 2012 IEEE Wireless Commu-
nications and Networking Conference. Piscataway: IEEE Press,
2012: 492-497.

[6] SIM M S, PARK J, CHAE C B, et al. Compressed channel
feedback for correlated massive MIMO systems[J]. Journal of
Communications and Networks, 2016, 18(1): 95-104.

[71 GAO Z, DAIL L, WANG Z C, et al. Spatially common sparsity
based adaptive channel estimation and feedback for FDD mas-
sive MIMO[J]. IEEE Transactions on Signal Processing, 2015,
63(23): 6169-6183.

[8] CHEON H, PARK B, HONG D. Adaptive multicarrier system
with reduced feedback information in wideband radio chan-
nels[C]//Proceedings of Gateway to 21st Century Communi-
cations Village, IEEE VTS 50th Vehicular Technology Confe-
rence (Cat. No.99CH36324). Piscataway: IEEE Press, 1999:
2880-2884.

[9] YEH,LIGY,JUANG B H. Power of deep learning for channel
estimation and signal detection in OFDM systems[J]. IEEE
Wireless Communications Letters, 2018, 7(1): 114-117.

[10] YANG Y W, GAO F F, LI G Y, et al. Deep learning-based

[

downlink channel prediction for FDD massive MIMO system[J].
IEEE Communications Letters, 2019, 23(11): 1994-1998.

[11] KANG J M, CHUN C J, KIM I M. Deep-learning-based chan-
nel estimation for wireless energy transfer[J]. IEEE Communi-
cations Letters, 2018, 22(11): 2310-2313.

[12] GUO J J, WEN C K, JIN S, et al. Convolutional neural net-



« 83

misRlE 2022 £ 3 4

work-based multiple-rate compressive sensing for massive
MIMO CSI feedback: design, simulation, and analysis[J]. IEEE
Transactions on Wireless Communications, 2020, 19(4):
2827-2840.

[13] HSIEH C H, CHEN J Y, NIEN B H. Deep learning-based in-
door localization using received signal strength and channel
state information[J]. IEEE Access, 2019(17): 33256-33267.

[14] WANG T Q, WEN C K, WANG H Q, et al. Deep learning for
wireless physical layer: opportunities and challenges[J]. China
Communications, 2017, 14(11): 92-111.

[15] LU Z L, WANG J T, SONG J. Multi-resolution CSI feedback
with deep learning in massive MIMO system[C]//Proceedings
of ICC 2020 - 2020 IEEE International Conference on Commu-
nications. Piscataway: IEEE Press, 2020: 1-6.

[16] LU Z L, WANG J T, SONG J. Binary neural network aided CSI
feedback in massive MIMO system[J]. IEEE Wireless Commu-
nications Letters, 2021, 10(6): 1305-1308.

[17] ZHANG Y Y, ZHANG X C, LIU Y. Deep learning based CSI
compression and quantization with high compression ratios in
FDD massive MIMO systems[J]. IEEE Wireless Communica-
tions Letters, 2021, 10(10): 2101-2105.

[18] LIU Z Y, DEL ROSARIO M, DING Z. A Markovian mod-
el-driven deep learning framework for massive MIMO CSI
feedback[J]. IEEE Transactions on Wireless Communications,
2022,21(2): 1214-1228.

[19] CAO Z, SHIH W T, GUO J J, et al. Lightweight convolutional
neural networks for CSI feedback in massive MIMO[J]. IEEE
Communications Letters, 2021, 25(8): 2624-2628.

[20] GAO M, LIAO T M, LU Y B. Fully connected feed forward
neural networks based CSI feedback algorithm[J]. China Com-
munications, 2021, 18(1): 43-48.

[21] 3GPP. RP-213560: New SI: study on artificial intelligence
(Al)/machine learning (ML) for NR air interface[S]. 2021.

[22] WEN C K, SHIH W T, JIN S. Deep learning for massive MIMO
CSI feedback[J]. IEEE Wireless Communications Letters, 2018,
7(5): 748-751.

[23] LIU Z Y, ZHANG L, DING Z. Exploiting Bi-directional chan-

nel reciprocity in deep learning for low rate massive MIMO CSI

feedback[J]. IEEE Wireless Communications Letters, 2019, 8(3):

889-892.
[24] WANG T Q, WEN C K, JIN S, et al. Deep learning-based CSI

feedback approach for time-varying massive MIMO channels[J].

IEEE Wireless Communications Letters, 2019, 8(2): 416-419.
[25] LU C, XU W, SHEN H, et al. MIMO channel information
feedback using deep recurrent network[J]. IEEE Communica-

tions Letters, 2019, 23(1): 188-191.

[HEZE ]

| —

BRGE (1987- ) , &, fiL, PERED)
WG BARIBAR G PR A 7 g TR, 2
FUIT 1 A RHAER A . Bahd 55k
W Shsiible 5.

XIBRIE (1981— ) , B, flid, pE(EEE
{EF T G LT BB LoEL i TR 1
T TR, FEFTT T IR AR shil s R4

Bt

S (1980- ), 5, M+, PERZE
WAEHARB G B & 1E s TR, T2
WEFET7 10 A5 RGBT 2 REER SR
DMERS . 55 R DL R GRS P
%

XIEE (1982- ), Y, i1, fEREY)
WAEBAE AT PR A TR, FEFRTT
I Ry RS 22 A N 22 it R T N AT e
R BRI

&35 (1991- O, %, flit, LLEgm
FHEZRESLEE (BERSERARI G
BRATD FLEHIR, FEETT A
AT, AL 7R 5P B2 R 4

NERIE (1972- O, 5, WL, PERED)
WEEARB AR A R R ZE R BUZR R
RN, RTINS R &
ZREEA, TRBFEREAGREERA,



	08-2022051-ÄË
.pdf

