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The Uplink Performance Improvement on

Relay-assisted Cellular Systems

Student : Yi-Hsun Hsiech Advisor : Dr. Wern-Ho Sheen
Institute of Communication Engineering

National Chiao Tung University

Abstract

IEEE 802.16j is an amendment to the:IEEE 802.16 broadband wireless access
standard to enable the opgration of multi-hop relay stations (RS). It aims to
enhance the coverage, per user throughput and'system capacity of IEEE 802.16e.
Although previous researches have showed that deploying RS can indeed
enhance system capacity. However, very few have worked on how RSs are placed
to maximize the system capacity. In this thesis, an efficient method of RS
placement is proposed and the performance improvement with respect to the
transmit power of MS and the system spectral efficiency is investigated in the
uplink. In addition, the performance of optimal uplink path selection is compared
to the one uses the same path as the downlink. The results show that if the
transmission path of the uplink and downlink are selected separately, the system

performance can be further improved.
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o APRT e MRER FRIERRORIT A 22 0T - ik
Hoogd kx £AF AR 0 A E vﬂip(k)é = B2 B x®(member)ep £
Hf(x©) -

3-3 i£ & 22 i2 it (Selection and Evolution)

AERHFER - ARERREZ BATIFTEZ P o8 Tt/ B AR
m o

3-3-1 E=H

S EEF R L L EE (woight)en— 46392 51104 4 50 2ig
RORETREFLE A g\@iﬂ.};ﬁ;@;& SEREFEY FOF A FI(H kS o] enp
e FRIRR AP ha 2)HAE B g ﬁ’i" S T AT - Rk
HOOLFL AR FL 3OERE L REFLEIIEFAL DL R
AT BBIEEF D AT 3P S fkce L A ik B4k T'Fﬂﬂ" (selection operators )
FOOUAL T A 2 S A L BEMLAE % (parent selection) v iF 'Jé"ﬁ i # (survivor selection) °
BEAERELL T LR EAFTDLI MY URIT - RO TR HEER
A hegEd AL T Y > R ZIME LI MY U GFEFT - T

Bl G B AR R Y EEAE R S F T R4 2 (roulette-wheel scheme){réh 1 7 i2
(tournament scheme) » 11 % % ] #& = ;% U & %% (ranking scheme) °

Bk
Ak - waPk)F pE B DR EMK) AT AR R BP P EE
* N f % %%+ /| (population size) » @ & & M(K)RIFE % fie ¥4 (mating pool) »

P(k) * 4o cafe i #7258 > AMK) Y a0 — 3 8m®4 F T w5 anfs g 6 4
£ aPk) ¢ ax®
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f(x®)

o (3.1)

He
Fk) =2 (") (3-2)

dae X OREER PAORRT @k LER -
Sop R ATl ghe o A i i o ¢ G FAE S S R
P MY R Y AR S d M AR e R T -
SRR ER Rl SRR S S R N A
SRR BEEEAE B C R R R s T L ERE N
#ARR g G N B AE g

B 3-3-1.1 #E#i 27 £ B

S TR

B APCPR) Y ERE S - HR S R RS F e sl T ok
B BAG g & - B D e MK o BFLAHCBEARD DIfeHs ¢ o
5T NBLS R

W

Bl

Fop A GRFERS Y RfE - e B R L
(worst )PxN B 4 & %8 % B 47 ci(best) PxN B 4 & 8B~ (R H > 258 375053 » 2 ¢
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Ps#_iE % §5 7 (selection probability) » y* = ;2 822K i H » e § %
P EF IR RS HITEREFTOOE TS R

IS

i - FRHRLEFARE RO I F LA P E AR

Eim AR o

-
3
(s
;{
(w
[N
=
ﬁé:
port
A&k
(s

EREC R T ﬁﬂ;‘f;;i&{&ﬂ'.— A R HL I ML ER RU PR
3 gyt eh3 B 7| (substrings) kA5 2 Fren—- $F AL d R F - R F AR ¢ RGE
PR AL IR SAER T F BL S MAER D R R s S i
Pe* » fr%—«‘ib'ﬁﬁ 712 fiz & (crossover rate) » #-2 i (PR E HIF (T3 4p & (T2
To-rF e d FenF AL f]ﬁ{ﬁ“:* gt o 3 g s P
S RS FRHZ (S F ARG FAOPF T U FET R SRERET - A%
HOTHp RS H e Fd o - L REBEFIARDERLI AT B
TR e 6 R AR G e T kAP R
B AR ¥ eh feif (7 0 H B8 e (one-point erossover) ~ % 2k fiz (muiti-point
crossover )4 % 323 % fiz (uniform crossover) ©
HaEdpe:

B AP P L1 ohdeF ¢ P E - BT o 2P LA R ek
B oo BipiE D RadicF § o R Zh(crossing site) 0 RAF ML S A A R gL2
st 38 g AL G BB e i HATE K o B 3320 47 -

B 3-3-2.1 Hg2feT R E
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B

RAEP AL B B L U R R B R T R 8 A
A W 3-3-22 4R A LS B e L -

I I Y O B
T T ] AR
T T}

.' | L ,'_' 4 ,;i
BEFEApRLT o REPAGTEE AR L MR AR P
Flo gt 2 AR ek ok i K (mask) - Ak o s i&{i%{r% atEd 1o
.

R P EIARLIES K 2 o ek A @ 0 Pl g b
FIA A B 3323 BT R RS L feand iF .

ATy e b
S s

e S e
5 S SRR

AL

T
TERTS B e

SR e tama e
S

e i
] A o A

S e ey R et

B 3-3-2.3 353 AfeT R B
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BTRAPRAZRPOE T JRERPI R s d F- B3R
Wens - B3 8 AR RSP A RAT SRR R P JLE
“13) ehR % F (mutation rate) » " % ¢ R R S E S AT A KRL B E B
~ER G el S0 1 2 AL 1%0,5};%553%153_@4 pEaEL %
i 5 Aol dh ALl P BN ALRC] o Blde 1 0.01 ¢ 8RR R A
Fiol o AT pATFURE A AT > R FER R o §E

i3

i<

foid (TeBALY > SuE E L EHE T E I E S - & A7 B d 0 &
L3 - T EF P RSB B AT er ) R r‘q% LIRS A e
T AT > FIEEE BRI e g TRHT *K;}pﬂ; PN
FEERFERELFRET > A LT ﬁ_} R - kAL - BATHTA
é%ﬁ’&&ﬂ/*%%&*&grﬁmm&%ﬁ,az{g@giﬁmﬁg

B
K -1
fEo ST RREIET URATOT A IEEZ Y > RATFIFE 2T D R IR
SEF ERIEIEURN - Eags W 2 (global optlmum)

Mutation point

| | 0 0 1 0 | | » | 1 1 0 1 ] 1 1

B 3-3-24 Z%7 LB

FA R MK 7T el R (2 5 AP EW - mATrE
a~iP(k+1), LEAPAEEAFF Y ERE R PRI gt 7 L‘*"fé)r_iﬂ %
o T AP R L R B AR - B ﬂ3325rq\ i 5 ik

E‘!”‘m‘u ﬁ_?_rﬁq °

AFFE

1. 3% 2 k=0 ; fBA= %% P(0) ;

2. #+8 PK;

3. do% ik R AR R P is ) 3F 0T

4. JE PP 2 EE N MK)

5. F MK it 2818252 P(k+l) 5
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6. T K=k+1 - BrI A2 -

k:=l)
Form P

l

Fitness

| O Selection

e Evaluate P{k)

Stopping
Criterion
Satisfied”

NO

Pik}

19

Evolution

Crossover

M utation

—()
)

l P(k+1)

ki=k+l1

B 3-3-2.5 A FLFE 2 AR
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3-4 ¥t g2 (Termination Condition)

B BERATIRE 2R REFante i 2L b KAFIFRE R AP pF
@wﬁ*’faﬁwxaﬁﬁmna,éﬂﬁﬂéﬁﬁmﬁgﬁﬂfﬁ“*ﬁ“
R S R R A TR E R R B A B R BT R B T B
fodoho R0 BB L SEEE 6 F TR o ST T SN S R o A
PR GAG P E B  FI R eig 209]

