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BEXI KA IEAE M) 2 1 (OFDMA) _EATHEAS A S0 D A AN 5], S BU% G Al 3 Al vy
P AR TR K1, S — AR TG A TS S T, BT RGN (CS) BLAR b T 5 1 P
Wi N, A CS B Ve v I 5 A A T AR 5C /M SR B, 5 3 1 BE LIS 2R 10 S 01 SR A0 T R R A AL 5
% TREREY], PriRITEAEAN R 2 RAFE T A TERESI 0 T2 T 2k P4 (9 e 3Rl th . R4 T
AL H CS F B AL T DAL B2l T S5 R R AR B CS B AT . /KB SE8 73 M BiE 1 S 2R a7 3
B EL /KA OFDMA _EATEAS PR AE, FEHUME e b T 10 dB IR I B2 75 3 Se Bl 17 7 P N A T 5

wAE.

KEEIR): KIS, IEACHi 2 0t fEIE AT, iR

PACS: 43.30.4m

N

1 5l

BE & T R BB IR N, K R A BOR
Wi AR G i R s 7 SR 2 K R R B M
2% A R R AL KR g% bR R I £ bk
A AR F Z AL FE TDMA (time  division multiple
access), CDMA (code division multiple access) Hl

FDMA (frequency division multiple access) 5. It

ok, R BIUE B TT R E S R
PU 2 AL RE 7 9 S5 Ry SR IE A2 49173 2 ik (orthogonal
frequency division multiple access, OFDMA) £ A
B 32 B OR0E, IRz M T K B MAC(Media
Access Control) i %1t B4, OFDMA R4/ N
F P o3 T — BOZ S ) 1 80k, B 747 207 30k 4y
ic (subband Carrier Assignment Scheme, subband
CAS) SR I AR TE B8 5 3 =2, ] 0] i 45 1) B 19 52

=

DOTI: 10.7498/aps.64.154304

AT P 3B (interleaved CAS) 3 /5 17 18 Ml %
Iy R MG 28 0 PR AR 18 S5 1R S H P SR R O
T A B L, R P AR A5 1) B ) ST B o) i
(generalized CAS) #—Bgm R gtkae Pl R R
T R B oy e O AUt 3 3O S A AN A
BB N TCik 515541, 45 OFDMA _FATIEAE h 5T
AR B A A A T DR A R Pk, EATIEA S R,
LNAFMEE R Z A R N, JCHX T i
FIRAH R, 2409 R HKKEEE, EATE0n
A A & P o B b B AN A S, el %
H FAZIE AL T % OFDMA AT 8 A5 ik 75 i 4 (1)
REEHR.
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BOrELH) OFDMA R4, G &t 53y R g 1Y
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A5 T I AT A e, 33— S (1 S B I At
NiER, OFDMA #4¢ R i 18 7 Bo 77 2K, SCHk
[7] 2 H 2 T AR AE (irregular sampling) {3
AU B S AN T B0, FESE S B AN TR RE B R I
WD T AR, SCER 8] 48 & H TR A S
IS B FE AL THENE, 25T IEEE 802.16d /e
b 47 OFDMA [ HE (tile) 45 ¥ #5158 5 25 ]
IR AR R M, K ESPRIT (estimation of
signal parameters via rotational invariance tech-
nique) FE N THEE 242 18, D94 m s F) H
H,SCHR (9] 51N BB T 3IBOR, B e 7= A5 5
T A FEA VRSB B E M T, HIZT7EN 7
B i 7 A R, ACE T s 25K
OFDMA #%:.

