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Since the mobile WiMAX is under developement rigorously in the world, there
are much more demands for system performance than before. In the mobile WIiMAX,
it can provide high speed mobile applications, but may also suffer from serious
multipath effects which will degrade the system performance. Thus, the solutions to
the multipath effect are being highlighted by the WiMAX research forum.

In this project, we design a modified architecture of the mobile WiMAX system.
We use several existing techniques, such as OFDM/CDMA, multipath interference
cancellation ( MPIC ) technique, low density parity check code ( LDPC code ), and
turbo equalization to improve the mobile WIiMAX system performance. Computer
simulations are conducted to assess the performance of the proposed system and that
of the traditional mobile WiMAX system. We found that there’s a great improvement
in the performance for our system over the traditiona oneWe provide a
OFDM/CDMA-based mobile WiMAX system utilizing the spreading technique and
the MPIC technique in the tranceiver that can not only reduce the multipath effect but
provide the better system performance.

From the simulation results of the cellular system, one can observe that the
system performance of CDMA is always better than that of OFDM under full loading
scenarios. In particular, the interferences from other cells can be effectively
diminished to reduce the error rate when the directional antennas are applied in the
base station.

It’s known that there’s no inter-carrier interferences for OFDM due to mutual
orthogonality between each subcarrier whereas MAI arises in CDMA system which
causes the degradation of the system performance. However, PEC equalizers could
efficiently aleviate such problems, especialy for light loading systems. For example,
CDMA systems outperforms OFDM under four-path channel condition.

Finally, we proposed an inter-cell interference mitigation scheme for a multi-cell
OFDMA system, and in particular we focus on downlink transmission. The basic idea
of the proposed scheme is to dynamically choose between a partial frequency reuse
scheme (with reuse factor 3) and a soft handover scheme to provide better signal
quality for cell edge users. Our simulation results show that ,as compared with
standard partial frequency reuse scheme, the proposed scheme helps to improve the
link quality and link spectral efficiency of cell edge users.

Keywords: mobile WiMAX system, OFDMA, CDMA, multipath interference
cancellation, low density parity check code, turbo equalization, cellular
system
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do% B4 AP BRE BTG REREIDRGE S 2L e AP RRE g
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G =H/H[", 0<i<(N-1),-1<p<1 (2-1)

- > Calculate BER
R Partial Equalizer || Soft
Data Detector
Soft Bit Calculation and
Soft Symbol Mapping
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Channel Estimation i
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e | [, ToSoftMPic
DataInterference
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MPI
. . replica signal
Soft Partial Equalizer from each path

Bl 2-4 (=6 Wimax #2 fei2 $e58 2013 % 1+ B 5 b % 1
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R
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T
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|
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- P(Re{x} = +1/v2|Relz, )

7 PIRe(x} = -1/2 |Refz, |) 2-3)
P(Refz, }IRe{x} = +1/12)

P(Refz,, I Re{x} = ~1/12)

[RQZJIRQX} " ] ! am[(quJ "ﬁnyj (2-4)
\/Zﬂo'Re{ 3 20-Re(z)

1)1 (Re(z,}+ M., f 2-5

P(Rdaled&}——JEJ— zmﬁm)“pf' o ] (2-5)

Lire= . {(R9{21 K+ mRe[z})2 (Re{z| k mRe[z})z} (2-6)

Re[ z

FEAES TR SEERTRESTAER LA

Re(%,} =1/+/2 tanh(T, ../ 2) (2-7)
Im{ %} =1/+/2 tanh(T, . / 2) (2-8)
X = Re(%} + ] Im{ %) (2-9)
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F A SRR o A ig il 3@%— =% FRL R e 1F L—a‘%fv’ﬂ%{%j& {4
SELELE R 0 G MELE - R > ik E g ( T mi PRIEFHY
%@E)’%?ﬁ@i%ﬁmﬁ%m’ﬁéiﬁmﬂﬁwﬁﬂf~&m;&u4%
WREE > FRALT R FEL H R FACR] 25 46T
Despreading
1024 : Data output
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. . MRC DE - Data
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and
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#(2-10) 477

r=R-| ZH, [z'jf(kc ] 1<d<P (2-10)

- B a0 2 B SEHE fRREE TE g TR T
Ml B g s R Jﬁiﬂ:i s 4o (2-11) 97

T, :(2/Nso:)-c[z Hr, (2-11)
O F 3_@%#&"’ MR S B s dess (2-12)#77%

FIP hig- APEN N FRAETT O RA L S HMER RSk 4 TSGR
T

%, =1/+/2 tanh(Re{T,} / 2)+ j(1/+/2) tanh(In{ T} / 2) (2-12)

Prim e d kTR g EEIRARE ¢ FEATERE e W Iy 0 2 18
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B?irﬁ*g%,l 70 1o ePfRag AN i @ ¥ m{fag‘}g.«mfggg%(LDPC)
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I:)o,o Po,l Po,z T PO,nb—Z PO,nh—l
Pl,O Pl,l Pl,z T Pl,nb—z Pl,nh—l
H= P2,0 F)2,1 P2,2 T P2,nb—2 Pz,r\fl (2' 13)
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R P37z HE(E e fEt)R LR §- A2 B AEE
FEHES G RRBEIRAREAF 2O > NR AT RO ABE
o J»(E%;-y & 1/2? J”’ 7_?1Eng«£EKE_P
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-1-1 765 -1-1-1-1394 -1 -1-1 -1-1-1-1-1 -1-1 -1-1 00
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512 256
768
B13-1 Wimax-New (@ i = $-7) 22 50 540 i 3k 3+
Wimax2_ FEAiide o S B % R i B S B RASAIZ T L Lk R
W TR AR TR 25052 5 8 Al &P B AUl g NE

RHEBRIL ) LHEBERNENEE A TR AL RE T R R
G Benp i &R M E R P AORE R B R4 BREFA
Bg iR G N e s LR AR ;D?E%V;U€1Ef’r*t?i)°m #E
FJR o 3 d iR e A Wimax g b 2o FUSCHES » Flpt B & b el diep 7
iR - R > 102484050 5 B> TR 7681 - ﬂ?ﬂmi\ui 7960 » HeRL
pﬁiﬁ"ﬁ-’u’Agjmi\‘/ﬁsiqkme’%%’Z‘Er@)‘fq’iﬁ’r] A.ﬁ?fﬁ-‘& ’{Fﬁb
pq‘v«i\;ﬁs  Wimax ik se42 0 F] G * OFDMAS 3¢ Flpt i@ an T Pk & 3 1%
5 it —"FTL 7R ?,}i & B f R A A = ﬁv—r;@@@Mﬂ *
FERTEG I AHPOENBEN > EAE RPN LEFE R L L 200N
FIpb 2 e T RO R e K R S B12% 2560 BB 0 Aot - kA K
AT RS PR LR 0L AR AR B B AR 2 18 DR UL e M AR
S AR o »Eﬁr*ui‘ AR Y S ﬁ“?ﬂ"i?r“iﬁ»% 25dB> 1 & & % kit
JepzZ Wi B3t > EERFDEY REETHEFH > VLT FPOFDM @ =~ 2
Baip+ R FBFFEBPARARRIFFTEY » wOFDM % > 1 & A7 {7 6 3¢
Wimax i # (2009) » FFT £ & 3% % 5 5128k % 10242k~ 6. 5 IFFTiE 5 » 28T d 4F
BRI  BFH>EFRT > EFERF P s § &8 FEFEBOFDME ~ ¥ 12
HIRELEZRF - BFERTES R AL RZUB I L2 b~ B %
EEFEE TG o BT A B3R ok R R S EDIAR R > R

17

D/A



§ s
Bl & o o324

— Chann.el Soft partial equalizer
estimation data
. Walsh
Multi .
D . despreading
. replica
pilot . E A .
Switch M Multiplex
P . 18} . Walsh
S
A/D al ol / FFT / C Pilot am:. d:ta data Multipath ™" X r];/hllil; despreading
removal S separatios pa MRC pl B
separation
Multipath signals

Multipath Data

thconsFruct‘lon . Soft bit calculation interleaver LDPC decoder Deinterleaver Soft detector

(spreading, pilot inserting,
CSI attending)
Successful
decoded bits

81 3-2 Wimax-New:& <=8 -3

Bl p e gl ¢ Lie FADE R L B g #&fﬁ% i EEw o %% R e

mmMﬁm%ﬂamH#L‘»%omep: WELM-E KPR AR 0 A
B AP ER k see e b s OFDM 2 = ?‘/ﬁts’ F ARk 3?"1—%5? TR

s nAFHLﬂi% F%ﬂﬁﬁgﬁ*“ﬁﬁﬁdﬁ@’@“iﬁ%?l
A f S FUSCHESS » P10t 34 i ¥ v ] 7 A k2 4%M<Eﬁ*§£"“"%€L

A e ,ﬁﬁﬁ‘vmgﬂ;iuﬁ—\g ‘:stgj“mﬁ’;fmkjw@ \‘?}é]/l\_]":’rﬂ”"
i A5 R B R ﬁ**%%’avmkm@;‘i{#ﬁ;“mi'“w{w ¥ - :'z
PER B INEE R S '4;“_4%3!'“,%%%%@ OB AT d bk B Gk PR YERR =X

