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Xt R 3R ) 98 3 2R G0 v I AR Ok Ul R
T OSCHR[ 1148 T —Fh 2 KLk UEP HiR sk
R 1E 38 25 B} et 4 B ( orthogonal space-time block
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ZAR R DIFE SR /ME , R T 28 0] 2 B8 52 1 2 R4
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er,QR-LRL) £5#4 "' 0] LI 2 Bl 2 K £k UEP, H-iiE W
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SCHRL 15 ] 5 THCA R S KB R QR-LRL, £
X ZRLRGAR T —M UEP 75 58,1207 5] 344
B e KSR (maximum likelihood , ML) HTERE . &
KM QR 4MR H, = [hy, by, by, hy,] = QR 3
H1Q, WP, R, b =AM K (1) B IE
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Yy, = Rx, +2, (2)
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U L 5, 0 5, IS AR, Q R R R
SRS 1Q1 O BB AR D[ - ] SRR TR
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5. x(l),kHD[ (%,k - Z/:ﬂ(ltmx(t),k)/r(n),k]

T
6. SQRJ.RL‘_SQRJ.RL Ui [x(l),kx(2>,1:x(3),kx(4>,kJ ll

7. end

SCHR[ 15128, 2R H QR-LRL B, 24
RS REL B AT FEVEWUF 7R G2 B 5 (4) 2 AR H
1, WU, X 1y, (B Ry, ) R FHLR
LB T AT FEPE BTy, (BCR, ) IR
PP RLHAE 3 Ml Ed, %, RHES
S g, T 1] B A SN O] DT SR AR A 45 CTC
fRA A
2.2 EX%Z HQAM HJ UEP

HQAM A J A& w] TS5 88 UEP, &2 i
IRH—A5 2 16-QAM 2, Hip 2 AN A L
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WX 2 SRR B MSB, 455 22 18] 59 5 /NI 25
d, T2 AR AR R (least significant bit,
LSB) , f5 Z mM/NEB R d, . 4S8 a=d,/d,
Bf, MSB FI LSB 1A% 53 51 7w

P,(MSB) =;Q(J7m)
2o /wmu) (5)
P.(LSB) = %Q( /(a+217>2+1)

1 4y(20° +5a +4)
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ol ) @
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5 40 MHz I, SRR Y TCL A7 18 2 A3 i P e Vg
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HWE(7) PR,
| H, 1°E,
Vi = ?V (7)

{1 :H, y OFDM RGN kA FEENE . H
y, RE&EX(5) Fx (6) iy vy, 5L AT HQAM F1

OFDM #55 ok, 4= (7) 19 SNR #5078 4
T35 R i B iR (high quality, HQ) FMILBTHE (low
quality, LQ) WS, & i SV 0y ML i HQ +
AL R AR 2 A AR B T LQ T3k
ek, Forh B HQ B LQ 73Rk bR e IE 5 B
QAM A, WA HQ F#Hk B EE AN 2 UIAN S
PRI, WPRE LQ 3 BRI K o v 45
JFiHE (medium quality, MQ) il LQ PiZs, R, %
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MSB FH T ELA7 e B B A A 1) —8 43
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4., M4 IEEE 802. 16m RS LTE-A RGRH LK
LRI AN RESR 20 (7) BOA5 T8 BRI 7 ik
I 7T BT Y 5 28 K %5 1 HQAM UEP , £ K4
ARG VL PR A R Ty i a4 . il ELRT A B
) HQAM UEP # RERABEN H T IACEE ) R 4
IEEE 802. 16m il LTE-A R4t K A br o H B E SR
PR ERIETTIE QAM,,

2.3 AREMRIPRA W E RS 7%

M HQAM 241 o =1 B, [ 2 iy 2 AR ik
A% B d, =d, =d =2, NI 2B HEIE T E QAM
B, XRTF LSB =0 ( RIZE 4 A~ LedE 0) 19 QAM
TFEN-1+3, -1+j,-1-j. -1-31+3.1+j,
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FEEGW R d, [FIRE, BHEE SR 3 A0 4TS Z 8] A e/
RS d, B2 ,2 A LSB(ES 3 (i FER 4 i) 32 %
[F) 4 O, HORR R B/ MIE TR d

XTREF MSB =0( BV 1 £37°4 0) B QAM £55
1+31+j1-j1-33+33+j.3-jM3-/3,
MER AN 1 +3.1 +5.1 —j 11 -3 B, B
MSB 5 Z B/ NE B d, (H 2475 58 4 A FF
5343, 34535 M3 30, H/ANEE R 2d, 8
FTLARWY XET 4 TSR0, B 2 AT 52
] F18) Jie /NS SRy, %o T A 4 S ARFS ok U, e/
BN 2d, Bz Bl d, =d, =d,§i2 i (MSB) A B
a2 AL (LSB) Z R MR 2, Kk, 7% 18 3
SEPRE RS0 , MSB Fl LSB Z Al TEfEZE B2 2 6
LN,

