=

EEEEHE “+=1" MUHM
BFEERSEETIREL WAMNEHM

B e 5 i B
( 85205 )

Principles of Digital Communications
Second Edition

) BN EFERE

01( 0
‘,1,(, 0
) |

TFIF & AL

PUBLISHING HOUSE OF ELECTRONICS INDUSTRY
http://www.phei.com.cn

| (§

N RREHI N




EBESEHE “+=1" #3
B EERE S TIRAEE o 257

Bers A Dt
C2F5 2 JO

LARS AT A M o
£ R NFE P O

T F I % & AR AL
Publishing House of Electronics Industry
1t3X » BEIING



CE R R

KA GRS AT SR, EEN AR RGOS TR SRR ER i Rtk
Bl £ R TR R . e ZEREE RIS RIPBOR. F Bl A R S 2 RS .
AP R, TR T ES TR S O, SR A A B AR A v TR ) AR, T
A () SO 6 S A 207 I www.hxedu.com.on S BT/ T 8.
APE A h S B A TR AR B R S % 15, A BLSE A U o RMTER CRERCAR N
"

J o

Jn

W

1
1

KAVF, AAG T 77305 s AP 2 2 AN A
REBLITAT, ARALL ST

EHEMBE (CIP) iR

WA B S, —2 . — et BT TLHARAE, 20168
ISBN 978-7-121-28870-8

L % 1L O ML ORFERE RS —EM V. DTN914.3
o [ A CIP %% (2016) 5 109726 %5

SR g T
TTaE T . £ OB
Bl R bRt RLENRIA PR
B A = RIEESARA
MR ARAT: L Tl H A
AL iE X A 173 {540 W% 100036
JE A 787X1092 1/16 EpFK: 345 FH: 1092 TF
B Wk 2016 4E 8 A 1R
Bl WK 2016 4 8 A& 1 IKENRI
s e 79.00 G

LT o T R R P A A B R, 3 1 D R R REE, W E A RATIRIKR, BRK
MR L s (010) 88254888, 88258888,

JRREVRR R B4 zlts@phei.com.cn, s RRAZ AN 254 37 & B 1 % dbgq@phei.com.cn.

Az (010) 88254552, tan02@phei.com.cn.



=
i

Bl s A MAERE RN —TUREAF A, EJLHEXR, ERAMHRT KR RN
WG R TTH B, FEHRA R EGE RO EM, KPP AZRBREE. XM & A
o, BT AR AUEESMR TREBARANR. B 20 HLAM 21 Ly FRAR. HERREAR
FHAE P2 55 TRENHBARRRERRE, fFERFPHET. FRSEGEIE W RBENBEN AR E,
EAETHEN. Hh, B BB RMSE T LR TR BN &R IR, FE
A5 AE R AR A V2 S R BRI BN AR R SG . RN, ECH I A KN P th {72 4 3k
& RERAFRBEMNFERENEE 52 o0tb. B, 5535 B WA 764 BRAUR P LLE A 20 5
A ARG R AR o, BEE NSRS S OB AR . AT 4mf5 R 5 284 A AE i
R ERARMRRE, RS, F TG RAHI X, WEETRAHENK. #fER
Gerh B KRR Ih e, D LA ITHEE KB I, XA H 35 Y B TR RA N EIB 5 &
A E M. A BHmEEEREARPLN, HRT LIRIXSEBMEE, ABH WA A

1 ADoK B B B R B A5 I B SR B, AT TR MABUA . X i e
MEE ML, REHUFA S REARRBOZ S22 E B RTEE N, #a4 e atr. H
HRRH LS BRATTIA A 25 A R FR R A A R R B e, BRER T ARKBREE . #id XAy
ABATABER W T EK, BIEEITEAR RN A R IRE AN, TRy, Y
RES A A — e S, VEAHUE L FE AT LA IS . A O B AR I T B B e T R S, A 1K
Al LAk A B ORI Rl B S A B 3R 1S .

2. BN HCAEAR R — A KRG REMBAR IR ERFE, FINEEBIAGES RE L E
BT RENREE. THEVL. SEECTE 5 A EE A LUK T SR 2 B 51 88 4 55 75 i R 4 2 S T AR
EEMIN AL B, BRAE KRR B S FHE, A LR KA EE RS PR DRI
PR K AR S B ) . A7 DGR T %, FRATBAE A4 T AFE T A SR B A 3t L, il 5%
TR SRR AR RO 1) S 0 BR AR e 55 7 Aokik 2.

3. B RET KEERGE, WEHEER. SSRGS, KRR A (E A
S RIS, DU R S S WO AE RS & RS S RRAE, {31303 AT 5 4 i n e S 4 B A
SR .

4. FRFIERLHSEH (OFDM) Rk B L&IilfE RAM —TRAR AR, RXPH5FZIEMH
FEER IR A RO —FE, WINT X THINE. 55, FEFELEBFEMNHABEGE Z, E0AES
R I FE T X TCRAR ERF P A 4T . [RIES D 58 R4 T R PR XS 5 IE SR ORI A A ) 2 D) G I, 4%
{5 B I B 40 () N A5 B T AR —Fp

5.0 FHCAEAE R B A SN, FEfE BB EERIT T, W0 T A SRR WY A5 7 T i
W. HIEHHATNH) Z M) MSK il GMSK {55 B E M, ARPAILHEAT T @S, 0TI
PUBCA A SR 45 SRR, W =BT T 000 A FUEAE o [ B % 18 38 2 42 1l o 50 7 287
WAE REP R EEN, AP TR BRSNS, F50E BCH MR . RS KR
A FLAS S T m N A, BT TERRIEINE. Hoh, ERETH, e T EZRIENEAR,