212

CEEEES ARl

b EE @Y G ? ]’;\Eﬁfbﬁ R 35 e P LY /}J'}L&’]{ %’Efkul»f'JilEd"
Fig L Sl L R R e TR A AR
Gt - RBA - AR DR R B st g 7]

’% ‘
x
-
W
T
)

A =g
i
(=
'SH

PLAE R NI E b N, d - betab‘iﬁzipw’f“‘ (R cE S S R

% €7 Pz E s o B2 RS ye LT e A F g a0 FN T ME S
FREAR > A AR B Y E AN R IT.F 5 @ FNE 0 BTt o ahE
HBETEHBEGERR Y hENH > AT Fﬁmvﬁ&éﬁ/ﬁ%ﬁ#ﬁfﬁ? hiE <75
fRBAR 2 (5 BT AR T F R R ena TE Ak SER g TR R e 2 ’ﬂ
FWFEAEE AR 2 BB ﬁﬁdﬁ B2V E o o AT E R R T eh

FRFEE BT F TR Rtk €0 - A S R e 2 x?iﬁ
BAENz AT GBS B 2ot (F2 (5 77 i1 gﬂi f2r8 ® T

fRFG B E A G AR BN Z MBRF R AMBIEB B RIEZH BB
BRF I ABIEHB I NEEHRAE L F > FM ATEAPR» & Jrgtmﬁ’* B

18



=

e

B

ﬁ

K3

ES

F

W

ﬁ r)

W

=

e

W

LT RDN
v o= (o

ko Tk
SE A g e

> L

|

a

[

i

g

L

—i

s

S

a

=

(w c
P

@' =

| e 4
( .

%“‘

(Fw g

PO

=
il
N
\ &
WX
o
ﬁm
s
[
ik
%
P
=
P
e

y
=
o
¢
|
M
2
=l

(3

m%&ﬂ
QF"U&V rgmﬁhiq\é‘fﬁé“\ BT
MELRIL A & ¥ o AT W -
:T\'@E'-r”"i‘@-:imf 4;:;%%{ ~,J1#%“1'£?L &éﬁ;%%i&/\ﬁﬂi FL e -
o VT AR R g BT R f‘ﬁéﬁt&aé ELJRES B TE i B
kbl

)»AFF

f‘f&’\

0

H
"“.ﬁ\n-m
ek

LHE B @Wﬁl“’b?‘ﬁ#ﬁ#ﬁﬁfﬁﬁ’@%fllgﬁ%hfgﬁ_ﬁﬁ' [ERE 2 g

e LAPL AL BERS ;ugsgﬁ‘t'«iga;@‘ew%/’ﬁﬁ’vfégﬁ $7

*m%*’f*uéw‘%ﬂ“‘“@é#i:?; (CIE & & BRI aEL > bt LiE
T AR EE Dk RF e L EE RSN T - B gt
4“‘44%4! s %%i}i‘@"'%ﬂﬂ °
e njﬁ‘\@ F R EY “$=%%i/%@“’ C F R R g TG
BERR > gLy S lﬁk—k:%%{mﬁxw_s /\F"‘ Koo F] P R E RS SRR S TR
a‘r"f&* “‘iu ’Pmﬁ v EAERTIEL -k FEPFRIENER ¢ LB IERS
HELEL 0 fei 0 2 H U AR 7 $P4im LEL > & — BRI NT BB R
Hv R+ P Hi«ﬁ FAABLRILL (S & lﬁﬁéﬁ‘ﬁ’?%mﬁ~ B3 8 *\f/i%'%
}Tg—mxﬁ'ﬁ_“i)@’ Flpt g anliEE - RIS €7 HEROLBE - i ok g

AT B fm;‘ﬁ P F A sk £ e VR mﬁ*‘,{“"%%{xziﬁgrﬁéﬁgfi
A MAvag B S B F]PLE U b ¥ &*m%%{rﬁ?‘r R R R LI E s e -3 Sl 3
PR AT 0 fE %£“?ﬁkrﬁéﬁﬁ%mL;%ﬁﬁ%a@’?u@J 37 e
vhar A3 B M enfs B8 BT ELE FEfRED o Aok A ﬁ* s PF -
MELETH v AT BiF Y "&F%’fﬁﬁ'ﬁ & F i} X SR K m'l%l}i s
;%’?y’{}immx'ﬁz

‘.‘“_‘@4 =X YR o ,”;ﬁ;‘,{;“_rﬂ 15w '/{j\i‘\/—%k’ F] g m(jﬁ’»" g & & ﬁ”’?—'\%%{**’

EFARBABEEH > LB MBR R R ABIRBTY > K AR AL T
TEA e

"93“’%2

“»WQmMgm
]xN

She

*1‘7

fﬁe

o

R BEE 7 E 2

USSR B PR PN R T

17, 0<i<(N-1),-1<p<1 (3-1)

Lo HiX £ l;’.P‘meé’lg G4 & %LM il pENL %NF%f":/ » 2\ i
uwﬁ%hgmw%*& THARAFESE FAFFER LI - T BTG
Fosd FrEgric® épw’f%&;&iéo%’tb—iftﬁﬁfl‘zéw‘f‘iﬁé“ﬂﬁ’
PAFSER LI P - FBTNL AN EETNE FAFFER TG
He @ HEFHEEEE Pt - i Mp R BABRFECET -

19



q_@ﬁ* A2 i8> MELE B AN TR EREEY > SN TR A RES £ ¢
LR LE I o TR IR ARRBIRIE D H HEAp O o P71
* r—r]ﬁﬁ 7}3“”:34']_&(:—\:,. TR
1 (Z|k_mz)2
Pliz, |x =s)= exp —— -
(I,kl k Sﬁ) \/272'(722 P 207 (3-2)

He T r R i@y 4

m, = ingihi (3-3)

i=1
o2 =(1-D3y +orYlgf (3-4)
i=1 i=1

—l—l(ggjhjj (35)

Flpt AT ok gl 2 U E R R e dliop 0t e

T _ In z e b :l}
“° > P, (3-6)
z e{b ——l} s

fw%?”#i%ﬁiﬁﬁ&wwwEﬁﬂ@%&kaﬁﬁﬁﬂﬁ%ﬁﬁﬁ@?.
RS L FEeni A TESIH U RILE (FE R o ok AR 5 0] VB T &
7T - v{ﬂ}:\k F’“-{ir,‘f—- ‘*“}173\;—:@*@”{»;’3—})‘&‘2}1;%%{,'@'? ‘éf_zj._wrl%,}rm?
Flie B A ot B kT AE A MR AR R e B S RE B0 kit
AP B LA A

X, =1/+/2[tanh(T_, /2) + tanh(T, / 2)] (3-7)
N A ﬁ»@hﬁm;ﬁﬁygﬁﬂig,gﬂw—ﬁ \¢yﬂl%W%§

iHJ I&q} 1<d<P (3-8)

EAF B N TRl Y > hip- BTG F RS i
ﬂﬂﬁwmﬁﬁﬂ”%“’ﬁ%ﬂﬁvHﬂ*ifﬁﬁﬁ*2%
i 5 =% ]

do f
Y
N
P
[y
o
3
v
a
=
[y
o

MBRP BB

RGBT SRR e S R EWImaxR I (P A g A P 2
%ﬁ&%ﬁ%%’tﬁﬂwkwﬁéﬁ@mﬁﬂm&ﬁ gt KT R S
RIECHRABEHMBRECELAFRR JEHE S 6 A FR T 5% JHG2 TR 4ot 7

20



RN BRER CR ABEBS MR MEE R > T S A AR R R~
W B A5 JRAD PR B 2

1. A4 it
%ﬁﬁ?WM%J"ﬁ{%»ﬁ&ﬁW“WQAA“”ﬁ*@
§ELL - rdcanp TS ( Hlp it B )R s
gl o

g, F - =

Hip 32 77 (R % &
2. E A AR T A SRS
LLR™(q) = LLR(p,)+ ¥ LLR“¥(r;)) 39
j'eM ()Y j}
A K nsgeo MONIF R 2% 0 P g aek () 2 kg
SEE L TGRSR () ks SRS

3 PEA A ERBEN A SR L

LLRU“):(—DL“)( IISJKLLR“KqWﬂ-T[ }:qﬂLLR“quﬂn (3-10)

ieL(j)\i} i'eL(j)Yi}

1% W(X) =—|og(tanh(§)] |og[1+ex—p§3

AR A RS T A R EE e

rie) = (90 [Tanlra, )], min (umv@)) @
ieL ()i}

=2 AN VI e LI U
3 i ;

4 FREBEHS

Fl* Adp Rk B ME R BRI R ABERE AR S ( intrinsic
probability ) LLR(pI) » * i M % & I -4 & 45 1245 BiF B 5712 1 eneh fu fis 2
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Frfd AEELE:
#4.1 B 5k