RHFRME QAM B A2 FI Y, T AN 2t
BSE o R R R PERE KR, A, TO T el AR
RSTHLI QAM B8 A AL BRI P a5, 25
A 2.1 THIZ R UEP F1 2.2 ATH AR L HQAM
UEP A SCHE TN 1 Fr7R (14 98 JR e 5y i,
1R R TH 1 AATEE R RS QAM 75
%2 1~ MSB 1 PHY $diR 3545 T & s iy, wl
DIE S| FE5E 7 S MRS 4 D ATEERZ 2
A~ MSB LB 1 ANATHEREZRNY 2 4> LSB 2L B3R 11
PP B HQAM S50 o TEIR I T RN 1,

R1 ARFRPRHE T RR S

fifi FH A Py 2 U TR
1 AATEERGSF 51 2 4> MSB
52 MEERER S 2 4> MSB
%3 MEERLESAF S 2 4> MSB
B4 MRS5S 2 4 MSB
51 MRS 2 4 LSB
52 MR RLEATS R 2 4 LSB
55 3 AN AR REAF 519 2 4> LSB
54 ANAIRERLAT 51 2 4~ LSB

PRI 5

0 N N R W =

2.4 1EZHA HQAM-MIMO UEP 7%

Pl 3 FT 7 SR AR SR HR 1 1 FH T o Zedakdak 9 4t
PRGN HQAM-MIMO UEP 5%, W& 3 (a) fF
/N, H. 264/ AVC BUBHE 5351 R 8 NMRSEGL, A2
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Kl 1(a) MZ R UEP i) 4 MBS, BA-HA R
SEASE R 7 B o UK /N PHY s 1 —
R RE BN PGHEAT CTC gifd, Kk, 3 (a)
A TR Bt A e 9wy , A TRUER I 46 (9 265 2 4>
Pum e gk z , LI 2R, B 3 (b) Fis iy QAM
LG A — A7), o 2 A B bl A 2] QAM £+
) MSB 1 1LSB I, ¥ MSBi Fl LSBi(i=1,2,3,4)
WIIRT SR F T4 0 AT SRR 8 SR R R S AT
b N, 24 MSB2 1 LSB2 435 5 01 F1 10 B,
Bl 3(b) firs  ARPERE 2 il QAM A8, 3X 4 A LR
BB B — NI A55 1 -3 L, m H S 2 4> Al EE
KL RFHEFS . 76 QAM WLt , PHY 2048 (3.0
N SRR & G, i 1 (¢) H il £ Kk UEP i
No HTTER M B E AR PR T QAM W5 Jr 2,
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YY) e
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PRZED P o3 U Ty P TITTIT T T a thste
FRPE " I = ST st
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(Rpe el I AT sk
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(a) H.264/AVC WS4ntS  CRC 4% ekl sy
53 i FIAE R turbo 4t

LTI P gy o P
w, LR sk
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(I 1_.|';|;];[;[;[z|;|;|;|f|f AT
[I:I:III:I:I:I:I:DLQ 5 AL ETELETENELENETENE] fRokgk
mﬂ(’)g __1:1/3IHIHIIII|AE4$M,8
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/i BLAE Matlab 8.3 (R2014a) ffr kAT, 45 L5280



X ZEAE  BET HQAM AN URBILET ) UEP 5%

FEMNE 4 Fias, N T XA SO 2 0 M R dE A7 56
UE, 7 ELSEE R I E 2 i 16-QAM 2 38 ity s
420 MHz F14 K2 OFDM Z %0 0y | 76 5icd

T R E S T E AT, T EE N
ITU-R 4T N A A

i* —————
OFDM

SR, TIE 1A il 2
NI ] L2005 0 QAM HIL stC P JIKEEN > EZ G 8
: : (I T
 / (CP) |
}
A A | « AWGN
* .
et — OFDM I
LGHEESET | e b Z}y({)%M " |

2 STBC | fiftif 2
FAFIR j<_ I

HIE

(CP)

B4 HEREREE

— A~ 1 8 5E U8 55T (sub-band logical re-
source unit, SLRU) &5 F 18 N iELE F 4 Hl 6 4>
OFDM £ 5 J8 , A 4% 16 540, Ktk , 51> SLRU
i 18 x6 — 16 =92 DMFHPHA TR F 4 . —1
Preiifdi A1 8 4~ SLRU, JAHIH 5 ms, 4 SRR
LR B A BB A i

92 x 8 x4 bits/symbol y 640 -31
5 ms 1472

x4 =998 kbps

(8)
K H1.640/1 472 24 CTC 1518 g0 % 3 %, IF-% & 31
fif) CRC,

I P ARG A 3 T v I DR T T L
TSRSk S 14 256 T i) 385 T Tl 1 Bl AL A2 A
IPAD F T EER LT S, GoP R/NA 16
(1A~ -8 T 15 A~ P-EIE anE 1 (a) FIEI 3 (a) FT
)W 10 fps, [-EIEH P-EHE R LS5
( quantization parameters, QP) & 28, iz 2l o] i R
WHIN 216 18R, PR N 1/4 B8R, S H KR
S 1 Yk T B BRI BT T 1) B 1 i o 5
M2 854. 6 kbps F1852.2 kbps, Kt & (8) FHY
BACHE A7 iy 3 30T T 3k 2 ) 3R A R U 2 R A 1
2 2R R EL — M SR A R SRR
3.2 PHY HiEE =M