6. AA5%% FIWC T BRAT (K L6 [ A B0 e A T2 A X vt B £ D B AR e VR A
HHRIAEE, W5 2 Erhf X5 SRR . 3B 7 T hE A EEE RN A, B 8 TrhfA X%
b BT 55 o

7. IR WA S A S R (58 o e ke o A EER AR, SO bR AN Ay T ) )
W, BT AT e S TN AR, BT BRI R, 38 A IR ) SR
XFHmMEA™ .

« III *



AASRE A A AR R B AE B D B, SRR TR0 E R R B R R, TR A
AR HTUE S R A0S i 1203, R 2% T XA RS R G EAR SR . Ik, RMAH
BF AR AR, SRR R TR Lo B R B 7 VR T, T R A
BAMS . BT . XL AR EEA S E L. ERSEANE TR, Fiaa AN ReER.
SINTRNHE, AR B X E SR AN AR .

AR T BRI AR Bl G R BRI A N A 20405 11 3, 58 | RN AHEE 0
RIEREDL. (S RGEMBEAA . B GENR AL REM EESH: 3B 2 FESoERHS
A rh E B BINE S TR T3 5 3 ERIE 5 R R TR R TR 52 N T
R TR A KR8, FIANS KK g vk 6 4 545 BB ERAN 2 Bi0wE . 5 BmE
iDL AF RIS R REARE SRV, NMEERARGEARIMS: 8 5 TRHFREFERRENAES
B FGRFS I IE AR B JHE S IR M T ik 35 S A A S A o R e A Bl O vk
55 6 TER A BIRL VR WA V0 S PP BT AR A ) AR ) SRR DL R S RO IR R 3 7 AR AR T 1R
BONEAE RE DS REERRE . AR FEEARMGE, DREEMN T SHEREATE: F 8
TR B ARG A LI AR B ARES,  THe ZEHAR RIS T B A I 2R M 2 A RS R A R 4
W7 9 ERBRBERAR MBI MEARGEE, PFREEFD . fF5 R S50 D% 2R
A 5 10 TY RS EE AR N A I FEARESFER, DL E 5 SR BRAT 450 ) FEA S5
Jiik: 1 FEEER S SUBEANAEEE S Z M P WA RGBSR k.

ABPAFMEANE, WEFRSRHERTN FREME, BRENRAEN ., 2815w
%, MWRBFEFREPBAHLHANE, LTI IR — A8 R BN BR-Ed, FikaH
AT X S N R RS % R . A BH S -T2 FAHMSE IR, FEREN
PR Ty T A H K, B B S A B — P RN T MR T 7 B SR, S ANE R
—#or PP REREEMERSHEERNO L. 5N, AABHREIREGSHE T EHAINFZFT
M, K28 NARRIRR SR T X E AR . 45 501 R W 3 80k AV 2 A6
MR EAE P RERREMEE, Hhr2 )8 &Fh B> @S & HI. Eik, RAME
HERGIX LESCRRVEANF HH, 7 0TI 26 SR ) 1 3 IR R A

AP FEBLHE NGB, HhRFESMTEIENE 1| ERORS, FESNTHES BMRS,
KRBT H 6 FWHE I TEMWE, ARSI T B, XIFGHRE T8 10 5. 21 hoHH
HEHE, EERER. REFEAPNEBESET M T FZ 5HBAEE A TE, 25T Bk
Je A

AP G E R B T AR R K R, BT TER AR HAA RN R 4G 238 B
JAMEFEE R, FABREE. xR, AR A R AR R SR T KRR TR, Bl
% h, BEmA B R TR RN . ABEHRBRZAT, GEAUEELREE T Y 08, 09 &fH
BRI 4 AN “BrlfEReE” REPEH, EdBh RIS T EROER, Kb
AT [ 270k ] 2 A S e ) AR T4 22 OB BRI SR AR ZEABAE N UE IR, 193 T g R
TR¥8T 5 BEBRABRRERR R RBALET KRS, ERBRNEREH. KM AEZI
SHA- Pt FE A HOFR S T . FRATTEARS IR L 7 ol HH RS 1 32 A X AR kA Hh R S

& 15 31 1t 5 4 B B RDRL RN 3T B A SR AR, A AR HObE I 22 U AT O AR (E OE RN
(www.hxedu.com.cn) % #yEMIREL, Sl B/ tan02@phei.com.cn ZRHL. PBRTA % # 1K1KF,
Prp —BHAETFZEREEZ AR RHR, WOWEE Ed R s & oy 205 48 1F ) S 5 3R .

AP H g BER B T R T REH PSR H R &r 5.

BAR )
FrmaLgEIRkE
2012 %6 A

IV -



2 2 hRistPA

A 2 RORFF 758 1 REIGEEA RN, R 1| RAEBCA R R P R R 8, AT T
e, PritiBil EE8: XS W ARGEEET TR, B TS | RS RERZOAR,
FINAIET 5 1 PR S sRER P IR 5350, X IR MBEAT T REAET, (AN E
Ui SEM AN RIS . Bl E R T REMERREE, WARW IR, AR 2 )
WX BT T AT RAELT, UiTRAFAEAS R BB, BIFEEHIHRIE.

FES 1 RBMIIER SR, W2 ZITMEAR S TR, 0 AE H0E 1T 56 8% K%
TEXRIER, fER/EE RS . fFEREARE. 2. TER%. X4, Dahit. K&, xo
FREZIMPTRH FAESOE R, BT SRR RN R E7E A 2 RoRext o it A ST 40 3
L.