L BRI RS PR B o AT AT E # D DR R d LT
i/ PSR AT R B B RS T R P R Aok A T L

AFFE 2 E T o

2. # £ 3 #7:2 % (no improvement) o 4e% 3L FIF B 2 FFH 0 F S R0 0 g
Mg dF L ¢ R AR A R B %Y}@M@ 13 RUSTIECEt b NI
”mﬁ“m@ﬁﬂ’?ﬁgé;‘MWFmﬁéﬁﬁgéﬁfMQ’ﬂgﬁﬂm
Loreh- BfRE > 9T Bt B LBRET . BB LA F X AT R A
F- ATIFE R LM gl g o i M end

PFo A et 5B iEE e

3. ki3t (statistics) o 4v% *%FHen p EEilieze T $a(mean) 2 - £ (standard
deviation) ¢ £iE 3| & - f2 R ?Kﬁiﬁf‘uﬁ?i AFLFEZ c ERTRAFEMOE S
‘_‘;‘_7‘ g I;I—_EI»% o

4. € 4f eh= #ic(number of iterations) ° 4o f FLF B2 12§ F) 5% B it ehd
PRI A Bk A g T I i ARl BRI R 2 R
¢ & U2 G T4 o

5. k% i f2(local optimizer) o dr¥ ¥8- B Y fke - BRI EfEA 3L %
;’lﬁﬁfﬁ%ﬁﬁ"ﬂu*ﬁpéwkw B EfE o

ok AT A TR B E LG 4 B - e ko & A RLE B e
M ER > T OUEF R ATIIRE 2 oh- Sl bldol REE A ) S REF
LEeF o A AHEEATIRE 2 B R J o & A T B 2 (binary genetic
algorithms) & $ | 9 #ic (@ & F)i& & /2 (real-number genetic algoriths) > &AL 7% 1=
R R TN i e R B R AL SRR R B S LS i A )
FREFATFEE A FHREATFE 2L HR ML EHGERG > L&
HUREAFFREZNEFRRNAPAE DB EfR e BATIFEZ > 25
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Higat B 3 R RRARATR RO TR R RER R - fR
kfa&ﬂ;ﬁm; o B Bl RF o Ao S F PR JRAR ALV R E R LR - B
X FHEEE A AP - A ATIFE 2k Rk G0 AT Sk - ol
+ = wmmﬂf FEaRG - LA ‘3,‘ ﬁ"“ﬂ“"lmﬁw fEe R= )
02D I R R BT TS G B R
SRR NE ¥ E A S e L R L N Pl SE R LI N D PR O S L P S El s
HAE > L0 U FE R R ER - BEE & FRATFIFE 2 0 RP DAy
& ok % o

= »
oo
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3
=

$ B MG REE T Y MR

Vel
A
V""

a2 ke
l{h

)
T

AEE AP AT R AR 0 Meeb gl 2 el 550k STk 3 (System
Model i 5 + 2415 48 5o ™ 300 o G A o 10 I E 2 k405
N RO 1A S BE SRS ¥ 34
R OURE oG il S ROk R A1 Jend

v

-%1\

4

L ﬁ’\ TE T ||1' %;[ l\" T éi’%,\ /;‘E :‘;{;2@

F}.
s
(S

BRI bR s
W ff P MR RT X R e F I e

4-1 % %H-F)(System Model)

NP ENINAEE T - B 7- BAF S(BS) AdEEMSs)EE+
B SNF T3P sk (RSs)chm St 28 45 - B] 4-4.1 Bpom 2 7 97 3 g o i Su7F
ARG IR C GUARKUEER L NS DRI TR S R
P R E R g 0 B PREA el gs oo & %] P kRSN
w & (position vector) > m MR T E AR hi- 5o § > AP0 FdEy §
23 ks hlnie e F QY

m




At kA o P Ml B BT A 245 3% 38 (decode-and-forward) et T oo T
PR AR S AR S - Jfaﬁm#\ﬁﬁl@%ﬁiﬁv’ g ok oo ¢ Mk
fFd K ek - B RF & 8T Jo ¥(transceiver) » @ 2 38R * 22 % ch3 @
(omni-directional antennas) » 7 # % ¥ ¥ 14 1% i direct path £2 fL 3= 5 8 38 73
o F & d 2-hoppath i ¥ Mbig @ kB A ST B P Ariien 2-hop
path | # 7 BS-RS link f= RS-MS link i&# £ link o 2 P R & 2 @ T 7k
(orthogonal radio resource) #_%4 %]+ & fie 4 direct path £ 2-hop path > ¢* “t > 2-hop
path p* BB T cnE SUF R { 38— Ay 2] 4 Fe XS BS-RS link v RS-MS link - #
TR B - KT AR nig %J % i% #-7) (propagation model) ~ F 3 L¢3 ¢
Mk 52k 2 (power setup) 4 2 RS-MS link 54 & & 4§ ¢ * (frequency reuse) idic

Hm R o
Propagation model :

¥ & (path-loss) & % if# fept k 3Lv » 4 B ¥ E - A @% BT dE g o St
ife :]% * 7 4-4F suburban macro-cell environment ¥ 4R ftP(LOS) 7 2L AR EE(NLOS)
TR FREEE R N F 41 8 42054 7 e S # path-loss ¢

PL e (d)gy = 23.8l0g,,(d) +41.9 dB (4.1)

PL o (0)g = 40.210g,,(d) +27.7.dB (4.2)

H PLpath(d)dB@ath loss (indB) » @ d# 77 @ ¥ =822 Fe e B el o ®
& ﬁf o FE P MR M R AR e FEIRESOEE KTk p Ar D
B 55 > 72 LOS model# BS-RS link#7#& * > & ¢t BS-RS linkf*RS-MS link
& Elink ] &_i# * NLOS model

Power setup of BS and RS :
AP g R e R T R m*fﬁ 3% »% 7 (spectral efficiency) =32

WET KL AP S8 Y BebeanBiEs 5 o 5 pathloss et 2. T > - £ link
e spectral efficiency #-8_F 7 3% 3 #7 4 77 [10]

PL__ (d
S(d)=log, (1+pT—f’“h()j bits/s/Hz, 4.3)
N, +1,

Fae aprd i ﬁ%] enFs SO 3 % & (power spectral density, PSD) » NoR'| &_
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AWGNEPSD » gt #h gt i PL, (d) ¢ 5 d dB domain# % linear domainsfig e

FP L Spurget o e dm e B 4 Hp ¥ 7 02 iE T eispectral efficiency 0 2R {8 4245(4.3)5%
AT L E A ST BESPSD o pps s T

(2Swrget _ 1) . N0
Pps =————— Watts/Hz (4.4)
PL..(R)

A o Ad P R PRGR R T o » § &P g A7dy i dspectral
efficiency » #* p& @ 2L (RS, j=1,2,...,N)#r F & i% «PSD > T} PRI S s P

(ZslaTgCl _1) N / (4 )

Do =~/ " Watts/Hz 5
® PL, (R=[F))

e m”r”"éa‘ﬂ w £ T ¢ Euclidean norin, o487 5 %K 03 N7 ML E A

B i 4 VN B 42 (direct path or2-hop path) & 3R+ 11 & m#e OSSN ARL S T
4Fﬂwﬂmmemﬂﬂwyuiil’%ﬂ@ﬂ&.(mMﬂcdhmwmmmmOTék“ﬁw ‘m

"z i115 4P Fe e+ 4§ (interference) & °
Frequency reuse over RS-MS link :

KR A-LL 7 rl g WFI5 7 ek a2 B AL B AR SPEESE > TI04R
IF e A F /R (radio resource) i RS-MS link + 2 7 #$ € AL £ A4F & * > & H 4o
& Fuenspectral efficiency o f * #EH £ 4F @ * 238 BB AP L A - Wiz P
P 4rE(RSs)ak A 2] = LN f(groups) » # — Bgroupx * 4o fr g R F R >

Tt reuse pattern® AL H ehe xS B £ G ={Gi}iL=1 - e :{Rii}%" T h%i
L

#Hgroup® ¥ Mk & (set of RSs) & i ¥ 1 # e )G =N 2 ¢ G4
i=1

ﬁﬁ%‘u{Giév’ﬂcardinality e ﬁ%‘w‘?\é_t‘* B L oribenaiE B#co

4-2 ¢ LAk chB i

BT RAGY SR B P AP A SR AR E T Ao Y ek
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Bl o AP I IF P kR am iz o R U A 49 & downlink
spectral efficiency & Tld = o 43450 & ST R LB KRR * H S & T (quality of
end-user experience, QoE) = criterion & : “fixed-bandwidth” criterion » %‘*‘u{/»\ fie &
% F B RAMEE > 3§ @ SLE 4R direct-path & £ 2-hop path & i iy R T R R
i “Lr e i R Al R A i %J