B kA Wimax-New
R 25GHz
BT 11.2MHz
FFTER (B ~E R ) 1024
LS. 768
AR Sl i 96
=k 80
+ 79
DC #& 1
FAE 10.94kHz
BAERF (3 FEERET) 91.4usec
LirnF (U8) 11.4usec
XS 3 4
TR AN R QPSK
AR R BPSK ( % % * 74 % 2.50B )
i kS LDPC
¥ 1/2
HfBE R 1536
$oFB S Zm 64
LDPCp 2% & = % =t #ic 10
4 ,?yig;_“fﬁ" YEiE B S #ic 6
X g8 B AF 512+256
3 & it F Sdikcbeta 0.5

WD &

30km/hr > 90km/hr

ST

69.44 Hz » 208.33Hz

Wogeal i ITU-PED B if if $i3)
A€ F R 7 1% %1
€ e p 6
i B F HE(dB) [0:-09-49>-80"-7.8:-239]
i i 4 2L H0( samples) [0> 2> 9> 14> 26 42]

23




BER {log)

The Performance of Wimax-hew and Traditional Wimax Systemn
o 1N Mobile Environment (30km/hry in ITU-PED B 6-path Fading Channel Model
0

—#— Wima-New without LDPC
—a— Wimas-MNew with LDPC & no MPIC iteration |-
1o L —&— Wimax-New with LDPC & 1 MPIC iteration
—— Wimas-Mew with LDPC & 2 MPIC iterations
—+— Traditional Wimax system thh LDPC
10'5 i i i i
4 ] 8 10 12 14 16
Ebitlo (dB)

B14-1 Wimax-New @ seWimax 4 stz vt i
( & 1 30km/hr > S 78 5 U2 > $id sf ITUPED-B 3 )

B4-15 & % 53 Wimax-New 4 5227 i@ Lt Wimax % "fui SRR = I YA

Lo Wk BegRig 19PamLDPC£% #&1{1;&%" R N LI LI
BERGFHRERIE - B SRDEL R A Wimax- New,, it r b LB L
RIS /R H)’é«ﬁ*%iﬂ'%ﬁﬁ’ m B seehWimax i seA i@ * 4 T Rt
%1TU PED-B 68% /558 5 % % g BT > B 1# 30km/hrend ik p v . 10e0-3=x 3
EBNAR 0 A G AR ARG i o KK BRI AL F o dok Y

D N SRR % R ks T R A LEAB Aok i - st f RS
R R Bnin T e 2B R T i v Ak A LDPCAS #2102
% LDPCFH L B > 4okl i@y > %m i 954dB ok 3 % Sifiw i@
» R E T U A 6dB 2 4 o

A

Juy b R

The lterative Performance Comparison of Wima-MNew
o in kobile Environment (30kimvhr) in ITU-FED B 6-path Fading Channel Madel
0

—— Wimax-Mew without LDPC
—=— Wimax-New with LOPC & no MPIC iteration
—8— Wimax-New with LDPC & 1 MPIC iteration
10’5 —— Wimax-New with LDPC & 2 MPIC iterations
—=— Wimax-New with LDPC & 3 MPIC iteration
Wimax-New with LDPC & 4 MPIC iterations
-6 || —— Wimax-New with LDPC & 5 MPIC iterations
4 6 3 10 12 14 18
Eb/MNo (dB)
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Bl14-2 Wimax-New & 523t % Je YEa 2050 ad® 2 4 iy Vb i
(2 1 30km/hr > %525 3 12 > ##eid g ITUPED-B i i )

Bl4-25 & % 53k 3 8 38 30kmVhrenBie (258 & % i i 0 &
Fett i d BT M Aviy o i AR P i@ o kMt W
At Fa g Bbdar ¥ - RREE Y KA 1EdBA ki 0 B iFE &y -
CiE B o sae 2 05dB 0§ F vEa H sk 2 ek géx;ié%@fj‘ vl

%4 +

Wimax-New:r k 52 3=t i ¥ § 2 45 ch4& R o

The Performance Comparison of Wimax-MNew and Traditional Wimax system
o in Wobile Environment (20kmm/hr) in ITU-PED B 6-path Fading Channel Model

10

—F— Wimax-New without LDPC
-5 | —&— Wimax-MNew with LDPC & no MPIC iteration

10
—8— Wimaw-MNew with LDPC & 1 MPIC iteration
— o Wimax-New with LDPC & 2 MPIC iterations
10_5 —+— Traditional Wimax system with LDPC ;
4 ] 3 10 12 14 16
Ebito (dB)

B 4-3 Wimax-New? & se\Wimax & Koz Vb iz
(2 90km/hr » b S 5 U2 » HiRil if ITU PED-B i@ i )

F4-35 & ) Wimax-News  SWimax i 5 6.9 i 90km/hfm*°‘nb SRR
FOUATEE o B KA R G Ja & * LDPC#B i3k » % & i cnfi) & B - R
ER M @ A ERR T G R PEIR o

o
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The lterative Performance Comparison of YWimaxMew
g in Mobile Environment (20km/hr) in ITU-PED B &-path Fading Channel Model

10

10

-2
10

-3
10

BER flog)

—— Wimax-New without LDPC
—ea— Wimax-MNew with LDPC & no MPIC iteration |22
—E— Wimax-MNew with LDPC & 1 MPIC iteration
-5 [ —&— Wirnax-Mew with LDPC & 2 MPIC iterations |
—=—Wimax-MNew with LDPC & 3 MPIC iteration
Wimnax-New with LDPC & 4 MPIC iterations |--
10" —— Wirmnax-New with LDPC & 5 MPIC iterations | ‘
4 6 g 10 12 14 16
Eb/Mo {dB)

Bl 4-4 Wimax-New 5 523" 3 o YRk 20 50 Ad® 2 14 5 vb di
(2 & 90km/hr » %28 5 1/2 > fhRid i ITU PED-B i i )

-4
10

10

B4-45% & s 53030 2 i O0Km/hr 6k /2 F 1% % ( Rayleigh fading )i i - &
PAL B GG R S BL SRR E R R

4

K 5N
AGATR AF DR DFRT > B kR v 7»&15:1"1\1

7

.
»
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%3 % OFDM#ZCDMA i Yot 4 #7

F RS ESERREADFER > F AT OW AR L ARG o
MEFEeRIEE TG Rs i\j\{rﬁ o hifd - L E#F P » CDMA- E ¥ % =
RiEFdE AP SgFFAFRERSE Z T P ‘é‘?*lﬁ?i‘:‘;iﬁ’rﬁﬂé'%?‘l REER
Wy B o OFDM 52 A # FOFDMA 5 £ 3B 3kjire § 7 My e A 7 5 % 5t
R AEEE PR A X B A EFRE G AREE( e, SGPP LTE-A Long Term
Evolution- Advanced* Mobile WIMAX 2) &7 {7 314 * OFDMAL i -

EAEEY O APRS BRI 24 1 (OFDM) 2 & 5 5 7 B 4g »

5 1 (DSSS—CDMA) » % s 8 (7dd 57 7 k3P o 424OFDM %k %o »
g * 5% 4§ TF;F'-‘f- tERBRIE o FHCDMA k> NP R w f RAEE P R
v BB %R liz%q’f"ﬁwmla%

B Y AR LR R REPRF P E NGRS i
E A Pﬁ*f?.l %F&%Eﬁ?é_i o LTI H T RGEHEE R S AN N s
BB T A (SIR)fré i F od 20 A P A A R T A L NRB TR T AT
MARES R ERT @ﬁi?]iiiﬁ £ f2 3R 4% ( path loss ) & 3¢ i ( shadowing ) »< /i °

5.1 OFDM % .&@ﬁjﬁ:ﬂ]

HALALDT A S 1 OFDMeD & 5L - OFDM e & E{ﬁ&pﬂi
% ﬁngt;ﬁtf;;z@ﬁi;] #<OFDM=» ¥ AR & E_F 4 it 5L - @ OFD v
to B BiE g iR A o o BT

XF[O] X[0]
"N >

. X[1
Bit | QPSK el point |, PIS Add CP b—»
Stream Modulation Converter IEFT Converter

Y

®)5-1 OFDM & 1% =4 -3

He 3t ’Famﬁ‘ FLe P QPSK e %2 18 » #-8 i e gidgde & T (e 5 o E 4
e B bltrpkmhé%,ﬂbmlFl-—l'ﬁiiG\ PRI P gl A i w B oad 1S o B fS 4e F cyclic
prefix(CP) @i 112 o 4¢ } CPep e d 4 ML B § B Sl T » W a4 24 5L
2 Beh*4f > @ Bt OFDM= B 'L ch 2 it -

FRROE I E L G R BRI E I 40T B4
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yl0] Y[0] X0]

yi || v X1
Y | Remove| Y > = zero- ", QPSK
g S/P FFT forcing PIS| — De- >
Equalizer Modulation
—>
y[N-1] Y[N-1 [N 1]

B15-2 OFDM 4 fx 24 -3

FAPRELIEE  FAAS fCPi fo L R FARIT o KB i B S T (T
LB 15 0 BB PR A3 1 iU K UL - R - B L DB
TIEF F # 1+ F(Zero-forcing Equalization) s - £ w B @51 o B i R AP AT
Qm%%;u 2-}/\%&#;.]5?; ERt ag'—:ud'r J,&I_?i’”r?\

The Zero-forcing equalizer can be realized as alinear equalizer

with G[n] at the n-th subcarrier.

