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ABSTRACT

Cooperative relay technology has been shown to be effective to mitigate the negative
effects of multi-path fading and to attain broader coverage range, which has a wide
application prospects in the future wireless communication networks. Differing from
traditional single-hop networks, a transmission of cooperative relay networks is implemented
cooperatively by the source and its relays, so the system resource needs to be allocated
between the source and the relays based on the channel status of the links among the source,
the relays and the destination, which have a great effect on the system performance. The
choice of relay nodes and optimum power allocation was discussed in this paper.

To begin with, we analyzed the one-way and two-way relay system model and principle
of operation. Then, we researched the transmission mechanism and application environment
of three collaboration protocol including the fixed relaying, selection relaying and incremental
relaying. In addition, compared channel capacity of one-way relay system with two-way relay
system, the simulation results show that two-way relay system achieve channel capacity that
are substantially larger than the capacit, ¢ e-way relay system.

Next, we discussed the optimum p\OVVer allocation problem of three node of two-way
relay system. We first derived each node optimum power allocation coefficient to minimize
the outage probability and maximize the total capacity respectively under Rayleigh fading
channel; Then, we studied the performance of outage under Nakagami-m fading channel and
derived a lower bound of outage probability. Furthermore, considering a total transmit power
budget and minimizes the outage probability as the optimization criterion, we discussed an
optimum power allocation method. Simulation results verify the accuracy of theoretical
analysis.

At last, we studied two optimal joint relay selection and power allocation schemes in the
multi-node of two-way relay networks. One is in the principle of minimum outage probability
to conduct the selection of relay nodes, derived closed-form solution of outage probability,
based on the optimal choice of relay, the optimal power allocation was conducted; the other is
based on the maximization of the smaller of the received signal-to-noise-ratios (SNRs) of the

two transceivers under a total transmit power budget, maximize the system capacity as the
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optimization criterion, and apply SNR balancing scheme with the weighting coefficients to
solving, gained optimal power allocation solution and optimal choice of relay scheme. In the
mean time, the performance improvements of outage probability and channel capacity with

joint relay selection and power allocation schemes is analyzed.

Key Words: Two-way relay system; One-way relay system; power allocation; relay selection
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D o BEEF 4R R BERT LA H B0 sRE BRI BB R, IR REE A,
BEHNTRa e SR BB RRRNEES, TUEESEKLEH (MRC,
Maximum Ratio Combining) . %38 i & 3 (EGC, Equal Gain Combining) B{% #-4& 3 (SC,
Selective Combining) H—FELJLF TR, REIELHRIFTRE, KEHERE
EHER.

B 3.1 REPMEP R RSB R

3.1.2  Two-way 1iME ik R G AEE

MEEERYRHERBHRN, FAHTHAGEENTERERNENTERT
AR LR, ([EHEHEE N AR L, SR SPAME R 8] i) B ik A< ol A
RECNZENEEREFEEER, KHRETNATREETE. 2B+
BAGHIT TRACR . WA PMERS REER KR BEZH T =AM B>,
W 3.2 B

13



MR TR R A 1 3

TRx1 Relay TRx2
1@-—>e @
TRx1 Relay TRx2
7, @ °oS,@ 1@ e ®
s, 5, TRxI s Relay s TRx2
L@ <@ 1@ °o——@ 5@ o0

s 5®s, S$Ds f(s55,) Sls5)
rete @ 10%%%g @/t g

(a) #GTTR (b) TDBC % (¢) MABC /1%
Bl 3.2 S MER SRS R R

B Two-way 4k 7 S 75 B0 T BROR 5e B A H K39 S 2 I 45 BAC Bk, ki
A LUE Two-way 4k R4 E BRI One-way F4K RS, WE 3.2 1) (a) Fivr,
BUSREBEG T PR A2 [ A T8, B R AN S SR RN . B AR T
YEEIT 48T % (time division broadcast, TDBC) 5™, W 3.2 (b) Fim, @il
I I P 48 T I e, AR B BRI/ N B = M BRSBTS (R 4R
FEMERI RN BEROE R, RE RN ST R EERE, R
ATHIY S, BN SRR BESE, BECRENES SR HES
BT REURME, MEACEENES . SCRR91% TDBC 75 AP REIAT T 047, It
LG MU BT AT TG, 45 TDBC 7 R LIRAE KN E &.

Ve =Fa, WE 320 (o i, 2N # (multiple access broadcast,
MABC) FE™™, W7 RESLRH H KT S G B HATER M B
BRPT E RO S R A S B AR 8, A SRR S T . BN R,
FAELIRERES, W ) BPHf(s.s,), THRARBME, FEIT A
fES iRl CEENES. CRB3]PREE TEER TDBC-MABC 1%E. BA
MABC FERIEHBN, FUXMITAMES T MABC TE, Wil MABC
Jr R Two-way HMEH 4k RAMIMERER IR AL, FIAEENA MABC %
FHIX I UME 2k R AR REDLAL -

32 WMEBEmN

W TG RE T B ELE, FERMEAN AL ERTHEANENT
. ERMTEAT, W BN R BRECIER R R SR, (B a A BRI
PR REHAE, MEANTAGT, 9w DR RO ROR 8R . STARAENT
AERELENTEFERATLEANAREA R, BRI TREASAKRE, SNTHK

14



FIE PMEBEREHRRIERD

X R SRR B ) R R R RIS M BR B AR B S BAE BE, 43 B U T Hh R KB 40
i TR IER EERTHMERRE RS, PMERGETFEERR: Fefihg

(Fixed Relaying) ¥pi¥, i+ R H 2k (Selection Relaying) Hpil FI5R A4 dh 4% (Incremental
Relaying) HHX%". 2 /5 M S UME LGS HME" . EAaTA SR eI
FEREIRTAE

321 BEIEE AN

(1) BK-¥% (Amplify and Forward, AF)
AF Z—H “ArlA” frpdethil, BARERIEIWE 3.3 Fm. PAYWHER Bk

SBCKA RE SRR, WECKT BlUE S R% S EREM T B =D RS, #ik
3T S-DMR-DMANEHMILFERNE S, W LURAFEM & FF Bm A & FF R 50
PR (S ST AEER IR I, B IRIAROERT S, G AT B LR ReS, B3R
BRRRES. AF FEHIEINEAET RE MR, HIFERNTHMER - RIER
bRt ol &y TR B R R R

ERR-FHRPREERESD, FEEMIHEERRRTSRNEERE, MWl
EREEAR. A THE-FRPENE, BK-HRTREEES T SREERER
Z B BB HITE DL |

R

e &

& L
B 3.3 Bk R AL
(2) f#E-#% (Decode and Forward, DF)

DF thilB—F “F B4 (fp 4, RAEEmIEImE 3.4 fros. FH#TERE
BEREETAS RERMEESZE, MBENESHITHIL, REEENRG REJT
KA USFEAHRETUARRD, RELEFRERTED. 5 AF MR, BHFH <D X
313k B S-D HIR-D B4 AR R B INE SHT & CEFREHRBKULEH T AFE),
RIGHH A, SREURMA R IE(E B . (B2 DF fHHmLE FIURIEEAT 750 2 P B 5

