a8t 12
2026412 H

BT 5 B R ¥

Journal of Electronics & Information Technology

PR AR A A B 2 PR R R i 22 B A R MIMO{S & {1+

FEF FEE
(ZMERE 20 730070)

RET x| S pE

B XA KBEMIMO R IR G316 15 AoSAZEM Y, BUAT R4 IR 5 R BE JTT T iR AEAR A5
EE(SNR) Sz Mg 75 Ge it R BC A T 2 B REB AN Sz AL PR BRI . il 20— P 75 25 AL AN Bl T
M2 (FPN-NCAS). 1ZJHEAERFFA SN A BB HELR AR, Rt 5558 0022 70 3RAS FRORL e 7 D 3 A THE AR D 26 A
e B G AR IR, AT SE L BE R 75 7K B G T AT SR . AEDRIEAE b, Bt A SRR
i b K R A SR Block Shrink, i WA B BIE 5118 DAL SRR S I MRS MK R BE /s MiE Token-Gate
RPN T FEJRFAEHEAT R BT FEVEARHE,  FFRIER T 1H2R & 2 R (G-HMTD ) BB 3 R 5 PR AR R 2 04T
2R R R AL . O B SRR, TR ITVAE A RISNR AR T 2 B AL 3 — b #5977 3% %% (NMSE)

Vol. 48No. 12
Dec. 2026

PERE: BEAh, EZMEAFBARGIE S AR T, PfInE RO RIS,
REIR): KFZEIEME; BAMBMIMO; fFiEM T Ashmimgs; BE &AL

hESHES: TNI1L.7
DOI: 10.11999/JEIT260420

[y

515
K2 (TeraHertz, THz)il (5B H T K4
B KRR B SRR E R E R K,
R LEEE. DT RIBESFGN KRN, Ktk
P T H R R I T B T A RSO, R
UL L N\ 2 i Y (UltraMassive Multiple-Input
Multiple-Output, UM-MIMO) & Zi# )32 B FH LA
RICE W (P R 23 2o B A B 0 FLAR A Wi 3 K
VT I BRI S 30 328 37 A7 W TR 4 1 1 1 R 1 3
B ATHz UM-MIMO £ 4 () L RUREAE . 17 [ 41
FF (Array-of-SubArray, AoSA) g4 HiE It 7 [ 3
FHH(Radio-Frequency, RF)8E 14 = FFAK 1 55
AT, (HA] BE i R 415 E IR S 15 B (Channel
State Information, CSI)#i2F, #—DHEmE 1715
TEWI SRS HIMERE . B, A5 ZEH THz AoSA
ARG TS e S ARSI E 1B Al 07 .
AR, EMXTHz UM-MIMO K& & 2% # 8
BT RLEER SR s, A R
45 )& (Compressed Sensing, CS)155 U Hr = 2]
(Bayesian Learning, BL)EWT i 25 28T SCHik([6)
X THz UM-MIMO 24 )iy, i dy Jod
Yt A7 R, RS EE AT SR ST [7) 80

PR H A 2026-04-09; I EHA: 2026-07-04: PIZHIAR: 2026-07-19
MEEEE: AT 12241981@stulzjtu.edu.cn

FETH: EXARE%EE4(62561037), HiliE B ARRERE 4
(26JRRA053)

Foundation Items: The National Natural Science Foundation of
China(62561037), The Natural Science Foundation of Gansu
Province (26JRRA053)

HEAFRIREG: A

XEHS: 1009-5896(2026)12-0001-12
CSTR: 32379.14.JEIT260420

THz % [A1PE 2 FREPI RS0, T 2 M ek 2 2 it
IS THRESE o SCHR[S) & X4 B MIMO S A% e A% #&
Wi, BT ZHAETEEES VG AE S
SCHR O] T VR &3 THz UM-MIMO, 42 H 5 5
AR B2 ST Bh I BLAG T 7 vk . 28T, LR ik
REZAREARM Bk F B I0 TR, 75 KR
B AN S B s N AT I s it R R R S
IS} ZETT4 o

RIE % 2] (Deep Learning, DL) T A& TG
LYEEERR M EE TR, HEEEM T S5CSIR
ARSI RIFIIR T /). S iE
A LR IR Sh 7 AR IR Sy, J5 3 B R AR A AR
SRAGMLI S v] 5 SR EE G, DT e n] g e 1 5
PE sz AR I o SCHR[LL) B 0] 56 VR B s oK
RIEMIMOEE AL 1 10, 456 W B BLAZ Hh 0
W THz L (5 18 IR BE R Tl b 7k STk [12] 1
ARG I R AR AR T KU MIMO 3¢, #2H
SR B RS P AE TE A 5 RASHELE . SCHR[13]
¥ Turbo B RS W 2 AL 3 AL 1] 15 R [ e 2 5] AR &5
Hr, SEI AT EEAA) R e R A B K AR MIMO R 4t
MIRIASTE AT %X THz UM-MIMOE A%
BEIEAGTH R, SCHER[14]48 T A3 5 2% (Fixed
Point Network, FPN)HESL, el n] etk (K5
AR 22 P 5 USCSIRAIE 1 [ B L % 5 B8R 1) 0 AT Ml
&Rt . A, AR A AR N T el B
RISHR T THz UM-MIMOIE (58 B i, *
B i 41 S (5 8 Al TH IETE B — R Pk 52 7 ) 20
5 ZAES A E B

SR, A THERZ A EIGTRRE B 458 . BE


http://radars.ie.ac.cn/CN/10.11999/JEIT260420
https://cstr.cn/32379.14.JEIT260420
mailto:12241981@stu.lzjtu.edu.cn

2 G

o

=]

2 %

48 %

SE WL B ] 5E G it kAo X T AoSAZRM T 3%
SRREGEMLI L 175 7K P 3 LR G vk R e F A7 1
KPR, W SN TR L B (5 R LE (Signal-
to-Noise Ratio, SNR)VZALHE S, VIRMEFIRNHT
Too HeT UL, ASCHEH — iR SR A AN S R 4%
(FPN Noise-Conditioned AoSA-aligned Shrinkage,
FPN-NCAS). HAZ.0& ¥ B2 S8 7015 2
e 7 T ARG THE AR 2 R R A AR S MR 2 1
R, 500 45 B AR A0 T2 P /KT~ 1 3 TR 1 R L
S AR . f£RME L, it Block Shrinkff
NEWRE R, 38 i M P R R BB A S P T D) 4
WL, XF AoSAXS FFRFAE H R B B 45 K R 4T H &
LA, THNHIERSNR N 10 75 O 0% I R B
HISNR A RS 5B #2tH Token-GatedE 4T
TR TSR PETURE I, DAY 58 45 ISR B AN 1 K i [
A—BUTRIR SR, W RRE 2 REZH L
(Gated Hybrid Multi-scale Transformer Denoiser,
G-HMTD)fdefe 4 Jm bR SO RE )1 5 R Al
TWIKERETT. T HERKY], Pt EEAR
SNR A T B HUAS AL A A — L8475 1% 72 (Norma-
lized Mean Square Error, NMSE){:f8; FF7EME S
DR MG THRRC S 4 sa 5T, ik viR
H RIS BRI