DA b SCHR 5 R AE A Gt Jo 2k FL A T8 T AT A
HEEMT, BARRE T AR, BRAE )
G5 B 7K R A TE M R I OT R T. IR AESK, I
4185 (Compressed Sensing, CS) # it 4% 72 M H
ToKFE ZHEAE Rg U0 FIRK A EERA
AR LR P, 2T CS BIR AT DLdE /b & 1 T A sk
LR B A5 T e e o7 f R OO0, SR [13] SR IE
A VG BC 38 B Rk, A8 1 s 22 2R 7 o 7 i
('] OFDMA £ 4t v A\ 5 ] 5 43 S LA i 15 3 Al
T, FEXHEEECR S 1K OFDM 5 5 #E AT 7 18 I8 I 5
E - 2 2 L OFDMA @ {5 Mg, BA b
SCHR [10—13] B BB AR S 90 48 [h] B 25 2] 70 A T
BB L, RUBAEAIN AT CS ATt
PERE. CS BV IE H A BE AL R AR K 58 A i
5 (15 R F A5 308 i T A %540 90 A1 TGRS IR BR
il ASCHUETE KA OFDMA AT @15 4 5
T CS WM TE M TH 715, i CS B g il &
L ELAH G e MU SR B S AR AL, B S R T
BRI SR 2 A A R AR ST BB B A b
1T OFDMA {5, fEAF 242y (518 T AT 8UE
D7 ELAK M S5, BoAiE B4 TV Ve RE.

5 OFDMA AT 15 o H Al A5 8 Al v WF 7e 46
RH, ASCHIARFRTET: 1) R K G E R BT
P, R 2T CS 15 T8 A T 5005 50 ik A% G2 N 47
AR B ARSI ST AR RIS RIS 2)
WA CS PH 1 ol B0 B LA G e /M SR B, B2 Y
BT RN RSP A S ) R B S

%, HAEREDE T i a1 SR R T,

2 /&K% OFDMA £ 4T3 {515 # i it
2.1 ARGiIRR

ZE— N EBA U NH P E/KE OFDMA AT

BERSG. RETHRLSBNK, P uin it K,
U

ANAEB I T HIL, ‘Jﬁ?iiEZKu = K. #% OFDM

u=1

R BN T, a3 T4 (Cyclic Prefix, CP) K &
NT.,, FHBMBEANL/T. RERBEEN f.,
WEE kAT HBIE o = fo+ k)T, k = —K/2,
v, KJ2 =10 S dy[K) R P u RS kAN TR
FRIERRASE BT, KA T T BN
QPSK 8 16QAM &&. WM F u M RIEE SR

Ly (t) = Re{ > dy[k] exp(j2m fkt)} ,

kE€Su
te[0,T], (1)

Hep S, NP u P8R G R6, BEHdE T
BR G SD MBRSIMR G4 ST, Sy = SPUSY.

% FEAE— > CP-OFDM B Py 2§ 1 i AR 2% [ 7K
P2 ARAEIE R, ] w B FR e A 45 T b
VBV

Np
hu(T) = Z Ap,u(s(’r - Tp,u)v (2)
p=1

HP N, NHFPuMEEZEEE; Ay, N1
CP-OFDM 5 N 18 & 1 8% 42 p I IR G 70 N
PEAZ p XL ZE. RS AE IR AT SR T, K TE 18 i
K ZAZITHE 55 FH P () fe KB N () 22 2 0, ) 147
OFDMA N— MR (] [F] 25 R 48, %5 F P IS 320K

Ui (RS 5N
U Np,u
y(t) = Z Z Ap o (t = Tpu) + w(t), (3)
u=1 p=1

Hrw) AR, #E S ET OFDMA &
G P T RIARFRIEAS, RIS 54 DFT
ARG i T LORE A8 F P 7 BB 2 T AT AR B
R (1) AN (3) X, BERIEAATZIF 4 DFT 42
Ma, WAFEIR u RS R A 2, N
z,=H,d, + v, (4)

bz, M dy, 73 01378 LR w 7 B0 B K
U ROR R, RIIERE S, SN TR B A
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FTHIAT. o J BN PR e A R . AN 5 R AE TE I AR
B[R] G R ZE R (T B T8, WU S8 Ak

H, NK x K 4t fi [
Np,u
Hu = 2 Ap,uAp,ua (5)
p=1
Horbr Ay, TR R F R, X TG 3 2
[Ap wlm,m = exp(—j2mry ,m/T). (6)

2.2 ETFEHBMNBRISERDT
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MR N I8 2 M (6) MG — A K x N, 4E 1
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L ARRIIEAENa; = Ajudy, j=1,2,---, N;.
6 & d, T AEE LR NN MR GIEE ST P u
MIRCIR A, KRR EE. & N ESHERX N
AR S AR M A

