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An modified conjugate gradient pursuit algorithm based on
line search

LI Xiyu, ZOU Weixia
(School of Information and Communication Engineering, Beijing University of Posts and
Telecommunications, Beijing 100876)

Abstract:To solve the problem of the large amount of data to be processed in millimeter-wave
MIMO-OTFS systems in highly dynamic environment, which increases the difficulty of Channel
estimation and degrades communication quality, this paper designs a Modified Conjugate Gradient
Pursuit based on Wolfe line search (MCGPW) algorithm.The algorithm uses a delicate conjugate
parameter and derives its optimal formula.Considering the global convergence of the Conjugate
Gradient Pursuit (CGP) algorithm and the computation amount of high dimensional matrix, the
algorithm uses the non-exact line search method to calculate the search step size instead of the one
dimensional accurate calculation method.The simulation results show that compared with OMP and
other Conjugate Gradient Pursuit algorithms, MCGPW algorithm has higher estimation accuracy in
millimeter wave MIMO-OTFS system.

Keywords: Communication and information systems;millimeter-wave; OTFS;Gradient Pursuit;
Channel estimation

0 5|8

I R B AIAEE F KPR RPN TA (BG) Ji= T 4L (66G) &
LIS M IR . ) T LRI B A St (MIMO) AR GeHh I 5 3kl 2 [w] (1)
FER:, SEIREMEE (CSD IRBUR L b AT b — B, il s i s A
A RCEFEER, BELAT 1 22 48 00 5 S P56 e PR T A et 2 0 00 5 R 1 ) £
PESEE, ALSE OFDM RGHEIXFIIAEE N ISk 258 RIMEIEMS THE R . Xfk, R.Hadani
g MR T —Flo i — eI %, B IECHARA (OTFS) ¥fHl, &5 OFDM R44E &

EEEINY: FRE (1998-) , &, FEMFRIT: LLWE
BIEBKAAN: 48 DE (1972-) , Z, EIZGR. WS, TEHGUTM: FEEE LM EHHOR. E-mail:
zwx0218@bupt.edu.cn



45

50

55

60

65

70

m “Hie zEﬁ http://lwww paper.edu.cn

JETER T — RIS E « g A AR Y

WEJE, VP2 B0 NSO EE T OTFS RGMIEE M VBT T R Z IR, —4Effimi gl
WML IEAS UL iB B (3D-SOMP) S35 3 T3k 43 iR (K IEAZ UL L3 B COMP) 431
H MIMO-OTFS F 4t {15 18 11 I %iE- 2235 50 - #1 F52 (1) S5 M AL A Re P At 1 1k BB A A5
vk, SR, OMP REVEHE A IEZ Bov 2 R UK 15 & . % T.Blumensath %%
N R B T A o/ T sR AR DC I 3 B 0 P R TE A B DA B FE, 7581 T4
TR RS BR BB RS (GP) Fvk. MRPSHRE T BRI vHR T AR, GP FA G HG fcd %
GP &k, JLHEBRE T (CGP) 4k, LURA R S8 BhaE: (NP LRI i
Bl GP Bk P SIod i 5 TR FE T 1) CGP A& T MIMO R%5. Sk
b, HAHsHTEE AT COP AR IIAE, AT N AEBEE OMP &5, H ¥t
A2 IS BNEE A RS . PRI, ARSCRTE T —Fh T Wolfe 48 2 1 ok iy S i
P (MCGPW) i, R — MR ML eSEal AT o B HE S s R A 2L, [FIIHE ] Wolfe
AR R EDKARUE F A Ry S bE o BRI ZE Rk S L g5 M, HoE /e
PART S5 R, RAR SRS .