15



TRy N o n V4798

AT 2T L TE MR T S A0 B, LR REIAR R BRI R % O

BT AR S AR BEBSHOTS 2, LT AR ATE, ELAGS THIARES. 1

LU AR, AR B, ST BLE R RRSA, S DF W=

R RET LA ENECh 2. MR ERAMIRIGE, (05 R i B

B, SEGEIEHRIORE B R T B, SN 1, RS T RGN
wméQWL

s
&7 L

K 3.4 - R AR AL

WA ARLLE 7, DF PhGERT DL —5 40 A ERK DF Bhllina i
% DF Upid A", A% DF UHSUE 46 & R 05 S UTIR0D, EAERIE
S, PREEFEERESENRGEREAD . XML E, H45]RIR0
ik, SEREMRN TR, WA DF MU E R4k R SHERE BEATERTT
K% (CRC, Cyclic Redundancy Check), RAERK TLIRMGN AT K, BR %
EFXAHLMGER . XERES T E LR DF P T IRIAEE, (2 tuin T Bl
RIRIREE, B DABEHCH S BBk R & B, ANRMEE PSRRI HL.

FRR-H A RLBIN R E A B SRR A8 S BIh 4k S R FEA B HIHIZ. BT LUK
MFBR-ERBNNE, BIS-FHRHIGEES T SREERERIFHIFE.

MU LD ETLUE Y, BB a8 5T, BEtnsR FEEE
tEgtk, Blan, ERAMBRERT, SUEMERIELE S0% MR k. H51R LT S 3
BE A ZRMEERRBER, BT SREARERARLEY SMEE, ARG
BERKBERRT . B T F K% B2 4k SO 3R B ch 4% il

322 EFEIF Y

GNHTATIR, AT ANYRCTT OB AR R (SR) {5 RS XHERE- R ere 4 1R
KEm, AN EEERRHES R . SRR ROX — iR T R BRI 4k i,
BEBENTRETARREFHRRTS HHE. Bk 2SR EEMERE K
TIORITRMER, WHIS-RFEFRENL, A AFERINTELRRAE, DFERMHE



BIFE PMEIEEH RS

WIRH M S, ABQEIRERRGEFEE, PSR AERER, TUUHETAS
HERRKIRFES. M4 S-RAGEM BRI ET RS TRER, g3 AR R
AF B DF 77 R R fE R

STF R kUL, TR R4 AF B £ DF h4kih), HEEAEH5T
SEREBEHFMIIRERR, FUGHENTIREE, T REE &R A=,

323 1BBEI RGN

WHA PRI RHIRT SREERENENTRGFENEN, WRSREEFER
ZENW s, MR T AR @B A, ERR b4 R4, mREHY
REEUE SRR & TR TIRE, BB K S LS, e p s SAT
fE, RASDEMAKTN: MHHENYIRIESOERETIIRMEN, tRhg%Yy
RE5TE, ROAH—NEEEEINER, BBIH MY aEEEE. FENRE bk
BT, PRTAHAR—EHTIIE, MARELHFEERR, EFENATHE. B
T RBERT LR BU# RS-k (DF) 4%, ] DCRABR-F# & (AF) k.

S5EBR RS UARR, ERRE PR, AEIEE AF & & DF i, HM5
ERENANMISTEREFNTIRER X, FUTREENEGE, WeTLEREE &M
R A &

33 RGBESH

ERA—HEMNREN, BFE-MNENAT. — AR AT, PR A
T, , BAB R U £OR B (70 06 B B AR B RGN 3.5 R, h RR T, © T,
MIEERE, hERT, o TIHEERE. TRT, RENGERFSHHH X Mx, TR,
x ~CN(0,R). x,~CN(0,R), FakMEMmINEN P, . F—NEIEHEL B REM TIEAEY
ML, BEERELFERSER. TEHKER REREFRE F 4R HE

AF. DF Wil T RS ARHTHER N M EX .
' d |

V...

1

P
)

o
T

N

o o
T L
Bl 3.5 —HtEp gk M4

h,




PRI TREA IR 2R A8 X

33.1 AF gkt

(1) One-way P4 R %:
ANR—EtE, appgkRgEd, RIHETENMFET S, TENBRTL TEY
P S RS kNIRRT A T AR B AT, AR B A S
FfE SHATIORAE R, Bk +1I M RPAELEFRNESEAANTAT,.
TWE k ANEBRP R ERE S A:
v, [k] = [K]x [K]+ 0[] (3-1)
A, bk e e g, ~CN(0,G§), AF thill T gknt i 245 5 K A2 BT ] 5 A
REER, TRRRECH:
_ 2
g[ ] ‘hl[k]‘ = (3-2)
R+ 1IANMBEPRERERZIHRY S, WERY SHIKESA:
vy [k+1]=hy[k+1]g[k]| A [k]x [£]
+h, [k +1)g[k]n [k]+n, [k+1]
KA ITER M BT 0y ~ CN (0,07 ), ARHE H AT AUAR RO BRSO IR L, T LA S
SR EREE R (A K]} F{,[k]} THI%E AF (8RR
B|hgh ]

Gz +0; |hzg|

(3-3)

1

R, :—logz(1+

(3-4)
2

(2) Two-way FH R4

SR AF PHARGEANR, EXFPHRRGED, ETHT, BB FREY S,
TAERTHT . WES LA, FEV AT AT, R ARG BAPRT AT, P45
EWRNESHITHRONLE (BFERE), Hk+1 MR HIEARENE ST BARE

T, WRTEARRRES @Y B CBERER.
FENHERRBEE SRR A
v [k]= b [k]x [&]+m [ K] x, [K] +m, [£] (3-5)
AR R EOA -
il
glk]:v!a\a[klrmm [+ +o o0
BE+INBTHT,HBCRETST,HES, T, mERES b
» [k +1]=h [k +1]g[k)h [k]x [k]+ B [k +1] g [K) A [K] %, [£] 1)

+hy [k +1] g[k]m [k]+n, [k +1]



BIFE YMEEGEIRSIER ST
W

T, mElE 5 4
¥, [k+1]=hl[k+1]g[k]hz[k]xz[k]+h|[k+l]g[k]h, [k]x, [£]
+h [k+1]g[k]n3[k]+n][k+1]
POAT AT, m A A HOREEENEEERNESEERSER, FLUTHT,
BEMEBIIE S P EMBRTIBE N T EER, sk B0 AF A EEER K.

2 2
R;iﬁ:l 10g2[1+ Blhogh J logz[l Z‘hzgh“ ] (3-9)
2 o3 +03 |hgl o} +0; el

33.2 DF it

(3-8)

55 AF PRURRIRIR, DF Pl F o gk B 05 SR P 0 MO i A b
R ESE MR 5 HATRRAD, RV EH IS (G752 T LUAIE S S AR R Ay DUR
) e R4 By .

