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sential for calculating precoding matrix. However, due to the imperfect reciprocity between uplink and downlink in
FDD systems, securing low-overhead and high-precision downlink CSI remains an industry challenge. Therefore, a
CSI measurement and feedback scheme on the basis of co-located spatial user clusters was proposed, along with a
two-stage precoding optimization scheme that integrated cluster-level CSI feedback. Firstly, equivalent downlink spa-
tial correlation was obtained based on the calculation of uplink and downlink statistical reciprocity, and co-located
space user clusters were jointly constructed using the downlink channel quality and equivalent spatial correlation. Sec-
ondly, a dynamic CSI coherent measurement scheme was designed based on large-scale fading characteristics and CSI
pilot port capacity constraints, and a statistical CSI feedback scheme for co-located space clusters was developed, sig-
nificantly reducing feedback overhead. Finally, during the CSI measurement phase, large-scale slowly varying inter-
ference elimination precoding was designed using the statistical covariance matrix between cluster users. During the
downlink scheduling phase, real-time multi-user interference elimination precoding within clusters was designed on
the basis of the signal-to-leakage-and-noise ratio (SLNR) algorithm. The two were cascaded to form the optimized
downlink precoding weight values for each user. Simulation results show that the proposed CSI feedback optimization
scheme reduces the feedback overhead by 34% compared with the path gain information feedback strategy in the lit-
erature, and the two-stage precoding optimization scheme improves the FDD non-cellular massive MIMO spectral ef-
ficiency by 10.8% compared with the SLNR precoding.

Key words: FDD cell-free massive MIMO, co-located spatial user cluster, CSI measurement and feedback, two-stage

precoding
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bRk I A RS P S LL R R, X
EE SCR[12] 7 B 3 BR A2 1 26 15 B I 15t B (path
gain information, PGD) . £ JL 1] AoD J 15t H 14 5§
WS R SCHR HA IR S CST R I 7 R I PE e

CSI 5t 5 i A 22 PR RE AN 1] 5 s, A
P& 1) CST i3t S 3= L@ K FH P R AT (S
BT MBI TRV RRAE ) ST R . T
ASCHE H ) CST & RAU 42 & 4% T PGI Al AoD
FEWE R E AR/, ELE IS R R 1k P AT St
TH I, AR RBTT A FEK T 34%. £ 16 bit X
PRAHE, AN PG AT 1 25 8.6%
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(2) TGRS TT VP4l Lo H

FDD I§ 55 KB MIMO 4, T2 H
FIH I BE AR T CSTRIRE B E AR H T 75
hi 5 EEPERE . X EL T SCHER[211A AT X TS
% 5% KB MIMO ) RZF, Sk [22] H ok R A6
MIMO T[] SLNR i g i, SCHER[23]H 32 1 53
i A T4 i (oint distributed precoding, JDP) ,
DA Ao H R B e P gm i 7 8

T IR SCHRER H 1) T gm RS 32 EE X TDD &
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5 10.8%. SRR, ASCHEH BB BT
AL T %, WG TP JT ZEAERE T, RIESE
AR CSI MR &5 .

30
251
S
é 151
M
=
2 0k
/%" - -0 - RZFTi4Hg
& < - SLNRHi4i#%
- & - IDPHUHTY
—=— P BRI
0 é 1‘0 1‘5 2‘0 25
SNR/dB
B 7 ASTR g 5 77 5 A Xt L
6 %ERiB

ToIE 5 R MIMO BEARFT % 1 1% e 53 45
M, &SP ar A OR R ME A B0, Re%
A R R I 5 X 37 S 100 5 P AR 6 225 T ) R
ZAER AT R AR R T 2 AMIMO, &4
AR B MPEREN S, MR IGE6G R4

R EEE/ERH . FDD #2074 5G A1 5G-Advanced
RGO IZHE, BTSSR &FIH LA
%)%, FDD Jolg 5 KA MIMO #1 TDD Jo#4 55 K
FUBE MIMO 35 2 76 KR W24 R AE EEAEH . 5t
FDD & 4t, k5. (RIF84 4 CSI 7 &2 3 %
FDD T84 55 KA MIMO HMEFE it o<it, A
B X612 i) AR A R CSTIN AT CST S 43t P A I it
BEATHTE, it T F P sl AR AN CSTR TR )
LA CSILR T %, BE R T RBTTRY, St
RORR I T A ST CSTR L I AT R A
e, [EIRF, %&F%F FDD JGi4 85 KR MIMO 1 i
GRAD MBI T T VAN T, TR0 R RN B ]
Frmitt, $2 BN Ign i EAR, 2 I8 B B 1 F
FER R R BEGE T T IR, 7% A - i g
SR TR T B TR AD . SE64E AR A AR ST
P B T i 7 PR RE iR . FDD Joié i3 KRR
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