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Abstract

Cooperative communication technology is one of the important technologies of the fifth genera-
tion mobile communication. The Kkey is to acquire the state information of the channel, that is, it is
necessary to estimate the channel formed by the cascade in the system via the relay node. Using
the theory of compressed sensing as a tool, the sparseness of the channel of the cooperative wire-
less system is analyzed firstly. Combined with the least squares method, orthogonal matching
pursuit algorithm and compressed sampling matching pursuit algorithm, the sparse cascade
channel of the cooperative OFDM communication system with the amplified preamble mode is
performed. It is estimated that the performance of the above three algorithms is compared by si-
mulation, and the compressed sampling matching tracking algorithm is obtained. The channel es-
timation performance is optimal in the cooperative wireless system.
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1. 5|8

B FH P TE B R 25 P SRR B S, AR EOR 2R s & mil %, A =R
PLKCEE s OBE A F 22. (BJ2, JoRAB M 5 i I AR R DN BA E 1, A SR VR O G . AT A, T
LAFTE I VR RIS, TR BOR IR R U B -

NTREERE S HEREL, X2 a0k, 22 (MIMO, Multiple Input and Multiple Output)
HoARRIEAE, BN AR ShE(E R 58(4G, Fourth Generation Mobile System) 4% 0o Fi A .

MIMO FAE WO ) 2 RGHCE, SR ] - 4R 2, FEARIN R G T HITE L T i m R A&,
KA R P 2R RN, E—ARMBE R, BB RGP RER SRR &,
BRI S AL P SEVE 1] 2R, 7B/ S Zom e B2 R, BESG 7 A, XN 7 SEIAEE .

RN MIMO AR K855, Sendonaris 1 Laneman 252235 32 T W R 4 H AR [2] [3] [4]. Th[FLEE
Rt ar AR S lAE R, AL TANF 7 [E) A7 B 2 om R 2k AR RIVE . W e— AN A i) “ kg
W7 ZRELMES . ZRFFREY], WEGLEERR A DR RN, BERERENEE EMA SR,
ARG A5 BRSO PUAE TE M AL R B [5], SRR BV VA S BN L& iR 5 SRR 2
BRI W Bk, B ETCZE S HoR SOy H AT &sA B ST R sz —. B, ZER G VF 2 )
R, e BN R R TR A AR 2, S A TR B FAK A, B RDLE(E RS0 TR
SYPC IR, DL R H B s A e o U S A B A . AR L B, BRATTE SR T AR
F5 2 A] B EE IS IR A5 48 S (CSI, Channel State Information).

TEFCIEAE RS T, a0 RASHLRENE RS i £ T (5 e CSI, gt AT DA FH A5 2 25 i 40 = 1] 7
ERe M Y R B 2 By SR SR G T, ARG E 2 EE BT, R EEIR
BEL, WERELF IR R G s A S .

FAT, A aEE R TR 2 T HE L REEREE6] [7], Bl 2AAEE RN ELAE R
IR NE . EXMIELT, IAFIRKEEARIME R TEERNR, SHRKERGHE, Gk T &
GRS SRR B, GG T AUE R AR, R T RgitkRe, AR TS g mlfET o
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FEn F

PRI, B (S ERMEOARRAE, BIASCREMN, T ZREEL YR AL, 25
FE [ Sk R B RS 0] RO AT IXAE, BT BUR K BERAD> Bl 2R 81 3RS BOS A 1) (7 18
T ERE, BORMIATL) THGEBTIR, SIS EIEE" .

2. RIXERERAR
2.1. BApgRE REEIRE

AR L Th AR ] 1 R, b S FORIETT AT, R AT AR, D AR A MR, HEYAS
H 5 GGk AT B E R, RGBT k5 SR B . ARSI 7 SRR

Figure 1. Single relay network model

B 1. gk agiEE

Al 2 s, PR RS B R R AT PO AT RS, AR A Dy SR ) R rh Ak R A Y
RS BB R RN 7RSO R IE SRR A0 S-D BEREE, NEIRMSUREERS; iRl
ZEY R ROESLAREANVERHS, P 1 AIA] 2 20 B R JE AT ) T R 2 S5

