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Abstract: Accurate channel estimation is critical for the reliable deployment of orthogonal time frequency space (OTFS)
systems in 6G high-mobility scenarios. To further improve the channel estimation accuracy in OTFS systems, this paper
proposes a channel estimation algorithm integrating the basis expansion model (BEM) and a bidirectional long short-
term memory (LSTM) network. The proposed algorithm first uses BEM to reformulate the channel estimation problem
in the delay-Doppler (DD) domain into a basis coefficient estimation problem. A bidirectional LSTM network is then in-
troduced for offline training and online prediction of the basis coefficients, and a self-attention (SA) mechanism is incor-
porated to strengthen global perception of temporal features, enabling high-accuracy estimation and dynamic tracking of
the basis coefficients. Building on this, a low-complexity two-stage equalizer is further designed. Channel information is
reconstructed from the estimated basis coefficients, multipath effects are mitigated via a single-tap equalizer, and a log
likelihood ratio based iterative interference cancellation (LLR-IIC) algorithm is employed in the DD domain to suppress
residual interference induced by Doppler spread. Simulation results demonstrate that the proposed algorithm offers sig-
nificant advantages in channel estimation accuracy, generalization capability, and complexity. When combined with the

proposed equalizer, superior bit error rate (BER) performance is achieved while maintaining low complexity.
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TCEU'®), 7F SNR & fF P B3, Rimm2 %
T T AR E R, BIEA M 4. OTFS- B -
BEM-Bi-LSTM-SA #1% T- OTFS-iROMP £ fi. SNR I o[ omencene T
T80 A 161849 2.8dB (R NMSE 18 25, 7F 5 SNR 1% ot
T NMSE 1 25 %) 1dB L4 F. %43 % Jy 500kny/ =2 oroustu s
h, BT CIR fE— A5 i | Py P22 fk, OTFS- i ’ 10 N
CCEAIOTFS-TCE [fy NMSE P£f | g ks, Jf B4 T3 B A S00km/h A [ 18 fh TH 521 NMSE 14 fg
7E /= SNR X ks T fl, 3% B G P i BV DL
KRR RN A2 5 18 () B A Re I . T OTFS-BEM-Bi-
LSTM-SA. OTFS-iROMP #1 OTFS-BEM H [X] K %
F1T BEM X BRI AR (e B E 47 0L, 32 1 15
T I PRE AR Y, i NMSE 14 G475 #E BE SNR 1 KR a
T M. 4 ¥ %y 1000kmh, OTFS-BEM-Bi- =
LSTM-SA 7£ i 5 SNR 2k 14 I 43 {2 5 5 )t NMSE 1t ]
. HICRAERDE TR, 1000 kmm FEDISREE 5
W, IX 3R B OUA LSTM Hif 3K 1 = 3 i P R A 28 SA 8 1gs | AT OIS ToEl
WUt REEE, WA RN R R 3 A AR e otes ol
B, RO BTN AR BNz AL RE )T A 1| osrwansmusa

FNEE =, MIEEIELE OTFS R4 AL
OFDM #4144 1 . I NMSE 423, [X°4 OTFS
76 DD AT 15 S A0 FE, @I ISFFT AR e {5 5 ik
U2 TR 3Pk A, I 7E DR AR (5 18 T RE B8 A AL
WA BT AN RN B E S Re R, IRTHEEM T

I I L
15 20 25

SNR [dB]

FEls R A 1000km/h AN [ {5 38 Al 715092 (1) NMSE 14 68

0 5 10 30

Kl 6- 1 7 FIIE 8 L T AR 7 RAE AN A Bl id
FEZAT T B BER PR RE. i A 100km/h, AN[E] 7



XX

T EEAE TR R AR BRI LSTM 45 ) OTFS {538 il v 5512 <11~

2% () BER T RE i % SNR 39 K big R P . Hodr,
OTFS-iROMPU!SVIE o 11 i3 52 b B0 B4 v 5 35 R 50
Kl R B R AT R A, 2 s FR A 55 T
OTFS-BEM, [ It BER 1 68 % 1L . M A
500km/h, OTFS-CCEWM#ERE i3 NI, BAiZ
BOEMETEE A, MDA SRR CSTR
#ARME . OTFS-TCEUSftfpe i 22, W NTE M
B il 2T, 1R AE R SNR X 2> tH H R AY
FEB SR . 2N 1000km/h, [ifi % SNR 8k,
OTFS-CCE. OTFS-TCE. OFDM-BEM!!'"l | OTFS-
BEM 1 OTFS-iROMP 2 AL 2] T R IR . 7EA R
B 41 F, OTFS-BEM-Bi-LSTM-SA ff] BER
PEBE BB i b 26 7 X — FEAR STk, X i B
T HR BOAS TE A TSR R R AT, I HE I N 3
W JETHBE T TR, BRI BER 4 R 420 5E
EEEMIT S MMSE I & I R . R,
OTFS-BEM-Bi-LSTM-SA [f] BER £ §E )t T- OFDM-
BEM-Bi-LSTM-SA, Xy DD 38 {5 i i B 2 A 2%
AF . WEER IR, {4 DD S 4 B 68 1 — 5 1Y
BRICLI s, ARG SR