4-2-1 P 1% 38 (Objective Funciton)

é"\ WB—>M (m) A WB—)Rj (m)"@ WRj—)M(m) /’J\ ‘;7‘] "L‘ ™ ﬁc’ j\BS MS BS RSI—H

RS-MSiz = gilinkin# H =6 ## 59 5 (Hz/m’) » @ m A Ferr b g e
£ > - B frequency reuse pattern G » H B 3t 3% e ¢ & 2t ooif B (aggregate
bandwidth) 7 T ;¢ :

chll Wdlrect W2—hop HZ (46)
#4d,
Wdirect = I WB—)M (m) ’ dA (47)
megdlrcct
N
2 hop z BoR; R—)M | (48)

j=1 1=1

v

PR LB ER LA

WB%RJ- = I Wg R, (m)'dA (4.9)
rﬁeQRj
WR—)M,I = ll;ngé {WRj—nvl} (4.10)

BAEAL AT Q8 Qp & WA 5oy sk PRI f F W 3 (coverage

areas) > m *® {QB’QRI’“"QRN } H P 5 [F] Q h4  (partition) » 44 ¢t > d BS-MS -

BS-RS £ RS-MS i = £ link #7#% ik 03225 + o throughput 4 %] 5 14T 997 ¢

PL, (|m
TB_)M(rﬁ):WB_)M(m)logz[lqt Pe |i|mh<”m”)J bps/m’ (4.11)
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Pl

bps/m? (4.12)
NO

e ()

Ta o (M) =Wy Ly (M)log, | 1+ N1, () bps/m’ (4.13)
_/‘Ei I‘-’ 1)
()= R;k Pr - Pl (||F|—rﬁ ), ifR; #R;, and R € G, 4.14)

0
A4 Ty (M) 2 B8R % @ #i; 51 2-hop path2_ effective throughput » #*
TFB :r‘?lE TB»RvaM (m) =min {TB%R, 7TR,AM} w2 l-{LlAppenle Al ¢ g F;L'F]g ‘ '

Taorom (M) =Ty (M) =Tg yy (M)BFF 35000 17 51 b F Fspectral efficiency » #7

A ke e ¢ 2 anthroughput#-d T 3V &R

Tcell = Tdirect + ZTZ-hop, R; bpS (4 15)
j=1
He o,
Tiea = | Ty ()dA (4.16)
MEQyirect
T2-h0p,Rj = .[ B-R;->M (m)dA bps (4 1 7)
rﬁeQR

FE AP AT & L% a0 fixed-bandwidth” criterion - direct path ¥¥ 2-hop path A

LA fe IAP I N F TR R 1} A Wiarget :WB»M(m):WBﬁRj (m)+WR »M(_’) vme

ﬁ%éﬁﬁ}ﬁﬁﬁaﬂWﬁﬁﬁﬁiﬁmﬁ%ﬁ&&ﬁ&%&ﬁYiﬁw%@
system spectral efficiency it #g B+ » @ T 3t 4p e’ﬁfi.%—f»'\system spectral efficiency :

S =Wl by (4.18)

cell
cell

Ak > BT system spectral efficiency e+ o] A B-iab e D2 ig
. Baid A f4eim 3 EH S d direct path & 2-hoppath & @i 4> At ¥ s
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B j5 iE & 13 v% (path selection scheme)Z_r2 spectral efficiency & i& g (spectral
efficiency based) & /- Ti% % LT o ¥30“fixed-bandwidth” criterion » # spectral
efficiency based selection ™ - direct path 4% £ | % &

TB—)M(m) ZTZ—hop(m) (418)
Wtarget Wtarget
',ﬂ? I‘-’ ’
T2-h0p (m) = n'llflx {TB—>RJ-—>M (I‘_ﬁ)} (4.19)

(@.19)8 £ 7t 5 B ¥ Beh bl - dn%e ¥ S EIRTRE S  F F R L
frie ke B Mo AT kS throughput shY Mk kB F AR > 4 $x
2-hop path £ throughput » 2 {8 £ #0038 %~ (A18) KA TR * F A i #rif 4 ehig
T BE I o

4-2-2 ATFFHZ K

Fd o omoendTif o AP e SO R AR TR e k AL p S gk
&= j“i}“m-‘ﬁ NPy %Kﬁf’f‘? Bt AT E 2 RS I K ST P kb

B 4 enff i} o

BRSPS R (erid) 0 Rt 0 A
TFB,T*L'F’ 1202 % fo(summation) £ SV 3 g AT H A B e o ff A 0 fj‘u—fy’\g& EN
Fods 27 2] e 3 & engg fmPF o AP AT AR A koen ko Sk o Ao b g AT e P R
#c system spectral efficiency » #-+ & 1T B eh¥f w2 ¥ % — BLihspectral
efficiency % A B AT E A ek Sy o ?ﬁﬁ#ﬁ-%)‘jﬁ-@ PRy P it 4E > k2 R
FIF B E gl o

(a) % ¢ Mk T
Bt R REY o AR B MRl ARITL - BSR4 %ﬁﬁvzi_rﬂ R
PR R e E’v’vik_rﬂ;?ﬁéﬁ;‘é - 7&{6 MERhE B F D T A N ¥ —7
FOREERAT S AR S RNT S R NE Y é%':émxﬁ’?{:i_é i
A4 g d Jgg?,uzﬁr,;\

Chromosome=[T},T,,...,Ty ]

(b) A= 4p3% 3 -
g B~ B L | (population size)A > & L A A FUH B 2RI en
FoRmEE G A BRI Jgg D EEILEE A A AR S P g Y — AR Pl
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A2F-AINE - ROABEI M LRI MWALG DE B AT LD
=3 e B AR AN A PR e LS R ek ) 0 P FI A A Y grid
7 GUR I RS AT A A end Ml B BRARAN g BT BT D

(c) EHeei

Bl ATF R 2 EL Y Mk R o R AR o AP ERY § = 7
el e kg TERER G 20 2L RET BRI WP ok
R AER D RPN P SR R S AE S R
S SN S kit SHCHVEL S

BAERE D KRB FIR RSN g g LB TR AE S S
oo Bl 4-2-2.1 AP aung Lfdu LB oA AP ARG BEAL S Wik
AT T Y hi A MY hd e A TR P - BRI hE R » B KA 2
Frend o g3 e b i e Benig- B 0F £ L R WA P BB KSR
AFURE 2 PF o Y B AR € AR D B A T BB TR e 0 T B e
fpen® AT 4t T - B F zetomean, g E e B d B APT g
SRRSO R RERBNL R D AL SRR 8 A
F AR RS RS kel F RIS ARlc T o R o BE oG h d
MEd AREAL DI R FARAOFTERLZE Y B ¥7 ¢ e
LSV ES GE S SRE S e E o st BT S R T
A4 F zeromean thig R @R B T Bl AT e A EBRE R
FRE I R DR o

BFRARROR I AP LT BREFpn TR FH DE B A
R E BAF LI RAZTIIFARE - LHATF L 1% T AL
ScF AL BA L - BATAOEE 5B RBRR ADRT] o

T B RS
s By R OBS

B 4221 25 2T 3
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2

B 5 A3 3 R A A FUR B iR (TR SRR F TR R R B
STR fR AR AL S ll’“%ﬂ%“ﬂﬁ#&mﬂ Y B ol BNVEE S ng
£ system spectral efficiency i 38T > 53 % =X e L 2 xgtmw:ﬁ% A= B
WEAPFTFIEDLEK T 0 A5 1 & $8ce 35 1 %% F + /| (population

&

m
size) ~ % fiz & (crossover rate)£? % % & (mutation rate) °
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$IF ¢ MRS AR o ey

B —F ¢ AP ART MG TRIFG R B E At kB
T o %%' d A Flow B2 ok e A i HEFE T A “fixed-bandwidth” criterion T i & T i
£ system spectral efficiency i F| 5 B ch? #ebB F H izl o AAF P > APk
Tt g et s G S f S B (uplink) R R f F 4 g o

mw:.‘li °

5-1  # ZF & 44 g (Power Saving Improvement)