BT AAERHGERITE (485 2016A010101009) XA 55 2 Fiw H AR S 4 .

A% 7
FromaLE TRE
2016 47 A



FRFSA

arg PR H AR Cargf(x)=x) 4.6
B, AT 5 7.4.3
By EZE L 7.4.3
B, TR e 7S B 922
c WAERCE P R BE 7.3.1
C (GpuE:-S MECL-P ITES VITES 434, 84
Cy USRI AEPERCS 445
C. TR L A1 G ) £ 1 ik 7.5.1
C(X) ity 2 i 8.7.1
Cy(X) EX N CITE AR 8.7.2
{C} [LEZ 3 8.4
Ay 155 5,(0) 5 s5,(0) TEVFRIRK FQRE £9 6.4.1
rin {5 S A 15 5 18] ) g/ K B 6.4.1
doin Jge /DU B 8.6.1
Dl Ky #EIBS 26
D S R LR 4.6.1
D W (AR 572
D, HEL P e f e (W 2 23 20 5.5.3
D(w;, wy) 47 w, 5 w; (RIS BE B 8.6.1
E 9T HR B R 8.6.3
E(X) T 5 PR I () 22 T 8.7.2
E[] KEHIEH 2.6
E, eFfER CPIMEs | LR T R IR, A ERED 15
E,/N, HeAF e S S TR BRI CRA R R 1.5
E, B RH g, () MR 22
1io* f;0 wH £ 5 SO wER 22
Sr() 55 £ () MBI R 2 2.2
f SR () (07 ARAR A e 24
O] 55 f(x) MR 2.7
Js BUAHER IR % 922
o EZ- LT 7.4.1
Jomax SEUNIIES R T 742
Sr(0) 155 () M8 R 2 22
Svco A % A8 -5 10 AR SR 922
F(w) CF(f)) 155 () Ml A2 e 2.9

- VI -



(%R

Fr(w) 155 fr(0) HIAH HLH- 2536 22
gr(t) FFGER 18] — MG IT AW T RS S W% 54
G ARY BT BB 8.5
G A R B 8.6.3
GF(2) e PR 8.5
GF(2") (GF(@")) on (p") JuAs IR 8.5
g(X) G E 20 EM 8.7.1
G(X) A 2 T 8.7.3
G, i 25 3.5.1
G, KBRS 10.2.3
hy: (1) P A5 35) A 1) 0 4% 0 b 1 7.6.3
hy (t,1) I 285 45 1 £ o o 7 7.4.1
H B A R 8.6.3
H(Z) A 18 bR 2 3.4.1
H(X) X AR AR LA/ 7 5) 422
H(X) B 2 T 8.7.3
H(XY) X FECH y M FRIZMRRE RN s/ 424
H(XY) x 5y WECARIRE G LRy 5D 424
Hg B FEDL L ) M e B 8.6.6
Hy (0) FUAT B 40 ) JC G 1) R PR 4 R 552
H(w,1) i AR B S5 i 723
Hp(w) fFIl R IR 5.7
Hy(w) {18 3587 o B 7.63
1(x;) 5 x, BEIE R CRALA R 421
1(x;3y)) x5 Yy R EAR R CHRRLR L) 432
1(X;Y) x 5y WIFHEERR CRRDy A 432
I, 175 B ) o L s PR AL 1.4
1y(x) RNNRAIE R 2.10
J HeaT AT 5K 2.10
I HEL P o it 5 AR 2 5 5.5.3
Ib() Ibv = log,( ) 1.5
lg() 1g( ) =log,( ) 1.5
In( ) In( ) =log.() 42.1
Ly BRI HFE 73
Lyy BOYiURLS B Y EA 792
My HIR P o e 75 2 B 5 80 5.53
i ST 4.5.3
(n,k) TFEER n « 5 BLACEER ko IR 4TS 8.6
(n.k) P KRR n « EBEKEEN k « AHKREN L (BT 8.8.1
N, WA ThE AT (AN FU/ER) 1.5
p(x) AR A A X R R 44.1

< W~



(4R

p(x) T AL A2 TR e 5 O R BT x, AL AR EAE 44.1
P(x,) BN B X BUE N x, RS 4.2.1
Px(x) X () R P L PR B o 1 2.10
Py (x,¥) X() 5 Y(r) WP HUAEL G A MR = 4 1 o 2.10
P(w) CP(f)) fH5 MR BRI (P(f) WAL UMD 2.9

P, R GRIFH) 1.5

P HARMER GRIGREER. RGER) 452
B WISE GRFFSHR) 1.5

P BWESThE 73

P RIEFESHE 73

Py chT A 7.4.1
B IR KA R 11.6
p(r|é.) BPBARDL ¢, LR R B 933
p(r|7) ZH ¢+ KRR 943
plz|s;) 545 s;(1) MIRLAR oF 3 5.8.1
Bn(f) 1575 s(r) MM R EL sy (1) D)2 1 54.1
0, {5 J 4 ] o L AR PR 1.4

O(x) HeFA 0 ¥ 582
R Hhd 45.1
R(D) R I PR B 46.1
R(r) (Ry(r)) a5 f(0) CX(1)) HEMXERH 2.6

Ry() (Ry(r)) 55 £ #0500 QEAXRS (55 X@) R Y(@) BEMRLRED 26

R, e (B HAS/FP. bits/s. b/s K bps) 1.5

Ry o s (FHIeER) AR hENS. Baud, FF5/8) 1.5

Ry, (ri, 7yt 1 + A1) FIF 2545 1 e 3 2 £ 1A X B 743
Ry (11,7334 I SO 28 {7 T v o 1 1 A K B 3 743
Ry () ThER N AE i 743
R, E TS 8.4