1 RAEER

BREKT MIMO-OTFS R4kt At s N, R L, Jf N, AR, Firs
WAL N, 4 TR, 40 N & TR, (SRR, 50 £Eah i T
BB T, SRS AT, BN e, . BB £, Ay, .
WIS g ML 1A % s £330 0T LA s

Ng -1 Ng—1

hix, o= > e e p (DT -7)e ™

i=l =1

T, g RGCRRERIG, P, (7) HAE T AH SR BB T IR D A i, (), FmIRLA M 5
AR
55 q HRL: L IINAE 2 700518 h[e, |, Q] FE I GE- 2 3 #)- £ FE SR AT 361

nk sq

[k,I,s]_qZ:OEOh[n(M +Nep ) +L.(1),.q]e (2)

o, Nep S EFRRTAIIK L o I SE- 230 - £ 3 190 ) = 23 oh HK, L, s ok, B =4
(EHBA SRR, BARRBUNZER 8 R —RRmitE, 762 W 8k A Yom
Ve, FE IR A SRR

OTFS 5K/l MXN, Herp @ 5 Nk M, x N (47 [ RG 7E I 4 | 5 M
W, (EZMAERE E N #, 8 L . INE- 2 W B BB S R A S I T
25 e 5 S M F R e e R I AR eyt R AR ) S 5 o x [k L gl
JUIZE B AT BB o Bl 5 YK, 1]



m “Hie zEﬁ http://lwww paper.edu.cn

N, N

iy 7179_1
2 o172
k1= 5 > % v[k,1-17z[k -k’ 1-1",s]H[K,1,s]+n[k,1] (3
. % =0, %
X X X )(g X ﬁiﬁfﬁt}
; [o | s
N4 x | 0| 0| 0| 0| x
! [A] sans
N T o | A|A|o
N,
l % o | A|A| O X
0] O (0] O
M
Kl 1OTFS ik
75 Fig.1 OTFSframestructure

sq

N, -1 i
Hrp, Vﬂ(J—V]%%M%ﬁﬂi,Z[k—kﬂ—Jﬂﬂ::gf[k—kﬁL—Kq]e Mook, T
4=

B P ) Ay o FO I R O I
Ny
y= % VOZh +n (4

s=——1-1
2

80 DL, W)
y=06h+n (5)
T T .
i, ©=[VOZ y),..V0Z,..VOZy,, | » h=[hTy,. hg.hy, ]

(R TE ) e b b = e TE K BRI A 2, FIRE AT ARG, WO AT LUK TEAG T ) R f6e
Jol s 45 SRR T

85 2 Bk

21 BEEIBERRHIE
FURT 4 b 5 5 R R R 8oy h =38 DU, ISR, T LMy
F SRR W IR L I R O T2 1) OMP SR AE IR A B UK I A7 A2 T
R R N S5 TE B S B . XU, T.Blumensath 25 SR H FHBREE R BRISACH IE AT #5Y
90 AR LR f(h], ) =minly-©_h7, z HIE A E) GP 5L, K (6) y GP
REEMZ O EIL

h', =h% +a'd}, (6
o TN 3R 3 n YOk RS PsEs, dl, oriikorm, a"frzbi. R
HRT LA Y, AN [ BRI R ) 7T ARAT AN F ) GP SR, 38y 1k g

-3-



m “Hie zEﬁ http://lwww paper.edu.cn

95 JEE 7 DI, 45 SRR A (4 B B R B GP v, AR, B R GP Sy (@ Un M /M i
TS, MR . BRI Ah, NP U 0B B Al GP S50k P 3R IS 2R 7 i) I 48
TENT Hesse MU TIESE, A& H THEE K MIMO-OTFS Z 58 th KRR i) 5 .
b, AR BRI IEE (COP) Syt FLHEAT B .
2.2 FET Wolfe £638 R FISudt B IL5uss BB BR

100 IR RV ) — A v T 240 s A i) ) B2 Ty 12, R Rl S R B R B 1
RN, S BRI P VSR R . PR v rh B SR A AR (A R e
2RI AR IR I F AL HE . d COP Sydrh i 2 b Ky

dl, =V (hl,)+pdL: (D
Horh M ISR, SIS HAE SRR v e s B e R, 49— YOS AR R
105 DB BN Y. Sl T MRYLH BT COP ik BRI ), ARS8 —AME Elman f
20 I 245 P2 FH RS A0 (R IE5E B8 By, U Wk (8) B, o e (0,2) 1AM e

o AR, Wikl 2 Pros g AR W], kT E R ok, A8 CGP Sk ok e Ho s fE
WA, B2 hPAbRA— 3T % (NMSED .
.
\ p(9p ) dih
ﬁMBQJ = ( ; ) - (8)