2 REgiRE

WMELFTR, AX%ETHz UM-MIMO F17%
Wi BB A s E i 5 . S0 (Base Sta-
tion, BS)RHAoSAZM, HM x MAFFE(E 1%
WE)VH, BN THEHRNx NDNREHRI(E1E
) H I SRS R R o NORFRFE 51 A5
— P, AU FH SCRR [14] AT T AR BR R 3 T X

R ICIAI PR N dpe = A/2, T FEREIEE A
dgay, = 56X, MNEB K. BT THZIEB K FLEFES

WO I BRI 12 3 °F T o] R [RIIN A7AE, AR
H 5 R PR BSAE ik i3 0 5, 8 LoNdg = 2D?/ ),
HA DRIRASAFEFfLE, 5N
D = V2[M(N — 1)dye + (M — 1)dyy) (1)
TEREINEREZMT, THz 51 /05 B 5 B
£ (Line of Sight, LoS)5%# TIFE i # 1% (Non
Line of Sight, NLoS) . 1025 [a] 38 {5 1 i 37 7] &
h e CM’N’x1 [lkiRH
L
h=>"Bi(f)alpr, 00, m; fle T (2)
=1
Hrb, LB, FRBEME. ¢, 0, nfinsy
MRRNFIZRBBEM T A FEESHE,
Bi(f), a(-) R~ B A2 T 6 5 BE 51w B fm) & . 4
r < dp I, SR BRI 3 W B2, T 2y > dp I
BB 7 i 15 L VA = = R 1 €7 = SN 14
AR AE . Fresnel S5 &R LA K 24 T 5 A1 5 &5 1
T3 FEA e B O RS, BLAR R 5 k[ 16],
IHAEAS PR IT
RR G ELE AR TE, 5| AT DFT
(A I - MR B P e CMIN*XMPN? SR 0 M I R i
REONR € CMINT )2 RIS A T T AU R R A
h ~ Fh*.
R P AEQ AN S [ M BS A% AH B 1E 2
AR RIRT S, 2B g A P BRREFSE b S 4
Wiz ) & ] 5

Yq = WEI;IB,qu%IF,q(Fh* + Zq) (3)

Hrh, Wiy, Wepo 200l £ E07 . BAE IF5E
FE, 2z, ~CN(0,02)) NIntEE i EgE S . Ko e
AT B AR U 1r) B e B R, PR S S R AT
S RHA AL B, 15 3 SEROULI AR Y

y=Ah+z (4)

IR SRS AR S R 2% HE B
N LTS TE A 1T
3 IEAERIBNFPN-NCASEEEITEE

RGRRAL BT VEAEARSNR 261 T (M R 4k 12
M P G TC () R, AR SCHR T — ol s SRR AN B e
MEFPN-NCAS. %75 LBl £y &
FE R A DL B i B A A 4y 3R AT IR e S T 2R A T
Ho? NN, TEAS)SIEREE M 5] NS &Rk
AL PER E LA, M SZILEE SNR 2640 T 1 &
ISR S Fe e TR

BARFFAEZR I E 2T R, o N PEE B S Ak
LRMERE PR 7. Hod R RORE A B S IE A



12

TR T W RN AN Bl R 0 44 R AR 24 KB MIM O TE A T 3

YA

LR

AoSAEHE

| awms L

2 BARGRIEHESE

TR, IEChNFEIE B S —BER . BRI
PRI AT 30675 B W EG 1538 1R = ATy, T
K TS A IR o2 BN, B N 4 JE F AT A
Y BB AR A R, BIAEANBY B DL 24 B A T At et
N, Gt R MR 2 T R T A 1 R
AOSART T HRFAE Ik &, T I 5] AN A (IR 2%
PR ST P28 HEAT SR 00 20 T 5 AR I8, i R — B
BRI, AL AR BSR4 T
3.1 SSREHREMIT

TES AT B, 4% 1 20 5 24 145 0 4 3
R BT 25 B T . ph R A 25 ) T 0
gt = AR, FFH S By K 5 gt = y—
Aht, FREEH BB K AL, 155

hip =h'+pAlg" = h' + p, AT(y — AR")  (5)

FIFIFIAOSA GRSl A4 LRk BT IS %
SR B REH % FRE R B HEAT E A F
AoSA R T 4L B G = R(hl,) € REMXNXN
HR()RFETHEHET. EmIEg e
J5, A SE A o R P Al o g [ e e 3
R, BB BN

FELRMEE B 2 )5, A SC i I IR i
75 FIH M 7 Th 2 AR, A R R T R
B 5B K . % 58 B 2 S SR A a0 4 0
MRERY, BRI — A ST A H P 135 38 3 AL 15 A
A W m A EE I Y = alh+ 25,
yD —alh+22 . H, of FEMEREARFEm
AT PO FA AR B A7 5 S0,
RAEZE AR Ay = v'a) —y&) = 200 — 22 I
B T S AE A 4 R MR A B R, AT
A5 W 185 KL 75 Ty o A 1A

1 Q1 )
=" |Ayn 6
o 2621m:1|y| (6)

Her, Qi RFEEFHNE. FEEKE NS
SFAFEAARLAEIRE B, T B SRR
KGR L 305 18 AoS AFRIL A5 #y P 4
AN BT N Npp 5RFFEUN,  ADR YR

'SR
-~
g
E | R0 RO=RD
« W ——>
E 2
m
ARt = __J
1 Q1 Ngr
2 2
= — A 7
g 20, Nar mX::l ; | Al (7)

HA, Ay, BARFEmANEE S ESEr X RFHE
b A WL L R R R 25, 2~
CN (0,0’%) s WAy, . ~CN (0,20,21) o K, oy &
o2 WAt th. AR IHEZE N