H[n]
G[n] =
HIn]f
H [n] Y[n]
x[n] = G[n]Y[n] = Y[n]=——
IH[n][* H[n]
BAGFR S BB MAFRR T K A T A LR
B E M ¥R EER 0 ARG G AT R AR e

5.2 DSSS-CDMA % %@%‘T’fi‘-’“"}

BT kA RS BRI A (DS&SCDMA)Ww%i’CDMAnﬁvM
HELR APl G F{opE - iL@ﬁ e g R RAERG RA 0 H BiEga
B 4™ Bl roT

SPREADING (Walsh)

bjo] + WO u sc[n]

Bit Stream — - JxIn] xc[n]
QPSK N Scrambling| ~ .| Add >
iﬁ’ Modulation b[1] % W1 (PN) cP
SIP X
|} WN-1
>
b[N-1]

]5-3 CDMA i 3% =3 %57
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B P F AR WQPSKe A B2 18 0 Bp e B i & T 7 gl o L4
HE Bbitk P 2 p BRI (EFNDT L) BTG BRI EL 2 R AeAe RS > B
K B(PNE 7)o 5P ch L A i Cell ki 5len®w &~ 0 & 7 )ROFDM
eena T s @ EMELE RAPR 0 B {8 4o cyclicprefix(CP) & ix i1 4 o

PR BTG L B R T R IR T WA

y[q] Y[0] X[0] X0
> > —» ]
C M XWwp Xy De-
Removel ¥ ] ] Ir)equer_lcy Scrambling QPSK
" op > SP FFT vl IFFT| |PS| » & | > De | »
qé zer De- Modulation
(] spreading
> > - i
VIN-1 Y[N-1]

X[N-1] XN-1]

®5-4 CDMAFEjz = i3
FAPRLIEG  pAAY “,%CP& (6L KRipad® o #-8 i il = T {7
RS2 (S 0 ABEEBEOFFTE S48 LR R RURIE o B - B SE e
AR B LR P L UL S B R K R e A
AR L Mt AR R VBT ud T A T o R R aE R R 0L E
AT L ER R RS o
1. MRC ( Maximum ratio combination ) :
Gygeln]=H [n]
2. EGC ( Equal gain combination) :
H'[n]
Gegeln]l=——
0 |E
3. ZF(Zeroforcing equalizer ) :

G[n]= Hn]

|H[r.r]2

4. PEC ( Partial equalization combination) : i&i# 2% i* B~ 3=0.6

GPEC[”]:| H [n]

—— ., -1=2p8<1
H[u]‘lﬁ

5.3 HHEX

ML E S AR 0 R - AR BER Rl L B Rt 2
PR SR AL (pathloss) » % = 3 %1% & Aj3k 3% #1id & chiff fiorc i (shadowing) » % =
5 F 5 5 R R enb A7) 8 in %k ((small-scale shadowing ) o #% iF# 7 12 Ke3d g )

A
R
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h(t) = PZL: ae”s(t-r1,)

j=1

SRS LT
P: T mgis 5 (% Fshadowingfr path losss# 5 )

a: ¥j-thes/zengeiss & (Reyleigh distributed)

0,: %j-thisicengejc4p = (Uniform distributed )

T % ot I b i 4

L: %75 B o erdcp
EANRR=EE o 5 g

Céllular Environment Parameters

Cell radius 1000 ( in meters)
Number of co-channel cells 18

BS transmitter power 0 dBW
Front-to-back ratio of the BS antennas 30dB

Cluster size 1,3

Path loss exponent 4

Shadowing std deviation 8dB

Antenna Omni, 120° sector, 60° sector
path 2,4

Relative power [00],[0000] dB
Amplitude Rayleigh fading
OFDM / CDMA Assumptions
Bandwidth 2 MHz

Subcarrier spacing 15 kHz

FFT size 128

CPsize 32

Modulation QPSK

Walsh code length 128

PN sequence register length 22

PN sequence polynomial 1+ x2

54 % Bt

d BS55256F R FAPT RN AR pF( fulload ) ¥ 7 181
Co-channel cells( % Jg 2% =Co-channel cells) » 7 # &_% 2-patht ¥ 4-path«-5 > %
o g %"3 4 _CDMA'- OFDM % 7347 © 32 2ACDMA ¢ F +* # i € cOMAILR 38 > e &
it e F i 4 R A0 OFDM %k cdF o

FAPRIDIARY 5 2 o apFig oL 7 ouG osnapa o cell ke 3
BT OV M AR o
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CDMA vs OFDM in 2- path 18-cochannel cells (full-load cluster size = 1 )
1ps : :

—+— OFDM ZF ormni ;
0.91 —s— OFDM ZF 120 sector |~ =
08 ||| —=— OFDM ZF 60 sector | Bt oy
|| —+— CDMA PEC omni : ‘ :
07li —=— CDMA PEC 120sector |

|| —a— CDMA PEC GOSector

06 A-

BER CCDF

04
03f it bt ' A
02

0

10° 10 10
BER

=
al
()]
(@)
Q
<
>
&
@)
T
O
<
"
N
e
2
>
c
<}
8
(\x.
P

o

§—~—0FDM ZF omni : .

0.9\l —8— OFDM ZF 120 sector |- oo

|| —— OFDM ZF 80 sector P LA

081 ——CDMAPEC omni |~ A L
i| —8— CDMA PEC 120sector P / :

0.7i —— CDMA PEC 80sector | > s

0_6: :”7%”” H Lo ”57 : 7:7 : . :””E”””%

058 . R R GRS T AR SRR AP~ U GO ST SR SRR |

BER CCDF

04 Ay an
0.3 R
0.2} gy

it o L

107 10 10
BER

®5-6 CDMA 22 OFDM t4-path® full-loadiii= ™ 2 »% i

dR57258F s %APT BB AR 120°3 w2 @m0 % [ 187
Co-channel cells( ¥ g 2% Co-channel cells )k 5™ > 7 #% 4_%2-pathe 2 4-path
A5 § ff(loading)? kP ok stakil 38 £ CDMA OFDM 5 634+ - 82 2 OFDM
AERINGE LT R R g T AR IR CDMA;: MAI R 3 > e 8¢ * PEC% it %
al ,rwﬁ 3 ;fvmq\ SIMAIR JE - £ H £ % § ;k "} 1< enpF iz 0 A d-pathsnfa, > CDMA
e ,% keriy VY OFDM %k 18 i o

=
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08psrryiyy A
| —— OFDM ZF full-load

08
il —*— OFDM ZF quarter-load

07 _ —+— CDMA PEC0.6 full-load
1| —8— CDMA PECO.6 half-load ‘
il —=— CDMA PECO0.6 quarter-load ||

0.6F
0.5

04

BER CCDF

03

0.2

0.1

{| —+— OFDM ZF full-load

| =8— OFDM ZF half-load

,,,,,,,,,,,,

————————————————————

,,,,,,,,,,,,,

0.9 i —8— OFDM ZF half-load

06

05

BER CCDF

04

03

02

01

{| —&— OFDM ZF quarter-load
08l
;| —8— CDMA PECO0.6 half-load

—+— CDMA PECO0.6 full-load

0.7 | —=— CDMA PEC0.6 quarter-load |

____________

___________

____________

------------------------

--------------

———————————————————————————

—————————————————————————
------------------------
-------------------------

----------------------------

10"

10
BER

B]5-8 CDMA 22 OFDM #.4-path® 3-sector /=™ 2_ 2T iy

32



¥ 2% 7T FHERH L OFDMAT §7 4 sakir A 45

o % A4 % 1 ( Orthogona frequency division multiplexing, OFDM )-Z_j i * 3%
RO A AUk A e ﬁ_f@ﬁs?]ﬁ:%?§ OFDM7 &5 4 %2 % » { A7 & 1 5 &
B H T L2 5 OFDMA > B ok {783 30 % s ¥ 3 4o 47 3 2 5 (spectral efficiency )
B4R P2 0 3F i AR 5 4o 0 3GPP( 3rd Generation Partnership Project )
eriLTE( Long Term Evolution ) ~ 3GPP2 ( 3rd Generation Partnership Project 2 )
UMB( Ultra Mobile Broadband ){-Mobile WiMax( Worldwide Interoperability for
Micro Access) % - ¥ ¢ * OFDMA 5 # = {7 ( downlink, DL )@ﬁg']#:zriv‘[l]—[B] o F] &
OFDMAEL 3 Mm?e p & % M (intra-cell orthogonality)2. #x » H i & chF 4 k p ‘woz [
+ 3 (inter-cell interference) » £ H #3044 5 £ 4| * %]+ (frequeny reusefactor ) 5 1
OFDMA s 32 fme i % % » B BE 5 e o