(drt) (st —gn)

0.0261

0.025¢

N4

0 Ol.2 OI.4 0‘.6 (;.8 1
110 miu
2 T Bt CGP AR TEAf v 45 R A 5w
Fig.2 The influence of u on the channel estimation results of CGP algorithm

DIk, A5 B T — g NG N AIBERLE o AR 2 WAL B8] —ASdoiri e s
W Prucer TSGR CGP 5ik. BBk COP SiAAEAE— UI%AR I R v S A S B 5k )
115 JFF R, R Z s d], Mg gD K a EETEE AT, i %oy dl, ik Ees

/I
-0,,n=1
@, =) e (9)
Ot ﬁMCGPder ,n>1



120

125

130

135

140

m “Hie zEﬁ http://lwww paper.edu.cn

ploy.) it

n-. T n-. n
drt) (dri-gp)
T RS ARSI 1L 19 SR (A T4, SO CPG S 7 8 A2
PIATEE A, 2%, HWLAE TN F U4 . 4RI H IR B AR A R 4

A2k A b BB BRI LB, 560 P A (g ) dl, <0 30 (9) AR
SV EE

(100

ﬁ&cep =
(

(g5 ) oy =—[op. |+ 7 (g7 ) 072
g" 2 yn-1 |2
=g I L (11)
L ) (o)
g" 20 yn |2
<o, 2+|p|W=(|p|—1) gr.
rt |

BT, A p L, A% (gl ) dY, <O, LN EIER CPG S AR

FERT KT, A2 A5 R A4

Hk, HHEEGE CPG SHkMIA RIS . — i, (e AR BRI, D8R
BERAEAEAT IR YA P, BTSRRI, O CPG IV i
BRREN 7 SV SN0 R S T A8 A 27 B — T B I K 53— 7T
YRR 0TS A A, AU AR TP S AT — UK Y2, B0 T 15
ik, O P — G2 (KR B 100 4 P PR (1 A 2 S . T2, A
(EBGEN CPG SR AERY |, RIS K, AHBIIET Wolfe 6402 it
MSEHERIEE B (MCGPW) 5%, Wolfe 4/ AN S e (HIF i SOk i, A B ARIE A 4
PR 28 5K AN TSI P ZRAR I o JET Wolfe (G2 5 80 T

Ha: h,, dn

WAL KAl =1, K =0

SR L MR R TR, WA, IR, L 2,

£(hn, +ard?, )< f(h% ) +cal (g7 ) dn,

vET(h, +a'd], )df, 2c,a'V f7 (h, )dr,

L2 isral,, a',=oa";

LIRS i=i+1, PEEEEDIE 1

it tpkal,

P b, FEE 0 YORARH SOBRRE Ty 1 S5 n-1 YR QR A94Y Ry AH TLR EL B)
(0. ) dih =0, S -1 WIEACLR A FTR SR RO, LA A5 R AL
RO TR ARG PSR I, K TR RAT I LA PRI, 47 el 1 SRR Bk i 179



145

150

155

160

165

170

m “Hie zEﬁ http://lwww paper.edu.cn
(g ) L GEIE 0, WA TR B b IRV, IS
HH Wolfe &1 r] %1,

n-1

< ng ’ J]_I\IJ

g;n
n T n-1 n-1 T n-1
(gr” ) drn%l S (grnfl) dl—n—l S (l p | _1)
5| p |3 1IN, BOI CPG $i: Ay LT b i E 8K
2 LPTid, MCGPW Sk B BN o MEUEEE 4(0.9,1). MCGPW ik kD

RUNR .
W BlmEy, PR ;

WaA: BRZEmET" =0, GiHEh =0, YHET" =0, ERRENn=1;
W L WS MR R A D" =0T
LB 2. SRiE D" A E BT R MRS = arg, max
R SFET =T O

L ISR gY, = -0, (Y—O,h. );

AR (9 A (10) WS R d], , Kt pe0.9,D;
. M4 Wolfe i it g gobka’

: MR (6) EHHERAGTHE N, ;

kst = -a'e,dl, ;