¥ar e .f‘:%':&#"E‘*Lﬁi;‘ ko rL b g\l.l;ii"f g\lﬁiﬁ‘i g mﬁf’%’ﬂ?j % % »ziy
oo LR EEE Ap e ’mHir ! system spectral efficiency ~ throughput
enhancement--- % » & 1* ST i\ 2 i\ EREE R F S s s =g A TS -
LR R T A PN e g E £ droa BLEREEALY BT kT
m,frsq}q\,__, A ipEs gl MeLSE T o § i_,«/éqr;k@gj,ﬂ;% el 4E
A TF A F TR e FlA @%ﬂ FEMEFERAL R A D R 5 R FH AR ORE
L+ g‘p% » B —*ﬁ"ﬁ{r*; s e R M@ﬁgmwf
T oqEr ok ok FTEs b ;ﬂ@ﬁ%l AR R t‘ @@Jﬂ el 4L R

EFERER o

BAGd %&—E\i&l& #% 31 “fixed throughput” criterion > “fixed throughput”
criterion ;f;] g i —‘ﬁ # *g ot hmbe ¢ i i 0 U iE 4% direct path & F_2-hop
path % i€+ @3R3 & ] 4p I & throughput > ~ if‘u{ﬂ & “fixed throughput” criterion
T g —"‘Ff T RBEFEIIERCRIT @ > 7ol g T i”lm@ﬁﬂﬂ ‘ (average
transmission power) > I+ ¥ i & & 2 % {83 [ cradio resouce A fie 3¢ k3t

h — f84_# radio resouce fpFR oA &k :i“ L i*m‘?\“r;ﬁ &7 time division
transmission > % = & §_%F radio resource “Af I b s B Kk ?‘ L %&—5'.\

bandwidth division transmission e

AR gt e ‘i#’}]&{ﬁ S R ) T
A g ey Y Mk engo T TR R RS RehY Mk g o 4p gt e
EES SRR S XS EREE R PR Uy ST B R £
mﬂ KA R e )I* H_t lmve 8 % adF - % eh spectral efﬁc1ency AT e
FE Z_ AT gt pF RS-BS £ link 0 spectral efficiency © 58 _F @ e & ki
TRESR AR S AP RS T R SE @G § 79 ek & fTe
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?@ﬁ%li'f B S S A

5-1-1 Time division transmission

2 time division transmission % i€ 5 2-hop pathei# ﬁ%l RN )‘J%{ér_ﬁrst link

R FBETHEY k@R 8 T - BPRFE L second linkgd P
?w@ﬁﬁﬁas’ﬁ%ﬁ@%%ﬁifﬂmuﬁa'

i 1“fixed throughput”
criterionsfF i » AP L L B F P nE H g

fhthroughput,aT(bps/m) m 2R
REFTHLBORY FE TR cha H g AR S W gt pFig H Bk
R T AR S ¢ sk ORTE T OLE Y T S0l g

% o

B R # &4 direct path & A 470 $33° MS-BS 2t £ link 32 3 & 0} " throught
L (5.5 w4 7

(5.1)

Mot s g 0 2t RR |, (M) 3 E0EE H 6 ff chat 5 (Watt/ m) @ 24

PSD > #t ¥ 0 ¥ 1 E £ 5 H =6 fik throughput TR# i¢ *  #7 3 <hig ﬁs,]ﬂ F(5.2)

R (M) =" 1) N Wy (M)

) 2
= Watt/m (5.2)
PLpath (”m”)

FISHPRY Fa T o WEIT R AET G TS W 4 L

0<Wy,p (M)W > st Fik 2w, (M) Bi% 5 P EpF > 70435

direct path &% FofLpF » #rig * év"!@ﬁa?Jﬁ F(5.2);8 E B ) e 5 d Appendix A.2

i * ¢ KKT condition engk & » 5 v 0 @ 4w > Wy, o (M)=W pF > 973 & % &

+ H =9 f ;3;@?];4 & pt_mb(m) FEo i B R R~ (52)58 jl-‘,}.;{fé * ;F% 2
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direct path ¥+ §vp¥ > £ 3| % ¥ =5 fif throughput T #73 ehske | B 5 -

= N, -W

P (M)=(2¥ —1).—¢ = _ 2 .
T o

#T kAL 4 47 2-hop path £ T| throughput T #7 % ch= 8 =6 4 & ] #
F oo FE At e 2-hop path #_* time division transmission > #714 2-hop path %
»z ¢ throughput 5 7 3¢ ¢

1 Tvor (m)'TR —>B(m)
T=T m)= = J bps/m’ 54
A W W e R
TRjaB (m) TM%RJ (m)
'/‘E'T ‘:’ b

TM»RJ. (m) = Whiig, (m) SM»RJ (m)
B Mg =PLE A (- M 5.5
WNHR_(nﬁ)log2 1+2¥ ’( ) Lpth(HJ H) bps/m’ ©-3)

' No'WM»Rj(m)

TRﬁB(m)=ijﬁB(m)SRﬁB(m) bps/m’ (5.6)

(5.5)5% By, (M) eh&4n & * § k5 2-hop path it} §¥pF ek 8 6 fif &4y
Fm 22 PSD » }t pF MS-RS £ RS-BS & £ link #f B ¢4 fie (7 8 5% &K 3% P enipik

0<Wyp (M)SW ~ 0<w, (M)W > #1224 %38 3| 48 2 direct path #7 6 Fed

WAL %% Appendix B o AT @ ae wy L (M) =W 8w, (M) =W p¥ >

Rj—>B

P, (M) #-§ § £ 3] throughput T #7 3 ch | @555 5 (5.7)3¢

t_mr;

TM~>Rj (m)

P (M= " -1

N, -W

PL (7 -

Watt/m? (5.7)
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(515 # Ty (M) T 120 (54 (G.6)50 & » W L, (M) =W 5o 3§ § i

o B F G S0k R (M) K @R PR R kR (M) A7k G R e

- — > #7124 2-hop path & direct path & * 4p e PFRF 7 & * ¥ cn&
TM—)RJ» (m)+TRj—>B (m) F]

Hig ff Lol ﬁ%l # & (average user transmission power) & & (5.8)7% ¥ (5.9);¢ :

P (M)=PR . (M) TRJHB(m) — Watt/m’ (5.8)
J - TM—)Rj (m)+TRJ—>B(m)
P (I’ﬁ) = F’Lmb (m) Watt/m’ (5.9)
d Fiteng % o AP T R S i $#  direct path AR E B ehiE £ 4
Py (M) < Py, (M) (5.10)
_/‘Ei = ’
Py sop (M) = H];in{Pmrj (m)} (5.11)

J

FIg A0 A g e g N R e # i ﬁ%l # & (aggregate user
transmission power) # :

N
P= Pdirect + z Pz_hop’ R; Watt (5 12)
=]
_/‘Ei = B
Pdirect = I Pmb (m) ’ dA Watt (513)
MeQp
Prap, = | P, ()-0A Watt (5.14)

rﬁeQRj

Befs bpt e N TI0E B 0 A6 K B F P (5154 7 0 A Y

7~

AG 0 ime g ff o

Prei =£ Watt/m? (5.15)
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5-1-2 Bandwidth division transmission

AA &Y s Ay g 22“fixed throughput” criterion(throughput % T) » %
MR ERT R F T RS S év’ﬂ—"h'ir’a@ﬂi%]ﬂ Foo It e
5 I-1 g = B v ViR iR & % H & % Fle s e FREEWRBE ST ¢
A & d direct path & &_2-hop path > I ¥ 3% 2-hop path =7 radio resource » fie
ToOALHE RSB RREARO 1 BE T R - S L AR R
BIRGE LD o Bap R BT 0 NP RERT B 5 i v )

B & 44 directpath A * Blea® H =5 FHETWED L ok 8 =
i ﬁp throughput 5 T pF > i * —'ﬁ)’@; 7% chE H x5 ﬁli”@ﬁiﬂﬁ 22(5.3)5% 48

o ¥13t 2-hoppath @ % > FZAPHER* FH o FHETW> & ¥ H3
MS-RS £ RS-BS # £ link £ W §s 3] &8 (73051 § » 5000 & § (5.16):79F
% 4 fiz 0 ¥ ¢t > 2-hop path £riradio resource 4 fie &R AR B A 2] o FP A PEE
Y2 KB Foif 2-hop path % 2z ® H i f# throughput % (5.17) » A %]d 1T &

EAE
W =Wy, (M)+W (M) Hzm? (5.16)
TM%RjHB(rﬁ):min{TM%Rj (m),TRﬁB(m)} bps/m’ 5.17)
_/‘Ei I‘-’ ’

TM%R (m):WMaRj (m) SM»R (m)

P . (mM)-PL_, (|F;—m (5.18)