50 BRI kAP 535 i —*F,‘ié_fé'_( uniform user throughput ) -
inter-cell interference®_k susziv 1 & 54| % > ﬂﬂ ¢ A 4 i ehiz A 5 (bit
rate ) > wopt o FNIEE LGN KA BN R F S 5 o B Hie e BT 3 (inter-cell
interference mitigation, ICIM) 1= ;2 if &2 &€ & o

50 fRAF RO F 5 PredG kst e 3GPPerLTE ~ 3GPP2:AUMB &2
Mobile WiMax % - '# i * inter-cell interference coordination( ICIC ) i® 3 + %iﬂ’% Sk
;‘é ; ICICe+ I%é’ 2L % b {7 (Uplink, UL )2 =™ 5 ( Downlink, DL )% i ( PFRF ~ 4F
Fo@Ee R )R ER] S 2 L L B hinter-cell interferencedt i1 - i
;yg, Fiorg @ % F T HEn A 5 ICICH & @ A d 1> 4ot partial frequency
reuse( PFR)[5, 6] soft frequency reuse[7, 8] ~ inverted frequeny reuse[9] % - H ¢ 3GPP
LTE ~ Mobile WiMax¥: UMB3= & ¥ PFR -

7 3 40 3G( 3rd generation )14 5 § £ #75~ x %i( Code division multiple access,
CDMA)V‘ cell# % «hi s T B F (radio coverage) s #% > f1* E » £ ( Macro diversity )
Fopkrengr i 4k £ ( Soft handover, SH )= i @ S5k @ * kAR 5 50 % SR+ 4 R
120 7 T4t > CDMAR @3 & ( processing gain )« it #= cell-edgesn=+ 4§
{0 50 - BE e MY 5 P i (Radio access network, RAN ) 2 f#’ X R

g,SHZ ¢ 3 =3GPPLTER - ig ¢ 42t » SHiw 2A4LIEEE 802.16e-200541 = — £ #%
Mg g o * RF G E A B4 (macro diversity handover )[3] -

s b HE A ¥ chs 5% SSOFDMA® » @ SHR|* **CDMA® - &h % ¢ >
EX IF“ # 4 - &% > OFDMA DLt’ R L NCIM = 2 > L a2 2 R R * 0 PFRE

i i R S wﬁé,yb G R BB AR A 7§ (capacity ) 0 pFi
iﬁég” Gire g r X (celledgeuser)ﬁvgn’?ffur‘%‘ﬁf“

6.1 WA EE 17
50 kK Ve E > 34 OFDMA i 3 s 4r3GPPHILTE ~ 3GPP2:HUMB 2
Mobile WiMax » ‘% iz 48 & £ 41 * #)3 (Frequeny reuse factor, FRF) 5 1 ; B 2% 0t &
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et g § (throughput ) < > e £ 5 3% & 3% ks d i ¢ ™ 4 (cell edgeuser )# %
ﬁki»&ﬁvem%e}? o — fhIL P E ﬁvf’?;‘é ) n\,_sector,? = _miéac( cel )¢ & * PFR >

EPEL- IS~ I M ‘suF'“m—‘L:l;% R B RR T - R Y VR r’v’wﬁﬁ‘ﬁ;‘)ﬁ o T
IﬁmeFDMA,» e o :f:~ K rwsector,a; Gk S B FREL ¥ 5 - &2 5 $
CDMA e i st > B 5 & % BAAG i & BB 3 & s udd 5 5% ke + 3 > s PFR

# FK,?]-

PFRE_ - f& & imre BF PUFI4E 5 TR * ek 5 5% 3 5L/ 45 3 ( inter-cell
coordination )ers 4] > H 182 7 RS BAEF A 23 B 0 Lz s FfrF A R
FiE-HAHZ 28 T Fac Fesr Facr w7 @ B 2 e+ 474 ((subband ) - %8
Bl- 5 &7 4 - Sehmde™ 0 Bk & A #5400l B (bandwidth ) o Fiag £
% iz @ 247 (cell center band ) » # FRF( Frequeny reuse factor ) 5 10 ¥ 4k fm ¥ p
FReh 2 Arig * | R G e i ¥ (cell edgeband) » FRFE & 30wz if 5 #
# (cell edge user )AL L@ * JAEF G E A o B A2 ER 0 W
g FRek S E 6 LR o

%»cf 41 7]+ (Effective reuse factor, ERF ) re [11] %8 5 2387 & * 2 47 %
& 1*_4 - Blmie )RR R R B BN L

Fest = BW a1 / BW o = (BWE1 + BWg3 ) / ( BWg + (1/3)*BWe3 ) (6-1)
2 BWan,% DT R IHEE > BWeg s # - Blofe N FER* GHER o

R Br oo A MERE - BAwre B H S X g 5 (- maximum transmitsion
power ) ¥ i ®_iE o I xgﬁgj'r'm% FHFH B R L ¥k T e i 2 E( a fla transmission
power spectrum density ) > B]6-1%7 7+ 7 fsector 7 = % & (tri-sector cell ) @ #g 3 @ *
P L H ¢ e b dreuse 1RO i A T Aorgr s /o

Pa 1 1
— F, —
o 1
r Sector A i
Pa Fy E Fan i f
1 |
1
1
Sector B :
o
Fy ! Fas : f
A ' '
1 |
Sector C
F, ! Fac! " f
BS3 :
A 1
1
1
1
B
Reuse-1
> f

34



6.2 grirdk

%3G CDMA % %# » T 70 A & ( Macro diversity e B i & % gk f_

SH( Soft handover) 3«% g 5Nk BLR e 3R (inter-cell interference, ICI ) ke AL

R 4F ¥R § SHRE JopF - B i@ * # ( User equipment, UE ) = & fodic i tm % i

- - BEde(activeset)  #& gmr i (L S BRST RS

himPz )22 915 3 & SHiIE i chiwm 2 [12] - 3522 % 413 < ( hard handover )7 - H /&

# 0 p R4 - Bz o pSHT » - BUEE I PHIcE] § B hwoe ¥ Sodp I 4E F i Bl

B R KR F B amAs > 4 g s 8 i i ( desired signal ) 0 T & % H
1E‘m’°az§‘§\z§ * m@%]w%ﬁ

P £ 907 agp b ) 45 ( overhead )[12] € - 5% E‘J&#ﬂﬁ——i Bt - BaRR
ﬁﬁ”ﬁ*#ﬁiﬁﬂfj"]‘ ’ ?%ﬁtz}ia T @%]H%”erﬁ SFE TR o FHA R 0+ fhoverhead &,
PREZER A B E ) WRME MK K A E o I £ o1 E o 42 (overhead )n
L&

n=>nPk-1 (6-2)

H Y Ny » B = 58 %2 ( maximum active set )en+ -] » P A fn-way ™ SHenid # —‘gf
(User equippment, UE )45 » A F ¢ > 1l-way SHR L 5 - BUER fr— B lmreid 5 -
2-way SH: - BUEF o B wre @ 32 > kM4 o

6.3 Rir ki
I LY 1

- BAR LR > N ke BeUEE I3 N e 515 ( Gfactor ) o G-factor&_-
B UEz4g e+ Ui ( pilot subcarriers ) tif s Fo#r £ ip) 5 | E AT 39 B %4“ e
4 Ft (Signal to interference plus noise ratio, SINR) - %% {4 G-factor g £ € _&
B i@ (threshold )" fi > 11 7x T UEE_F 5 fm%e p 38 % = (Cell interior user, CIU )& ‘m ¥z
# 5 * = (Cell edgeuser, CEU ) [10] [13] [14] [15] > iz & 7] & fme f 5 * = hSINRAR,
TR GRF o - BUESTIBSINRGTE 3 p 2 “HcR 2R s 3 20 i
e et g e JeE F ot o it dn 1 en > SINRE{I YR % 5 ( short-term
fading ) % = #5 > fe 2 £ 43¢ jo( shadowing )k T35« Ak F @ > AP g f— B imrz
#HnUER JE* - fICIMen= 2 K T o blde @ i iFreuse-3s¢ i de £ o0 2 > &
& UE#7p| £ enG-factor-] >+ 04 B =i & [13] [15] [16] 5 & B » UERRARAR 5 fmre p

Ht 2 oo

B A i

A 3 PRFsHOFDMAT {7, KRR 3 #& i SH( Soft handover )74 s ©
Bk - B UER- Bt =2 kﬁ B L % ¥ ke (F 4k £ (handover ) o
H £ F 8 (handover list )& 7] 4 H 482 5 57 (link quality ) 7% &7 SHe& fdiimie

