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Abstract: A phase tracking algorithm was proposed for massive multiple-input multiple-output (MIMO) systems
based on the modified Newton (MN) method, which effectively reduced the high computational complexity in tradi-
tional high-performance hybrid precoding schemes. The algorithm optimized the analog precoding matrix from the
perspective ofsub-dimensional vector recovery. In each sub-dimension optimization, the phase tracking method was
used to transform the recovery of the analog precoding vectors into an unconstrained nonlinear optimization problem,
which was then solved using the MN method. Concurrently, this strategy led to a marked reduction in the computa-
tional intricacy pertaining to both the computation of correction factors and the inversion of the Hessian matrix within
the framework of the MN method. This was achieved through the insightful incorporation of Gerschgorin’s Disk the-
orem and the Hermitian matrix block-inverse lemma. Simulation results show that the proposed algorithm has higher
spectral efficiency and lower computational complexity than several conventional high-performance hybrid precoding
schemes.
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bEE T IBAE S5 I il R e, A B H
Bk, T AR RIEAE RENH Y, 6G
$4 (radio frequency, RF) 7 fig 3 22 KR A B,
(30~300 GHz) "o #Rifii, i AH v R LA 2
[ AR SRR 2 [ SRt i 1), A 15 {5 T
PEEZR . N T R X — ), E IR EKE S
KIEE MIMO RS &, AMEA RN TR 2R
BEFN RS, T HAMS T 2K AL gk, M
RIUBER 2 e IR B B0 T T HAE1E . BRY e
S RARBL AL, 2 e AT A0 B P AT 280 et 2 7 A
W7 02— T KRS MIMO 4 7] LU B 7
G i AR R A R P,

& 458 () 20T T A N AR R R e B & FH I
SRR, IR, AT TR RSB
PIREAE AN IRE . N T R RZ IR, SCHR[6]92
T M R S TR RS A A, A >
(18D S5 90 7 % o A AL T vt L) 455 A1 7 T 2 R 25 AH
e, KR A TG i) S SO MRS 5 B 1] &,
R HIEZZLECBER (orthogonal matching pursuit,
OMP) SVEIEATRME, IS T R G RIREAF R A
M)FE. N T K OMP Tgmhd it B R AE, X
BRI6-10]82 th 7 —LesuE B, vk, SCRR8]H]H
B B € B ULACIE BR - (stage-determined matching
pursuit, SAMP) #y%, /D> T OMP HIEAT R
IEAIREL SCHER[10]24 8% T OMP HEIEAE 2,
LB B A e SR B AT A A A R, RS
S AT % 0 A (R R 1A S A — A 5 R ASE4DL 91
TR R, NI S35 P T SRR I 2R, R A I
R TR TR R R . SCHR[91FE H T IEAZ T
fic iB &% Corthogonality-based matching pursuit ,
OBMP) 5%, Beit 7 —4EIEZA, 15 OMP
SEAN R B TR 71 FH R 2R 51 o b
B R A DG ) R T g b A A e B, ATk /S 17
OMP HEMULHC S H] . SCHR[6-10] 42 H 1) %

BIRFET AN, XA EA S % T7 A
BRI ],

N T FRIT VYRR TG A SR AR ARG R
(77, BIRIEE R R N B AT TR R (R RE 4y
i R, FHRHZZE /M (alternating minimiza-
tion, AltMin) #ENBTHEC T/ BALIR & T &5 .
N VS Tt TV Sl USRNSSR
UL 51 2 A R B8 U] 43 ) R AL HE 8RB (conjugate
gradient, CG) ", BREHE (gradient projection,
GP) ", BB (barzilai-borwein) £ 155,
CG-AltMin 1 BB-AltMin 5725 T2 2 At
T, BRI REARS B E A A . =
ZHERRAMAT BRI~ RHEE, XREE
MR AR, TR . GP-AltMin 5
VI P P2 P55 DRI ASE AU T s e R PR 4 BT
T I RO FR USSR R, IS T BRI T
SRR RN, SRR SEEMEL, GP-AltMin
LIRS R R

IR S R B s, A2
JA 35N TR S T g AL ), SCHR[ 1419t 1 —#
a7 B A 77 R R 78 43 R FH R ESE MIMO B 51 )
WA . TN RS 2 P RS E A
PHiE, MBS EERR, A HAS(EER R
LB B AR ALAE Bk TR B T gm AL HE R . AR
1M, SCHER[14] 3 5 T H - i B 5 R & O
1M SCHR[15-16175 1 T FH P L B 2 iR 2R 0L
Forr, SCER[1S1HR HY 1 —Fh g B B VR & g s 7
5, ERICE WU AR v A g )AL T G B
s MG E, DRMUEENE, RERETE
% (zero-forcing, ZF) 5 THgmht #5401 %5 FH
Z A4 e T SCHR[ 16138 Y T — MR & de /N3 T
%2 (hybrid minimum mean-squared error, hybrid
MMSE) Fitgmi k. fEizsHdd, SMHEP L
B RWAETEN 25 0 HAR R ECE B C B4 &
R, JEMEERUEE S g B, SRS H B v
HNETA R AR A Tdmihas . SCER[16]75 1 T g
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PN TR I SE I, JFEUAS O T SCHR[15]189 M RE .
SR, B3R T3 0 A 2 5 Al o T g A AH EEATS
FAERURZE R . it — BRI Z, SCER[17]
8T R 5 H P 2 AREERE, I
HKIFRAACH DI L. 538k, SCHR[11-13]
JIT et PR 2 T 22 B DAL PR VR 5 o e L A2t i
T2 Y5, B4R B A PR R 1)
AR 2% BE, SCHR[18]E 5T 5 18 1 TR & T g i 11
vk I, K T Y et AL O SR RS TE R AR (R
SFOT AT B ORAR I R, AR T — RSO S B
Bt IR A TR 7 5 o SCHR[19] B 2 T
T R T MR T R AT R A R T [ B
(electronically steerable parasitic array radiator,
ESPAR) HJIR & TSI 75 5%, %77 7T LALR] I 5t
JBE 44 FE A B, {H ESPAR B ARAE AR B il Fl 7t
T 7 WA AE B Bk 2

