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Abstract: To solve the problem of high feedback overhead in a multi-user massive multiple-input multiple-output (MIMO)
system assisted by a reconfigurable intelligent surface (RIS) in frequency-division duplexing (FDD) mode, a channel state
information (CSI) feedback framework based on manifold learning was proposed. Firstly, the framework achieved initial
feedback overhead reduction by simplifying the CSI feedback process. Then, the framework combined the manifold learning
to train two set of dictionaries to achieve dimension reduction and reconstruction of incremental CSI. Finally, the original
channel was restored at the base station. The simulation results show that the CSI feedback scheme proposed in this paper
has lower overhead and complexity than the existing methods in the multi-user and limited scattering environment, and the re-
construction quality is significantly improved.
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T IFBA LN, BTl vesss = Vorese 2Ry Ve —
Vores = 2(d = By) L, L,/ = BL, < 0, BIATTRIIR
BRIT4H2L (% T DRFB 1 CSFB /7 % .

3 hESSHh

AFTER B MLF J7 214 RIS fli Bh (1) C 2R 1015 &R
GuiAT T &, KI5 DRFB J7 &', CSFB J/
0, CsiNet 77 P, DLFB J7 ZZPVRIEE T R S AL
{E1EIRA{E B (CSIT, channel state information at the
transmitter) [ AT T HLEL.

i Ed, BSHL % M =256 i K4k, RISH %
N=641 % %50, UE¥ N4, BS5RISZIH.
RIS 5% UE Z [AIfEIE B S BN L, = 4. L, = 2.
BS-RIS {5 NHLEE(EIE, KK +915dB, RIS-UE
FIENAEMEE S E . B2 HRES] (ULA, uniform
linear array) it B [¥) BS Kk £k 1] FE A1 UPA i & [ RIS
BT PR, R4 Ay = dIN, AoD =
MRS G = 1024, WSHBIMEIR AN E=1.0 x 107,
FH AR (8] S5 TEAH T 1) 2 A = 100

TS, X4 UE (45 38 58 PR AL 22 f5 3R B ) JE
FH| AT T SUCKHE, 1 UERMES4 K.
AR 1 BE ALK 43 2 75% I 5 BdiE B R 25% 1)
M E R A . sbah, A B LB A3 EE 5 5 € il
o HEA B A JE AR K AT L R DM
AR 0.001. 20 F1400.

NT VM EM YR, B IE— TR E
(NMSE, normalized mean square error) il & 5415
5 R EEZ B R ZEW N
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TEARF LGy R, AT 5 MLF 5%
FhI T CS L (DRFB FICSFB), LK il 3k
T DL (%3 (CsiNet #1 DLFB) F H M it Hiz
APHFIRIEEAT T L. B K B SR
KRG . 077 S NMSE 53247 i (3] 6]
tbinR 1R, Hoop, g Rikr 7t EoR. 15
HEEREW, A E4LT, MLF 7 E I NMSE
BT CSEVEMDL &k, SHHAA T S HE
KR, HBEHE K% MK, MLF J7 22 ) NMSE 14
RENFREAEARE, flde 7 HAb T RAEAMC R 4E b g
JREZ ) . EAR MLF 77 £ (384T I 1A i K T
DL 5k, HR CSEIERFZ . BHki,
MLF 77 5 B8 76 AN . 2 35 o 85 1 1 o T 32 gt e
R E AR, ER4itL. @B RE (A
BT TARGF MRS, B S IR M RE AL A

#1 & Fh75 A NMSE 5551 TRE 3T EE
7 DRFB CSFB CsiNet DLFB MLF
NMSE/dB  1/8 -19.93 -23.01 -12.13 -25.06 -35.47
1/16 -7.44 -1672 -8.61 -21.66 -32.24
132 -224 -1242 -6.15 -15.16 -20.87
EfreflE/s 1/8 0 0155 0128 0.004  0.009  0.035
1/16 0.138  0.120  0.004 0.009  0.022
1/32 0.141  0.121  0.004 0.009 0.022

A 7R 22 5 R SR /N IR R WA 3
o B T AR 4 EE R I 2500 R X R
Soxt EAVERERIFEM, ik T S 5 H A NMSE 2 [f]
MIKFR. T —EMNy, BEHESEMIEK, NMSE
BN, AW WA, BRI RERES
SHEE, THREZREIGE T 7 322 S P sg (it Ta] o

NMSE = 10lg{E (34)

= y=1/32
-5 y=1/16
—o—y=1/8

M
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y=1/80F, USIBURBIT. IIGREERK, TSI
TMEE RS, FETIXFIS, W LIE NMSE fl
S AT AT . M ER Ly =1/8 A1 S=4 000 B, =
FPERE A, T I )47 DA S

ASCEXT RGO AT IE R K47 T . AN
JE4R L y (AT A A 2R 55 M LI o6 R A 4 B .
Horp, FUE RG-S RIS ST R B AR IE AR SC AT
ST TR CSLHEAT TR AL . B “ (5 M
Eb 7 Syl e Sk D 22 5 P s I A v 87 1 MR S T R
Z . “5E3 CSI” Hh 2k Jy iy & 4t 3k 45 1wl Ak Al
AR ERR. nJLAREER], My=1/81F, H[AHHE
R R BARE L, WA EMEE SR GEE
[ RRZE N SRTT, BEAE y RS, TRRES TR

35

---- SE3CSIT

—o— p=1/8
y=1/16

25 H—=— y=1/32

W
(=]

AR/ (bit-(s-Hz) ™)
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{5 M L1/dB
B4 A RS LG y AT AR 5 e L R

ANTF) 5 S B AT IE R S5 B n B S BT, Jg o
TR A [R5 T S8 B3R AR 0 CSTEAT Jk i 13 i A
5 RIS MHEE LA I RGP 3RA5 B Ak F 2R . 4] 5
tbi T MLF 7%, CSFBJ7%. DRFBJj%. CsiNet
77 Z2H1 DLFB J7 ZAEAN [R5 M Lb T B Al ak Fl s 22
RIS MLF 77 REMN T HM TR . EmERiky
SN, HPETIAMEET RGNS B,
N TSARIFIVERE, I8 S IE B IR, (B2
AT FACBAN — B AN 75 B 2 Rk AT 7
2, THEHUIRACT HAA T 5, IR 17 R
LI ST A B -

ANTR] J7 58 B AT 3k A 22 i UE S0 A2 an 1l 6
Fizn, JE7x T UEHOW il ik Fls PR Re 52 .
FLAERRM, ASCHEH M MLF 77 £ CSFB 7 £ .
DRFB J7 % . CsiNet J7 Z A1 DLFB J5 & B H ¥ 47 [
PERE. M6 AT LUK, 7E 563 CSIT A8 A A 78
ECSITHE N, UEHME KT 40, nlAMERS
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