R(X) i 7% T 8.7.3
Somsi (D) GMSK (i it i MR 42D (55 6.5.2
Swsk (1) MSK (/M) 55 6.5.1
su() 155 s(r) PR R 3L 54.1
Sorpm (1) IERH EHES 6.6.2
() HHENK P 5 3.1.1
s5(0) 1) 35 S 0 8 A R A R i o 7 51 3.1
sgn(r) HBOeF P IR S R 8 24

sinc(?) REWHRIKIPME S 5.6.1
S B (RIEF) 8.6.3
S(X) G B WOV EAITEN 8.7.3
sp(t) WA EAES 5 9.2.1
S.(z,p) HHUH R 2 743

- VII -



(R

Sc(p) 2 EVIES 7.4.3
SNR ALl (fF 5 FTh & 5 M R S ThE ) Le i) 1.5

S L ] o e s R 2 AR B B 55.3
S 2 R HR P 5K T BE o 5:5.3
tel0,73) ¢ fEFIX R] [0, 73] b AR EX AR 23

7 J 3 2.2

T SRk 2.5

T; Tt FE 34 11.3
T TICAM (5 D 6.5.1
T(J,€) LRI S 452
Ty(J,¢) Ty(J,¢) (IAME, RS F5)5E 452
upp (1) BIARER S AR 10 AT 5 9.2.2
Uyco (1) PR #8455 93.1
4 {Fil/AESH W A Hz) 1.5

W, HENRRE (AR Hz) 552
W(w,) 4w, HORY 8.6.4
X opt It s R AT 324
x,(1) Xt x(r) HFER B BEE S 32.2
xg (KT) BWUR S x(kT) L3855 i P 7.6.4
Yiopt AR R AL T 33.4
(1) &% () TS 2.4

i RS9k 7:2:1
n wRAHE A AR AZ, bivsHz) 1.5

ne TV ES 45.1
7 FEMRR AR ALY Baud/Hz ) 1.5

< BARFR I ER R PELJE R % 9.2.2
A BBARL BB SR 9.3.3
A(g,) BBARNL I 5B IR R B 93.3
Ay (4,7) BH g ¢ IEAFRAUIA R B 9.4.4
i, x(t) W R HAR O B8 54.1
Hr, SRR IEY 743
ol 155 x(r) WEEEHLME 7 2% 343
ol I BIRALR 2 A 33.1
o, LR 51 33.1
o R B AL 5 33.1
o BT Y R 74.3
Yo H IR 5.8.1
Pk {55 s, (1) 5 5, (1) EAKRE 552
A HHALHr 33.1
Y1), k=1,2,,K TEAZ 3 R 4 23

- IX -



(R

AM AV kD 3.6
T y(t,0) X (1) W E I 2 iR A 2.6
Diltits) X(1) 5 Y() EITTZE 2.6
Tyl X (1) b7 Z 5 R 2.10
(x ) X (2) FAOB ) SF-3254i 2.8
(s,(0).5,() 55 5,0 5 5,() BIRAR 23
[p(XIN)] Clp(xily;)] ) i 308 S A 43.1
[p(VX)] Clp(y/x))) A3 B Akl
3[x(1)] RS x(r) B HLIH A 24
S0 LS 4 2.4
{5} ({5:8,i=12,,L}) HRTENFSE (BE LA TEOHRTERFSH) 84
{F0) ({F@)k=12-,N}) HREEE (BE N RENEREES 23
76(f) FERGE 2:11
* BRUZHIT 2.2
0 5 BRAIE B ) 45 SR s A1 8 fr 5 3R 1.6
= A5 0 ) R ORI P/ R 2 ot 22
= LTS P B R ROR A Z A nt 342
o A5 0 £ R O B — A B M R AR et 922
o TR EM KR 46
U PMESIIE 452
N PMESINA 452




% 1 ﬁ g ﬁ ................................................................................................................................................ 1
1.1 ﬂﬁﬁfﬂ{ﬁﬁ%ﬁ*ﬂ{]ﬁ@ﬁjfﬁfﬂﬂ ........................................................................................ 1
12 ﬁ?ﬁﬁ?\gﬁﬂq%i:gﬁﬁ& ............................................................................................................... 3
1.3 B IR SR R oo e e s 3
14 #{?iﬁ%%%ﬂﬂgxﬁﬁéﬁﬁﬁﬁlﬁiﬁﬁ ................................................................................ 6
15 71;4;34”7\]%,3‘2*1;5 ................................................................................................................................ 7
2@ ............................................................................................................................................................. 8
ig%&%im ............................................................................................................................................. 8

% 2 ﬁ E%ﬁ#ﬁ&ﬁﬂi .................................................................................................................................... 9
0 = =T P PP PPN 9
29 %%ﬁ%%*ﬁﬁ%@m .................................................................................................................... 9
23 %%B’\]Qﬁ%ﬁﬁ'\‘ .............................................................................................................................. 13
2.4 %m{ﬂﬁ&&&@ﬁﬁ ...................................................................................................................... 15
o RS ﬁﬁm%%mgjgm@ﬁﬁ,ﬁ .......................................................................................................... 21
2.6 pﬁmﬂﬂmiggﬁﬁ—ﬁﬁ .............................................................................................................. 23
2.7 %*ﬂ&%@ﬁ%%ﬁ&ﬁ?ﬁﬁ .................................................................................................. 25
28 S*Z%%*}L%J% .................................................................................................................................. 26
29 %%I}J%ﬁ&%‘lﬁ .............................................................................................................................. 28
2.10 ﬁfg%ﬁ@mﬁﬁﬁqmpﬁmﬁfi .................................................................................................. 30
2.11 S}Z%%*ﬂﬁﬁgﬂjx{@ﬁﬁgﬁ .................................................................................................. 36
912 ?}E};ﬁi}l%ﬁﬁmﬂﬁ .......................................................................................................................... 39
2.13 p_];gﬁﬁﬁ%g ...................................................................................................................................... 43
2.14 {%%B‘]ﬁ?ﬁ ...................................................................................................................................... 47
215 ﬁmmﬂﬁﬁ%%ﬁ ...................................................................................................................... 50
2.16 2‘;%/]\% .......................................................................................................................................... 51
j]ﬁ ........................................................................................................................................................... 51
IE@%)‘CW ........................................................................................................................................... 53