Wy, (M)log,| 1+ = '( ) pth(”f H) bps/m?
' No 'WM—>R| (m)

TRj_>B(rﬁ):WRj%B(m)SRj_)B(m) bps/m? (5.19)

F5(5.17)# 7 17 5 2-hop path & i£ 3| & »x = ¥ =5 4 throughput T 2 7f &

BT, (M)2T and Ty L (M)2T > A i JgE 220 P end foo Fpt AP

B NT L (M) 2T (M) sig - 7 2@ 754 2-hop path it * ¥ 7% ¢h
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& H G GESF P (M) > & - ] & @& % KKT condition %% % -

t_mr;
BisenE X BT ¥ TMﬁRj(m):T ,gi_:TRﬁB(m):T B g3 Bo) end B g g

® &P (m) o

d bk o APRT, L (M)=Tand T, ,(M)=T & ¥ 3|(5.5%(5.6)*

ts i* i %] e throughput 22 spectral efficiency ® # 77 47 B & {8 #-0t & &% £ w (5.16)
0 Jed B2 {5 AN 0w 1F 3] MS-RS ¥ RS-BS & £ link $#3 W s 2] % %

(5.20)£:(5.21) » 2 2 Sy (M) ~ Sy (M) oSy L (M) 2 B B 5 54(5.22) -

s (i
Wy, e (M) = ‘}*B(m) — W Hz/m’ (5.20)
! (SM—>Rj (m)+SR —B (m)
s B,
Wy (M) “f*“j( ) W Hz/m’ (5.21)
! (SM—>Rj (m)+ SR —B (m)
N SMaRj(m)'SRjeB(m)
Sys (M) W_(SMﬁRj(mFSR ) (5.22)

AREIED ﬂ“i&? ME(S.5) w4 U B 2-hop path K Uit o &P ad R R
H =% f# throughput T B+ > @& * ¥ #73 év’ﬂ@ﬂi%lxé *(5.23)

Watt (5.23)

B A 2 F (8 ) e % (5.20)8 (5.22) % ~ (5.23)¢ o [ L E

v

P o, (M) > F15 et fBG#= T > 3§ L5 direct pathst £ 2-hop path > i *

'ﬁ # I:)tfmr-

]

(M) £ By (M) 5 b 4450 BLe09P% B 047 e o 502 A7 B 5 2T 32018 %

Fl AR B Ay Ry (M) =R, (M)A 2 By (M) =R

j tfmb(m) ' B ',g ¥ /'L
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iﬁ’»;‘ &)é-lg_mifﬁ » direct path?}t g z,Jml'—» = & 3‘] ’ Pce||ﬁ”7$';§§ e - & o

Py (M) < Py (M) (5.24)
He
P sop (M) = mln{Pmr, (m)} (5.25)

5-2  Spectral Efficiency = &

Vv

Ade bk - G0 5T s ¢ s en§lEr 2 T TR T i Y ;ﬁ
A ERE Y B S A 2 AP DB o AR R LR AT ¢ Mk
B2 3% B3N K KLY 4 ' e spectral efficiency 4p 3t B AL F 5 2R3 o 3 B PRGE

g B3N % S 493 [ IR R A

Bipif ok SHCT] 0 T A G SR AP e R kg 8 o Td T e
Wrhhoid B Rfik o F)plhpF Y b B 0 % 0 RS-BSyt £ link fispectral
efficiency @ (5 8 F % > F A G4 AT ATE LR aa sed 0 AR T R
SRR hAES AP AR B s g TR S
JJ ,T%—EL?» B i P et 2 6 $ direct path#¢ &_2-hop path % t ¥
FH # R r hE H e TR F AR A R P AN TS E
FLHPF P A PR - & 973 444 2-hop path ™ & &7 e hradio
resource4" fie > 3¢ K& {7 FoRL i\ BE S eiE #8011 i iE T # B erspectral efficiency
LER R E ,T&E’-J’Lrﬁﬁ ergpectral efficiency based selection o

5-2-1 Time division transmission

¥} time division transmissionﬁ.%%ir}’ﬁ 5-1-1 #73 3] » first linkd & * —‘F% BiEF
RS sk 2 150 T - EpER R dsecond link g ¢ ek AT 6 A
gAY > AR L '*‘WL‘T"*E l“mﬁliﬂ@ﬁﬂﬂ P @ ¥ E T
@ﬁﬁﬂj@ﬁ%*ﬁ&*m#ﬁcmﬁﬁﬁ,W’“%*Jﬂ&ﬁ%ﬁyﬁ#
#& @7 > ¥ 14 ¥system spectral efficiency 7 % < e g o
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B L4 rdirect pathd 3 A T # H g T i’!@ﬁiﬂﬁ ‘Pt % % & H
g ff R W2 18 o A d (5.26)5 & 7 v Y pthroughputihiZ s & o 4o
IR
TM»B(m):W 'SMaB(m)

Pm ) PLPath (”m”) bps/mZ (526)
N, -W

=W log, {1 +

¥ ¢b> 443+ 2-hop path #] 5 %_two phase transmission m@ﬂi%] » #7127 2-hop path
% »xeithroughput §3(5.4)4p e > pLpFd 30 808 * Bl e cnd 8 0 FHAEF > 4+ A
time division transmission > % ¥ 12 (¥ 5 MS-RS £7 RS-BS # £ link Ta"! £ i#r W

RATABE o Ry e (M) =Wy (M) =W o gt i3 0 T 5 457 o

MS-RS # RS-BS 5 £ link ! §* throughput 2% i (5.27)8(5.28) » 4 " 3.t 12

T p A BB W) ehthroughputs #X 18 & w (5. 4)%?1 & 2-hop path % »zsH1throughpute
Ty, (M) =Wy (M)-Sy . (rﬁ)
P . (Hr m”) (5.27)
= )log, | 1.+ Db bps/m’
WM%RJ (m) ng + N WM_)R (m) ps m
Te s (M)=W S, (M) bps/m’ (5.28)

B {8 i‘u{&*‘ S i & 0 @ * spectral efficiency based selection » fj*u{sjé’ #E
spectral efficiency $& § % /& Kk @ -ﬁ%] direct path A% 3% # ¥ 5 b VBT ek 2 5

TM—)B (m) > T2—hop (m) (5 29)
woTw '
_/‘Ei = ’
Ty (M) =max Ty ()] (5.30)

Fpt B imre 48 o throughput(aggregate throughput) i@ # 14(5.31) % 71 > ¥
‘b EERY oiE B 45 (aggregate bandwidth) d % & fm v p\ S R L
ARl G BT w (534 k& T o s F IF“W‘ L& J1 Y P e system spectral
efficiency(5.35)
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Teen = Tiireat +ZT2—hop,R J. bps (5.31)
j=1
Ao,
Tdirect = J- TM»B(m)dA bpS (532)
MeQp
TZ—hop,RJ- = J- TMaRjeB(m)'dA bps (5.33)
ﬁﬁe()Rj
W= [W-dA Hz (5.34)
meQ
hd TCe
Sean =y ! (5.35)

cell

5-2-2 Bandwidth division transmission

$ool BRSSP s LR TR T 0k H i i e
@i XP LR @ B T ehA _%f o FEAE Wk ?‘ BRI S Fllf%’ Fog
spectral efficiency ez j< K @ iE 5L > 0 pt R A 47 ié * P Mgk gl B @ﬁk T HBT
sl o e 5-1-1 A B e B At ¥ 2-hop pathz’v’ﬂ@@?li'j’%radio resource
LAE S P s e kBT B o

& 45 direct path * g /% e throughput 22 (5.26);8 4p ¢ 5 &7 % » 3 Jg 2-hop
path » F] 5 N P& B # —“‘Ff et FHE e FHEH W T E A MS-RS
% RS-BS £ link £%t W s 2] K& 7350 §£ 0 41 g 5 2(S.11)4p e 597
% 4 fe > ¥ “b > 2-hop path ¢ radio resource 4 fie ¥ Z_# 4 B _F a4 2] > 2-hop path
% »xenthroughput 22 (5.17)4p e » 2V 12 R #* 2 Appendix A.1 2 i G2ER > {8

$]% MS-RS £ RS-BS & £ link 5 throughput 4p PE(TM_RJ,( )=Te u(M))FE - &
3 ® = 9 2-hop path ¥ »x spectral efficiency » %]t 4 i ;ﬁ EIECT AL S C P R