Figure 2. Typical collaborative relay model

2. HRVE ] R R

2.2. hEIEEH

TEVHRIBAE ML b, W [F) S TR AT A BRI B (B B, 2 T [EREAE R o0k . 3 MR 48 5797 SOHE
SACE T, PR RLEAS 8 SRS E G, R HOKTHT A (AF, Amplify and Forward, X %N
TOREE RO P IR | RIS R 4% (DF, Decode and Forward, M P NS &) P AR 20 A 4m S B[Rl (CC, Coded
Cooperation)f o £ 1 3= S IBOR AL i[RI ORM 5 i 4% B TRl A =X

2.2.1. AREHEER

AF BRI — R b E RS, HY Laneman 28 A3RH, HRCH “dEmA” thdkiyR. &g
ZKF5 5 R AU S AT A AARAD, BRI RIS ST B B (B SO G RiAE . — LR AF
P4k R R AIE 3 Fias. X7 2 AES H T S B S SR S — R OR, BN T s
GEom, (EGE T H R SRR TR ANED] TRCLIEEE S, A T R, FIREAT DR A R
GiMTERE. AF RESM BB/ 4,
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Figure 3. Schematic diagram of AF cooperative relay system

& 3. AF thEI % ARG RIEE

hsr N hgp Nep
s =@ =<P "D
hg, ()

Figure 4. AF system equivalent channel model

E 4. AF RFN{EERE

FEUNIE] 2 P (28 i B 4K SR 2 W) [FIIEAS R Gt £ AF BE30R, S-R, S-D A R-D s E %1

(EREFIw VSR
Ve = hx+ng, 2.D
Vp =hx+ng, 2.2)
Voo =Qhy, +n,, =ah *hx+ahng +n,, 2.3)

ﬁ\:q:' y X %ﬁdﬁ:ﬁ E‘]E%{g%’ h]\ h2 *D h é}%u% S-R\ R-D %ﬂ S-D %ﬁﬁ%ﬁ@fﬁﬁﬁi)@ﬁ”@ﬁj, Nsr~ Nsp %ﬂ nsp
I3 FEAH SRR (RS, RS TT 2N ol ~ o Pl ol s Pss PrOY AR S RACHIRIF DI, Wbk
RPN 0D/ ONFSRVSE

L (1'4)
NAAEZ

76 CSI EHIFIE LT, HeUsin vl PAXT ypy A yp, #E4T S K HE A H(MRC, Maximum Ratio Combiner).

2.2.2. REEHIEIHEER

DF 2 53— Fiih A, 1 Sendoaris #2H, #ARA “HI A" gk Tra. HBiH W3R4T 48y
ST 25 T R RS, T RE S AF AR PO 7S DR (N TROK (8] B ] e SR UE TE ALY 4y ) an ] 5
6 Fion. XFE AF 8K, DF A n 1 A 455 sl LR & .

fH2, T gk ib nT BEXTHOE i BT iR o, SO RNR (S B4R SERTME . BRI RGO, JEk
SR T SR FE IR TUA RS (CRC, Cyclic Redundancy Check)$sz ALE A 4k 45 e S s #EAT 056, IE#fA
ARELmIfL, WIRAERRN ERRZM R T

o=
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Figure 5. Schematic diagram of DF cooperative relay system

[# 5. DF R %R G REE
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Figure 6. DF system equivalent channel model
6. DF ZGtFMEEEE

3. thEIERERET S RIGEERE
AR B L ] LT 0 4k D R R SRR T2k 2 AR AT 1

.. AF ERA THZREEER
AEE S-D HEEALRMBER AL, BEIEY S S Frpg4kdy 55 R A KPR B 255N Pl Py,
M S B R ZIBERIEIEREKEN L, S-REEEFEIENURRA:

= gfa,t(r)é(r—a,,)

S 0o SRR G R £ 30 h [ ] = R | BRI G . SR R G R

3.1)

BN, KEANWIINGEESRE x RET R S @ L REEAER, Erhakiy s R AW ENE S 8:

y,=Hx+n (3.2)

S, HRF IR0, | N < N R IR
HET I R RIS SOOI R D, (ISR hy A1y SRASPERE, BTLACIE H Ly 0 hy 7T DA

KRN
3 (3.3)

h, = Z hy, (z')é'(r—rm)

t=0

H 5 1% D A5 2 20y, T AR

v, =aH,y,+n,=aH,Hx +n=aH,Hx +aH,n +n, 3.4)
AF TR F o -
P
o= % (35)
0/111)5' +O_n
82 e Sl
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R FEEE, FEETE H AT LA g -