35



Fl b E P E - Blawre {7 04 FER (adtiveset) o FHER 0 A & JRIRwE
(servmgcell YRS L FEY S L FE Y e R T R E - o
TAERT T fTOFDI\/IA_rrJ,ﬁ AT u’r AR I L E e UE:D §
- f7 2 £ A SH OFDMAT 7 4 st UES § e @ et v i@ % 3 reuse-140
F1+ i if (subchannel ) » 3 i FALEUE AR fet 22 A % - a7 2 LA PFR>
OFDMA ™ {7 & S 3 & JRA%x %2 & * 3% W% ¥ Jh 3t reuse3 0+ i if
( subchannel ) » FrFsp ~ Fap ~ B Fac > @i T GUE « AP gt 2 2B A3 0 &
EAP o ER el B AL FHE Y g o m AB3 R 5 ER BN G A RIRGE

mre o

A b EERT o FIT A BRATS LR S 2 (AR EB)T 1 5 UER BR
BB g F0L(SINR ) ? @R BPFRIpY » TR FpH S - A3 7
MHEFEEEERZAfZBAEPA A £ 5 & ( throughput gains )re ? iz i K AE
BedR stdois -

PRz SH:#72 £ % 4t

B0 HF e g ahia g (bitrate) o Bk sehg £ AR A - f];;|C||\/|,:'—ﬁ
iz B & R UE i %ﬁ,r‘%?‘f( ﬁn;g HSINR ) e % 5 i A AfrisBY 5
# o M EE HPFR > A BRI % H 195 UESG-fator #-UEA 5 CIUZ CEUA
%8 o 4% Gfactor % »v g L T A B ( l4e 0 04 F ) UE{JL?}LZFLF LR NI
(CIU ) > i & pRikim® ( serving cell )if #-% UE T 4L i + 3 if shreuse-1+ 47
( subband )% i# % :ZUE; E R “UEgmﬁ;ﬁF@;u wee g 5 i B UEST L i
i 5f ehreuse-33 4F A 3 1% %B3UE i 2B o

7] 6- 2%%":1_ AT AR E & j‘( hybrld scheme )r—’ﬂs» ey 428 o $H30 978 4 e
% e Bt 2 AR A e T 3 Ereuse-3eh i iE ¥ @ob@r}¢¢imrwse_l+
Mg o AR D 0 ClUeE iv B 8 aPFR{e 74 1R & 2 X354k o § -
Lﬁﬂﬁﬁimﬁﬁ%“”’%%fﬁ—WW@mmmﬁiiﬁwmmmma@»
Rl R -QFR?Z‘,?H?F?%W B%—F ‘}.-@ “iZUE. ¥ - 3 o "EUEW"#‘-'—{ £ H ihim v B A
o o B RPRIEmE € B ERIZAL ZBEFT R @%J £7UE » B8 fE ik 5
R G RNE T T4 S

If y© > 79 choose Scheme A;

otherwise, choose Scheme B. (6-3)

B4 yP 2 P 5 e AR BT UES B SIASINR S | Ry S € ¥ reuseysns 414 -
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An UE sends its
measured G-factor to its
serving cell

The UE is classified
asaClu

|

Allocate frequency - —
subchannels in F, The UE is classified

& perform reuse-1 asaCEU

!

Handover list size > 1

G-factor < threshold

Allocate frequency No
subchannels in F;
& perform reuse-3

Allocate frequency
subchannels in F,
& perform reuse-3

l Yes

Allocate frequency
subchannels in F;
& perform soft handover

B16-2 ;2 £ = % (hybrid scheme )& 17 F2. )

6.4 & R

PFR+ %g%%‘é@(static)ﬁz‘ﬁ 15 (dynamic ) £33 & ( coordination ) % i = o d 3t
i e K51 O 0+ § ehoverheadfr 2 47 <14 22 & ( scheduling complexity ) » # #[17]
[18]¢ 23kt * # G P fF o iz Y o RY RHF LA

T /77T FGNRAE ) et =

B EnSINRG: Jv2 > 2 4 g Peig & (fast-fading ) Kk SR X @AY
#= ( Propagation loss, PL ){r %t # % i 4 f ( log-normaly distribution ) & &
( shadowing ) o # i - # BK L & PRI+ ( serving cell )& - B & 7 B iS4 42
(pathloss) ~ i #c % i (shadow fading) ~ % = s 5 (antennagain ) » “Ti1{c 3
B g 59 eim PE o

Bk dp EH Blawre endit g SRR o TRk s fully loaded system ) o i
B3R AR I e 474 P o P St SO0 % A& (transmission power spectrum density,
TXPSD ) R # & 4r 3¢ :

R =R /BW, Iy (= P /BW) (6-4)

Fpt > #— B % & * SH( soft handover )HUE® % » # T 15:4SINR™ 11 3 5
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YO = L-S-A
ZR L-S-A+R

ied,

 (x=13) (6-5)

H9 LG 2 A S Rm e | UE® i 247 45 (pathloss ) - i i % % ( shadow fading)
fox B F > THSsirit & 1 & PRz e (serving cell )fr+ 3 e (interfering
cell ) » o, fro, » % freusefactor 5 143+ 3 ‘mve f & » Py 0 fe 3] e in 4 S40F
B

peob s F UERSTSHREF » H T35SINRT 11 4057 5 ¢

2 RLS-A
e = : 6-6
Z P-L-S-A+P, (6-6)
ie(®y-D pg)

P o, 5 UEdiEd e(activeset) s 5 738 38(6-3) Mg yOF 2 #75(6-6)
Sl yOF L EX=3F » ;0 (6-5)m F I e

b

S8 EHF S 2T F TR

4 Shannonsz £ < 55 [19] A 5(BS) 3| - B4 2 eh* = (user )v if 3l eb
4 HE 3 2% % ehC (bps/HZ) B4 1c SINR2. T o i o

g
T

Bk o b 0 3RV R G AWGN > st er e AR B
F 3 % FoaF 0 12 2 ehShannon 2 54 [20] ,1&% ki iﬁ AR N

‘E‘ o ﬂ»b ;};\._&r—f .

C(y)=¢&-log,(1+y/¢) bps/Hz . (6-7)

Hoe g%y i s Sug Boed ~ SINRF 2% (implementation efficiency )£ 31z
SINR=-T 35 o §t3% & 4] epd 3 ( Typica Urban, TU )i i 3] 4o & @] ~ ¥ @] i
( Single-Input Single-Output, SISO )&% &7 4 - fide &g 7 [20] » = 74 (6-7) ¢ 15 =056
% c=2 i {+ £ 3GPP LTE &g 7 € »xie o Fl#b » 2P * i 2 fS ehShannon €
D RS BE=056% =2 KB 4aBHEH S (link spectral efficiency ) -

% o4t g% B o7l 2]
P L’é_i!.lpf"

RPBEKF P IPF e oG e R ESFIN 2 AT (F(DL)FT & Belﬁjfﬁﬁg?]
ettt B B P w2 G HE Y # % Round Robin( RR )# 4% 0 & * RR
T AMRFET VMY A[2021] ¢

T=BW-v-[C(n)f,(y)dy (6-8)
HP oy fitdp 4 F+ (lossfactor) > 5 & sienij 4= (overhead) s @ f (y) £ SINR#HS
% & & #ic( probability density function, pdf ) » BW-E_#7fe ¥ =g % ( bandwidth) - % 4
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FYOFATIRILEE AL BEOEE O RN AT ER RIFL bR o

b- RS s o HOIUR 2 0 B0 2 F i * Flimse @ A (TR Fl
Bk Ut P LT R TFR) e B ERY AEGLE > RECIUR * e P Lf
+ @ CEUFR * 'w@e if 474 - &G4 (6-8) » PFREHT » T 2w f 38 & (Tinterior )
fet3aim e B 5% 5 B (Tedge )V M- B 40T ¢

Tnain = BWE - [CO)T, (7)dy, (6-9)
1 ~
Tews =5 BV, JCre)f,. (re)dre (6-10)

T | 2 E 2% &7 CIUF-CEU* = o

A% g AR & % % ( hybrid scheme ) > F1 5 A i ddmre @ Lag 5 @ ¥
Round Robin( RR )42 » * ;2 AcnCIU{-CEU » & im#e @ 47 3F 315 AR e cfis § @
FIE o F|P o dmre poenT 354 & §( throughput )fe! m”aﬁ‘@m* AL T NUPE

4T L

Tieor = BV m [CoDt, trodr (6-11)
1 .
Teage = 3 BW, 'IC(VE,B) nyvB (Yes)dyes +
3.1 P
. BW. o — .
;(n " P+P+P (6-12)

_[C(VE,A,n) ny,Ayn (Vean)d7e an):

2 P CIUSHS % ( CIUR =T # = a0t ] ); Polldy n-way SHT et # = i
F( nway SHT chig ® F iborg % = ot b )T FAJeBA B % &2 Afriz Big
Foosiai o (61250 ¢ = iémj/n v A nway SHT #1#&k e £45 4 F1+ (loss
factor ) A F ¥ » A PR &~ FuE e 5 3B w2 (N, =3)[22] > 2 add_threshold
%4x B (Window_add =44 £ )[22] -

AEE e 2R S frinie B B ehTiad 2 pE s Tiamm 2 A F Teal
g &

TCeII = Tlnterior + TEdge . (6‘13)