% 3 ﬁ *g*ufg%aq&?ﬁﬂ ........................................................................................................................ 54
3.1 Ey"—g .................................................................................................................................................. 54
39 1&@%[]%@%%%**%}% .............................................................................................................. 54

3921 {&iﬁ{%%ﬂﬁ&#ﬂ]# ............................................................................................................................... 54
39D {&iﬁ{g%g%ﬁ]# ............................................................................................................................... 55
3293 mgfmgg{&ﬁm#%ﬂ ................................................................................................................... 56
324 ﬁ}ﬁm#ﬁﬂ ....................................................................................................................................... 58
33 *ﬁm%%m%% .............................................................................................................................. 61
331 B TR e 61
332 %i%ﬂ: ............................................................................................................................................... 63
333 jﬁj/;]%{t ............................................................................................................................................... 64
334 351@@5% ........................................................................................................................................... 67
3.3.5 ﬁﬁ%{t ............................................................................................................................................... T2
34 %Wﬁﬁgdﬁ%ﬂ .................................................................................................................................. i



3.4.1  H I PCM Gl J5 38 ceeereeemreerreee 77

342 A ﬁz’%lﬂ? POM G +oveeneereneeenee s 78

3.43 FELPCM SZE1E PCM [R] [FIBE i <oovevererrerermermme s 81

35 %ﬁ%@gﬁﬁguﬂ*ﬂ (DPCIM ) ceeveernnnnnnntsntentteeti e e e s s 83
3.5.1 TGRS R EACHIE 2y coeoveeeerrmereeeee e 84

3.52 AE B TRM A B AR JT i v 85

3.5.3  HIE N ZE P BKIPGRADAR ] -oeveererererereresse s 89

3.6 ig%iﬂﬁgu ( AM ifgfﬁ“) ................................................................................................................... 91
3.6.1 fﬁj@iﬁﬁﬂfﬁu ....................................................................................................................................... 92

3.6.2 IR SRR ——A-S Y -eovereere e 95

3.63 BUFEY EHIE NI E] ooeerereerererme 97

3.7 X[ﬁ]%ﬁgﬁiﬁﬂqﬁﬁgﬁﬁgﬁﬁ ..................................................................................................... 99
3.7.1 BRI GRS BRI BE AP AT e 99

3.72 2t PCM GRlB ARG E BE AP - oveeeererrerrerrerrmressesssssssstss st s s 101

3.7.3  FHFRGRED I HTRID P BE ELAR -vovee e 102

3.8 jgﬁd\gé: ........................................................................................................................................ 103
}j@ ......................................................................................................................................................... 103
_:E‘Eé&ig—im ......................................................................................................................................... 104
%’ 4 ﬁ %:@\f&%ﬁﬂ ...................................................................................................................................... 105
4.1 gl—a‘: ................................................................................................................................................ 105
49 {gl@m}gﬁ .................................................................................................................................... 105
421 B ST E R B R o 106

4272 BEEUSTRITERME BB —— ST e 107

423 BRI A oo 107

424 BSOS S B A orevrrnsrscsmessensssssssscssasssssssssssasssspasssssssssssnssssasssssonssssonsessasssssasssssnesassssssss 111

43 %%{%iﬁ&gi ............................................................................................................................ 112
431 BT R T e 112

4.3 A R oo 113

433 MEREL S R HAS B Z B IR v 114

434 %ﬁfgfﬁﬂggi ................................................................................................................................. 116

435 BRI RS T B cooveeeeerereeerms e 119

4.4 j&ﬁ%%\ %jﬁ&gﬁ ................................................................................................................ 121
441 LS YT IIFH NI cwvreeeerese e 121

442 FELAE TR IR B R LS B R e 123

4.43  FELEAE TR IR IR A, vrererereesse 125

4.4.4 NP T S TR S T R TR oo 127

4.4.5 ASIEA R RS A STV B AP HT e 131

4.5 %ﬁ%ﬁﬁ%ﬂ@%ﬁ:ﬁ@%?‘i/ﬁ ........................................................................................................ 133
451 %ﬁ%iﬂ‘fl%iﬁ ................................................................................................................................. 133

452 BTG TR B EEACGRID covoveeeserresssie s 135

453 %ﬁ%ﬁ%%ﬁﬂ‘]K%&ﬁ@: ......................................................................................................... 143

454 E*&%@ ......................................................................................................................................... 149

4.6 %ﬁ%ﬂﬂ‘]%?&ﬁﬁ%ﬁ/i ........................................................................................................ 154
4.6.1 ﬁﬁ%ﬁ*&{%‘ﬁ E{J%E%ﬁﬁ;g}ﬁg&mgﬁﬁ ................................................................................. 154

4.6.2 ﬁﬁﬁ%ﬁ%&ﬂ}ﬁmu ..................................................................................................................... 156

463 %X{u%@ﬁg)&mu ............................................................................................................................. 157