H =F'AF,i=1,2 (3.6)
Hrb FREHE R AR H(DFT)HE, H
- 1
F Zw,m,nzo,l,"',N*I (37)
A, N x N eSS AR, B
A, =diag{H, (0),H, (1), H (N -1)} (3.8)

P T8 2R K5 NS T Al Sk R B S O RO

L-1
H, (k)= g B (De ™k =0,1,---N-1,i=1,2 (3.9)

MR R A s e, RGBS AT Ui —25 5 i)

v, =F"ah,A Fx+n (3.10)
R B/ 3k DFT fEFE £, A BUT RER R
y=Xh+h (3.11)

K, h RRMABBUSTER BN * hy), X = diag (Fx)W , FoREM0 SIS SHEE, wRNEFEJNF
FRHR ECHT (2L-1) 51 25 BRG0P AR e R
WRIFERGADMRIRGEHRK R, FIHH KT S D ST x, 7 UEE SRR T NS -

X = argmaxP(y | x)

1 |y—Xh|2
= arg max 5 X exps — 5 (3.12)
" nol (@ [h[ ) o: (@[ +1)

= argmin|y —Xhl2

1 EaRGLI2) T A, A R 5 AL SRR 73 A TR 34— AN B (550 A, i
BT RSB R . FTLL, AF B3 T 0P R85 28 45 b 045 T8 A5 1 R AT LA A5 B34 P RS 3
R, AN R M
3.2.DF BEA THZEEEERRE

£ DF B30 R, BT P4k diih R XHBE BT 1 RAD AR AL B , AR5 AT 4R b FEAT R
75 S-R $E B A1 R-D W 2 [FI IR AR AF MR T —RER IR RIS RE R , DR (25 00 4T 4
IR XA S T BB AT T, S50 S RSB A T AR L
4. [E OFDM B{ERGH T EEM T

555 3 W E AU B FBS7E AF I DF B F 02 (50868, JEHE%IEM, £ AF BT,
0 125 28 56 T 0435308 0 T DR Ay B A D A5 00 4 B P 1, AR 5 B B A — AN
W, i DF AR, WHE i AT S R g — AME I R B AT, SRS SO AU A
FEHMBL. BT LA Hite AF B2 R 1928 K 26 1 Rl OFDM 245 B M SE 1045 T -
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£ AF B30T ) OFDM P [FJIEAE R G0, Blatefmn A AEBe: 5B T s th 4855 G
HEWRAOEE S S PrBL: Py s Bk B /B s, Re BT D ROR, IR %A H
MYl H AT R BIANN 2 I T AN S IE VR 5 115 2, AR TE Al T A 45 RO e T AT A7 S
AR, BZSREIRGE . 8 7 For"Ph A OFDM s RAMME MmN, &AW HEEEERFER
B ARG DL, HXIRF &AL G0 m0 RUETEAL T 7575 1 S-D B AMEHE .

OFDM#Z
AR (Frame)

L
gs—pne QO m-pg ((()))
l MBEEBEA P KAEE 18 A
G HSBRAN)  HER B 0% 25 D(336)

Figure 7. Signal transmission mode of cooperative OFDM communication system

& 7. #h[E OFDM RBE RGHfE S EMmiER

fEIE 7 s Pp[R]) OFDM Ml R4, A7 s34y OFDM i, Hr4k R A HANGAE 5 AT R
W, TEARAE AF X, ERREEATIDRTEON, JRR A B R D AR . Bl R 4R RUAR AT
BRI INZRIN Po A P, 2R GEFH A 2K BERS IS IE N HERF 518, HAHTLAMOL, S-R BEEKAN R-D BEH 1518
KR8 Ly A Ly, IS H T 0 S22 509 (O ho(e), WA

L-1
h=Yh, (z’)é‘(r—r”),izl,Z @.1)
1=0

S,y RN 1Mk EIORAG I B 20 [ =1 0, B85 | KB LM TR,

TR AL OFDM Fi il N AT 800k, SAMREER R N
x:[xﬂ,xl,---,xv_l] “4.2)