2
(12)

n
gr"

b]

s

N
5

NN
¥ OE S
(&) A W

N
S§OSE
~N o

Ni
B

S
=%
©

W9 n=n+l, TEOPE1EBH e, HEAEe| /y| T

ffith: fEsfhitich (") =hy, .
GOERSLEA LA, TR 1 S 10 0 20 00 65 B B
MCGPW ST7kt i 2 A A s st 22 |/ ]| i e e i 22 15 0

SRR (R /N R, P R 1070 AR ZE AL /NI, AR AL, (BRI
THE -5 LS 2 TRV DR 72 BE B 00 AL T A5 AR SE A B IR 25K

3 fiEMEREAT

AT NMSE L3 (BER) AN J7 THIPEAL 70 MCGPW {5 3 Al o1 5.3 (1
fieo P EH R 3GPP ARt i R I i (A Y, =K MIMO-OTFS &4 AR LS5k
Wk 1 FR. T EUERHW AT XL, A7 B pr SE AR AT 55 B, iERZ b5k
FATA

rn

h—hl
NMSE=10|og(”h||2 ) (13)




175

180

185

190

195

m “Hie zEﬁ http://lwww paper.edu.cn

RUGESH
Tab.1 SimulationParameters
iS5 SR
A% (GHz) 28
TR (kHz) 60
H PR 2% 1
FeUh R K 32
PAIRETZE (us) 16.6
OTFS Wik /s 60012

Polak and Ribiere (PRP) . Hestenes and Steifel (HS) 2530 N &vde —4ERS iR T~
A A RS B2 I S Tk S BB R BT 455, 193] PRP-CGP HyEAI
HS-CGP 5%, I 5 AT MCGPW SEZEATHIEE . =K MIMO-OTFS R & H I
XA RIS R 100m/s, WCE ST A 500%, TR EEEARFEEEL (SNR) T
(1) NMSE PEfeX bW 3 Jros. MEIH Rl BUE Y, 5T HS FIJET- PRP AP CGP Skt
BEAHEL T OMP SIS AT W I 4 T o 1 T4 (1 MCGPW SE A RS 4l 1K) 3805 5K By »
FEIEACIE R P BEAE SRS A £k 215 18 (1 48 R 7 1m0 3@ S e O, PRI AE AN [R5 e LU PR 2 A 1 Al
TERER T HAR VL . SR, MCGPW Sk b A — Rl R iy K, 4
P SEVEAT I F) TR 48 R B DU KT BE ) BE R, A2 R 08 /D 98 R 7 10) 50 RE 8 19 BB (R A5 T A
TSR

R - <O - Traditional OMP
0 ’\ ——ocp 1
s, - % - HS-CGP
2 \ PRP-CGP i
—8— MCGPW

&

NMSE

-10 5 0 5 10
SNR (dB)

Bl 3 RS NMSE 55 SNR #1256 5R
Fig3. The relationship between NM SE and SNR of different algorithms

K MIMO-OTFS RGP ik A5 Lt 5dB, P izahi i 100m/s I, FAhE
1) NMSE PERES ST EERISC R WE 4 B S0 LLa2 3R 78 OTFS b 407 I i 4
FE Lty b, S 2 W e K S OTFS i 7% 48 B LKA . MBI LLG
t, 58 20% LA AR LI, TR MCGPW S50 B T At oH BRI T HoAth J LA
BT . S A Hh 40%Hf, MCGPW H9kt OMP S1ik HiH5ir 2dB 1 g 25,
XA MCGPW S Honf T4 % 7 Il RAT A2k, Rl Z 2 i A =7 Im), 4 15
PAYRM A . S AR CGP BEAHLL, MCGPW SHEFIH T 41 e a4, A
[FIFE) A3 ot 4 P R 3 AT SEAF PO A T Ve B . A8 RGEBRAS T AT PR 107 B,



m “Rie zEﬁ http://lwww paper.edu.cn

MCGPW Sy (1) 5 B4 L d5e 7N

'31'\
y - & - Traditional OMP|
AR | —&— GP 7
N - % - HS-CGP
5 O PRP -CGP
S —8— MCGPW
6
-7r
L
(%]
S -8
z
9OF
-10[
BEls
-12r
13 | L . . | | .
10 15 20 25 30 35 40 45 50