10°

107 b

102

107° b

—&— OTFS-CCE[15]

10" Y —se— OTFS-TCE[16]
OFDM-BEM[17]

—&— OTFS-BEM

10-5 ||—%— OTFS-ROMP[18]

~ ® —OFDM-BEM-Bi-LSTM-SA
OTFS-BEM-Bi-LSTM-SA

k% (BER)

—4&— OTFS with perfect CSI

106 L L L
0 5 10 15 20 25 30
SNR [dB]

El6 #zhil ¥l 100km/h A~ A 77 % () BER P g

9 AT 10 73 7% b 7 24 SNR=7dB Hll SNR=
23dB & M T AN [F] 38 FE A [F] 45 38 A 1F 520925 (1 NMSE
PERE. b, WK BT R R I ARAE AR ST I
F:F BEM (1) Bi-LSTM-SA [ 4% £ 8 3)I| 25 ik 72 v
Mo MMEGR EE, ARFER NMSE 14 i 4Rk
O E RN N B . AR SC R H 1) OTFS-BEM-
Bi-LSTM-SA 3 3l tH iz (i T A 5k A = PR RE
e AL =ik st . I B B EE AR
FERR SRR, UEBH T BT A A I 2 A B A SR

10°

~ N
&0 N
1] &)
~ ~
N
B ~
5 »
&
1072 >
E —A— OTFS-CCE[15] ~
= —#— OTFS-TCE[16] >
OFDM-BEM[17]

—&— OTFS-BEM
—— OTFS-ROMP[18]
~ ® —OFDM-BEM-Bi-LSTM-SA

10"

OTFS-BEM-Bi-LSTM-SA
—4— OTFS with perfect CSI

0 5 10 15 20 25
SNR [dB]

B7  FEhi Ay 500km/h A8 [F 77 % () BER 1 B¢

A% (BER)

—— OTFS-CCE[15]

~—a— OTFS-TCE[16]
OFDM-BEM[17]

—#— OTFS-BEM

—%F— OTFS-iROMP[18]

~ ® = OFDM-BEM-Bi-LSTM-SA
OTFS-BEM-Bi-LSTM-SA

—4— OTFS with perfect CSI

0 5 10 15 20 25 30
SNR [dB]

K8 #zhikF v 1000km/h AN [F] U5 ZE 11 BER 1 fE

107 |

e J1. B 1A E 12 43 5% B T 2% SNR=7dB
SNR=23dB &1 A~ [F) 3 £ AN 7] 77 28 1) BER 14 g
BE— B IE T TR (2 A BE Sy . 7R T IR
A F, A S BT OTFS-BEM-Bi-LSTM-SA 1]
BER Y =y T-HAH CSI 24k, H L BER B E EFH1)
RN, HIEAR CSIM Z IR IR AR i/, R
FTiRAR R e AT 02 A 2 I B R R B 3
Yise, FHEEEB BN ORRR R AP it
Bl 13- 14 AL 15 LLAL T AR T SRAEAN A
TR 1) BER TR RE o SR FH AR SC R 9 2 3 1 2% 1)
T7 R AR R A BER Mefig, LT FIH T TF
15 DD W F 8RRk . 58— Q0 AE TF 3o R A5 18
R (I AT F AR, DUIC S 2% B ) 2R M A 3 i
LTI B 2 452 RN A ICT M A8 4 )5 58 — 2R
DD 3SR BERR B . SR, 8T T LLR-
NC HIE BRI R T3 . 5T 5 TF 385 DD
WA, %7 BRI T TF B M 7 S )



i XX %

&
oF
B

.12.