(1) One-way P4k R 48
FER DR, AT RGBS PR AT, hHBRES N
yS[k]=h,[k]xl[k]+nS[k] (3-10)
QSRS S, [ BB EFRAEE S x, , 65 &+ 254 B A,
WIE WY S BRNES A
»lk+1]=h[k+1]x,[k+1]+n,[k+1] (3-1D
Hofx, ~CN(0,B) , RIS R LRI B AR T B — B —BA R b
H. RIELmBBUESKL SN, B EE) M5 DF hH RS BERIERN:

R, = lmm{logz[H "hll ]10g2[1+ 3|h2| ]J (3-12)
2 ol o,

(2) Two-way T4 R4

BEANEPZRT AT AT, A ERESAF SN AT, MhggkEsh.
v k] = b [k]x[k]+ iy [&]x, [ K]+ m [ &] (3-13)
*%ﬁ}%%uws%ﬁﬁﬁ@@ B x [k) Fx, [k 55, REEFRHE. Tt
B, HARLUFRIThER R AEMBIT, i, LL(1-B) RIS ERMEHTI T 3. Wrh 307
Gh [k +1] =B, [K] + 1= Bx, [K] - 7E28 k+1 BEBRS SRATEH A0 4, L8 T, B0

5%

¥ [k+1]= by [k +1]x; [k +1]+n, [k +1] (3-14)
2 T, W IE S



MR AR TR AR X

w[k+1]=h [k +1)x [k +1]+n[k+1] (3-15)
eI SO MRS, ATLLGEIXUE DF Bl P RGN B AR
RE" =m§axmin(RMA,Rl(/3)+R2(1—[3)) (3-16)
n 1 2 2
A, RMAz—iC(Pllhll +PZ|h2‘ )

R ([3)=—;—min(C(Pl[h,lz),C(ﬁ}QIhzlz))

R, (l—ﬁ)=%min(C(lehzlz),C((l—ﬁ)g|h1|2))
St € (x) < log, (1+x) - TR ATERE B OMATR BT 4k AAT SRS B0 2,
R 4k R B AR RS R, Wk g =1/2; WRPHEH —ENFEERFER
CHEEBI BB, TN FIREIP AR AED, EEERERAMEN
Tkt p . RATRBTERY SHMEENENE, WP =P =P, BKLREHFEN
ESTERE P HEN:

mde _U_d)+l30_d)J, dzl;
2P 2 d 2
B* = (3"17)

max[,ff_ﬂ+1,l_ a ] <l

2P 2" (1-d) 2’

R, v HBRIREEIRE, d R T AT RA— LIS, 1-d AT, BT, MH—LIESE,
WE 3.5 fiR. Lh#BAZETH, Md >0, BEEHTHRNRHESEIT T, > T,
Mg b, MT « T, « T, BRI RRM . XRFE LT, Bl 48 T, (5EHE
B, ARNMFEBHRETT « T« LBHEBNEER, YPABRLRT H, EF2
MRS, FERPFRER (3-16) RIsH A RS ERMATE LB L2 SR 1
ABAR, HEEEBREEENERERNEWE, KEXBFRNESRAE mHE

B, REAMENAR.
HRYE R 361 BRI N T RA M A ER _ERREX -
ct =max(min(c(aW),c(ﬁgw )

0<p<l

+min(C(B[af ).c((1-8)214f )

(3-18)

333 HEZER5IE

EAMER: KRT T, Z MMEEIA—A 1. EEES A A 2 5RRASE
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F3F  OMEEEIRIERAH
% TEAQRQ, WERMHNLLR. ZEARERE, W, =d”, O, =(1-d)",
HPdATRT IS, 1-d AT, BT, NES, BESHERyv=4. =AW ANES
FiEol=0,=0l=1.,
Kl 3.6 FEAEHILIZE P = P, = B, =10dB I}, Xt %A AF §1 DF #3557 AF f1 DF 4%
KRR AER LA E ERBAT THER L, 42T EFfR.

T T
—©- Two-way AF
—<— Two-way DF
—4A— One-way AF
—+— One-way DF
= Cut-set upper bound
I T T

C (bls/Hz)

L I " L L L J
0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 09
d(Position of Relay)

K 3.6 AT AF #! DF Ml FREAR M H &

MEFATLEL: AER AF iE& DF UM F # R G R BBR TR FHRS
RAE; L8N RS T B T, 56, XA DF il FREN AR LT U IAE
(L5 EREPHERE D, D940 S0 T E M St O BR, AF A1 DF Bl
TRGHMPARFEE, HDF hillkh AF YUCE & SUa P4k R %, DF Yhislferhgk
FHERF AR AT ERT AF P, B4 45 T AT, f9:pial i E4 3, DF
U ERITIR T, BEESTOMERESK, HEBET AF ¥, X2KH DF
HRLFRE AN ZENGE, WEHE—MRNROEERE TS EAR, tin—
I EMRAT A —miE 8, T DF HRIEEABRAT RS PR,
FIURBHRERRZIET AF.

B37#d=05. Bb=P=P=PM&HT, iEMLTE 6 THHEMRELERE
TREZ L. NEFTUEL: XEMELTREARBHMIVEMRATmHA, #®
W*%ﬁﬁw,AquﬂDFW&ZH%@%%%%%ﬁ%%KWﬁ¢,ﬁ%ﬁ%%
REELLEIER, PRI T RAEMME AT, AEERNBKMEER, Wah%R%S,
HER/NT 5dB b, AF MXRERE/NT DF i, H4Z AT 5dB if, AF il &

21



RV LR RSB 2 AR 3L

gREAT DF i, da W, WA SRS AF #1 DF MU FRBRAA RN K
N GIEE A %, EE5EBEuRER RN XK,

g —O6— Two-way AF iiZZiZiZIZ;:Z:ZZEZZZI': '

115 - —=— Twoway DF R — R A

of [| —+—Oneway AF  [TTTTTTTTL T T A

8l. -| —&— One-way DF —H]

7L -| —e— Cut-set upper bound |- - =" - - - R AT e B
T |

(]

__________________________________________

o

——————————————————————————————————————————

————————————————————————————————————————————————————

1 1 L L 1 1 ]
0 5 10 15 20 25 30 35 40
10log, ,P

¥ 3.7 RGBT MR 2

BL AR L AT LR, % BB AT, ARG REAE L [
gk R AR b — SR E SR, BULEERBR T EH M ZRE. MK
[37)-[A01AB%E XU o] ch 4k RGE A BHET T 404, At TR P REMARR . SO
[41]%H 5 F PR G FI two-way KRS, ST T HAE DF 4k TR
M. SCRR[A2PFI[43]0 XU 46 R AR PR REEAT T 407, 7 RIRSERS b, ACE
FX =AM AL A two-way AF PR MMERERT THIF, 118 T IRALIE AR
FB AL P AR R R