BB e Sl & B E3GPPa R 5 R [10] 7 * o AR F L 10
eAE( MHZ ) o A B d 1913 A5 5 ( Base station, BS )#rie = e 5 fmfe i st
( multi-cell system) - — BBS¥ 4= fBsectors> T > 87 57 sectors o & 4 7 4. &
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= e e dgAn B g SR 42 ( path loss ) et ¥ f& 4 fc % 7% (log-normal  shadowing
fading)  # i 3% feBE 4R B 2B 247 42 i 8 4F 2 45 #ic( propagation loss exponent)
23762 $Hel A ANEE L S8 B o LMY I p 2 JR[10] - “h nHCR
kPP waBSy T 2 0 HepbAR sectorsy e B et 4E 0 £6-17)0 7 4 &
Bt Sl o

Parameters Assumptions
Cellular layout Hexagonal grid, 19 BSs, 3 cells per BS
Carrier Frequency 2 GHz
System bandwidth 10 MHz
Antenna pattern As described in [10]
BS total Tx power 46 dBm
Site to site distance 1732m
Distance dependent path loss 128.1+37.610g10(R) (R: in km)
Minimum distance between UE and cell site 35m
Penetration loss 20 dB
Shadowing standard deviation 8 dB
Shadowing correlation between BSs / sectors 0.5/1
BS antenna gain 14 dBi
UE antenna gain 0 dBi
UE noise figure 9dB
Antenna configuration 1x1

6.5 ﬁﬁ%-ﬁe -ﬁ;f%

g s & L a R et A 5 1 1% ( PFR )fest4t 9 e £ = % ( hybrid
scheme) o gt ¢k » 240 3 g B2 g i+ F]5 ( Effective reuse factor, ERF ) regs s e /i **
LIfr22 B o Grid & > wloie @R el * £eh3 0 ¢ FRAF Blwie pAFR
I F g R adp A o Fpt > APUHIERFE 20 3T 3/ 400 5 TR S e if
AN F o

Fho 0 AR A CIUfeCEUS b enF At E & hF 2 « #2305 1B b
¥ T {7 G-factor » £ $trgr = 1.2~ L5180 ff 4 i & #ic( cumulative distribution
function, CDF) % *t B16-3 i & £.04 [ pF > 7 10 R0 flwie p CEU#T ik et
%349 » CIUX) 669 = #* *b » d 328 (9 5k BSAF chpedt 5 17322 ¢ ( L 46-1) » 7]
A HEE L 3 4 (interference limited ) e 5 555 &t W U R 30 3 I ¢HERF
A7 > CDFerdg$ 5 24 s o
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CDF

G-factor (dB)

F6-3 % i i cnG-factor & fi

B e £ 4 crrig 3

Al s ;hfrap*g%;ﬁm,:—ﬁ;g L= ﬁﬁq@»y};}x’éi;ﬂ';;n °o LW Gk ERzgl % s R
£ %Y - BEE DL RIS 2 F 5 3G CDMA k kifprt > & § Mengopdidg £
FLo 26257 7 an-waysc i S P UES 8 5 o« B g % 3 ~ ‘\(6 2) AR
FotE g £ anf 3£ 9 5015 - By doehd o ;__ﬁ"-—ﬁrﬂWCDMA fRL Y > B £ o
WA H902~04[12] 5 fpet 2t m A v R R T 2% > WCDMA S i enT 354012
L4 5038[12] o Fpt o A e F ot R R £ ) AR EEC) -

# of SH n=1 n=2 n=3
Branches
P, ~0.91 ~0.03 ~0.06

%6-2~ fn-wayg ik £ ¢ UEs 5

T $59NREF i

&2~ 4 < 58 (handover list ) 5 @ 12+ fw9e 57CEU > H * n-way i 4.4
£( T A)TiE mSINR’ i * reused( TR BT Y L
P(n) =P > 75 [Ny =n), (6-14)
B¢ Nasik 4378 * & E 8 lmen o) o
A AR ERFHHCER S % 4o R6-497 7 o 7 1R P P(2) 4 % 0.144-0.202 FY
% P(3) 4 %20.624r0.702 F¥ o Tt » 34 {7 A1 3k o fofidk £ e o p H 4o > P(n)
g“lili‘ﬁ P
B £ iﬁ-ﬁi(handoverlist)'rﬁ«’ & 4= 20T > CEUZT $aSINRA i 4o F]6-547
7o W RET 0 * R L chs % 418 3] hT 15SINR ';t’ﬁi—i%PR#B N L
H 4 G184 P o2 46-2¢kd .:é— PP D R N L 23N R Y K Heen9%(PotPs)
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# = g CEUH126%((P2+P3)/Pe) » ek 3 e 2 T » SINRMJE (Fee L > 4p $ e 5 o
T 30K 4 L84 B o

09

08r —e—F(3)

’ ﬂw 1
T a s

06F

o =]
ES w
T T
1 1

Probability

[=]
w
T
1

/

o
L

1 L 1 1
1.1 1.2 13 14 15 16 17 18 19 2
Effective Reuse Factor

F16-4 P(n) $ERF:7 i

ol
08|’

0Tt

0.6} i
& 050% iy
O
0.4 .
—8—PR+SH, ERF=1.2
o3 =—f=—PR, ERF=1.2 i
sl —&—PR+SH, ERF=15 | |
—6—PR ERF=15
aal PR+SH, ERF=1.8 | |
—6—PR, ERF=1.8

I 1 I
0 5 10 15
Awerage SINR (dB)

B]6-5 CEU-T 351SINR A i

AT ICE A

{7 L& itk Rad oo (spectral efficiency, SE)shec § 428 - 5 F it it
5 2 reuse-3cn i TR RAIE AT A RBLB o s e L g B E 4 3

1 1
—-log,(1+ yR lg)> 3109, (1+ re'1¢), (6-15)
B ¥ ndk or ik £ e cniB e o 0 R % 2-way st 3-way ik (4 £ ahle i i S UE >
yO >y Rk F N (6-15)F X = o i ER4asE £ (link capacity )irdt F o 51 JERE
iy B ancd o AP~ TR G AR B S (effectivelink SE) ¢
- 1 -
Ca (¥) = p C(r), (6-16)

H ¢ mEsE F 4 4 F1+ (bandwidth lossfactor ) » ¥2reuse-3= ;2 (m=3) #rfide £ =
ZE(M=283)F B - H3CIU> 4L F]F A5 1
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$-413GPP LTE® + » CDF 5% Bk irid sS4l g > 5 ( * £ 5 S5%ie # —*Ffatﬁﬁ& 5%
F ) W%k E :$’&:'ﬁ€$rﬂﬁﬁ’lFﬁlkﬂﬂM”/.Hm[m]BQQWi
ROIERE o F s AR gL — R (T L sk b ﬁi;’—j—,;}%aﬁ‘o %]6-6%?7% ir,=12:15>
1.8:175 »ndd SHE o s i o 4F | EAN PR IR —?_If)i;l HrrF R B o KB
APRLBTIR & % B0 ¥ KT F QR EPRS 2 L3R o

0.1 , . . ; ——— ;
—4— PR+SH, ERF=12 Fa
- ‘ 9 il
0.09 wengmeen PR, ERF=1.2 all ﬂw

oogl | =€=—PR+SH, ERF=15
wn@un PR, ERF=1.5
0.07F | —B—PR+SH, ERF=1.8
- PR, ERF=1.8

5 :_.' .': Iy
8 0.05 Fy i

1 1 | |
0 002 004 006 008 01 012 014 016 018 02
Effective Link SE (bps/Hz)

BI6-6 + redf b if ek chl %

IR E S Raimiz L3194 A2 F Tea ~ Jw

BI6-78 7 7 27 FERFT » PR ;4 £ B
e 38 A E Tineior{r o 72 3§ k;m&L A E Teage ° 1458 B %] PR RED T =2
B0 F R A% ERF ERAR | i T304 2R 5 i "v“ERFmi%Hc B
B e e ® FOAE R 6 R0 ’é‘iﬁilﬂm‘ﬂ;ﬁ'—f T 3?0’5' TR A B E
VL @it 2 BH F 0L PR G2 5 918-92960 £ H § ERFR R F LN
Fo ¥z o fdple PERFT o PR 4p0 008 42 ki $ 9111305 chim e p 382
ABdE2 > e- HERWE DA A E T % Fuld ERF 3301850 o i 4
AR A T e s U Pk #r g iCIUJe- £ CEUSFE § 0 7] 2 e 4:CIV
m&iﬁ!’f‘,?‘,}}n » T iam 7 o MATPR? G o ;,":\u e s APV OUER LS 2 F - B
i F eh 2 ket 4 e 1§ 4 oenbit rate s XF I 2 2 B R F 4 5 ( data rate )eh o T

BE A kAL 7 ﬁzﬁ??ﬁ FN T MR 2FER YR o hinam s A
TET - R f AR RS ST 4 dataratefalrn&mdex)
Tlnterior _ f 3 TEdge