N T AR SR, SRS 5 il AR LP PRI AT (CP, Cyclic Prefix), JHHi 2
A

L, >max(L —1,L, —1) (4.3)
SIS ) 00 B AP A 48 T AR 7R O
S:|:xN+Lp—19'”’xNﬂxO’xlﬂ"'ﬂxN—l:| 4.4)

£ S-R BEREH, PR RURHE T x KIEBIP RN 5, AR R R B RS ST o BIIERBOR, &
A R-D %o HET IR A5 5, £ EERORY S CP Ja, AR N:

yp=aH,y,+n, =aH,H x+n 4.5)
MRIERPE /il e, RGBT LA —25 5 1k
Ve = FPah,A Fx+n (4.6)

XANERLL F G, RGEMAFAA:
y=XWh+n=Xh+n (4.7)
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Horh, h FoRMFEBBEERE () * ), RKREBKEANL, + L-1), X =diag(Fx)W , FREHHT
A S HERE, W R HERE VN F A SR (L) + Lo—1) 52 B A3 L L2 S

5. BT EHRBRAAHE OFDM FiEflit
N T K EAERAEM E B, URAERE T2 RIP AR, B bt I AR X

Xy X, X
X = Xy X X .1)
Xyap-t X1 X
AR TR IR N:
yO Y]V EZ Yl hO
SO - B T N (5.2)
Y Xyarot o Xarer X [P
o, y=[y0,yl,---,yM_,]T%Mé@ﬂ‘]%)’l?ﬂ!ﬂﬁ%o ARG RRMRGHA, RGBT
_ (1 _
hop[ = arg;nln E")’_Xh"i +/1||h||0 (5.3)

Forh, L FORIEMSH, B4 DX 2 LU MR R AT I A [} = S| #ow
LA i), R W% R AR .

5.1. FEHHEZENEE

5.1.1. |FIhFE

/D ZRELS) R — M A U EOR, Bl B MR 22 15 AT R ) R R pR UL RS . A
LS S AT DA (SRR EN I BHE , I8 A5 SR 75 1 Bl 5 SE BRIl 2 TR ZE )7 05 RO febh e 5
FR, PR, LS IZHIEEIE R T, 6 Fohn e e e S U 7]

5.1.2. IEX A EERE

TEAZULHLIE B (OMP, Orthogonal Matching Pursuit) 55 & St 1) GPA 22—, HFEEAER . RHER
PITTESEBUE S h ERE, FEERZEENEEME X 15, FUIOERR, 55 907 ak 2 e i
KEIF, I ) 2R AR 4y, EEPATLL B, FEEARR R EuL B Mg E A k. OMP H
EHEREIGN 1 8 AT o

PO EHRBEL, ARSI

I

k-1

Figure 8. OMP algorithm block diagram
[ 8. OMP BEIEAIERE]

OMP Sy IE:
ioN: BENLIEHERE X, W KEES y=Xh+n, [GIERE L OEGREN .
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e d MGULMEIERE hoypo
SSEBupi

1) #lhatl: REET=0, KEr=y, EKEON d, FICERBEI 5t R 1 R 2L

2) Wl RHIRZE r SO EFERE ARSI R SOE TN B R84, Bl

A=arg max|<rk_I ,X, >|

3) WEMT: THABEI=10{2}, W/ _F(LS, Least Square)iZ:1fF

hoyp = argmin, [y = X, ],

ﬁ?%‘i”l”:y—)(h

omp ©

BE L EBBIER 4 Ik, RS E BT hoypo
5.1.3. E4aREICELEER

(5.4)

(5.5)

ERTTBRAE S B B AL, R4 RAEULICIE R (CoSaMP, Compressive Sampling Matching
Pursuit) 5yE a2 i —Fr. B3R T OMP SFyAA MR BEIERIELS, AT DR AL I R 2 RS E R

B, HIiFREIRERIR. HIEATEHEE L 9 Frs.