3.4 KENG

AE YR T One-way P4k R Two-way H 4k R4 M R R K TARIRHE,
RIG, BT UMESEM = REAMENIN, A H T SHUMETHOR A RIERE DL R i
&0, FEMITIETIOR-ER (AP, @IS-5K (DF) B E g B 4k 5ng i AR R
R ARG A, &5, ¥ One-way T4 RS Two-way PAREMNFHEAREBT T
B, 2RRH Two-way THARLMEEREH One-way T4 RLEM .
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HA4E Two-way PHELIMLIIE AT

B4E Two-way PEHRFEMHAIIES B 5

PMERIERSE S, 17 4k S1RIRIATHEAT IS 24 B0 L2 A WA BT LUK /0 Ly 22 3 $E RO 4
KM@ e, EMLRERERIER, WATEMES. BTk 0es T EgHEd
T One-way T4k R4, T Two-way T4k RZ MBI SUMME/ . XUk th a4k R4 E4E
BT R ST A BMERER R RO R T, HTF (S ERY
PEALTH D BOARIE™ . BT IRAL R Th R 4 RESRRE" . 38 TR L) 2 4 B S

- ARFEBA = 8T Two-way P REMIIIHE N TIE, £ 45 G105 B4 F

R
41 =TQ g RGEER

SRR RAEMEIME 4.1 Fr, FIS,. S, MR 4 UERE-ANETE. B
SR R ARG L PR AF BT ERR, BT BRI KRG T
EFNTHAT. nRES R MEERY, /RES, FIR OEERK. h 0 f 290
AF TESHHQMQ MERIEHER . 81 SBUUE S b it S e
%%ﬂﬁﬁgxﬁﬁﬁlmﬁﬁﬁﬁm%io%ﬁ%ﬁﬁyﬁﬁ?%%ﬁ&ﬁ&Z@ﬁ
PR, AR TAHAEELEEREER. HEYAS S, Exms Bk
BB E 2 MR O BES, S, AN R BA R, R MBS S 84ROk
RORER, RAGBAE I SHETHE, BARTAS, TS, RS B2 B T
VW, MHNTTIER, BT E RO H.

B 4.1 =45 SR kR GeAY
B8\ S, RIAMITR S 4500 x Flx,, RETEAF4 PR P, R SAFIMES .
¥, =\JBhx, + [P, f, +n, (4-1)
HF n RIMEEHERE. EROME, F4TER tHERBINES y #THRAL
B, BRRE N p, ATHEMAE, BRATREEME.

p=J L zJ L (42)
R +BIfT+1 VB +£|/]
MR R LUK T3 P A HOK IR0 ST 4%, VR A2, RIS, B BIRIE 4 5«

23



MR R TR A A I (3R 3T

Vs, =./P1Prl1lpx,+,/P2P,hfpx2+\/F,hpn,+nsl (4-3)
Vs, =\/P]P,hfpx1+1/P2P,f2px2+\/F,fpn,+nsZ (4-4)

e, ng g ALRIERIR EIBR S
M(4-3) RATLIF S, I AS BROES g PES X, TOT S SR
ﬁg%ﬁ%%ﬁ%,a%$%,H%&%Eﬁawﬁﬁﬁﬁﬂﬁéﬁﬁﬁﬁﬁﬁ,%u
S, e MBI 015 S e 2 M IR x, R — DI 5
}S. =\/ﬁphﬁc2 +\/F,phnr +ng (4-5)
FIRES, MBI IS S P & B IR x, REB—MIHIE S
';)Sz =\/ﬁphﬁc1 +\/Frpfn, +n, (4-6)
IR (4-5) R (4-6), HILAF S, TS, PR R 5 L3000 -
_ BRI RE AT
P+ B + BT

(4-7)

A

TR R AT
1) BAEEESELRGASE
42.1 HETEERGDATIRMK

(D) PHENHES
A ERAEREE T, 5T SUEHET Two-way AF 4k R+ i3
TREER. BR=P=P=P. WAKX 4-7) fltA:

2 2
S, =_f7|ﬂ(l—7 s, =_P|2@Ll_ (4-8)
20 +1/T 2177+
i (4-8) ATLABEINE AF 4R RSTS, 7S, PRI TLAE B 4309 -
I, =%logz(l+ysl) I =—12—log2(l+ysz) (4-9)

VARG B AREREE R R, R Two-way Fh4k RYTH B 9 s R KRR, BT
DLAT LRSSk i AR Sl ROl B2, R IERA T A RR, RER AT
F S EARRT BAF AR R RA R P, ERS U R e RGN
P (R)=Pr(11 <§or 12<_12i) (4-10)

outage

BTFBEATLER LR LAFERK, U ERERAAR (4-10) KGR+ HHR
ORI BN, AT, MRS BERATERAEN, B
ANESHRR TR LB ECR R — A ARFIRA:
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$4F Two-way PRI E BTN

2 < min(x,y) (4-11)
xX+y

B A (4-9), ATLBEITEIERE AR (4-10) M%HAK Y.
P (R):I—Pr(ll>£,12>£J
2 2

ge
=1=Pr(y; >2" 1,5, >2°-1) (4-12)
=1=Pr(yg >2° =1y, <y )~Pr(rs, > 281,y <7y)

LX =, r=|f, WXRYRYESINQ,RQ, MHHMEHER, Kk

fx (x)=*e><p(~Q—J 5 (y )—iexp(—lJ (4-13)

h Qf Qf
FAAEX @-1D), TTLEEIR B0 SRR S0 L Rkt oy,

P,hfl
. — 2X,Y
vg = 2|h| +’ ‘ 2m1n( X,Y)

P‘hﬂ —mm(X 2Y)
2AfF +f 2

£ (4-14) KRN (4-12) R, HHHESHPHREN T REELY.
P (R)>1- Pr[;) min (2.X,Y) > 2" -1, min (2.X,¥) < min(ZY,X)]

(4-14)

5, =

- Pr(gmin(zY,X) >2" ~1,min(2Y, X) <min(2X,Y)) (4-15)
=1-P-P,
FHXAY FEERREAR (4-13), B ERSKEBEP MEER Y
P1=Pr(§min(2X,Y)>2R—1,min(2X,Y)<min(2Y,X)]

2(2"-1)

=Pr| Y >

,min(2Y,X)>Y,2X >YJ

2(2"-1) 2(2%-1)
=Pr Y>T’X>2Y +Pr Y>T,2Y>X>Y (4-16)

2(2"-1) ]
=Pr{Y>———2 X>Y
P

_ 9 fexp[_z(czhmf)(z’*—l)J

Q,+Q PQ,Q,
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[EF/ I oy N4 T e L DA
ARk MR P, R E A -

P, Pr(2 mm(2Y,X)>2R—1,min(2Y,X)<min(2X Y)]