= (®)
VQ1Nrr

AL Npp =4, A5 2RO M 75 D) 28 A0 TF A X6
PR ZEA B 25% 1, WAQ > 4. KHBINEE
SH R, BEA Q = 128 46 Wl 5 S ff 5 A
AZ, BN QoA A TS H T ) 1 e S kA
B, WEFHITHNQu = Q + Q1 X TIRIGS
AR B A S AT 4 N Apitor = @1/Q « Q1 =4
B, Apior = 3.13%. M EE FHA S 5 HIEAE
LI A0, R 2 PR R WM . 5 R4
PR SR A B, ) 5 M a5 A R 4
SAUH T EEWM, 5] NSRS A
RO I 2 B 2 [a) iyt — 254
3.2 MEAEEHIELMIRE

TELRYER R 5 AoSAX S5 G, ARSI EERE S %
AL AR VK T B . %K 52 55 HH Token-Gate, Block
ShrinkMG-HMTD 3#53 20/, 43 T FBEgenT
SEME TR HE . MRS KRR R B R R DL AR
— Rk A . Horr, RHME S Dh AL 1T Dllge? B
TEAIFEANM L, TR T HERE. BEKES %
SR,
3.2.1 FHEMRE

mE3FT~, Token-Gate HAFEmIL . HFNEAL
RN T4 AR O3 o R, T A 3 R R R
PRI REAT T SEPE TR

B, ERFEgRSH, K AoSAXSFFRHE K
G R R MAASFRERHE R, &0 FRAE 48 A5 2 &
MNFRERGTRAE: B, BT RHE. AAbrgmid
WM % 1go? B, HIBILMERAR s
FFERIVIG R Etoken xf . fERFEARZH A, FTA ¥
FERFAE L £ Sk & JJ(Multi-Head Attention,

RSD(0s) =




4 BT 5 F B

e
HE

i 48 %

MHA ) FlHJ 45 M 4% (Feed-Forward Network,
FEN) AT IS FREAC B, 258 ENRH ez, H
TR s AT MEAERL & BE S B SORI M 75 26414 /5 1)
FIEEPERHIE. BJa, FENIEARY, dEa-FEAihi
(Average Pooling, AvgPool)5 [ T#HLH A4 Bl ¥
WEEAEE-s
gty = GateHead(TokenAvgPool( [T}, T, -+, ) 2]))
(9
FERF 4 N RRE B 5K B G AT e E AR e, 15
BRI

~

Gl = 9oy, © G' (10)

Hp oRRIE TR HRIE TR AL, Token-Gate
FIE SR N — MR E AT ERAENLS], AR 24
HIME SNR N AJ SE BRI 7 B me B, o8 f5 4
Block Shrink #24t5F2 % FIHIA -
3.2.2 MEE KM UIBEILLE

WME4FTR, Block Shrink & A SLIEL MK E
PR OB, DLTRSHE S I GL N, FE
AoSAT PR AFAE B b BAT R A 2% A Ah e g al vy
WCAR o 2 A B E R R AR S RN B i A 46 R 0 2
G T MR R N A A A A B B R, R AR T
PG BAAT M L G o

TEBMEAE R, 1 2 e VIR 48 g0 2 A2 %
fIRSNR 5 m SNR B S 0g 2 8] (i P AL L w(0?)
B J5 2 Z B AIHL (Multi-Layer Perceptron, MLP) %y
il 2B AR SNRAN = SNR AR AT T 114 18 1 45 8 -,
33

(= b auo(£r )V o2

@:w%%wﬁ}
Horp, o 5043 T R B ¢ AR KT R R SNR AN
I SNREA B, co(-) 5 o (+) Jo W 7 SR AR5
To BJE, ERMEBE T, WY& FiEs e
B B R

&= w(0”)e + (1—w(0?) &" (12)

I3 o8 R (1 05 B 5 7 A [ M 75 [X (]

2B, AT [F) A B SNR [ S 0 7

R E5ESNRF AR TR . Yl

ST T WEIR 224 G, Fe T XTI 1 38 3 2 95 4

PR A FRERHEER 45 02 Tpatch, 055 s AT
BEch g AR A, TR

Vie =/l bk 13 +ewn (13)

Horr, ey > 0 388 G v B8 00 % I H DA A
FasE o B JE LSO R rh B T B R € A 3 i e

(11)

3
¢!, = max <1 —~ Vtt ,0 (14)

%ot B i) e P URAR B, = <L b L, R
We4s 5 i patch ¥ B E 2 7 BRI, FHEid 1
FEG ISR G, -

Htt, Block Shrink f] # A 1E AoSA XS FF R
sk i b S S e g v . 5 1 e R
BOZTC R IR AR, A — T TR A T g R

REEYIIEe

Rt RHERE WELL:
| g
| | TR || x g
G* juizd )
! "{j:‘“ <
' = (=]
& g
FREM? s =
H
e BRI N
&l 3 Token-Gate
T S —
! 5D
: =
&
=
=
B
S
=
=
=l

4 Block Shrink



F12 [ SENEE N

N P SRR AN B e 1 4 R A 2R KBS MIM O TE A 1 5

FAF HIEAR B A B S BE ) B & SR, 51—
77 T8 BRI H ) R 4 UL IR & A 5 TEAE 1
Wl Jea 348 DX 320 PN ) P AR A B AR 1 . ZEARSNR %A
T, BRSNS R O EOE . EE
SNRZFAT, XAIRELRE R A RS, i
MR T A SCARSe VR (A% O BT
3.2.3 £ FEEBHFEIHEE

234 Block Shrink/&, i AFREAEH (1) 32 0k
Phisos S, SR BRI ARy B R
T LA B ik A4 Wk 7 A [ s 8 PR 4 R BE i 22 475 ] e A7
e, RN T FERIZIE A 2 L R 6 2 RO 48
WIKEAFIY . Nk, A —2EIFG-HMTD
B, ORI HEAT 42 Jm— R A o (R 4 o

WEsATR, G-HMTDHMINAGE, . 1A
FREL L AT B FFNASH 5 S5 1A 70 SO, 432138
=4 IE G = Gl + FFN(GL,) » [ I 2 32 17 4%
RIS A AN A B A E A wl 5w, HT
BV JR A G 9k 5 4 SR G SR AE TR B R TR