Ty = [51711,)5271“ s 7€N7-7u]T9 (8

Kz, A PMEALEAFFTRNITHRAE 15
BB fh T

zy = Az + 0. 9)

(9) 29 2 CS B H U # AR, BRI AU [7)
ez, PHEEN, RGHFEx,, KB ANCHK
MR, 2 SR S AECH N T NI, SR A# A
BHra N PMRERB. EnExs PAEFT
BN T Ny HOEFRE AW e A R4
P (Restricted Isometry Property, RIP) 1 1|
ATHER IR E ML A . RS 5 BRI E
B BB B RA LB BRI, LRI Rk
VERT DLRGE AT R YR R RS S, EAHR T2
BB SRH R AR, WS TS b B AR g D
DAL A SR FH DG B B SR AT M 5 T Al v

N AR (9) U EEAN B T LGB BR R
(S A T R (8190,

Ot EE, ER K g = 0, RER &
o = 2y, Bl HE Iy = @, FH qIRER, ¢ > 1;
@M E R ILEC R 5]
lalir, |’
G=1o Nesjdlo—1 a3

@EWMRGIE: I, = {I;-1,5.};

H
asq’l“q,1

84 = arg ;

@I FEAREREAMIHE: 2, = lol?
as, 9

@EHRAEM: v, =1y 1 — iqa,.

P ||, BRI R Ly 05, A HER
AR R, B EO—@, HEREMR
Ly WK TR T TBRBI AT AR . e i 4
{12 51 9 1, T 0 % R A8 -, TR R
g BIVXE 12 4 B0 e, T (5) 3% 7T DL £
SIS

2.3 BRIt

ARICAE CS AL HELE T @47 AL & ith. 3¢
Bk [20) 25 Y T A MR R RIS S E e L AR
5 (9) 2, BHUREFE [F) & |||, < e WA BEFEAT
R MERR G ) R 2 B )R] R

rgiAn HmAHo st llzy — Az 4|, <0, (10)

Hordr |||, Ton & Lo 64, 6 > e, € G EHE R
AR HAHR

M= DM(A)
H
= max 7|aman‘ . (11)
1< 2R st Tl TanTy
WERMG S S x. T2
[®allg =N < (1/M +1)/2, (12)

HA N G S 2o FHAER TR N WAE
W XIS 5 2z, FIF RN x4 FIITAUR £ 4 155 2
|24 —xally, <Op-(e+9), V6=e>0, (13)

Hp e XREEREO, = 1/(1 - M(2N - 1)).
M (13) NATLAE Y, Wi fs Stz LIRS EaE
PERE O MMME S H K. 1M O KI5 5 M
JEE N R R R 1 AR OC Mg . n SRodd &
VIR R N HAH G M, B AEAR KR B b BRI
Mg As T ARz EIR.

2 (6) A (7) AR N (11) 5K, 15 | OFDMA
AT A o AE CSAE T8 Al v 55 /Y 0 &
NERIPS

154304-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 15 (2015) 154304
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keSSt
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OFDMA EATIEAE IS4k 7] 8 AT 4k 9 AR
R e

in M(A) = min M(SY,P,). 15
Jnin (A) Jnin (s> Pu) (15)
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(15) 150 B 4 5906 5001 0100 % £
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BALSEE
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BT B EUUANBUN L. 0 T SR A
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P 3 RO SR, AE R e 2
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ST R AL R 2 B
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17D, IR AT RES R K o %3 T4
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K Q > 1, BLYEA T HIIIEN 1

HOWIEE, i > 1
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> |dulk]®

keSt
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3) M ERIERN MN&KEEEP =
{P, Py, , Po} B ML IE B Kp , A 70 % (7] &
FERFE — 0 R), HEHP ol S RES
ﬁ:{@%ﬁ}keﬁ%#ﬁ%.

4) MR YE 55 Ok AL B S 0 R &R ST
S Th R Pl (14) X U W 2 5 R A O
M(SPi, Piy.