4-17)
= ~—-——Qf eXp[_z(Qh +Q/)(2R —1)]
Q,+Q,

PQ,Q,

R (4-16) F1 (4-17) HAN (4-15) LM, BAEBPHERN T A RELN

RMW(R)>1—eXp[_2(Qh*g%)(zk"l)]

(4-18)
PQ,Q,
(2) M Th&E 5 H
WRABINRN P, , % BOUF MR MR AR, DR R RN
(P,,PZ,P) arg 1 mm P,,age(R) 19)
st. B+P+P = Ptot
Bt (4-9) F1 (4-10), R (4-19) HIRALRESEN T
P.P,.P)= in(y,s
(B-A.F) mgg’%mm(y" rs) (4-20)
st. B+P+P =P
W& B =akb, . P,=BF, WP

o WP =(1-a-p)
Hik (4-7) Ha 1B RARA:
2 p(l-a-p 2 a(l-a-p
Sﬂﬂ&mmﬁmﬂ%ﬂ“zwwﬂﬁéﬂp#a. 420
SR (4200 BRI, TR AL S it o b MK R R
Hik, ME—AFHEREM (1,0,B)=mys +(1-7,)r,» 07,
B M (0, B) i

P, Ho<a<l, 0<p<iMa+B<l.

<1. AL A
HCHE SRR, BABBIRMEAERN:
Hils

> = tot , P ‘h
2(\H+[A1) " 2|+
422 BRBERBERKNNEMRK

w__ p- lm (422)
Ay

REAR 49), BIARFKENEE
Isum =Il +12

=510g2 (1+Ysl)+%log2 (1+y31)

%log2 (1+7s1 )(1 +ysz)

(4-23)
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FA4E  Two-way FH RGN TIR H B
HESIER P, BANREERBOIIRLADEE AR Y.
(BB 1) = arg max I,
st. PAP+P =P

tot

(4-24)

BRSO B MBS, FTLABM L, ST R (147, (147, ) - 108
SCRR[SSIFBIBIR: 24 (14+5,) (143, ) REIRKRT, 1, +1/x, BUBBME. FiBI (424)
PR BT T 2

(B.B,.P)=arg min (i#j

R.BA yS] 752

(4-25)
st. P+P+P =P

tot

FH&P=ab,, P=pP,, P=(1-a-p)P,, 0sas<l, 0<B<l, a+p<l,

At 420, B3 La GO o) g
Yo 7o aB(l-a-F)P,li]

PHX o M pKRImT, BKol/da=0Fal/op=0, EI[EE

|l ld
a= , B= (4-26)
2(W+171) " 2(1Al+11)
FRUS S SRS EER:
/|2, LI 1
E'_‘ s Ly = ,P,=_Pm, (4'27)
(=17 T2

LR B4 AR T B M R R 0 AR, A 13578
—ANRERI B MU TR FLB R B R A B LT R 4 FOAR.

423 (MEHRSHH

TiRH, BR=MORER—4HS L, P& SATS S, 2, BEEE—{,
S, #IR MIEE N, S,ZIRMERN A, Wd+d,=1. Hd0<d <1, 0<d, <1, %
BARERE, REREFHEREy =4, BkQ,=d”, Q,=d,". A REEHE
ER=1,

Bl 42 7ESNR=20dB MI%M T, SBHRSMAALIIR SR 0 K57
T Monte Carlo {fi 5, 78 2 WL B 4647 B 0L i1k  NEISH AT LB i 76 4 = 0.5,
B 2SS S F PR A O BN, A REESEE MY EARELT, &
FH W MR AR BIRIC. HEEBOENTLR, RITIENLRERLEHRITI S
L RS i
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he R TR F A X

............. T aocece-clooooo .. —--_-_1
3| —— equal power allocation
—&— optimum power allocation |

Outage Probability

o) S S B R S S
¢4 02 03 04 05 06 07 O

B 4.2 oA R B o 0 L B Y R AL
B 4376d =058, XTAREEEE&ET K FE#E2K Monte Carlo 47 EA T Kt
EOEIBEBT THEME. NBFRTUEY, TRERARBEFERLELT, S
AR T TR ) Monte Carlo ff EH&EF#iE FEIRER F 5. BMHHES R
FRP R B TSRS

10°

simulation with equal power allocation
O  Lower bound by analysis with equal power allocation
—+— simulation with the optimum power allocation

10

10°

Outage Probability
=]

|

i 1 i i
0 5 10 15 20 25 30 35 40
SNR(dB)

43 TR A B S ERERR
R[4 R T — R R SR T R, LB Two-way FHRLERNME
BRKAE, R RZROFMET, Bl 51 HAs B A B AR BT KA,
BES/MUPERRAS R, B 4.4 EXT T R RI SR T B TT X
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F4FE Two-way PRREMRITHE N RIIA

FOSCHK (4418 th 9 IR Sh A S BT k. (G L&A N: d,=0.5, v=4, [Ty, =1/2.
100 EEEEEEEE R R R R s o L L L S TS oo 3
EITIIATIIIIEII N o MR R A |
PN :;::_‘_E::: RS ¥ I
10" :izzzszizszzzizzz::':::x:
= w0l
o i Sk ik it ~CEtt EEEEE L
510'3; Tz¥xgszze
3k
) I et S i Nl i )
10 pozzazzocees S rizsigess :3
10° : : ' ‘
0 5 10 15 20 25 30 35 40

M 4.4 B/ N-BKThF SRS MR D) 3 R R LL B
ME 44 TR, SHRGE DT 5dB B, B ML R Sh 2R AR HARAME K
ISR AL SIS AR P U, AT 5B R, BT K 1 Th ek oM S s 1 e
BB T AT AR AR B AT B3R (MR B R RIS AL S SR, 475 R GebE .
Bl 457Ev=4, SNR=20dBHf, {iELXfHL T HE SRR AT T RERA
SRR IR, LA AR RS RS RA R AR, BE
PR AT E AP O EN, RERFBEIEL.

85 T

—*— Simulation with equal power allocation
—O— Simulation with the optimum power allocation
I 1

7.5

C (bis/Hz)
~

6.5

Bl 4.5 R0 ABHITER ML ML
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ST iy N 2 e TR

B 46 BT d =05 v=4I, REBERMERILARIHE. TUEH, &
ﬁE%M$QME%m%m$ﬁM?%*Eﬂ%ﬁ@w%%ﬁﬁ%ﬁ,@Eﬁﬁ%@w
KMUT, RHHRIERBEANE

T2 M — S|mulatuon wnh equal power allocatlon :
18F -~~~ —6— Simulation with the optimum power allocation f - - -+ - - - - D

C (bls/Hz)

1 1 1 1 1 Il 1
0 5 10 15 20 25 30 35 40
SNR(dB)

Bl 4.6 R4 B AEBIEE LKA M
43 Nakagami-m FE{FE LMUINES B

Nﬂ%mMnﬁﬁﬁﬁ%—ﬁﬁ%%%ﬁﬁﬁ,%%ﬁ&%ﬂ%ﬁ%%%%%,ﬁ
ﬂﬂ%ﬁiﬁ%ﬁﬁL R ANITFEHTR Nakagami-m B 518 TR 4RGN