K5 e s 5l BA [ 2 F UEP Jr 22 A1
A SCHE 1 B HQAM - £ K £k UEP J7 % Xf T IEEE

x2 HEHRRAHSHE

4 18

GOP K/ 16 17

AP 256 157,30 fps

#HILSH 22,30,38

5 B R +£32

Z 4(1 FEREZE 3 MR
CPU M5 Intel Core2 Quad2 66 GHz
W 5F HQAM

MIMO STBC 2 x2

PRI OFDM

HEH 64

OFDM 755 & 1 4 ps

802. 16m ARG MW Z B 2 F, TEZ Rk
UEP J5 Z& 1, UEP & i R 4 AR LR 9
5] (protect level ,PL) RSZERY , 4& 5 (a) s, 7E
FR L HQAM UEP J7 &, Joig K& iy vl &Pk
fa] |3 3 755 19 MSB F1 LSB S T 2 N AS[R Y PL,
WE 5 (b) iR, MAEASCIE 1) HQAM-2 K2k
UEP &, A 8 AR PL, WnE 6 i, 1l LA
Fih L, PL=4(% 4 N AEERZR MSB) #1 PL =5 (55
—ANATEE RN LSB) M PEREJL-F-AHIE , 3,3 Fh
UEP J5 £ V34 PHY $048 6 25 55 R A A K& AN
LSB/MSB P05 JL-P 2 AH R 1Yy, BB Ry 3 Ry 8%
FHT AR ) B 38 B A5 5 00 5 AR ARAH [] 1) 15 3 i %
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(b) KL HQAM UEP 5 &
5 I1E UEP AEK)EH PHY BHIEGE#XR

—A— Kk 4LSB
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- K&k 2LSB
-o- Rk ILSB
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-8 K4k IMSB
[
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4 6
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PHY EHIEEEHE
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NACK Lt#%

o WATEER], — DL UEP PSR AT LA
T E S PHY 25008 £ 22 5% N RS T & i 4L
ST R IR AR B M LRI T
L HAR PHY 2255 3 [ € 4 0. 01 i, 2 KL

UEP 7% ) fie il 5 (/T 58 ) REE SNR 290
15.8 dB(17.9 dB) . fEAH[EIAY H AR PHY 22558 T,
PRZE HQAM UEP J57 %14 1 4~ MSB (LSB) 25/ iy
PHY #4510 SNR K24 15.4 dB(17.7 dB) , I 7E
ARSCHRE ) HQAM-22 K28 UEP & fc i 524
A (551 AT5ERLRA MSB) i SNR 29 12.5 dB, &
S 3 MO RN ERARK , BT RS (5 4 FTEER
£R1Y LSB) A4 SNR 277 18.2 dB, W& 25 TEA KL HQAM
UEP Jr % LSB RAVEHE ALY SNR F1Z K4k UEP

IR AT EE KLY SNR; 45 R W A SO iR
A HQAM-£ K4k UEP 5 & LLBUA Y 2 Fl UEP J7
LT AR ORI SE P e R AR B
3.3 NAL #JCH NACK bt

7 LA T 241538 SNR 4 18.0 dB i, 3 Fh UEP

LT NACK L5 BRI R p BIOER . AT LA
B EN TR = R 3 B UEP Jy 3k
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Abstract

In this paper, the error protection of video stream in broadband wireless communication is studied. Firstly, a
cross-layer system model of H.264/AVC (advanced video coding) application layer and IEEE 802. 16m physical
layer ,which is applied to the proposed scheme, is established. Then, through the in-depth analysis of multi-anten-
na unequal error protection and single-antenna hierarchical quadrature amplitude modulation (HQAM) unequal er-
ror protection, a resource mapping method is proposed to realize different protection levels of data with different pri-
orities at the physical layer. Thus, a new HQAM- multiple-input multiple-output ( MIMO ) unequal error protection
scheme combining multi-antenna unequal error protection and HQAM single-antenna unequal error protection is re-
alized. The simulation results show that the proposed MIMO unequal error protection scheme based on HQAM and
resource mapping is superior to the traditional multi-antenna unequal error protection scheme and single-antenna
HQAM unequal error protection scheme in terms of packet error performance and negetive-acknowledgement ( NACK)
ratio performance, as well as video peak signal-to-noise ratio (PSNR) performance.

Key words: video stream, error protection, hierarchical quadrature amplitude modulation( HQAM) , resource

mapping, error rate, peak signal-to-noise ratio( PSNR)
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