TEJR 2 RO s rp, Bk PLGE AN,
i i 3 2% A [F] 7 I 22 10 R B2 1T 43 25 5 A (Depth-
Wise Convolution, DWConv) PA f — 2k 4 J& P33t
1k (Global Average Pooling, GAP) $EHUA [A]/#5Z
B9 R B Jm B e N ARRAE o JRAEIETE 4EREAT AL S . FE
J&, FIFH@EIEEE /7 (Channel Attention, CA)H %S
[B]7F & 71 (Spare Attention, SA)XJ @A 5 ¥ J5 i %
FRIEFORMATENRE, MRS g ik = 5
FH O e N IX g, 45 B R A g A5 R G =
Hioo(Gh)» 1257 3 FERTFARAL Ja # X 81 2 R
YHHTIELENE, XA IR BRSO W 22 51 Gk 5
AR

fE4Jm B, RGN,

WIRAEITQKVIER /1. [T FFN 5 & 8 5k %
BEATES TR B RO, B[RS R RS RG, =
Han(GY) o ZEEAL K H BB L Restormer KU 15
P, TR E T RS TR KRR AR DG, TR
FMYAR 38 JR) R R S RIS T RE BB R A R R .
4, PRI SR, FLE I o SR BT N A HIE N
Ahd, SRIG-HMTDR 4 H

ét = wilt Gfoc + wéGglb (15)

ik, G-HMTDSLIL T JR#h 2 R 4iih 5 4
JR) BT SCRME R P [ R A
3.3 BEEEM

NIETFFPN-NCASHZ [ faet, ARCTEM
BCHE g vh 5 AR s A R ik ZE 4w L .
3ATHA, FEHE AR A R R . Nk
REMHBIEL R FHE MRS, 5IAERE Y,
(CE
hiy = (1 — ¢ )hig + b

=h' + (1 — ) AT(y — AR'),0 < ¢y <1 (16)

BE J5 R B 0% N 7S O A R RV T B 5 S
WERIGAER MK E R TN F(50%), FHINTRES
R, WFELE MR H 5 SN
higp = h + @i (Fi(hh;0?%) —hb), 0 <@ <1 (17)
Horb, o NEREGRTRRE . SAELME 7 R
U I Y P 4 N < 7 B e 41111 731 G NP ]
RIHZREH R, T2, HtZ8EEH
G—RIWN

R = (1= y)hf + yhipp, 0 <y <1 (18)
o, yNIERMER EM A R H1a0(18) AT
W, FPN-NCASH)Z[AIfaE M F 2ok g 2P K

ES A '

;QKV‘I}:%U?]—b[ I TH#FFN ]—»[ LA ]

HEFFN

AR =2

&

FR%E=3

o

3x3 DWConv
A =1

3x3 DWConv

3x3 DWConv

GAP branch

t
t
Gy, | Xwt

) 4 &
X w! <+>

W s

IEEIEINGS: L

& 5 G-HMTD



6 G

& B

B ok 548 %

RIZEPE—SMERIE . AR st LA LA R AR 2t ik 22
AT F7 LMW AR YR EAE H AR AR 838 i
A SRR Lipschitz O 4e 2 1, TR AR B B ml ML A
Jey W e e G, AT PR IR X AU RE RO R E
[EEZP

SKBRERERS ,  ASSORIE A AT P2 (S IE A 145
(RIAR S AR B 5 4 1B IE AR i ek T
TR E BIA B i KIEAUE R 41k

4 SWHESERDH

4.1 FEHIERR

NIRRTV S T IEAHE B EARE R, AR
FAINMSEfE N OV FE bR . X BN IR A T 5
HAGTHEE S B FIE 2 MR ZReE, JFLAESK
fFiEREHITA—M; b5, EHAESNREMT,
Ko A= RN EEAS [ T — R Z BT, {F NiZSNR
MG R,

4.2 HESH

o T A T B EFPN-NCAS ) #5915 18 15
HBHUNERLFTR.

W ASCHIBAEEE, [FIRER IS SCHR[14]) 77 5,
AN FE A AR 4 VR A 3 A AR B2 ] AoS A {5 18
FERE, BE S5 E A DF T SR R 4% 1B 1% s
e IR, P AR R i 208 W R X A A e
ATERVERI, B 0 A2 v g 75 A5 200 A & . A
I 1) A TE 3 TR S B oA 0 41 3 B /b 2 3 2 00 56
FARHE B8 A o M IS e S D R A B 02, E
N R4 TR R R A ON o I S a0 ) AR I
Bk S A A5 B A A £80 000, 500025000

A S5 I 5L B INVIDIA GeForce RTX

4060 Laptop, FTH¥Ei Apython 3.8.20, pytorch
1.13.0, cuda 11.6. IR N150%8, LK/
N64, KH AdamW flitbds, ETMESEMIY]
BE I HWN0.002, B 2K AH S S U I 46
IR N0.004, UM SEAE 7 385 21 5 UK.
4.3 LWERSHH

AT T A R RV T IR FPN-NCAS 7
EIETHz UM-MIMOR &3 % W 24 1M RE .
P B A LS. OAMPUS, ISTA-Net+!191,
FPN-OAMPM L)L & FPN-OTFN®2I, Haifg TLSEH
OAMP LG 5341, ISTA-Net+ N iR FE i T
AV, MFPN-OAMP5FPN-OTENY & T A
Bl SHESE B R
4.3.1 MEEESD I

HE6(a) "] ., FPN-NCASYEHTA MASNR 4
IS BARNMSE, Ut B e 75 25 AR S ML g
B ER AR R 7K T S ER ERS . BRI &,
fE SNR=0 dB ¥}, FPN-NCAS#ttFPN-OAMP
FIFPN-OTFN43 3k 15413.0 dB 111.9 dBAINMSE
W25, FESNR=20 dBIF, 5 —H4 KFEL4.5 dB
2.6 dB. [El6(b)5El6(c)#% ], FPN-NCASTESNR=
5 dBIf 2132k BFE &, fESNR=15 dBHKf 2
SEETHRE, BBy M2, FPN-OAMP
FFPN-OTFN ) e £ AG AR, ISTA-Net+ 1%
UL o 1% UL B4 T VAR SR TG TR
FE B[R, A B i AR SR e 1
4.3.2 &%

NIRRT SR AR R IR e 1, A
NEE ST WS DR TR MRS A
RIC A5 T8 Gt A8 4k UL R 85 6 3 30 45 7 T gk 47l

x1 BOFEERESH

S8 BEHIRf(GHz)  FHEHEM?2 REWISCHEN?  RENEHde(m)  FRERNEd,m) SHKEQ  SMMAKL
g 300 4 256 2x10* 0.056 128 5
2 0 %
0t -3 "
-2 A b A
S A =6 Fl\s A
m AT e i a9 F S \&
~ \ ~ -12 N B
m -8 r ‘ e
2 \ NERZEEEE R
E -10 r \ = \ \
“z -12 1 A z 18 \E‘\z—-a-—a—ﬁ—-a—ix
-14 + \E‘\\:fu—&{‘fnfﬂmf 921
-16 *24 B
-18 KL LLLLLL 727 |
0 5 10 5 10
SNR, (dB) IEHZEEL IERIEH
—~FPN-OTFN  -=-FPN-OAMP -4- ISTA-Net+ » FISTA —+OAMP -<-LS —FPN-NCAS