&, CHR[50]7E Nakagami-m 3% {518 FAH T HBRMSHFRE, BENERT
ﬂﬁ*%%%*%$ﬁ@ﬁ%ﬁ,ﬁ&ﬁﬂﬁ%ﬁﬁﬁ&ﬁ@%%%moiﬁbﬂﬂﬁ
2R THARTNGEER, ST PHBEOEHEER. BXFXREREET 5
RS, REHEBRUNESE R,

$%EN%%mmm§%%L%ﬁT IR B 2 FR AN 5 [ S B R AT X h 4k
RAHRRER, REG-AFREERERT BirEaERE RAR LT, #9
T$%M$%Tﬁ,ﬁﬁﬁﬁﬁw$x@%%#T,u%¢%%%%¢%ﬂﬁﬁﬁkﬁ
T, RS A A R AR R AT SR AR, TR RRPET 2T R LM T
BRI BT R TSR SEA P HTEE,

EE A FHAES P RRBE. Y”»fﬂwm,r”;fﬂww,

)= er-le-'dt , ABRETR. FRFRES camma FHH %A gamma B, 518
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B4E Two-way Rk AL IR BWIA

RYAR £ S HLPMIL AR TERAA Nakagami-m 3676, BLEAHIF 18 24
RN n RASGDNE. LEWER ) N, 0 S E s,

43.1 HEBIENES

W5 1E Nakagami-m EEFET, #5 TSNENR T Two-way AF 4k AL
FWEER T A RER.
WA=P,=F, =P, HU4EX (4-7) BEIS MR EEEL, FILEUEN:

___nh ~_ Nl (4-28)
27, +y,+1 2y, +v,

Ref, 7y =PI [Ny, v, =PI [Ny 4 SNR=PIN, o FRIFIRERO7VE0T LA B s, 5k
IR ML -

Ys,

— }'lyz ~ 7172 (4_29)
2y, +y,+1 ¥, +2y,

Two-way FH RS AF B FREM LT AEEREARN:
1, :%Ing(l"'ySl) L =%log2(l+}/sz) ' (4-30)

S

LFRMS, >R - S HBENEERE, [, RTMS, >R S, HENEEAE.
BEANREN B AMEREE R R, N Two-way T4k RS H 19 S5 2FRE, BT
CART LA A3 ) B AR AL R 2, AR IR M 4E BR, REH A
FNEERRCT HAReMERRERR AT, R R T MR SR 0
Po,,,age(R)=Pr(1, <R/2o0rl, <R/2) (4-31)
HFRANLER LA LARERK, FTUERERAR (4-31) S b
BRIFFEHRAEN, FHEBIRATEORERY, ARERA:

< min(x, ) (4-32)
X +y

FIA (4-32) ABATATLIREIR H 915 B (e L i E R RE RN

1Y 1 .
=—12_ < —_min(2y,, (4-33)
2 +y, 2 ( ¢ YZ)

%12

7’1+272
AR (4-30) F1 (4-33) WAAR (4-31) , TUAFIFEEERO T RAEXR Y.

S

1 .
Ys, = < 2 min (71 »27, )
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MA K E RS I 578 T

Pouese (R)

"wiage

=Prg(I] <R[20r I,<R/2)

=1-Pr(l, > R/2,1, > R/2)

=P?4h>f-mk<h}*dk>f—U@<H) (4-34)

>1 —Pr(min(Zyl,yz) > 2(2” —1),min(2y1,y2)< min(Zyz,y,))
~Pr(min(27,,7,)>2(2" ~1),min(27,,7,) < min(27,.7,))

21-P-P,

HHRER P kA R T
P = Pr(min(Zyl,yz) > 2(2R —1), min(2y,,7, ) <min(y,,27,))

= Pr(y2 >2(2" ~1),2y, >7,.min(y,,27,) > yz)
= Pr(}/2 >2(2R -—1),;/2 <y, < 2]/2)
+Pr(y2 > 2(2” —1),7/l > 2y2)
= Pr(y2 > 2(2R —1),)/l > yz)
= J:(Jzn_])fy, (y,)dyl g(lzx_l)fn (v,)dy,
Ay, fly, 592 n R0 £ B9 RIREL, BibLy, My, #R2RM gamma 7 i I BEHLE &,
TR 5 R B B A -

K m-1
o et 2
}/l ! },1 (4'36)

(mV [ mp
f’z(“)‘(z] r(mzf’“’[ ‘yz)
R, 1 =PQ, /N, 7,=PQ, [Ny, QFQ HFAEERF f 7%, HEARER
%, & Q, =d", Qf'=d2“’, vARBRIRFESEE, dFd, A0S, FIR S, FIR K
BEED, 4 (4-36) A (4-35) R, FHFIAIEERAART

Ex"e‘“xdx =Y (n+1, pu)

(4-35)

fx"e“‘"dx =u""'T(n+1, pu) (4-37)
fx"e"“dx ST

AP, u>0,Rep>0,n=0,12--.
BJa v HAARIEER P, RIENY:
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FH4E Two-way PHRREMMIIIE S TR
%

PI=[I— 1 T[mz’Z(zR:l)mzH
Iﬂ(mz) £
R
- r(m]’z(z _—-l)mlj
[(m) " (4-38)
PR
—_— = = | —| = 4=
r(ml)[}'l] mz=(:) Y.) mi\y, 1,

xT| m, +m,2(2"—1)(ﬁ+ﬁjj
ISR £

PR IR 7 LA B b, B3
P, = Pr(min(2y,,y,) > 2(2R -1), min(ZyZ,}/,) <min(2y,,7,))

R R
_ r[mz,z(2 Ll)mz]{p ! Y[m,,z(z ;l)m.ﬂ
I“(’"2) 4! F(m,) 14
1 my m-1 n —~my=n (4'39)
Al Ee
r(mZ) I =\ ) "y,

><r[m2 +1,202F -1)(2+ﬁ]
Y: "

BV R RN T RRER (4-30) FREEET m B m, I E 8
i, HEPASIAR5ES gamma B3I 54 gamma 550407 LU A Matlab 8 f:rhis
HE R B E R IT I, Frse I s fE.

432 MUThESBE KB

MEBBES,« S, MRFHERMDER AL BRP . AT HRAE, EHRA
WN,=1, BT S fBREF p WILIELUE.