UEAESR, FETIRRES IR A Wi AR
2R TRZHOE, RS TR ERER L. H
H, SCHR[22]38 TR FE e T4 22 I 28 A0 TH TR T
7%, 207 RPN TR 7% (weighted
minimum mean-square error, WMMSE) 8%tk
RNBZE (layer-wise) &5k, FHRMT XL N
(generalized chain rule, GCR) 11H IS4
BORE, B 1 EIARISIGEE . SCRR21 152 1 —
METEH R LR (back propagation, BP) [1]
TR TRIMASFLIE o 2SI RS AT P g i 25 1)
BN TR BN EZE MK IS8, TR
TR A TGS 25 1R R il R B VR 1A & 25 1 S8
WZRd e, EHH BP Bk, AR H R
R LT EE S

E_Bbsgmheh, R — LR A g g
BB G RCR, el 5 A
GmALb BOHEAT KB S 4R R PR IE S, R AA
BT R AR, i 2 B A R I R AR
THRER R ER RN A8 K T —Ertae. S5k
i, SRFZR T2 207 SRR 2 o) 5 P T

WIZRM BL 7R R EAE ARG R B % 25, i
WIZR5E RIMBALE & HiEH T BRI RS,
WS REHAA PR U RESEHENT,
THEEHHA TG, DA R R i 1,
TR R % BRI SR
gr bRk, AERDAH KR MIMO VR % T4
T SR E AR S0 R AN 55 55 % B 5 T AT A A i g
(25 8] o DRI, AR ST T A8 TE 2R3 (modified
Newton, MN) JEFIMIAEREZSH . ZHEILEE
T MN VEPR BRI TR D AE B AR L 25, A
T R % PRI Y B Ay T S0 T R R . ARSI
FETTERITT
o AEETFARBMACIIRS TgmAL L, 2
HH T T4 B 1 SR AR ASLADL T 2 A A R () 5
Fo ZIT BB I R 5 2 Ak
LT RE AR AR )RR, AT DLIEAT M PR sk
fift. B TRERMARRIYEERIC, HikK

THE S R 3 PRI
o ARICHBHAU TGS )BT n AR
KEH (zeC" I|Zl|="’:|Z"|=1> AW

() f /N 3R il @, R X R AR T —Fh
TAR I AELAENACRERL, FEHET %A
FEGT ISE R H A bR ER 4 F) & AT Hessian
TR . XA 5T W] AR 2 M S
JEL A R SR AR ABEFUL T s L o
o RICHIIE T A RIEAST (55T i 77 %
ARG R R, it — B IZ R A
VRS TR R
ol CRREHES: RERLHE
Fr OF s ORC) RIERRERE N B L
L BRI [, FoRFERES 14758 7 AR E: |,
FRFEBE ) Frobenius Y84 || F7wH FE 70 3% HUL;
O FAHFEN Hadamard Fefl; R() Fom U RE
TCRMNT: A R a RoRAE; a Xonbr
T O IO W 3 B S70S 551 S S U I E1 e
Wiy 1, RN n 4E AR R
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1.1 REMRL ARG EMRE
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Bl H, |F1=N.N, s p R F 28K *,
n~CN (0;0,1, ) N Npx 1 4 i s el &, o) gl

IR,

BZWES y @ EionREH 5% WerWes
JE A RN N

§=JpWIWIH F F,.s+WiWin (2)

B, W eCWN™ g Bl A & B
Wy € OV N M AL AR I . U, ZB5 KK
S RGO R T AR IR

I P p-lgyH gt

N, +VRn WBBWRFHVFRFFBB X
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|

Hrh, R =G W WaW o W NG R J5 22 5 1
ASCUAR KGR NG B AR, IR K
14 S AR S S 1) T 5 Tt L A2 5 4 PO BIT 9
1.2 ERRKEERE

AR 3L R 3 i AN WS 35 SR FH 38 50 S T B )
(uniform planar array, UPA). UPA fE YOZ b5 5
1y fisE WKL, z MhilE H AR RZ, AHAT
REH U A BAMHENIER . UPA [R50 5
(6] 5, (4,0) 7T LLRIR A :
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1 jlkd (msin ¢sin O+ncos@
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2SR

Ff{%}n Fopt _FRFFBB"IZ;
st ||FoeFy|ls = N, €

[Fiuly|=1Vi, j
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