(a) ARIFENMSEX L

(b) SNR=5 dBANR LSO LL
B 6 AFRHIENMSE KSR s

(c) SNR=15 dBA AL S0 b



F12 [ SENEE N

N P SRR AN B e 1 4 R A 2R KBS MIM O TE A 1 7

Ko NKIEE R F AT X R M 5 i RS FE R I &
SEAG I PERE R R, A SCEHE— A F QT
INMSEZE R o AR SCERNIEIQ, = 4, FINFHIT
1% Q1 /QTHE, oo MXIARHEZE 11/ /Q1 Nrr i1 5.
TR T AR Q) FIBANFIITAE . 5 7140
X Am e 22 UL KK B R NMSE 45

2T W, 4Q, = 18, o SHFHN
0.78%, VLU FTHE M 28 0 W 5 Sk A iR 2 B —E &
B, {H I s RH MR RS ) R Ak T 0 AR R B 7 22 15 B
50.00%, it BH 4\ I 25 [ e s 2% A AT A7 AR 3K )
BEHLI BN . BEE QI K, oo HIAR ST b v 22 123 %
ik, NMSE&RMZ Ll TIRE. MQ =48, #
ANFATTT A N3.13%, R 75 T A T R AF T A v
ZEKZE25.00%, [FIRF£E0-20 dBYE N 24
FEMNMSES: . k4% Q1 KE 816k,
NMSES M8 /N, 15080 B 2 S 4k a3
JE AR S A BR o DRI, A SO R0 AR X b
AR BNEL SIS Q, = 4FE NN KE,
DATE SATTT4H e 75 Al TH ] SE PR A i XA NMSE P R
Z A EAS R T

NVTA SR W S S AN ER R M SR, TE
FHEZR B BT A N X 8% (14 Wi 7 )y Ak 1A e o 2 g A
B B IEUENE A KR 2 BN Rl 62 = 102,
b e{0.5,0.8,1.0,1.25,1.5,2.0}, F A E [ 5E
mE7(a) i, fERP R X A, € [0.8, 1.5

Fl, #%SNR FNMSEZ{LE/N, 1B A B 6 A
0.3 dB; 24 H AR it 2 C i A 00 %52 3145 B 2 M e
B U B AN S PR RS D Fe il R 2 B R AT
Y3 1

DGR R A G IE R B RR T, AR SCmE
T I R R FEAE, IR 5] ONAH A (0 g 7 A ik v g
AT . Hodr, A AR AR R AR R0.8,
ik 3o Mg 7 D ik o AR SR BN 0,05, TRA BN
25, E7(b)gs 73R A 3 A N FINMSE-SNR Hi
2k, K7(c)%H TSNR=10 dBH 1B FEANMSE-
CDF. Z53KH, REWHEHSSFEMERREM, H
FPN-NCASTE3F M /5 26 4 R A 8 44 T FPN-
OAMP, it B H AR 75 73 A R fic T~ B AR E IR
FEAR R ZE R M

K3GH TARGER M S
Fo MEBIRE AN FAE, MR AL
Mz, NMSE 4 iB460.15 dBAI0.08 dB;
M ERAERHEL L=WE B L=3~4F, HTHE
EEMEL, NMSE#E—3 N ML=6~7K, #
oy EH NS BNMSER BRIA T+, 45 7R HFPN-
NCASKH7 X 18055 A Fl ik A A L g — e &
Bk, BENSAE SEMH Siit 2 B 5 SR A S

ST R B 7~ T Token-GatefE 45 #3LsN F HY
AR, Hd, E8(a) XN AoSA T BT BEHL
HHE, o Altbi el EHE+ LGate I HEHE+

*® 2 TRIEESIIX TR A8

() A (%) AERBRE 22 (%) 0 dB 5 dB 10 dB 15 dB 20 dB
1 0.78 50.00 -12.94 -17.57 —21.32 —24.42 —26.58
2 1.56 35.36 -13.02 -17.64 -21.36 —24.45 -26.63
4 3.13 25.00 -13.07 -17.68 -21.38 —24.47 —26.66
8 6.25 17.68 -13.09 ~17.69 -21.39 ~24.48 ~26.67
16 12.50 12.50 -13.10 -17.70 -21.40 —24.48 —26.67
— i 4 —
12 - — —— 5 1.0 7 =
Q | /4.
-10 ¢ 08 - /i
16 . “\\ I
% \1)—{)7[}—()——41 % T \\\\,\Q\ 06 / /A
= Z - = L 061 1
@ -20 @ \\‘*?’Q\ : a / [
1) %) NN o 1
= = 20 o SO0 04 r [/
Z Rt Z )\( S~ / I 1y
24 [———0——0—— -925 P 02 F I
v - I T
L & /.
SN S ///
_9g L | ; 30 | . ; o L2z | ;
0.50 0.801.00 1.25 1.50 2.00 0 5 10 15 20 -20 -15 -10 -5 0
ISP N WiSES SNR (dB) PR ANMSE (dB)
©SNR=0 dB = SNR=5 dB SNR=10 dB ©- FPN-OAMPH#EMEF o FPN-OAMPH A o FPN-OAMP kb /=

< SNR=15 dB <+ SNR=20 dB
(a) M 75 Th3 R ALNMSEXT Lt

o FPN-NCASHE kMg 75

(b) W75 73 A KA FNMSERS b

o FPN-NCASH (2l 5

7 W )y R 5 g A R

FPN-NCAS kg

(c) NFEWEFE A N EFEANMSEKCDF



8 R

2 %

48 %

Gate =M &, KES(b)Xt M RFEEMEE /AHAL KA,
Sl R ME . RERIC+ TG Gate MIRF KRBl +Gate
=MikE.