1 1

”7/ I \/ TR

SRR RIS A S, IR LI AR (4-7) TR,
FIHERRZLIEANP,, WER:

R+P+P <P, (4-40)
BOL, FEWEHT, BEAESTSEBTEENIIENR, FREANTBEZRE, &
AR AT DIRIR A -

{(R,@,R)wg min P (R) (4dl>

st. R+P+P =P

fot
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5

S RIE TR KT L2083

e ——— SRS O R ————— — e ——

RIER (4-9) A (4-10) ALBRHR (44D BFER AR
(B.P.P)= arg max mm(ysl,ybz)

(4-42)
st. R+P+ 1 =1,
G A R A RS B AR, B
Ys, = Vs, (4-43)

R SCAR27) H BB 4. FE(ERRECPAT T, R FAHERIN IR B RF TR

P =1/2P, (4-44)
7 (4-40). (4-43) F1 (4-44) WIZHT, WSRHEAR (4-42) KIEA:
/1P P = e p_1 (4-45
1 = > = )
2(rf+1A0)" 2(rl+1A)

B (4-45) FLAE M, 7 HITRAEMRRER A PR 2R
Li.

433 HEGRS5H

(i, Brp Ak ERLT S IS, 218, HEFEH—, S 2R MIEEA G, S, #R
MEB N d,, Bd+d,=1. B 0<d <1, 0<d, <1, BRBFEREVIUEN 4, Np=1,
HArfEEER=1.

R4, BATHd =05, RERNRGERH YR HR0~30dB. F&H T35
B ) m=1Fm,=1; Q) m=1Fm=2; 3)m=18m=3; &) m=2Fm, =28
DRSS, HEAT T IR, 83T SIhE 4R T HiEF M Monte Carloff 4, ¥
ShER AT o WA SRR A R AR AL T 2R AT T P Wi ABE % ffiMonte Carloff7 EL#1 2K,
SRR EIE . LAk, BT LE S, KT m fim, BE, Tk
TR R BRI T, ST 405 B iRk 2 Monte Carlofi FLAE#FAEH
BETEREN TR, FNETRIEIRK T IR SR THETENR SR+
Witkee, BN, EREERA10°6, MR TSR, RICIIESEA LREA
3ABIIIEZE. Ym, =m, =1 PR EH AHAIFREGERN, HpirtaenE, FRILHD
30dBAf, HWHERM G107 . FAMEREERILEAMNT, HERF m =1Mm, =271E]
BT S m =1 Fm, =3 BRI EMEEATS, XEFIRENEREENR
FHRER (m =1) B—FHE.

4.8 B TEWREY 20dB. RIS R T4 o g b o 4k o7 B (99 2R 4k il
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FAE  Two-way T4k ARG R T R RLMIE

Beo MEIHFATLUE M 2 my = my B, chAENT SR HEAL B RLT B9 B IO AcpoL, ShRt o
WIBER D T2 my = m, W, AN B BN SR ERE RN —5, ER
RERATYT, P BB AN [ A5 B, BT LSRR MR A e B M R A ke vk
B, BEEEREREEX. thlllm =1. m, =2 R SNR=20dB I}, rhak¥’ sty BpEfr
BT 0.2~0.3 ZIA). FHAMEH LI EN B RIRA R RARB S Th R ATy
REMAPMME, BURERTFm ERE, REMNTHEEREGTANE.

10

O simulation,with equal power aliocation
=1 ——— Lower bound by analysis,with equal power allocation
4 —*— simulation,with the optimum power allocation

___________________________

Qutage probability

simulation, with equal power allocation
O Lower bound by analysis,with equal power allocation
| —*— simulation,with the optimum power allocation

Outage Probability

P 4.8 chITHESRBA R 4R A B AR 2%
Bl 49 Em =1, m =2 MEWRENERLSEN, (FETd, =01, d=03Fd =05
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M K RS A AR X

SAE TR M L . LB, 4ERRHNT 10dB B, AR
AL FH B SO B N PR B, SRS 10dB T 27dB 1Y, R4k
AP T d, = 03N P W R B, T 4EREKT 27dB B, PR Gt d =018
TR R, TR, YREEFEEETARN, BERANREHPERR, HE
g SR AR R E N, BREIENEESEGILKRNER, BEEREL
IR, MEEEREEERTE M — P R, B AT LUK RIS R LR RN,

Outage Probability

SNR(dB)
] 4.9 R[] 4431 5 e o AR R B £ 68 L FO 4

B 4.10 BU5 4.9 ABFRMEESEM, Bm =2, m=1i, ¥d =06, d,=07H
d, = 0.8 ZFEH T KRB RER I AT BT H . EIRAT LU tH, S{E M/ T 15dB B,
d, =06 W MR BK. SEWREKT 15dB /M 22dB I, P4k sifi T d, =0.7 B
MR B A, 045t KT 22dB i, "R4kHT AL T d, = 0.8 IS h TR R K. &RE
Bl BEfEMELLEORER, MR EEFETEN R PR RI. 58 4.9 MEHAFRN
b, FICAARIKARERIE T B 4.8 4581 itk
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F4E Two-way TR MNATIES TR

Outage Probability

SNR(dB)
B 4.10 ANFI k7 B i TR B E e LL A AR 1

B 411, £Q,=1MQ, =11, (FEXTATHESHHEBRN TR 551
FHERE TR RAN, SRRY, TR TEERT m fom, I, 728
FfRRELLRS, SErh BT 1 T R Bl TR R R R R A, B B 2 TR,
Chom =m, =1 A0k =1 (B8 5008 00 2R B8R TT AT IN) 481, 8 — R h g R
MRAREATE 02 RRBEZE, MTH—~RAPBERNTRFARXTE 52 Kkkiz

B Pt AERE R R, FHEREEN T RRERL TR T AL —E.

:555::1:::::1:::::t:::::J:::::
Exact Outage Probability A

o =g O Lowerbound of Outage Probability H
0L §=s===zgcz:z:= EEEE

Cutage Probability

SNR(dB)

B 411 FRTER AT R SR ER
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IR LA 83

44 KB

AE 4 HI7E Rayleigh 2 & {5 A Nakagami-m FEEFEE T, #5907 =7 & Two-way
P RERMAI R B . A T RN = SR UM R RGRT, FFr
W TR TERR; SRIG7E Rayleigh TEEE T, 40 LAR/AMEh BTEER M A RELE
REHER, #TRARLER, BIEHT W ANRADEIRE, FBIHHMN
(TR B 4 AT T 9F; /51118 T Nakagami-m BEEH T Two-way T4k RZH
g, HESER T HRMMERN T AKX, HFHRTETEG L FERDRIET
e TEGERY, ETSHRNENPEREZEMN Monte Carlo i FEAFH L THR
HH TR, RNETRADESRNRE TR BRTEDRIBTRER P HH
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55 5 % Two-way F 4k R0 A b 4k 6 £ S Mg

%58 Two-way J 4k RLEH ik 1% S RK

EZPRIMEBRE RS, REBDEL PR A2 56 B REH5ESBELTN
VeRE, EREEUMET BRSO RSB R, TR EORT. 58
B LA R 0t iR K R R0, WA AN SR, TR AR O
SR MR R, AR U R MR AMA R b 2 BB KARERIE
W, EZTRPEE-ARAEPEATOMESR, FESDEZROKLET, ¥
HBEIS T RRAAR, B PRERANIE, SCERERE.