SHH %)
Kl 4 RESEVET NMSE 5 S5 R
200 Fig.4The relationship between NM SE of different algorithms and pilot ratio
Kl 5 ARG A SRS CSI BEAT A5 SR /51 BER 5 SNR HIOC R, WHR AL T
fik A5 TE A VTV A S R CSIy SRR S OMP $5343k75 1) CSI. SR MCGPW 5i%3k 3
() CSI, DAAFARUIRAS R A2 CSI. B h i B S MUT A4 50%, JH 7 AR T ALl )iz s
JE 24 100m/s. MBI 5 shaf LOBEE R, 5 OMP SHyLAHLL, MCGPW $ikff) BER 1 AE(EANIFA
205 (K SNR 25t I B SR A BEAECIRZS M A3 21110 CSI #EAT/5 5 115 21 BER 454,

T

—©— OTFS with impulse
=0~ OTFS with OMP
—B— OTFS with MCGPW
—<— OTFS with perfect CS|

10° T T T T

i
210

SNR (dB)
Kl 5 Rl 5% BER 5 SNR (1155
Fig.5 The relationship between BER and SNR of different algorithms

4 g
210 FEXI 22K MIMO-OTFS R4 IR R 2% M) CGP Sk A5 TE il v MEREA R Il AL, AL

BT AT Wolfe 24582 1 it (3L Pe s BB B S 2 BAHE S TR A i e 2
B Bl o 30 A AR RE T OMP 5035, JF H2% 1 21 CGP SA ) 42 JR S ME A Wolfe



215

220

225

230

235

m ﬂﬁie XEE http://lwww paper.edu.cn

LR TR FER R K. R RERY, ERshESHE R =K MIMO-OTFS #4;
i, MCGPW Sk vHRE B 5T OMP Sk v Hofth CGP 4y, HIL BER &5 IRz T2
RURE R CSI, B RAFH N AME .

[&%£3#k] (References)

[1]Cheng X, TangC, ZhangZ . Accurate Channel Estimation for Millimeter-Wave MIMO Systems[J]. IEEE
Transactions on Vehicular Technology, 2019, 68(5):5159-5163.

[2] Yuan W, LiS, WeiZ, et al Data-Aided Channel Estimation for OTFS Systems With a Superimposed
Pilot and Data Transmission Scheme[J]. IEEE wireless communications letters, 2021, 10(9):1954-1958.

[3] Hadani R, Rakib S, Tsatsanis M , et al. Orthogonal Time Frequency Space Modulation[C]. San
Francisco:IEEE Wireless Communications & Networking Conference, 2017. 1-6.

[4] Shen W , Dai L , AnJ, et al. Channel Estimation for Orthogonal Time Frequency Space (OTFS) Massive
MIMO[C]. Shanghai:IEEE International Conference on Communications, 2019. 1-6.

[5] Wu X , Ma S, Yang X . Tensor-based low-complexity channel estimation for mmWave massive
MIMO-OTFS systems[J]. Journal of Communications and Information Networks, 2020, 5(3):324-334.

[6] Blumensath T , Davies M E . Gradient Pursuits[J]. IEEE Transactions on Signal Processing, 2008,
56(6):2370-2382.

[71 Xy Wy, 48, T Mg @ h 2k 1 2 JUZ i 0 20 28 5 M 50k AT ST 0], 3l A5 274k, 2014,
35(12):98-105.

[8] Mohammed Y A, Abbas H H . Wideband mmWave Massive MIMO Channel Estimation Using Stagewise
Weak Conjugate Gradient Pursuit[C]. Goa: 2019 IEEE International Conference on Advanced Networks and
Telecommunications Systems (ANTS), 2019. 1-5.

[9] Lei F, BingL, QiaoJ Q, et al. Compressive sensing signal reconstruction based on stagewise gradient
pursuit[C]. Jeju: 2012 International Conference on ICT Convergence (ICTC), 2012. 481-483.

[10]LiL, XieX, GaoT, e al. A Modified Conjugate Gradient-based EIman Neural Network[J]. Cognitive
Systems Research, 2021, 68(2):62-72.