SRR, TEASATREMUTATEL M4 T,
Token-Gate/ESNR=0, 5, 10 dBHf#i%fno-Gateft]
o 2 N 3.38, 5.86819.41 dB; {ERFIRIE /AH
RLRBCARAE T, MBS h4.14, 5.43F17.02 dB.
ZaE B, R4 Token-Gate A& 3R M G Tt
) F TR, HESHPLBN 5N el B2 s i
ZAE Tk

NN Token-GatefE RFHENE B 5 AH A FEALIE
B R 2 AEUE, A SCHNFE 2 IRBE LI B Gt sk
. WA RRFEEM B BRI ¥ Ng = a0,
H, o RIONRFEERERIIF T, ¢ XRRF
FEAHAIB) . ARSCKRA WM TR o =
exp(u;), wi ~N (0,0.10%), ¢; ~ N (0,0.20%) . KB,
RF %% M8 B 30 30 R o 19 35048 R0 b A 22 93 0 208
1.00510.101; AHALHEBN ¢, B FIME AFRHEZE 73 301 A

“10 b
19 L
1 b
16 L
18 b
Z90 b
722 C1 1 1
5 10
SNR (dB)
O e o FEH+Gate H 4T Gate
(a) AoSATFEHEHE

NMSE (dB)

(e}

0 radf10.20 rad. 7EZIENER T, AL AE AL
20HRFEEMRAHBENL LB, FH o0 il “RF %K
fii+Gate” 5 “RFKEC+no-Gate” WA E TH)
NMSEXJE FARHE

H&4n] W, 3 Token-Gatef5, 0, 58110 dB
T HIFHNMSE S5 H1-7.665, -8.9315-8.856 dB
M3 4 -10.794, ~13.0015-13.510 dB, X RiF35
Mg E A N3.130, 4.07154.654 dB. 45 B8,
Token-GatefE Z X FEHLRFEENE AP BN T A5 6E LR
FaE BIPERROLE, B0 1 H 1R /REFES T S
REHERI R ZE AL FRADH KIAE . Ae B RF HEAE 1
A= R BRI EN -
4.3.3 HRAXTEE

YR T 7V R (R 22 e 5 b
%, ACXFToken-Gate, Block Shrink5G-HMTD
BEATHAL . HE9(a) AT WL, % FRBlock Shrink
Y SUBIAE 53 >C b I, A AYAE A SNRYE [ 4 35 H 3L
B ERRIR AL, U BH M P 2% A AR i i Pk

722 C1 1 1
0 5 10
SNR (dB)
O W o RFK[(+Gate RF &AL+ T Gate
(b) RFFENE 5 A R iE

8 AoSA T 5 HE-S5 REYR MR AH A7 2k i

% 3 TRINHSEBERFZHTH NMSE xftt

It I3 | AT AR NMSE(dB) AHXTAZ L (dB)
X 35873 A S REH—~iEY ~20.57 +0.15
DX 35853 A REY—~TY ~20.64 +0.08
F AR L=3~4 Vi -21.84 -1.22
TR AR L=5 P4 -20.62 0
EBAHmE L=6~7 P35 -19.22 +1.40
% 4 RFHEIREELFENILEN T BT oken-Gate St i+ 30 iE
HiH GTXI R /T 5] FRife 2 0 dB 5 dB 10 dB
i EE B3 a; 1.005 0.101
AHAI RSN @i 0 rad 0.20 rad
NMSE RF KL +no-Gate ~7.665 + 0.523 -8.931 + 0.765 ~8.856 + 0.883
NMSE RF KL +Gate ~10.794 +1.083 ~13.001 +1.892 ~13.510 + 2.501
BIE no-Gate-Cate 3.130 + 0.563 4.071 + 1.145 4.654 £ 1.657




$124 TRAE AR M R BN Bl R 2 )RR 248 K MIM O/ S i 1 9
1.0 ‘
0.8 /;/
e 0.6 :
8 |
© 04 |
|
0.2 }
1 0 1 1 : 1 1
0 5 10 15 20 -30 25 -20 -15 -10 -5 O 0 5 10
SNR. (dB) FFEANMSE (dB) FFEAANMSE (dB)

o SRR — i = S O

-+ FEFEToken-Gate — ] E - FORT

-0+ £BRBlockShrink split [ EBFL

“+ EFRG-HMTD
(a) Y R LG

(b) BFFANMSE-CDF

(c) TEABIRZAT T HIZAEARANMSE S Af

P9 Y ROt Eb 5 8 75 S AL T RRAL B IE

FEELARIE 35 10 BRI AFRG-HMTD /G MRk
2, ULHIZERE E IR S RE e R SRR A iR = AL
FZERIHME ;. J: e Token-Gate B AR5 SR (1B fbAH
ST, BEREANSNRIE F AR, R 1Z5H
LRI i 45 K TR HEAE P

DU IE R R SR Y R ) e PE TR
AL i SRS « BEATLES G5 [ 5 2% 1 = g s
SARSENg . Hoh, FEUERCH R M REARN S
FLULI g 7 7P — ER R I S TR A B 025 BEAL
S C T ST T 75 A B o 2 AR RE A 4 P AT BB B
s [ 5 A RIS BT FE AR [ — [ 52 e 75 2
o2, MR RRIERE AR 2% . E9(b)HT
Wt B AN [] gt 75 2% AP R S Xof A iR 22 0 AT B RS
P9 () M T 15 B P BB 1b A2 75 20 o s 1 A
. SRR, HIELMLL, FEHLES B E e
AP R X B CDF S BAA 4, 1 ANMSE &
BAEPEIEXE, WHERTHEAZHDES T
FEARGIE, TMmirir T 258reA. Fit, B
7 A B N A S I S K OE BRI R
K%
4.3.4 T RO

FEUEFPN-NCASI 5 @G /1, A0
— SRR R R . &G ODIRR N
f. =300 Hz, ##5% NB =15 GHz, T#HIEHAN
K =32, &1 # kL= A0 5 il 41 & 2% Ak 46
AR, 28 kAT 20k b i 46 00 A 2 A) 55
ylk] = ARk + z[k], k = 1,2, K. HTALIE
BTy R AR WL AE B 150 01, B8 Al SR FH 48
W IR E GG, FFTE324 T 8RB B 58 7
Ak LT o, 158 FPN-NCAS-WB. K10
F W, FPN-NCAS-WBTE % #7375 N 8K T
FPN-OTFN-WB, FPN-OAMP-WBHIISTA-Net-+

-WB, Ut T k& & T A & E A A
BEGHIEREE ). FEREIE, T8I 5
RIEPEVEIRAL . T RISl T I AR 58 b
AR RS TAE D 5t .
4.3.5 EZENT

N T FPN-NCASIE J: ETF84, AXLAE
G — LT, AOAMP, ISTA-Net+, FPN-
OAMP, FPN-OTFN DL & FPN-NCAS ] Bk A |
AR A B AT St

HMESA LG, FPN-NCASHIZH&E. 5
AP 2 HE BRI R] 4 50 08 0.523 M, 1.764 GAl
251.33 ms, = AN k. SFPN-OAMPAHLL,
FPN-NCASHIZ# & H0.362 M IN%E0.523 M,
THEER0.888 GHINE1.764 G, “FIHEFLNS A H
64.89 msHi 1% 251.33 ms, ZIFHY I ERIE T 1
A AR R E L fE . Rk, FPN-NCASTE
FEFHh TR B AN S R B 5IN T R S R
HRPE . JEBE AR — B T B A ) A e s
B, DABRAR SEBREE T4 .