i

T,

k

Figure 9. CoSaMP algorithm block diagram
& 9. OMP HIEIEE

CoSaMP 5501

AR > EEZHEEn, — K&K — iﬁ?%i‘zfé‘%TkT EHRET,

By, Fy W LLRIRAERE X = diag (F* <)V, MBS ZHERRAME N 4,

AbFE AR
) WEARERBET =0, itz =y, EAWMEL=1;
2) TSR A R P A R R AR SRR, B R X R ny B,

e =[n . X,)|.T, =T, Un, (5.6)
FIF LS HiEAGTHEE
T,, = argmin ||y - Xh" 6.7
LR TR BRI s WAL E, IS T
3) GIMIBEEST, =T, UT:
4) IHEBERNEE R, BifEE
h, = argmin, "J’_erh , (5.8)
5) i TN BRREE R, IR N AT SR ENE,
6) BBt THRZE:
T :,V_erhk (5.9
ROMEEACAE, T2 R(S.5)-(5. ) B BU AU AP K B O = o
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6. HESMRES R
6.1. LEBAEERXT OMP Ml CoSaMP EEE4E

EWFE RS, FEKE L =L,=16, MBI d=3, [EHHLTEHE 0dB~30dB, iR 5, Lk
HHE 100 &, 2> HIFIH OMP Hil CoSaMP 5k, Xt S-D &S AF A1 DF B3R i by [R5 #E AT 15 &L
103 B TR BB ) CPU 5 FH 2R

KF OMP Bk, Horf, AF A5 5E CPU & A 58.5%~68.5%, HIHT 248.459246 7, DF fi
XATEM CPU S HHE N 61.9%~68.7%, FIF 292.993019 #5.

K CoSaMP ki, i, AF B ER CPU 5 RN 57.4%~68.4%, I 122.183153 #F, DF
P B CPU (5 I Z N 60.4%~68.6%, FIIT 216.342070 75,

EAFEMETR, CPU & M SIS T, OMP 5 M ¥ E L CoSaMP 5%, iFH] OMP &
R R EE ST CoSaMP 5k,

6.2. FiEMITEAMRELLE

HeX OFDM EEAL MM G S E AL THEAT 01 5, RELEL LS. OMP 1 CoSaMP HIEMIVERE. 1E
matlab E17FRE 08 BRRGHEIE h 0AE Tk R ¥ LT, HWE |4, =1, fSEKE L=16,
SHUNK A 256 FIFUIR S0, SNR BUEVEHE A 0 dB~30 dB, H#EN 5, @47k ¥ M=100. PLi#it OFDM
BEIER G S E NI &, SCREE b KM d, DLR G S RIS 2 5 W 5 18 Ak 1H 1 B

DFEEE R 10 F1E 11 s

10°

10

S N S S

10

10+ i i i j i
0 5 10 15 20 25 30

Figure 10. Bit error rate of LS, OMP and CoSaMP algorithms when channel sparsity d = 3
10. {EE#HEE d =3 B LS. OMP # CoSaMP EER)IRRDER

100

—+—CoSaMP|
: : —&— OMP
: —+—LS
101 : \%\
i i =
X
102
10° i j i
0 0 5 10 15 20 25 30

Figure 11. Bit error rate of LS, OMP and CoSaMP algorithms when channel sparsity d = 6
B 11. {SBFERE d=6 B LS. OMP 1 CoSaMP EIERIIRADE

jallls
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K10 NETERMELE d =3 WEHMTIMEEE TR, AEHRTLLE H, M T, OMP 5%k
H1 CoSaMP Fyk IR I% 2B /N T LS 59k, OMP HykF1 CoSaMP Hik 2 Al PEREZ A K.

K11 RETERMELE d = 6 NEHMTIMEEE AT E, MEHRATLLEE, MBI T, LS FiEr
W R SRS d = 3 BHZEA K, OMP 5L CoSaMP HykiiR ISR B & ETF, H OMP 5ikiffis
TR W KT CoSaMP 5ik, (HPF VRIS RN T LS 5k,

XYL, 7E P R JC 208 (5 R GuM (5 18 HH A T FR 4 B B8 IR SBLE MR R A T AR G 46 PRl TH VL . OMP
HILA CoSaMP SR 2 55BN AHE A 5%, H CoSaMP Hikfa e Mt T OMP &k, Kk, CoSaMP
HEEBIER T OMP Hik.

E&WE

VR B 1121 505 B H (JSGG20170414090428464), E 5 H AR S 61671394,
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