4.6.4 %%I%iﬁ ......................................................................................................................................... 158

e XII -



4.6.5 {%‘lﬁﬁﬁg%ﬂ ..................................................................................................................................... 160

4.7 %%Eﬂi«@ .................................................................................................................................... 166
By B0 W 25 3 [ 0 — 1 ;- O 0Ot 166

472 FRYCBLERB -oovereerrererererese e s s bbb s 167

4.8 ZKE/J\% ........................................................................................................................................ 176
j‘]@ ......................................................................................................................................................... 176
TETEZR I TR wveveerereereereenere e 179
% 5 ﬁ ﬁ$§ﬁ_ﬂ§m’@% .......................................................................................................................... 180
5.1 g'%‘ ................................................................................................................................................ 180
52 %%ﬂiﬁ]fi?fﬁ%ﬂiﬁﬁ ................................................................................................................ 180
53 g;ﬁ%fg%mﬁ%-‘&i—fg%ﬁg ........................................................................................................ 181
53.1 FEHHEBBIETEIR T I corererrersrsrenmintntiiis s s 181

5.3.2 G S HIFEATEIE oo 182

53.3 BRI E B A AE R e e 183

5.4 E%%%B{JIb%iﬂél ........................................................................................................................ 186
54.1 ZHEHIGEBEHNLH IS B T ZRE oo 186

542 R RS B A TNERE e 190

55 H—}[Ej $ﬂt5&%ﬂ;ﬁ%9&ﬁﬂg%{¢ ............................................................................................ 192
5.5.1 FHSIE LRI E SRBIEERIL oo e 192

5.52 BB YR oo 193

5.5.3  ZSZE U U oo 200

5.5.4 ZEAE IR U ceereee e 202

5.6 %M}WE\ZE%%‘H@%% ................................................................................................................ 203
5.6.1 ATMRY RIS B P TAF P e 203

5.6.2 TG FIAH SCGRAL <o ereereee s 207

5 %%%%mﬁ@qg%ﬁ&l& ........................................................................................................ 210
5.7.1 IR R T T A E BRI oo 210

5.7.2 TG BRI oo 215

5.7.3  FEAALHT R GEAFPE (R HR BRI J5 755 -oeeeeereeemmmneenesee 219

5.8 j{ﬁ/"\% ........................................................................................................................................ 220
;’@ ......................................................................................................................................................... 220
i%g%;‘cﬁ ......................................................................................................................................... 223
%’ 6 ﬁ ﬁ$ﬁi&ﬁ$ﬂﬁm§gﬁ .................................................................................................................. 224
6.1 TE’,I’E‘" ................................................................................................................................................ 224
6.2 ﬁ?ﬁ&ﬁ%ﬂﬁﬁﬁ%ﬁz&}ﬁﬂ ................................................................................................ 225
6.2.1 B AR U R B B A LT <ooveveee oot 225

622 BT TS B B TIIEHE ST s 297

623 ﬁ?ﬁvﬂiﬁﬂ%ﬂ%%ﬁﬁﬂﬁé#ﬂﬁﬂ ................................................................................................. 229

6.3 :lﬁfguﬁgﬁﬁﬁt@”gmgﬁ ................................................................................................... 232
63.1 2ASK ﬂ%ﬂﬁﬂf\gﬁ .......................................................................................................................... 232

632 2PSK ﬂ%ﬂﬂﬂgﬁ ........................................................................................................................... 242

6.3.3 2DPSK ﬁ%ﬂﬁﬁfﬁ?ff ........................................................................................................................ 247

6.3.4 2FSK ﬁ%ﬂﬁﬁ%\éﬁ ........................................................................................................................... 252

6.3.5 —EEIEBIAR AR GEHIPEBELLER - ovvreererrssesemssssssis s ssss s ssiss s s s 258

6.4 gi&%ﬂ&?ﬁ&w*“fgmgﬁ .................................................................................................... 259
6.4.1 fg%’ﬁﬁ‘*‘]&ﬁ’ﬂiﬁiﬁﬂ ................................................................................................................. 261



6.42 MASK JHENBYT ZRYGE +ooveerererresrmrrrmreninitiiiii e sttt st s st st s e e e be b ens 265

6.4.3 MPSK (BRI FRLE «oooereeerreseeresmmsiismniiiitiisistisissstssstssssentsssssestssssaesassassssssssssessssssnssassassasnssannss 268

6.4.4 MQAM Y HIMBE ZRGE «ovreeeerererr e 272

64,5 MFESK T BRI FREE osrevnrvsionsensusmsssssssitonaradsoninousiiossnsssisssasonssos seiossusastsssessiasssisnsnsssssisssanssssvaseszasssisns 976

6.5 ‘rﬁ@%ﬁﬁ*ﬁﬁllﬁﬁiﬂ .................................................................................................................... 280
6.5.1 MSK TR ZRGE -+ reerrerrerrrrerererenessen e e 280

6.5.2 GMSK ﬁiﬂiljﬁlﬁ];ﬁ?ﬁ ......................................................................................................................... 289

6.6 iE?igﬁ%Eﬁﬁ ﬁ‘&ﬁ%ﬂ%ﬁh%éfﬁ ................................................................................................ 208
6.6.1 }Hr%ﬁﬁ%%ZXm(fE ......................................................................................................................... 208

6.6.2 OFDM mg;ﬁﬁgg ............................................................................................................................. 209

6.6.3 OFDM %%E{]Nrﬁ]ﬁ}}ﬁrﬁ”ﬁ%ﬁﬂ:ﬁﬁgﬁ ......................................................................................... 302