41 » MS-RS £ RS-BS & £ link $3+ W 4 2435 » I (5. 20)1\7(5 21) 5 18 Pl
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B %3S 2 150 A E RS, L, (M) (5.36)2 Wy, (M) (5.37) % &0t MS-RS link

£ throughput Ty, (M) » ¥ 5 v % I > 2-hop path % »x ¢ throughput °

PPl ([ =)
_ =1 1 m path j '
Suor (M) =log,| 1+ N, Wy @) (5.36)
S m
Wy (1) = s (M) ‘W Hz/m’ (5.37)

S, (M) S, o (1)

#A5.37) % > (5.36)/5 1 f§ 2- 16 i e w17 B(S. 38) P AN P JR 4 f2(5.38)
#* — 1 nonlinear equation » 2% ¥ € % * HciE & 470> 245 N B fE LRt BT
Newton’s Method -

Sy, (M) =log, (a-Sy, . (m)-b) (5.38)

He s

-l

Po Pl (17, -]

a= —and b:Pm'P a‘h(HJ m”)
No ‘W .SRjHB(m) o

% 1% 3] MS-RS link = spectral efficiency Sy U ES=IES Las U A
FI(5.37)5% 7 17 Wy e (M) > B fs -4t & 7 4n 3k { £_2-hop path % »x ¢ throughput

TM%R]-HB(m’) °

12 spectral efficiency based selection % ;4 z_*t PRI o P direct path 48 3%

#eniE 2 i 40T £ 1 0 £ {$ system spectral efficiency F - /] &

TM—)B (m) > T2—hop (m)
W W

(5.39)
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T2-h0p (m) = max {TM—>Rj—>B (m)} (5.40)

R
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AF o g_a‘_hi} LR B ST R TR BB DY Mkt 2 38 550k Sk
A A ﬁggmo‘tg;?qkﬁﬁ_ﬁ MR RRA K o F A 6] P A
€ &4 ," TR @ ATFR R RS Y Mebh o E o ¥ R R A
Boid B el T 1 k Musi 3 AR R S 6-2 %F)T&%Lﬁ%ﬁ % I F 973tk dn
o RS B ALY B R T 0 Y RS R Bk St e
AR o
6-1 ¢ MrbE i B Bk T i chic g

— B AR 6T A R K SRR R TR T R S R A TR Y 2
YR AR & Sodic %% 3+ /| (population size) ~ % fi F (crossover rate) ¥ X #

% (mutation rate)

Cell radius R 2 km
Propagation model “.1) ~ 4.2)
Cell edge spectral efficiency S get 0.5 bps/Hz
No -174 dBm
Wearget 1kHz/m’
population size A 100
crossover rate pc 0.6
mutation rate pp, 0.01

KA 6Ll $ MR S B T2 8> AP T LB RS HR kP AA
?‘ﬁﬁ%#“@%*Tw@%?ééysﬁﬁ?ﬁ@%mﬁmﬁ%ﬁfﬁﬁ
QR e L A T oy R EL IR o S Ul
Bedenmici ¥ o 70 ML pRY MebiRdt e ¥ S (JpE Y AR S B )T s
BEHE RS d 11 2 et im®e @ s g % B4 Max(RS_d)#? -] BE4E Min(RS_d) » i
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B g ed A 6-1.2 2k o A enp 3Bk (4.18)5\ #T & T 1 system
spectral efficiency + 5717 4 4 #{e¥ = frd g LA ¢ ssp gf o @ fn b
F F ¥ 5 PRIZPF system spectral efficiency (3 F (gain) e

RS System | Gainper | Min(RS d) Max(RS d) Average
numbers N | Spectral RS(%) (m) (m) RS d(m)
Efficiency
Gain (%)
1 4.42 4.42 958 958 958
2 8.84 4.42 958 960 959
3 13.27 4.42 958 960 958
4 17.69 4.42 958 967 961
5 22.1 4.42 950 960 956
6 26.53 4.42 960 967 965
7 30.63 4.38 961 985 971
8 34.39 4.3 982 1009 994
9 37.6 4.18 1005 1050 1024
10 40.34 4.03 1020 1060 1047
11 42.69 3:88 1037 1093 1069
12 44.71 3.73 1056 1122 1086
13 46.48 3.58 1061 1128 1101
14 48.06 3.43 802 1284 1102

F06-12 ¢ sgebpr A S X AR ey re d st 4

?ﬁ%—?f‘ A F R ? MR B SR T Al BRIN F B R AR
% 1| spectral efficiency 4% Bz Bl (contour) » Bl # 2 ¢ chisuare FlihdeFl > 4
FpO MR PRE RS R WY R ] SRR 4 e i i

B o BdeT H D
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Fd 4 6-1.2 12 2 } 5| spectral efficiency contour L% - § ¢ Mk enfk
B A 13 Brap > 5 i@ system spectral efficiency £ T &~ FF » ¢ Mb g if F 2
AR RIS G A e Gl —FE o £7 5 iﬁ{fﬁ*?ﬁ&%ﬁ.&mé
P —L s R P oom P oE Y bl B 162 BepFiE o ¥ bR me P o
e 394 average RS d + ﬁiﬁ%‘u{%Om =+ 0 Y U T 4 g system

spectral efficiency °

B¢ LB MR e PE(N>6) 0 ¢ R EA e ¢ en T SagEd
average RS d B 4o g ¥ ¢ Mk Blicm 3 4e > 280 S NZS6PF 0 7 e Mk il
PLEPPRAR S R Y 3 € T Ap R E (overlap) o i P Mebihdk iR f i B T ¥an %
£960m =+ 5 e F N6 pFF > ¢ Merp i pt2 e F %S F 45 € 3 40 overlap »
A LR 6-1.5 fo ] 6-1.6 F 41 o .s%:é«mﬂjiﬁ»%lf]% i NS6pE—B=%
FEnR] @ B¢ Wbz BIRIRE R € B AT ARFRR 0 Tl P b g i i i
BAAFIRE 2 ffﬂﬂ&"ﬁ" » € 48 & average RS_d#F+ » kg @ Mepz 3
4 overlap 1% 3 0 B {8 i 1F system spectral efficiency & 1| &+ o i&if #7453 3 ep
P o i 6-12 6% = fo2 74 T R ko e Bg N>6 R SEF Y sk i
P e de 5 ¥ system spectral efficiency #& L ety B B 4o > 0 o sE 0 ¢ M
PP R4 o R {g & FLEERR en system spectral efficiency i% jird 4v 5 2 B3
EORRR € E B )

Y- B BEEEEOE 2L F NS s 6-1.2 caN=14 &5 B 6-1.6

7
VIR P MeEhanh i B 92 f AARY ekt 353 g hrimie d
s A Fle e —R2 oA 0 MR AT W g et B AR .

6-2 ¢ bRt 2 9 55U R B O de

AELRRASHET TR BRGSO 0 R T
sk - j\’é 55')5 - g ﬁ%ﬂém%ﬁm—p s ¥EAS %L g\. 5T R mw:i f2 R o e g
BRE T R AERE KRS

6-2-1 =# ZF & 44 e (Power Saving Improvement)

B0 B ARG AMAT R 621 fTA 0 FILEN A fa s @
et @ F G U BRI GER F Sk AR g B TR
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constrain) » § & * § 5 7 & F|5 H = ff throughput T fe £r i & * AZig s &+ 2
ey ;g;ﬁgj;é &, op Elfi}ug % 24 Outage °

Fixed throughput T 14.25 kbps/m’
Allocation bandwidth W 28.5 kHz/ m*
Maximum user transmission power 26 dBm
constrain

% 6-2-1.1 x4t ;t S Bk T

$ ke 5-1 & ¢ 4 time division transmission £? bandwidth division
transmission = fé& % 1% & 3% {05 & % P E_¢ 2 % RS-BS link 5 spectral efficiency

kg 4 5 e e 58 0 @ Z average user power saving percentage(PS) ~ ¢ s
kB 5B B APRAR ) B2 2 outage probabilitye st #F 5 4345 4p I 1Sy Lp(M)
BRE 2 L A ﬁﬁ&fi&%«ﬁ@@?ﬁ?ﬁﬁﬁ? TN EEAR P e Tk BT

% {8 case > v H k Fiskar e B oo

Time division transmission : 1548 5 % 4=7F 77|

N=6
PS(%) 0 27.63 87.66 94.67
BS service 100 34 10 8
area ratio (%)
RS service 0 66 90 92
area ratio (%)
Outage 1.66 1.66 0 0
probability
(%)
- 0.5 0.54 0.6 1
SRJ—>B (m)
(bps/Hz)