0 5 10 15 20
SNR (dB)

© FPN-OTFN-WB = FPN-OAMP-WB

4 ISTA-Net+-WB 4 FPN-NCAS-WB

10 FEw 375 FNMSEXT Lt



10 7 5 F B % MR 48 %
* 5 TRERNERETL
Y ] 2 IEAZEL Al GSHE (M) HHHE(G) -S4 FR N 1] (ms)
OAMP - - 0.065 7.71
ISTA-Net+ 15 0.454 0.181 31.76
FPN-OAMP 15 0.362 0.888 64.89
FPN-OTFN 15 0.179 0.701 150.47
FPN-NCAS 15 0.523 1.764 251.33

5 4EERIE

AR F THZE KA MIMOR & 518 it
W, FRHT AR S KA A B S N 4 FPN-

field channel estimation for extremely large-scale terahertz
communications[J]. Science China Information Sciences,

2024, 67(9): 192302.

. . . 8]  RIEM, I, KA, 5. S84 EMIMO/E 18 2 J

NCAS. MORBMEEREEAFANEEA R e e dry ti7e e

ETHEFEANIEL IR E R, H 456 Token-Gate, doi: 10.11999/JEIT250436.

Block Shrink?ﬁ]G_HMTD’ %fﬂ%@éﬁf@ﬁ?ﬁ\ D;Eé YUAN Zhengdao, GUO Yabo, GAO Dawei, et al.

%%’ﬁ%{ﬁ%ﬁﬁﬁ}ﬁ@?ﬁ%ﬂﬁf%éﬂﬂ’f{iéﬁo ﬁjﬁéé‘:%ﬁ Parametric holographic MIMO channel modeling and its

], FPN-NCAS7E0~20 dB SNRYE il A HUS T 42 Bayesian estimation[J]. Journal of Electronics &

MHINMSE, FF7EME S DI 2 vHREC . S 40 A Information Technology, 2025, 47(11): 4176-4187. doi:

[ =B (S ey 2oy B vl 8 S S N TS S 59 1 10.11999/JEIT250436.

et 5 EM. HrR TR T EEGK [9] LI Yuanjian and MADHUKUMAR A S. Hybrid near- and

WHEERE, Febiit—SFREREA KT, FE far-field THz UM-MIMO channel estimation: A sparsifying

[ EEA . ZHE P B IE AR Y iSRS, matrix learning-aided bayesian approach[J]. IEEE

) Transactions on Wireless Communications, 2025, 24(3):
% % jl Tﬁk 1881-1897.

[I]  HE Yuanzhi, MA Chensheng, ZHU Zhongbo, et al. [10] ¥EM, XIMER, RKE, %5 EFBEBERREEIN
Terahertz communication payload architecture for space OTFSTEIEAMTH[]]. BT 51E B3R, 2024, 46(2): 680-687.
information networks: Challenges, key technologies, and doi: 10.11999/JEIT230072.
trends[J]. IEEE Network, 2026, 40(1): 107-114. PU Xumin, LIU Yanxiang, SONG Mixue, et al. Orthogonal

[2] JIANG Wei, ZHOU Qiuheng, HE Jiguang, et al. Terahertz time frequency space channel estimation based on model-
communications and sensing for 6G and beyond: A driven deep learning[J]. Journal of Electronics &
comprehensive review[J]. IEEE Communications Surveys & Information Technology, 2024, 46(2): 680-687. doi:
Tutorials, 2024, 26(4): 2326-2381. doi: 10.1109/COMST. 10.11999/JEIT230072.

2024.3385908. [11] GAO Jiabao, CHEN Xiaoming, and LI G Y. Deep unfolding

[3] HAN Chong, CHEN Yuhang, YAN Longfei, et al. Cross far- based channel estimation for wideband terahertz near-field
and near-field wireless communications in terahertz ultra- massive MIMO systems[J]. Frontiers of Information
large antenna array systems[J]. IEEE Wireless Technology & Electronic Engineering, 2024, 25(8):
Communications, 2024, 31(3): 148-154. 1162-1172.

[4]  LIN Cen and LI G Y L. Terahertz communications: An [12] WANG Kuiyu, GAO Zhen, CHEN Sheng, et al. Knowledge
array-of-subarrays solution[J]. IEEE Communications and data dual-driven channel estimation and feedback for
Magazine, 2016, 54(12): 124-131. ultra-massive MIMO systems under hybrid field beam

[5] SHA Ziyuan and WANG Zhaocheng. Channel estimation squint effect[J]. IEEE Transactions on Wireless
and equalization for terahertz receiver with RF Communications, 2024, 23(9): 11240-11259.
impairments[J]. IEEE Journal on Selected Areas in (13] X, FiE, SFooT. n) Sk 5 Ae b R T A B (0 S 2% 25

Communications, 2021, 39(6): 1621-1635.

[6] TARBOUSH S, ALI A, and AL-NAFFOURI T Y, et al
Cross-field channel estimation for ultra massive-MIMO THz
systems[J]. IEEE Transactions on Wireless

Communications, 2024, 23(8): 8619-8635.

[71  YANG Songjie, PENG Yizhou, LYU Wanting, et al. Near-

AR R L 2 SR MIMOAE I A 11 [J]. T 515 B3k,
2024, 46(10): 4002-4008. doi: 10.11999/JEIT240584.

LIU Ting, WANG Yuan, XIN Yuanxue. Deep learning-
enhanced massive channel estimation for reconfigurable
intelligent

surface-aided massive machine-type

communication[J]. Journal of Electronics & Information


https://doi.org/10.1109/COMST.2024.3385908
https://doi.org/10.1109/COMST.2024.3385908
https://doi.org/10.11999/JEIT250436
https://doi.org/10.11999/JEIT250436
https://doi.org/10.11999/JEIT230072
https://doi.org/10.11999/JEIT230072
https://doi.org/10.11999/JEIT240584

12

i

TR T W RN AN Bl R 0 44 R AR 24 KB MIM O TE A T 11

(14]

(15]

[16]

(17]

(18]

THz Ultra-Massive MIMO Channel Estimation via a Noise-Conditioned

Technology, 2024, 46(10): 4002-4008. doi: 10.11999/JEIT

2017, 5: 2020-2033.