6.6.4 OFDM {55 1IN RE K2 OFDM {5 5 [ f e, 303

6.7 2!;%4\% ........................................................................................................................................ 305
j‘lﬁ!ﬂ ......................................................................................................................................................... 306
IE%&%XW{ ......................................................................................................................................... 308
% " ﬁ ﬁ%;ﬁ”“gﬁ .......................................................................................................................................... 309
7.1 B I ":;T ................................................................................................................................................ 309
79 %iﬁﬁﬁﬁ)‘(*ﬂﬁ—% ........................................................................................................................ 309
791 {%‘ﬁﬂr{]%)‘( ......................................................................................................................................... 309

722 TE%/Q{%‘,E ............................................................................................................................................. 310

7:2.3 %%{a’;@ ............................................................................................................................................. 311

75 %iﬁmﬁﬁ—%%%ﬁ'ﬁt ................................................................................................................ 312
79 1 Emfﬁlﬂ{gmﬁﬁﬁ@ ..................................................................................................................... 313

732 'f?ﬁﬂ%%*ﬁﬁ*ﬁﬂ ............................................................................................................................. 313

733 AL EiE %ﬁﬁ*ﬁﬂ ..................................................................................................................... 314

734 E%"f%?ﬁﬁ‘—? IIH %ﬁj@%%*ﬁ@ ......................................................................................................... 315

7.4 {%“fﬁﬁ‘]%ﬁ%%ﬁiﬂ .................................................................................................................... 316
7.4.1 ZYEHE E Z IR S 5 e 316

7.4.2 ﬁ%ﬁ?ﬁ*ﬁ@ ..................................................................................................................................... 318

743 ﬁ:ﬁ;ﬁj@&g}* ................................................................................................................................... 322

75 fgiﬁﬁqgﬁﬁ*ﬁ— ............................................................................................................................ 329
75.1 Wiﬂﬁ?@fg‘ﬁﬁﬁﬁﬁ ......................................................................................................................... 329

752 ﬁ%lﬁ%ﬁﬁ?@%ﬁ'@ﬁ ................................................................................................................. 332

7.6 %jﬁ{ai—f%iﬁj?ﬁ ............................................................................................................................ 334
7.6.1 %ﬁ{ﬁﬁ'—‘%iﬁ@i%%lﬁ%@ ............................................................................................................. 334

762 %jﬂuﬁﬁ@“ﬁﬂ—&* ....................................................................................................................... 338

7.63 ﬁ[?ﬂ‘fﬁiﬂ]ﬁ'ﬁﬁ%j&ﬁﬂ ................................................................................................................. 339

7.6.4 By A ) H 7‘5‘/2 ................................................................................................................. 341

7.6.5 ﬁlﬁE‘Zi’S}ﬁ%% ..................................................................................................................................... 345

7.7 zkﬁd\gﬂ: ........................................................................................................................................ 347
;‘]% ......................................................................................................................................................... 347
EE%&;‘%Y@ ......................................................................................................................................... 349
% 8 ﬁ %%%E#jﬁﬂ .................................................................................................................................. 350
8.1 T-J"“:m? ................................................................................................................................................ 350
8.2 %%@%U%Egﬂgig%ﬁ*ﬂﬁﬁ ................................................................................................ 350
8.2.1 SSHEISrBART Al A TEIET croosressonsssrsnsssssasesusesesssussionasstnsisebssnossuasstissontsssasssstssssssossissssssssusss s ssibaseses 350

* XIV -



8.3

8.4
85

8.6

8.7

8.8

8.9

>

x

FoE

9.1
9.2

9.3

2.2 )éﬁfﬁfﬁ“ﬁfjﬁﬁ ................................................................................................................................. 350