%\’ 6-2-1.2 ,:‘i s b i\‘ 3L R Ei:;],: .f‘fu’éJ‘ %\
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o Ny-W

P (M)=(2" —1)-|m (6.1)

(6.2)

= Py (M) =2 = 1)-(r -

G Al o AP B B ARG (6.1)40(6.2)F M 0§ Sy (M) Ak

S

e o B i 2 T14p I throughput T'P% direct path & 2-hop path #7 3 & * § e-T 3518

iy 7 3“i%pﬁﬁﬂﬁkt#f&%ummﬁF%%%%?ﬁ?ﬂﬁﬁﬁyé

P52 B engEgE > F) direct path ALE i 2 L

[ < .. () (63)
A,

b ()= i) o

EREE AP s ud TR GG BRT LR S B 6-2-1.6 BT F
&wﬂm%*%’&ﬁmﬁﬁﬁﬁiﬁ%%%%ﬁﬁmﬁ%m&%,%u&@ﬂ
Mprhpr A 5 sz»gsélflﬁﬂg,q/;i&{u oyt ene Mk o 2 > B 6-2-1.7 £ 7
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%;:?rg o M R B3 Fe BT E & 5N (different path selection scheme) ™ ok
BPforiad RS FEA DA BRICER AL A B )ERRER T ¥
B4 L 30 gy 3 S cnks 2 b (with optimum UL path)fe b)iE 4 22 7 L ip I <
B2 % b 4 30k (with the same DL path) » e {8828 % 2 34 T 8 8 Sorman e d
Hseitd-rl & 6-2.2 7] 415 B 6-2-1.8 ¥7 [B] 6-2-1.9 5 1B %] er7User Transmission Power
Contour » @ [ 6-2-1.10 p] £_T i’—:’@ﬁiﬁlﬁ F 51 CDF - # @] -

optimum UL path the same DL path
PS(%) 95.54 81.01
BS service area ratio (%) 7.85 29.88
RS service area ratio (%) 92.15 70.12
Outage probability (%) 0 0.06
SRj_)B(m) (bps/Hz) 10.7 10.7

% 6-2-1.3 kst iy srd M3+ 4 for different path selection scheme

User transmission power for optimal uplink path
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] 6-2-1.8 User Transmission Power Contour for optimum UL path scheme
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d b 2] ehig] ¥ g% 2] optimum UL path scheme it 3 - 32 @ iy 4 5 & 4 6

4% B # +~ > @ the same DL path scheme 827X~ & it fg §let a8 TH@EH 5 > e
mﬁngEﬁﬂmﬁﬂ’gaﬂwhw%%ﬁDL%wwm@ﬁ@ﬁ,vjz

R AP TR e Aok (T BE S 53 R T S RS RE R the
same DL path scheme ™ » # #skJR7xchde fl» &2 547 1 AR 1 ¢ 7 B 6-2-1.9
%k P EY LTS SRR SRRy S 2 R A fmve B %
hig * K & 2 34p I o0 throughput T #7 3 m@@lﬁ AR ¥y gk o 9Tl g
B 6-2-1.9 ¢ the same DL path scheme 7 CDF # % { % user transmission power £77
B E I LRET R AR SJRIENZ 4 CDF o &R o

Bandwidth division transmission : AT ST FAITHEEY TR S

F87 FF radio resource 4 fiz i@ ix = jE o H 1S - TR T IE ¥ 0ik 2 (5.10)1(5.24)
@mwﬁam@mniwkwvgﬁﬁ%ﬁﬁﬁﬁﬁ@ﬁﬂm%+a@$$mﬁ
S R R A B P Ty
time division transmission =R S & £ % 24P B o P i S % Th% e

G IRN I S T Kb S

6-2-2 Spectral Efficiency &t

AR R L RSB LS EE Y bl o el & ke
K ZAWEP,» BPWE X 6-2-11 AR AGLREZ T o LT B ET
PEL R G ¢ Mk g es @ﬂi%]'f ¥ % ki (system spectral efficiency) g2 58 o
Rt iy g BLRGE BT AR e e Tk TERUELE VRF ok Bt rn d eh
A5 > iz iffradio resource A fie B i 2 3Ly € b & 34E A & S fA(time division

transmission? bandwidth division transmission) °
Time division transmission :

PR & onlic B AL d & 6-2-2.1 & & 6-2-2.2 ~ W 4-¥F 3 fépath selection
scheme % 2 7 - B 6-2-2.1 T| B 6-2-2.4 ~ %W H_7 & ﬁ%] # F Py dhspectral
efficiency contour$t>+Optimum UL path scheme » 2. ¢ {28 3= -l S 229
IR RBH A DK G R RAET g N EFPRE S 0 AR S p;zg.frﬁxf_
2R AT F R FOTOGES FH P bR 0¥ G L RO
* i #direct path } §* ¢ § #.3F spectral efficiency - §] 6-2-2.5 5 &) &);443‘_3:}&
72T 5 7 F PnPFuplink spectral efﬁciencyév’ﬂCDF/n\ B BT R JF 4
%%WM@%%mﬂmdﬁ B R G R F AR SPRFEFFACDEY M- 20 B
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P—2Pn™ > F BRI P Mk v 8 3 i8spectral efficiency 0 @ ¥ 4T F P
fvo A F ARG ¢ Mrp et @ﬁ%] » CDF# sU3R i1+ 4 > 4 7 spectral efficiency 3t
EREF RS o

Pi(dBm) -10 0 10 20 25
(RSs+BS) 0.27 0.78 1.88 3.47 4.29
Scen(bps/Hz)
(Only BS) 0.05 0.16 0.48 1.4 2.27
Scen(bps/Hz)
Gain(%) 444 399 291 148 89
BS service 7.85 7.87 8.22 10.8 13.51
area ratio
(%)

% 6-2-2.1 j se b Ui redk M3t 4 for optimum UL path scheme

Pi(dBm) -10 0 10 20 25
(RSs+BS) 0.26 0.71 1.67 3.21 4.06
Scen(bps/Hz)
(Only BS) 0.05 0.16 0.48 1.4 2.27
Scen(bps/Hz)
Gain(%) 420 352 247 130 79
BS service 30 30 30 30 30
area ratio
(%)

# 6-2-22 5 b §orrit sc g 3t & for the same DL path scheme
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Uplink Spectral Efficiency for P_=0dBm
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CDF with different F’m for Optimum UL Path
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CDF with different F’m for the same DL Path

100 ; .
2L e only BS F_=0dBm
50 | m -
: — B5S+R5F_=0dEm
a0 " I
A N I only BS Pm:1DdBm
. — BS+RSP_=10dBm |
,S?‘ g m
— £0 only BS F"m:QDdBm I
= )
vl sof BS+RSP_=20dBm |
X okt e only BS Pm:25dBm |
e __ BS+RSP_=25dBm
30 Hf m 1
mﬁ T
g -
0 : | ] ] ]
0 5 100 15 20 25

x(Uplink Spbectral Efficiencv (bbs/Hz))
Bl 6-2-2.10 CDF with different Py, for the same DL path

Bandwidth division transmission :

LipfdBiE S N T o H s E & 2 £ % two phase transmission RCEE R & %
AR o E W E ATy T R R 0 SO A ehid i S 3% €1t two phase
transmission i system spectral efficiency * & 7 $4F 3 ¥ 0 & 6-2-2.3 & £ 6-2-2.4
ﬁgw@%maﬁzk&ﬁgﬁ%ﬁ?ﬁﬁﬁ%&,gﬁﬂw%ggﬁwja%
213 e spectral efficiency contour ¥#2 CDF 5[] » %1 2 & A} ‘FK wa bk e

Pi(dBm) -10 0 10 20 25

(RSs+BS) 0.28 0.82 1.99 3.67 4.5
Scen(bps/Hz)
(Only BS) 0.05 0.16 0.48 1.4 2.27
Scen(bps/Hz)

Gain(%) 471 425 315 162 99
BS service 7.85 7.85 8.03 10.08 12.6
area ratio
(%)

% 6-2-2.3 kBt f3xit se g szt 4 for optimum UL path scheme
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Pi(dBm) -10 0 10 20 25
(RSs+BS) 0.27 0.74 1.76 3.36 4.24
Scen(bps/Hz)
(Only BS) 0.05 0.16 0.48 1.4 2.27
Scen(bps/Hz)
Gain(%) 447 376 265 141 87
BS service 30 30 30 30 30
area ratio
(%)