240584. [19] ZHANG Jian and GHANEM B. ISTA-Net: Interpretable
YU Wentao, SHEN Yifei, HE Hengtao, et al. An adaptive optimization-inspired deep network for image compressive
and robust deep learning framework for THz ultra-massive sensing[C]. The 2018 IEEE/CVF Conference on Computer
MIMO channel estimation[J]. IEEE Journal of Selected Vision and Pattern Recognition, Salt Lake City, USA, 2018:
Topics in Signal Processing, 2023, 17(4): 761-776. 1828-1837.

HU Zhengdong, HAN Chong, GERSTACKER W, et al. [20] T&74R, BAPH, BRESR, 5. HMBKHZE KGR S ) EE
DiffPace: Diffusion-based plug-and-play augmented channel flTHEE]. IBE AR, 2025, 46(1): 144-156.

estimation in mmWave and terahertz ultra-massive MIMO YU Shujuan, ZHAO Yang, WEI Yuyao, et al. Deep learning
systems[J]. IEEE Journal on Selected Areas in channel estimation algorithm for ultra-massive terahertz
Communications, 2026, 44: 2559-2573. systems[J]. Journal on Communications, 2025, 46(1): 144-156.
DOVELOS K, MATTHAIOU M, NGO H Q, et al. Channel

estimation and hybrid combining for wideband terahertz sRiE T B, mR LRI, WHAOT ARG IR
massive MIMO systems[J]. IEEE Journal on Selected Areas T H, WitAE, FRARANLLERE. FEMbi. wEF
in Communications, 2021, 39(6): 1604-1620. RS

ZAMIR S W, ARORA A, KHAN S, et al. Restormer: WhE: B, B, M7 EiE. ST EASH AR
Efficient transformer for high-resolution image T

restoration[C]. The 2022 IEEE/CVF Conference on XTEHE: B, RIS, PRI LR, FIERZALEE. )

B epii RN

Computer Vision and Pattern Recognition, New Orleans,
USA, 2022: 5718-5729.

MA Junjie and LI Ping. Orthogonal AMP[J]. IEEE Access, ST A%

Fixed-Point Network

JIANG Zhanjun
(School of Electronic and Information Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

ZHANG Huawei NIU Yaning LIU Yingting

Abstract:
Objective Terahertz (THz) Ultra-Massive Multiple-Input Multiple-Output (UM-MIMO) systems are expected
to support future high-capacity wireless communications. However, accurate channel estimation remains
challenging under hybrid near-/far-field propagation and Array-of-SubArrays (AoSA) architectures, where
limited Radio-Frequency (RF) chains, low Signal-to-Noise Ratio (SNR), noise uncertainty, and structural
perturbations degrade compressed observations. Existing compressed sensing, Bayesian inference, and deep
unfolding methods generally rely on fixed statistical assumptions, which limit their cross-SNR generalization
under varying noise conditions and statistical mismatches. To address these limitations, this paper proposes a
Noise-Conditioned Fixed-Point Network (FPN-NCAS) for robust THz UM-MIMO channel estimation. The
proposed method aims to improve estimation accuracy, cross-SNR generalization, robustness, and iterative
stability by incorporating noise-aware nonlinear recovery.

Methods FPN-NCAS is developed within an Orthogonal Approximate Message Passing (OAMP)-based fixed-
point unfolding framework. A coarse noise power estimate is obtained from repeated pilot differences and
injected into the nonlinear recovery module as an explicit conditioning variable. After each linear update, the
vector-domain estimate is reshaped into an AoSA-aligned tensor to exploit subarray-level structural priors. The
nonlinear recovery chain consists of three components. Token-Gate performs lightweight subarray-level
reliability pre-calibration to suppress unreliable responses under low-SNR and structurally inconsistent
conditions. Block Shrink serves as the core noise-conditioned block-sparse proximal operator, in which a smooth
dual-threshold mechanism balances strong denoising at low SNR with structural preservation at medium-to-
high SNR. G-HMTD(Gated Hybrid Multi-scale Transformer Denoiser) further refines residual errors by
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combining Local Multi-scale Enhancement and Global Context Modeling. Bridge relaxation and nonlinear
residual scaling are also incorporated to improve inter-stage stability.

Results and Discussions Simulation results demonstrate that FPN-NCAS consistently outperforms LS,
OAMP, ISTA-Net+, FPN-OAMP, and FPN-OTFN over the 0~20 dB SNR range (Fig. 6). At SNR = 0 dB,
FPN-NCAS achieves Normalized Mean Square Error (NMSE) gains of approximately 3.0 dB and 1.9 dB over
FPN-OAMP and FPN-OTFN, respectively. At SNR = 20 dB, the gains increase to approximately 4.5 dB and
2.6 dB (Fig. 6(a)). The convergence curves show that FPN-NCAS reaches a stable plateau after approximately
three layers at SNR = 5 dB and five layers at SNR = 15 dB, demonstrating stable fixed-point iterative
behavior (Fig. 6(b) and Fig. 6(c)). Analysis of repeated pilots shows that four repeated pilot pairs introduce
only 3.13% additional pilot overhead while reducing the relative standard deviation of the coarse noise power
estimate to 25.00%. Under moderate noise power mismatch, NMSE degradation remains within 0.3 dB. The
proposed method also maintains strong robustness under colored Gaussian noise, impulsive noise, near- /far-field
distribution shifts, variation in the number of propagation paths, AoSA subarray shuffling, and RF
amplitude/phase mismatch (Fig. 7 and Fig. 8). Ablation studies indicate that Block Shrink provides the largest
performance gain, whereas Token-Gate and G-HMTD further improve performance through structural
calibration and residual refinement (Fig. 9).

Conclusions This paper proposes FPN-NCAS for noise-conditioned fixed-point channel estimation in THz UM-
MIMO systems. By integrating repeated-pilot-based noise conditioning, AoSA-aware feature reshaping, Token-
Gate calibration, Block Shrink recovery, and G-HMTD refinement, the proposed method improves NMSE
performance, robustness, and iterative stability under different SNR conditions and non-ideal scenarios. The
improved performance is achieved at the cost of higher inference complexity. Future work will focus on
lightweight implementations and extensions to wideband, multi-user, and hardware-impaired THz
communication systems.

Key words: THz communications; Ultra-Massive MIMO; Channel estimation; Fixed-Point Network(FPN);

Noise conditioning
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