3
~ 4
®
s r -
z - ' i
X - o
G} -
oK B
= i#
g A
g = —A— SNR=23dB OTFS-CCE[15]
T 1072 —A— SNR=7dB OTFS-CCE[15] - —— SNR=23dB OTFS-TCE[16]
m —— SNR=7dB OTFS-TCE[16] SNR=23dB OFDM-BEM[17]
- SNR=7dB OFDM-BEM[17] 1074 —#— SNR=23dB OTFS-BEM
—— SNR=7dB OTFS-BEM —F— SNR=23dB OTFS-ROMP[18]
—F— SNR=7dB OTFS-iROMP[18] ~ ® = SNR=23dB OFDM-BEM-Bi-LSTM-SA
~ ® =SNR=7dB OFDM-BEM-Bi-LSTM-SA ~—#—— SNR=23dB OTFS-BEM-Bi-LSTM-SA
. ~—&—— SNR=7dB OTFS-BEM-Bi-LSTM-SA i —4— SNR=23dB OTFS with perfect CS|
10 . . . > 105 | I : :
25 225 425 625 825 1025 25 225 425 625 825 1025
T (km/h) ¥ (km/h)
9 SNR=7dB AN[F) B2 A [l i 7 55032 1 NMSE 14 B 12 SNR=23dB AN[r) i B2 A [ 77 21 BER g
10° : r : : 10° T
.
o o3 10! 4
o y
2
Zw2t S L g - ' X102 '
;;‘ L o 24 25
124
' S 3
= -
T —A— SNR=23dB OTFS-CCE[15] = i
m —3— SNR=23dB OTFS-TCE[16] 10 10 12 14 16
» SNR=23dB OFDM-BEM[17] .
10 —#— SNR=23dB OTFS-BEM 107" H—se— OTFs single-tap 5
—— SNR=23dB OTFS-IROMP[18] OTFS-FDE
~ ® - SNR=23dB OFDM-BEM-Bi-LSTM-SA ~—A— OTFS-DDE
- ~—— SNR=23dB OTFS-BEM-Bi-LSTM-SA ~—#— OTFS-BEM-Bi-LSTM-SA
10~ . . : : T T . | .
25 225 425 625 825 1025 0 5 10 15 20 25 30
B (km/h) SNR [dB]
110 SNR=23dB AN[r) B AN [F) {5 38 il v 550123 () NMSE 1 fig K13 F3hiE A 100km/h A [R5 75 Z2 1) BER 14 g
0.4 10° T T T
0.35
0.3
0.25
o [
w 0. w
o U )
5 g
= 0.1 —A— SNR=7dB OTFS-CCE[15] =
- ~—f— SNR=7dB OTFS-TCE[16] -
SNR=7dB OFDM-BEM[17]
—#— SNR=7dB OTFS-BEM 104 .
—%F— SNR=7dB OTFS-iROMP][18] 07" —#e— OTFS single-tap }
0.1 ~ ® —SNR=7dB OFDM-BEM-Bi-LSTM-SA OTFS-FDE
~—#— SNR=7dB OTFS-BEM-Bi-LSTM-SA ~—A— OTFS-DDE
—4— SNR=7dB OTFS with perfect CSI - OTFS-BEM-Bi-LSTM-SA
0.08 . L ) : . . .
25 225 425 625 825 1025 0 5 10 15 20 25 30
FJE (km/h) SNR [dB]
Bl 11 SNR=7dB A~ A 5 AN 7] 77 (¥ BER 1L 14 BahE 2 500km/h A R4 77 % 1) BER A

FAELUAE FANHEI ICI AN L, g T DD E4E o = 0.7. KRR &0 T ik B BB E LR
LI SR 30T 3B B A % B v ) ) R AL . ARSI R IERE 2 10° LIRS
4.2 WEIME SR IR EIG RS, ik EEBIR TR G, HE

Bl 16 & 7~x T LLR-IIC 5 7% /£ SNR = 15dB. SR KRG MERERI S v] Z8E . 7] UG HAEA A



XX

T EEAE TR R AR BRI LSTM 45 ) OTFS {538 il v 5512 13-

k% (BER)

—a— OTFS single-tap
OTFS-FDE
—A— OTFS-DDE
OTFS-BEM-Bi-LSTM-SA
T T

104

0 5 10 15 20 25 30
SNR [dB]

15 FENEE A 1000km/h AN [F) 34 77 2 11 BER PE A

Bl EAE TN, SEBE 10 IERN ER %]
FRECATR, SGUE T HPuE R SR 56 2k .

10°

1071 L

107" Y —s— #5387 100km/h, SNR=15dB
534 [ 500km/h, SNR=15dB
—h— 7 30734 % 1000km/h, SNR=15dB

10-°

0 1 2 3 4 5 6 7 8 9 10
IR

16 LLR-IIC ks AR siod 72

43 SMEERS
BRXFEET R IM2 2 48h, HARITTERHE 1+
FIr S Imiatiie, A& 0 300 2 B N
MN,
1~ MmN
Hef, Ny=12, N=N,+ N, +1=15,
OTFS-TCEMCI7E DD $5 i 4 N B4 S 401, S 40
FEWAE R T, AERRINCANESre. K
P P 5 5 PR
Mg = m = 84.375% (42)
H, M, =54 RREWAS LT 8B E
OTFS-CCEM 17 Z 75 Wi i vh 4 53l 2 32 5 405 4040 1°F
T, DRl 2 A I O

= 80% (41)

Nees = 50% (43)
A IE I H A 5 R oy A S bR A B
e, AU RSCRRTHE AN
Oindex = 11 index(l - BERindex) (44)
Horb, %5 Gndex) H T X2 A BIAE E AL v 5
5. RSB E N 500km/h AN [F] J5 Z (A SR ) L
WK 17 7. OTFS-TCEUSZE A R 2R J T 1 At Bt
f, X FEEAG T HAR R S i, AR
IC T SAUTEE, M S0 A X% . A
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