5) HELHE2)4), HE|M(SY?, P IS,
BCPE PR B o T AE, R RTE R AR
I NIERE f = argi:rﬁiQI’lmM(SE’i,Pﬁ), (PP
M FMERRGIES SES MG EES
fg:{uAmF}kesgﬂ

B IES), M SR E N,
R AT s B gl T o B AR A I 5 v, AR SCRR
R RIRATT 7, ¥ R Z A RN 2B E
ALK SR T 4L = STk [21, 22] 78
T E AT 2 A0 R A G0 T, 28T & R
AH 2 f /M IR B RN TG 26 B &R G0+ S S
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AR R/, Hod i s A 2R, AR 7 ik
T R SR R IRECT B AR T v B
K M B, (STEAMTHRZE TN, RSO AR B SL5
3.1 IR —45 8.

3 {7 Ea i

U EFE SRR, BENLA B R AN R 2 4%
P IEMKFERGEESATHE. B8 1BEEN
7, P AH AR B8 AR I L 22 3 2 A ME 9 2 ms R E o
fi, Y2 AR IEY N 14 ms, 21208 AR P
T4 Th SR P 4 A 4R B e ) F R 4 A 1O {5 0
2K 1L, MEZESRER SRS EEL
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F QPSK WS, SR HIR S % FE 1 Bl Skl T 34 i 4
SIS E 4, A SR 1 PR, CS{51E
fiti it o N PR SR R A B 16, S S Al T 2 42
I} ZE 2 HER T /(AK) = 0.0156 ms, %1248 &6 H
N; = floor(Tc,/0.0156) = 1923.

#1 /KE OFDMA LiTilfE54
Table 1. Parameters of underwater acoustic OFDMA

uplink communication.

RGHPINE fo/kHz 8
{55 5B /kHz 6—10
TG Af/Hz 7.8125
RGBT P K 512
P u FEBEH Ky, u=1, 2 256
AP u S Kp oy, u=1, 2 52
OFDM 75 ¥ T /ms 128
TEA AT K Tep /ms 30

SE SR TE AT Ak T35 TR 22

> [ - ff{k]f]

keSD

E [Z IH[k]I2] |

keSP

E [
MSE = 10log (16)

Horp HK) 1 H (K] 53 51458 kA 730 L5850
ML B A T

3.1 ARIFIMMILT RIERET

B0 b AL A T v — AT W sk v
Ae. PR TV E L A L F 8O E S W
HRFIME R, RUHE—WITA SR E
N1 R RE S BT BT R IS A A 7 1A
AT &GS M EEER N HEHES
PO ={1/2,3/2}. W1 AWM S EEEA
FRIBCT, B (15) A3 208 H Ax ek BUE R0 25
BB LRI LLE W i xS0 ] 2 A ) 2
A tith, SR TV AR RS R IRET R E
P R EUE B AR T 004 73—, v DASRAS AR &

R T B B OFDMA _EAT A5
WX L A /N 3 (Least Squares, LS) 5%, KANH
TR T B CSEEAL v 7R, ST

12— AN AP B IR ¥ B8 2000, 155
NS TE M TR S0 AU PERE R, PIIE B
AU P2 - A 2R VAR 1 LS 5 T8 AL T SVA AL 1)
ST ITERE. B2 NPT EAEIE 1 TSI RMLS
FIEMTHE B S CS FEATHE LA T3
B 53— A7k ) CS {58 S THE 5 E
i it T 217 AR ZE R L.
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Fan
&
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4000 8000 12000
U

1 PR SSRRAL FVE SRS
Fig. 1. Convergence performance comparisons be-

tween two pilot optimization methods.
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Fig. 2. Performance comparisons for different pilot

designs.
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EVERE. KIS T AMELIMEES T, T
B 5 G FIAL [ CS 15 38 A i 1135 7 1% 7%
XFEE.

—o— {HIH 12 S HCSHliit
Ofgass, & FHIFHRACSHIT

TSR 77 5892/ dB
[
o

e fHil2MSISHOSE
2 IACSE T

=
|
N

S

f

0 5 10 15 20 25
{5t /dB

K3 ARZREETHNSHS MR CS FHEM
THIEREXT EE

Fig. 3. Performance comparisons for CS channel es-
timation with uniform spaced pilots and optimal de-

signed pilots in different multipath channels.

i 1 7] %01 OFDMA 473815 &4 7 FiIR
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I CSAFTE AL T AT DAFE /D 8 S0 5 fe e 1 g
NP ERU R LA

3.3 XAXRGT XA FHEPERRIFE
Bt RE DA

Blagah TEIEL FARHR ST LA T8I
B OFDMA ATIEAS, AN A S0 7> e U5 SR A5 T A
TR ZERT L. TSGR B BE AR G
JUF B AE MR B R Lo A AR AE B A, P AAE %%
B TR S AR A, B3t e e
HENERE.