51 B EhuRgER

S ORI D4R RGN 5.0 R IS, S, FIR, 4 BT B — N &, 5
ARV R I PR S, Hehi=1 L. REMTRSY SR AF THEFR, B
i, (RS, BIR, W REL, by, 102, BIR, WORSE RS BLBG A, A, REEAT.
HENHH O, MO, ML EABAEE, SRR (1% 8 R
FER | KERIHAER. SRS, RSB SH x B x, 25, REHTHEAHA P
RP, PERENEN P, G MEBBEAREMTAELR TR T, BAGRA
BRRAE A,

®)

Mk
@ )@4__""@;
®
B 5.1 299 G A 4 RGAER!

52 ETFHhEHEE/ ik

AAT LA TR B ME R P SRR RN R, BT S TR ARG DR —
TEEFRATOMERS. REERTIRZMOEMT, KGR E b SRE A
REATHRRMUAE . BEHERIE L R T ERF.
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AR TR i

521 S ST

Aoe—fett, W I AR Sk A R AT BN AU OES S . TSR
KBS, S, Rt & ERAR,, WRFERINGES y A

Y =\/-l-’l-h]‘,x1 +\/Ehl,,x2+n, (5-1)

Hop, n R MRS, SRR, P4 AR HERREINGS y TR

M, WKREH p,, KT HEKHFE, ROBIGLUE, RKi&08:
1 1

P = 2 2 z 3 2
SRl el +1 JRIRf B )
%E*%uﬁ%m$ﬂfﬁﬁﬂﬁmﬁ%,Mﬁ&ﬁ%é&ﬁg%&ﬂ%%%ﬁ%%:

(5-2)

Y= P1Prh12,1P1x1 +yBL I, px, +\ﬁ)r—h1,1pznl +ny, : (5-3)
Vo, = BB Ay o+ BE, hzz,lp[xl + \/Frh’ll Pyt (5-4)

R S, SO 1 SRR S B RFFA EERE, =12, FrUAEMRE T
s 8, S, i VB PR o RIS, S0 BE A pyx, . LS, HS, HSRAHINE T4k
-

;’1,1 =B phh X, +\/Frpzhu”l +n, (5-5)
Yo = PlPrpIhl,/h'z,/xl + \/P_rplh2,ln1 +h,, (5-6)
B (5-2) AR (5-5) AR (5-6), BFIS,MMEMEy,, FS, wfFUELLy,, 250
1.2
AN 57
2’[ - 2 2 2 -
Plm,| +R|h,| +Bh,|
LT
AN

(5-8)

AT
L L (2 s ST RN ST B

Il,l =%10g2 (1'*'71,1) 12,1 =?1?:10g2 (1+}’2J) (5-9)

FI % 1B P ME R T R R B, REF— AT RFEERRICT BisfeigE R
SRR, RENRANEAFERA R, FAFNMERRAFRE, FUlaL st
S B ARE SRR N R/ 2, LR 1A 4R ALK BB R B RIA TN

P, (R)= Pr[lu < % orl,, < —Iﬂ = Pr{min[ll’,, 12’,] < —Iﬂ (5-10)

HTXANPEER, TEEES PR TER. 2R (5-100 TR, Z6EFERE
EE/N, WEMmin[1,, L, | B, HTOERE PRI B 2R A
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5 5 & Two-way 4k RYLHh 4kk H000g

A

l=arggle.1§min[ll’, ,12’,] (5-1D)
R G-1D RARK (5-10), HEESHREERORETIMEHRIER AL
P.(R)= Prl:[rga)f min[1,, .1, ] < g} (5-12)

ETREAX (5-12) RESEHPEERENTHBE. £ 59 AR (5-12),
ﬁééﬁitfﬂﬁ)ﬁ?%ﬂj%ﬂﬂ%i%iﬁ_fm:

P, (R)=Pr max min[log2 (147, ):log, (1+7,, )] < R}

=P

bt

;rzr}%logz(1+min[yl~,,y2,,])<le (5-13)

=P

-t

log, (1 + E}ayg min[yu,yz,, ]) < R}
AW, =min[y,.1,, ], X, =|b,[ 0 X, =|h[ . B 6 EBAES (CDF)
Fy, (w) A
Ey, (w)=Pr[, <w]
=Pr[min(yu,y2’,) < w]
= Pr[ylv, <w,y,, < yz,,]+Pr[yl, <W,7y, <y,_,]
=P +P,
THESHKBEREP AP, . HEER (5-7) FRK (5-8) RABEP F, REHLHE
(EEINW

(5-14)

P =Pr[7u <W,Yy <721]

P PPX]IXZI
=pPr N
(B, +P)X2,+PX”
(5-15)
RRX, Xy BRX,X, J
(B+R)Xy +RX,, " (B+R)X, +BX,,

=Pr[X11(PlPerl _WP1)<(P2 +Pr)X2,Iw’ X <aX2,,]

X # a=(B(R+R-R))/(R(R+R-B)) . X (515 ) &H , # X
X, (BRX, ~wR)<(P+R) X, wH X, <w/P. R X,, >w/P, iFER%E, FHHR
(5-15) fhfiA:

P = Pr[X]’, <aX,,X,, SH

r

P+P)X
+Pr| X, <min aXz.I’MJ7X2J>1
REX,,-Rw 1

r

(5-16)
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Iy R LR R S -S4 18 3T

Fp s AN B min R S T E AR DL R
w(h +P)X,,

min| ¢ X, ,,——————
REX, —Rw

P+P+aP)w
aX_)l, K(XZIS(;_’__—I)__.
: pot aBP,

WB+R)X, . (B+B+aR)w
RPX, —Bw "% abP,
517 XA (5-16) X, BEBEDP HREXA:
w(P+P+ah)
ahP,
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PRX, ~Pw " aRP,
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= 0 @), (Odadrs [ [55750 1 (q) s, (0)dac
=P+ Plz

WETRYAR) |y v, x, SRR GBI, B

aRPp,

BR 3 -

(5-17)

P, = P{XL, <aX,, X, <

+Pr|:XU< (5'18)

Hf 4=

t

[ aq:j f\u( )—QLUexp[—Q—zJJ (5-19)
B (5-19) XA (5-18) KX, ELERFBERMEP, M P, KRARTHA:

Q  +aQ
+ 1/ exp[— 17 2,IA
£)],I§22,I

—1] (5-20

A J_LB{fexp[_ z _(Pr +2P2)W~jdz
Q,, ) Q,, RPQ,z
(R +P)w 2
_ l (ahk) exp[___z__(Pr_*'PZl‘f_]dz}

Qz,l PlPerUZ

(5-21)
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1
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REQ, 0, AEQQ,,
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—Z P +P) i aw
=0 i! aBPQ,, | T\ PQ,

S K, () REFHABNEARES, E () RIEBARE, 1=12 . BRHU
RIS R,
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