fﬁ%ﬁ@%@g@%uﬁyi .................................................................................................................... 351
8.3.1 ATRABIETI corvoosssovesesrsisorsorsonsasssnessosnissessasssssassnsasessisasssissnssanssasssssassnssasisassisassinsssssnssasassissss sonssansasssses 351
839 Eﬁﬁlﬂ ................................................................................................................................................. 352
8.3.3 K TEATAHAEIG I -veveenrererreenet e s e s 353
&ﬁﬁgﬁﬂ%{ﬁﬁgﬁﬁj* .............................................................................................................. 354
gﬁﬁﬁgﬁﬁy‘, B’.]gzkﬁ,:)ﬁ ................................................................................................................ 362
8.5 1 BB FRIREE r vvveeereemermem e 363
8.5.2 MIEEERIEL . ZUBEAE ST TEZR e 364
8.5.3  ZRPEAT ARSI A B P 5 A B HE I -oveerreereremreme e 366
8.5.4 LRMESARLMIE/MEEE I /IHLEISETR oorveerreesesessesnscnsrasesssssstuststssasensastssmssss sesasasensssssssssssssens 371
8.5.5 LRPENATSMIBRAERE . FEAE BT HIFEAE oo 373
8.5.6 T B R e 375
8.5.7 LBMELATLAUEEBE FJ AP +-eeseemrsssssristussessonssussssssssussssssnssssssssssssssnssssssssstassssssassusssssnssssssssssesssassons 379
ﬁ"éﬂ(ﬁg ............................................................................................................................................ 381
8.6.1  JEHIATL I T ACKEE A T FE T cooveveere et 381
8.6.2 RBEMLLERIITEIIAL «oevrreriniiinti i s 386
8.6.3 IR TUARAEIE L «oveeemerereee e 303
8.6.4  PUBEIIID -vevererererenmtmninntit et e e s s 394
B.6.5  BUH i oot 396
;“‘__"F‘*/Elﬂ ............................................................................................................................................ 406
8.7.1  AEFINL L B 2L (LI R 3 I T JT T voeeeveemeeeses et 406
8.7.2 MBI CR .. A RE S A 2 T v 407
8.7.3  AEAIRL ) WA B P 5 MR 20 TSR P <oveeeee e 414
R % LU0 a L0 =TI g 2 1 R — 416
8.7.5 HRUSHPIRAE . B SRR BIFHIER e 421
8.7.6 FEFIRL I EE B PE G EERE BRE --vovoeeereeere e 425
8.7.7 AR [P AHE FE 1R [ T coe e 430
8.7.8 %*ﬂﬁgméﬁ:ﬁ BT «eveneeen e 433
8.7.9 gﬁ:ﬁ ttl%ﬂ%;ﬂ‘]ﬁﬁﬁﬁ’*ﬁ* ............................................................................................................... 443
8.7.10 #ﬂﬁgﬂ‘]ﬂﬁ’ﬁﬁﬁ%{/ﬁ——ﬁ?L#ﬁﬂ* ....................................................................................... 446
ﬁ%ﬂg%ﬁgmﬂﬁ ........................................................................................................................ 450
8.8.1 ﬁ%‘]ﬁiﬁﬂ‘]ﬁ@ifﬁlﬂ ......................................................................................................................... 450
882 %ﬁ&mg%gmggmggﬁ ......................................................................................................... 452
8.83 B GINZEI TR ZRLGE -+ovveeerrerereresresee s e 454
jgﬁ /J\g:é,: ........................................................................................................................................ 458
......................................................................................................................................................... 458
%&%im ......................................................................................................................................... 460
ﬁ]ﬁ-ﬁgﬁﬁ* .............................................................................................................................. 461
gl—é: ................................................................................................................................................ 461
%’i*ﬁﬂ( ............................................................................................................................................ 461
921 BIAHTRIRIZELER -ovveerereeree e 461
022 A FHIRIE A JEUH coeveeeserenme e 462
923 @mmmm%;‘gﬁﬁgﬁ*ﬁ ..................................................................................................................... 463
ﬁ”i @i ........................................................................................................................................ 467
LT I -3 467
(T T - N = 1 472



9.3.3 AR IART IARLBRAE 1% v 473

9.4 f{j‘i}:}ﬁ]ﬂ; ........................................................................................................................................ 477
Q.41  FABEPEHL: s 477
0.42  FHN AT oo s 479
0.43 T BRI BUUIRAE IS oeverersersesesssscasesmussscasisesstcassasasusassssssississsssstssasssssssssunsssasissassssssssssasssssssssns 480
9.4.4  FRPEARAT FIFF S [5]25 FRIIR A AR T oeereemmee e 481

95 |Fﬁ“ijj}j; ............................................................................................................................................ 482
9.5.1 WHE AR R AR B PRI NGE «roerorssmssesssennssissssuseoiansessenssnonsstassisssossssosunesissasssassasenssustssustsossssssssssss 483
9.52 MR AR R I AISEIHERIE vroverererersestrsserisessstassstiass s ssss e essss s bssssasssbaas et s et b s Rssss st s e s 486

0.0 A BT 7N e 489

}Jﬁﬁg ......................................................................................................................................................... 489

}jﬁé&%jﬁ ......................................................................................................................................... 491

N0 T 3 B I B S T oo 492

10.1 E}I%‘ .............................................................................................................................................. 492

102 3780 BRG0PI IR ACHIE 25 oo 492
10.2.1 0 ZR G0 2 i T oo 492
10.2.2 3B ZR G AT cooe e s 493
I B F L S fih e S 496
10.2.4 3 B0 ZRGE IR H coeeereereemeee s 497

103 %%mﬁﬁu .................................................................................................................................. 498
TR T N o T 499
10.3.2 GO A1) seevereeesseess s s 503

104 LIRS AU HIEL AR coerreerer e 505

10.5 E%ﬁi\ﬁ* ...................................................................................................................................... 506
10.5.1 B ZRGE T A LI o oeerereseemeeen e 506
10.5.2 B ceereem e 508

10.6 ﬂ";ﬁif\\gﬁ:m[ﬁjﬂi .......................................................................................................................... 510
TO.6.1 3 A FRIF R <veveeem e 510
10.6.2 A7 A FRER BE ++vveeeeeeers et 513

10.7 #ﬁﬁ;ﬁmm% .......................................................................................................................... 515
10.7.1 3 B AAE ZE TS TR coeeererememmee 515
10.7.2 3 B ARAE BT TR oeereeereersees i 516

10.8 zt;ﬁd\% ...................................................................................................................................... 518

j_]@ ......................................................................................................................................................... 518

E%%&%Xﬁ ......................................................................................................................................... 519

% 11 ﬁ f“a"iﬁ!fﬁ'—ﬁ%ﬂtﬁ* .................................................................................................................. 520

15151 E",|”§ .............................................................................................................................................. 520

11.2 ﬁﬁﬁ}fﬁ Eﬁﬁgﬁt .................................................................................................................. 521

113 B SIS 2 HE e 522

11.4 ﬂﬁﬁm_‘g@,ﬁgﬁ .................................................................................................................. 523

11.5 ?ﬁﬁﬁi—'ﬁ?ﬁ%h}: .................................................................................................................. 526

11.6  GEtF I GBENLZHE e 527

11.7 ?,%éﬁﬁﬁ ...................................................................................................................................... 533

11.8 jgﬁd\{’%: ...................................................................................................................................... 534

S BB coveeeeeenee e 534

Egg%iﬁk ........................................................................................................................................ 534

H:ji gﬁg?gli ........................................................................................................................................ 535

* XVI -