B SE AT B 4 R 4 FOR 22 SR AL B BT Y
PIRER. LS LA LA RGN I A T
PERELLAZ A R GE 5 S P Ain T YERETE 22, WH
RIS B M T LS SAEE M THERE. AR, X

T CsfEiEMit 5k, |7 RGN I TE
THEREI TR ARG S FPEE M THERE.
PR SO AR g T IR L A 2 AN U 4 P 1
B W, HIEREME ALY S SR T
R A EE /N, AR TS S Ed. DR R
WY CSAF B A T 5 E A T AR 5 70 A (RS &
gi. Hax, B4 had S CSEEAN T 5k
FEAZ AN AP RN R S8 T Y 3RAF i/ ME TE
THRZE, W T IR CS Al tHEREAN 2 7
B He 7 A PR, 7T LRSS E IR P T R
& AR S D B E TE A TR .

"o IR, BISIRBLSH

SHpCSiit N
_og| =Nt EELSARLSHET
—o— Xt BEHLSBHOS
—o— YR BHRACSIT
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{5Mitl /dB

Bla ARG URFEHB 5 OFDMA FATI#(E %
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Fig. 4. Performance comparisons for different channel

SEAT A TR T R 2% /B

5

estimations in OFDMA uplink communications with
interleaved CAS and generalized CAS.

100
—— S SISIRLS T
SR, WAISHCSiH
—— A S CSlih

10-2 b —=— ) R FEHLSHILS AT
—o— "X BEHLSICS it
—o— )" SHRALCSAliTt
— CAfEE

0 5 1.0 1.5 2.0 25
{5l /dB

K5 ZHAGT XA 78I 2H OFDMA LTEEE

BB IR N iR R xS b

Fig. 5. Comparisons of bit error rate for different

channel estimations in OFDMA uplink communica-

tions with interleaved CAS and generalized CAS.
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Abstract

Considering that the conventional channel interpolation method with sparse and irregular spaced pilots will lead
to an error floor in underwater acoustic (UWA) orthogonal frequency division multiple access (OFDMA) uplink com-
munications, a method for sparse channel estimation and pilot optimization is proposed in this paper. A compressed
sensing (CS) algorithm is utilized for sparse channel impulse response estimation, which performs well in sparse and
irregular spaced pilots and significantly decreases the channel estimation error. Besides, the pilots’ pattern and power
joint optimization algorithm based on the random search technique is proposed for the minimum mutual coherence
criterion in CS theory, which further improves the performance of CS estimation algorithm. During each iteration step,
we randomly pick a pilots’ pattern from the subcarrier index set and a pilots’ power subset from the available power
set. Then we perform this step iteratively within a certain searching time. Finally, the local optimal solution of the
objective function for minimizing mutual coherence is considered as the feasible pilots’ pattern and power. Simulation
results show that the convergence performance of the pilots’ pattern and power joint optimization algorithm is much
better than that of the pilots’ pattern optimization algorithm. Furthermore, the channel estimation error of the pro-
posed method is much lower than that of conventional least-squares channel estimator based on linear interpolation,
CS channel estimator without pilot optimization, and CS channel estimator merely with pilots’ pattern optimization in
channels of different multipath delay spreads. Finally, performance of the proposed method is demonstrated in the UWA
uplink OFDMA systems with interleaved and generalized carrier assignment schemes respectively in the two-user case
in a pool experiment. Experimental results show that the proposed method decreases dramatically the bit error rate in
both carrier assignment schemes, and simultaneous reception for two users is achieved when signal noise ratio is larger
than 10 dB.

Keywords: underwater acoustic communication, orthogonal frequency division multiple access, channel

estimation, compressed sensing
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