% 6-2-2.4 st firnip srd M3t 4 for the same DL path scheme

AR I L P S A B eh® 3% 3 3V 4 system spectral efficiency 3 ﬁh

bt
L F 0 AP LS. 29)»%(5 30)% 5 A T P B A A BB 5

T, (m

A LA RS (M) e
J

d ¢ et 3 Bed B2 e e VS d e IR F

SRJ_,B(rﬁ) £ harmonic mean » ## 5 3% z’v”lSRﬁB(rﬁ) ARk o A3 ;j}b IR

Sy (M) > 3% two phase transmission ZESNINY (M) 2(6.5)5% » @ 47 5 A 2 i@ ix

(M) 5(6.6)5° » (6.6)3% sy, (M) g W o 3] > Pl
RAF bl — =8 % 87T (6.5:% ¢ ] 30(6.6)5% o FlUAEF 4 B B T eh

N
T m T m )
L() H_* two phase transmission m”\‘;v"—() <0 B84 ¢ FR o system

spectral efficiency = & 3 & <

PPl (7, =)
Suir, (M) =1 e bps/Hz/m? |
M%Rj(m) og,| 1+ N W ps/Hz/m (6.5)
S, (M) =log, 1+PNPL\‘I’;$E‘I‘51 (;ﬁTH) bps/Hz/m’ (6.6)
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Appendix A.1

$+>* fixed bandwidth allocation scheme #7 & & fe g §w,,,, . % % 2-hop
path % B @ pF 402 B33 B8 1 Wy, 4 fe b BS-RS link 2+ £ ¢ spectral
efficiency &S, ., > @ W, ~ % RS-MS link ¢* £ link 77 spectral efficiency £_
Spoom 7 FIE B R EW, =Wy + Wy, ° #¥ 7 BS-RS £ RS-MS link i &
throughput 4 %] & T, . =W, .» -Sp r & T =Wam - Srn * E*T 2-hop path =
throughput % Tg or,m = MiN {TB_)RJ_ ,TRJ_)M} o 1 fixed bandwidth allocation scheme

S-S

s ¥ T (opt) i . L
T > 2-hop path £ throughput 5 T ™) |, = 5 B"R+ SR_)M Wi PF AT 10 B % 20
B->R R—->M
throughput » p* ¥ BS-RS £ RS-MS link 74 5 4 fie #-¢ 2_
S S
(opt) __ R>M (opt) __ BoR
WB»R - Wtar et Afr WR%M & target °
SB»R + SR%M ¢ SB—)R + SR—)M ¢

Proof : (4 §i%)

B L 3K BS-RS link f= RS-MSlink ¢ 52 fiz 2 7 3¢

SR M
W, = —2—+a (W, A.l
B—>R (SB_)R‘FSR_)M J target ( )
SB R
W, = ——a W A2
R—>M (SB%R'FSR_)M ] target ( )

e v adeR o a<Wy, "2 a#0 it g gk AP e s ui i dies

£ link =9 throughput 407 :

w (A.3)

target B—R " target
+ S R—->M

TB_>R=(SR—*M+ath S —mw +a-S
S

arget PB—>R —
B—>R + SRAM SB%R
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SB»R S )
= —2R  —alw, Sy =R My o —a-S, W A4
I’
TR—)M { S S target R->M S S target R—M "target ( )
+ R—->M +

B—>R

B {¢ 2-hop path £ throughput #-& (A.5) 2 P # gt 5+ 5 31§ 00 B
S S

Ty pon AiE *v?—s B*ZSR*M Worgee * 5 F % a=0FF > o4 & Bx 54 Gl
B—->R R->M

S, .S ) C s

2w 2 PF BS-RS link fr RS-MS link e 374 fie #de b G #7380

SB»R + SR»M

Bk

Spr S Spr S
_ . B—oR R->M B—oR R->M
TB»R%M =min {[ Wtarget ta- SB%RWtarget ° S Wtarget —a- SR»M Wtarget

B—R + SR*}M B—R + SR»M
<Tlw MW
BH>R-H>M S S target
B—>R + R—->M

(A.5)

Appendix A.2

BANPAA S K4 D] ﬁ?ﬁg?]xé T e KKT
(KARUSH-KUHN-TUCKER) condition[11]+ ¥ & & 2% %4455 § 3 % 54 /U4
g R R T AP N3 R d R A
minimize f(x)
subject to h(x) =0,

g(x) <0,
where f :R" >R, h:R" > R", m<n, and g:R" > R".
KKT condition:
L.y >0,
2. Df (X")+ A" Dh(x*)+ 4" Dg(x*)=0";
3.47T9(X) = 49, (X )+ 4 12,9, (X)) =0;
4. h(x")=0;
5.9(x")<0.

e TF“%%{Q HF % o 917 KKT condition 7 ;%3 gk > @ F35 4 ken
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T BERRAR L F iF 8] (2 (candidate minimizer) b & AT 4t A W) A
Lagrange multiplier vector ¥ KKT multiplier vector » ¥ ¢+ » 2% ipe % vz 1,22 53¢

iEEFR S BBRE3NET G y =028 g;(X)=0-

BT ok lF“ﬁ* LB 44 i R 4% KKT condition %45 41 24 i o7 & e
% ;__Ngj% A 43 F 2-hop path =@ ﬂiﬂ P E R EREP .’El i 5F I e
;rs“v R BB AREM B4R e 50 3 P A g Bt - BE T o Blde
WM—)R ( ) W WR —>B( ):WZ AerRJ%B(m):SZ i I’LL Z*L‘FT;}‘/EL » At ﬂaa EIT‘Q ﬁ’"l it e
@ e g L0 AR G PR AT SR

TW,S,

minimize f (W )=(2"%"%" —1).W,
subject to 0<W, <W, 0<W, <W, f (W )>0

Flpt A ot o er & R R KKT condition 40

KKT condition:
Lo,y 55 1y, 115 20
TW,S, TW,S,
2. (MW —1)—1n2 - TW,5, 9% o5, g o~ 15 =0
W, (W,S,=T)
TW,S,
2 TS Wi B

(W,S, -T)
3. (W, =W+ 2, W, =W + 21, (W) + 1, (W) 2 (T =W, S,) =0
4. W, <W, W, <W, -W, <0, -W, <0;T+W.S, <0
FEARNPT g W, <0, -W, <0, T-W,S, <0 pPF&BELS 35585
My =, =ps =04 €32 > ATIURIERX T R 1L AT G AR

Lopty 4, 20, gy =y = p; =0

TW,S, TW,S,
2. (2W1(W252—T) ~1)—In2- TWzsz LW (WS, -T) +4,=0
W, (W,S, —T) :
2 TW,S,
_lnz_LZZ_ZWI(Wzssz) +ﬂ2 = 0
(Wzsz _T)

3. W, =W)+ 2, (W, -W) =0
4.W, <W, W, <W, =W, <0, -W, <0, T-W,S, <0

?a‘a‘é%‘"\ rr“riﬁ 4 casert i r L E W WL 5 e B w 14 5% 8 & e0KKT
condition > p* P47 17 | iig B¢ B NPT R 0 K higE K F ) 3 A B AT o
d Toow iR caser’v’ﬂéff?‘* P APEF IR G EWEWE Wo=Weps i g s X KKT
condition > v ¥ H rE— - e fF o Fpt AP E B aW=WE Wo=Wehps iz € 5 &
IR R
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Casel: W, =W, W, =W

TWS,
o {IZLI}Z B
W(\st _T)
TS,
= 1n2~L—1 2WR 11>0
Ws,-T)
2 TS,
7 :1n2.L22.2(W5rT> >0
Ws,-T)

. When W, =W, W, =W, it satisfies KKT condition.

=W, =W, W, =W is a local minimizer.

Case2: W, =W, W, <W
=>u,=0

TW,S,
. 2W(W252—T) £0

_Ts,
(\stz -T )2
It doesn't satisfy KKT condition.

=-In2-

.. Case2 is not a minimizer.

Case3: W, =W, W, <W
= =0

TWS;
—1]-2MW T 4

TWS,
Wl (W52 _T)
It doesn't satisty KKT condition.

=|In2-

.. Case3 is not a minimizer.

Case4: W, <W, W, <W
=4, =0, ,=0

_Ts,
(\stz _T)2
It doesn't satisty KKT condition.

TW,S,
. 2W| (W,8,-T) £0

=-In2-

.. Case4 is not a minimizer.
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