Nu'F)I - Nu'F)E
He N, %57 - Bimse p @ ¢ % 23 > Pp ZCEUS S o higiimy @ o
AR AT I ST AER[]  E - S = LA T B S
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(=
i
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AP RERE R AT ;11:,':% ;\J;}ﬂg,:—r Him e T i—m gﬂ,q%?}g]f;_go z
#i 5‘\‘. T]WJJ LB Y Ao H euse—lm‘*ﬂe ’"F AR freuse-lfm T o fenim £ FH 7
0 EA PSR T 0 95 51l ieRl6-8%7 0 f=517 > PR{eiR & 2

’b%s@reusel o i B % ,g,.vai%“ vl PREGR &2 Rorg S A R BT

L“l

e

g/

2 =3

o FiE-Hheed 2 A E o KRG8 T OUEET > HRESHPRS F4pt 0 R E
SETANT A AT\ fekod ATl T A FY 80 596r30 T Hm
”é’ié_}i‘_iﬂi o BL Ry LE IR rﬂﬁ;%ﬁr—p d ﬁ"‘:‘;}[ﬁf% # ‘?ff B ‘f«'—j‘ ey Ly I"J‘ » R
g—%;‘k_? ,(;Lv]:ﬂl_g/PR—,l'z_A\ﬁa‘d"iféij}jsﬁjié_% ;Iﬁ;l_- Z_ 3 g—% Hb)"a)*
Pl PERFS S LG LT A »1:};1&0 F6-O8 7 1 FAL S 2 :}ﬁﬁif % ERFé

S o Bf=15 6] » PR3 2 4ril & 2 % 4p g +HERFA © ;; .831r1.68 -

108, —B— PR+SH, total 8
ED —+— PR+SH, cell edge
oh —&— PR+SH cellinterior |7
E ------ PR, total

-+ PR, cell edge
---@--- PR, cell interior

Average Throughput (Mbps)

1
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Effective Reuse Factor

Average Cell Throughput (Mbps)

o

[}

P S
n

n
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Data Rale Fairness Index f

F6-8 Tiomm 3 A £ HFHEF 2T i R



Data Rate Falrness Index f

: !
1.1 12 13 14 15 16 17 18 19 2
Effective Reuse Factor

B6-9 Fi I T P HERF L R

BAFEY > APER N - B S e OFDMAS % At 558 3Ll + %iﬂ’%
(inter-cell interference mitigation, ICIM )er= jx > 2% i 4F 5] !f“ﬁ“f {7 ( downlink, DL )
73;#1%] T3t o w2 R e A B 0E BN E  E ) ( Partid frequency reuse,
PFR ){cdi 14.4% £ ( Soft handover, SH )& &+ 5 1T 4% - 3% ik 53¢ L 3id Fgr =
PAF LS o AP S A > SR OPFRAp Y 0 3% 2 G i L
B 2 akhld R, ’Fr( link quality )fesd s a3 2 o ;‘g%ﬂ% AR 5 - B
B¥owmiz a4 2 £ ( cdl edge throughput )38 5 2 di i< chdic 4% < (1 soft
handover, SH )i} 4= (overhead ) o < Jg 3| * = B 34 5 cha I F* ot R £ %k
B km e 4 gﬁ b %%éﬁlzgg—ﬁpFR—% E oo TR o, i ;‘g; 2% —’&- é‘j-ﬁ"i% 4v fm e
B ebitraefr BB (R nF E - BF R4 2L S 2 o
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A3 E T af ¥ Wimax-New A & i S 03] R ki V8 B e g 4o 38 % A o
F1 G Wi 6 A GBI 0 A KR 1 6 R TN SRS TR T AP R %
FwE LA R RF R ABBESE  JIT BAEMMT R LR RS
TENE BRSO D AN A E BRSO B ALY v R BT
&iﬁ"‘ffﬁ?ﬁi IECE LI Wi %iﬂ'“ﬁfiﬁﬁ chept - R G BEREY > KR E
IS s A

A e LR AR * 120°7 » X &> % 5 181 Co-channel cells( ¥ g 2%
chCo-channel cells )ik 5™ » % 3% Ak 2-pathe K 4-path<hfi-2) > 4 § §*( loading )
3 2= T ‘I‘gfi Z CDMA' OFDM % e4# o B2 2XOFDM A& £ 3R gt =0 1 % >
7§ 34p* 4k 5 @ CDMAG MAIAR AT » £ i¢ * PECH Y B 7 14§ »0if s 384 ¢h
MAIR AL o % H R f §4 7% W ehpriz - A d-pathshia) » CDMA D & tazic 1t OFDM
KFiE o

AABAFL AT > APHRD T - B 5 wie OFDMA % fds 530 5 e+ 33
",f( inter-cell interference mitigation, ICIM )&= ;% » 2% i 4F w] 44447 {7 (downlink, DL )
i@,ﬁ%] T3dsh o A1k 02 2 el A B2 o0 dg F F 4% ( Partid frequency reuse,
PFR )fr#ic 2.4 £ ( Soft handover, SH )R #+ i b+ (T35 # > ro gk 35 5058 G si? g0
S PRAF TR R o AP iR R AT 0 2R IPRRAR I 0 3%k F pbatec i
W 2 kg L (link quality )frdd s i g o g o
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Combined Partial Reuse and Soft Handover in
OFDMA Downlink Transmission

Che-Sheng Chiu

Wireless Communications Lab.
Chunghwa Telecom Laboratories
Taoyuan, Taiwan

Abstract—The inter-cell interference problem is a key issue in a
multi-cell OFDMA system. A number of inter-cell interference
mitigation schemes have been suggested to address this problem
and among them, partial reuse is considered a most promising
one for emerging OFDMA systems. In this paper, we propose an
inter-cell interference mitigation scheme for an OFDMA
downlink system. The proposed scheme makes use of a
combination of partial reuse and soft handover. The basic idea of
the proposed scheme is to select the better signal quality among a
partial reuse scheme and a soft handover scheme for the cell edge
users. Compared to the conventional partial reuse scheme,
simulation results show that the cell edge throughput can be
significantly improved by using the proposed scheme.
Furthermore, considering the data-rate fairness among the users,
the results prove that our approach can give better average cell
throughput as compared with the conventional partial reuse
scheme, especially for a very fair system.

Keywords-OFDMA; interference coordination; partial reuse;
soft handover

I. INTRODUCTION

To improve spectral efficiency, orthogonal frequency
division multiple access (OFDMA) is considered a most
promising multiple access technique in future mobile
communication systems. Several communication standards,
such as 3GPP LTE (Long Term Evolution), 3GPP2 UMB
(Ultra Mobile Broadband), and Mobile WiMAX, all
exclusively choose OFDMA as the downlink transmission
scheme. With orthogonality within the cell, the main
interference in an OFDMA system will be inter-cell
interference. The effect of inter-cell interference is particularly
detrimental to User Equipments (UEs) located at cell edge.

Important criteria for the evaluation of the systems and
requirements on the performance are given in a 3GPP technical
report [1]. This document lists different requirement items
among which we highlight the number 3. It is: Increase “cell
edge bit rate” whilst maintaining same site locations as
deployed today. Since inter-cell interference is the main
limitation factor as it causes a low cell edge bit rate, and
therefore it is important to consider techniques for inter-cell
interference mitigation near cell edge.

Inter-cell interference  mitigation by interference
coordination (IC) has been permitted in 3GPP LTE. Several
schemes of interference coordination are currently being
considered for 3GPP LTE, including partial reuse [2], soft
reuse [3], and inverted reuse [4]. Among them, the partial reuse
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is seen as the most promising one in 3GPP LTE, and
furthermore it has also been agreed to be a part of 3GPP2 UMB.

Looking at the radio coverage issue at cell borders in 3G
CDMA systems (e.g., WCDMA, c¢dma2000), there is a soft
handover method to address the inter-cell interference problem.
Moreover, the processing gain in CDMA also helps to alleviate
the cell edge interference problem. In order to go for a
simplified radio access network (RAN) architecture, it is
agreed that inter-Node B soft handover will not be included in
3GPP LTE, but intra-Node B soft handover (i.e., softer
handover) is still a possible means [5]. Nevertheless, soft
handover (i.e. MDHO) is also supported within the IEEE
802.16e-2005 standard as an optional mode.

In this paper, we introduce an inter-cell interference
mitigation scheme for an OFDMA system and in particular we
focus on the downlink transmission. The proposed scheme
makes use of a combination of partial reuse and soft handover.
The performance is evaluated under a fair share scheduler by
using an OFDMA system level simulator. Simulation results
show that this hybrid scheme can actually bring some
throughput gains.

II.  PARTIAL REUSE AND SOFT HANDOVER

In the downlink the modulated OFDMA symbols are
transmitted in the unit of subchannel, and one subchannel is
defined as a fixed number of OFDM subcarriers. Here, we
assume that each cell always uses its maximum total
transmission power, which is kept as a constant.

A. Partial Reuse (PR)

Frequency reuse factors of 1 and 3 are usually considered
as the basic reuse patterns of the today OFDMA systems,
because they can well suit the standard tri-sector cellular
architecture. The idea of partial reuse is to partition the whole

frequency band into two parts, F, and F;, where F; further is
divided into three subsets; and thus, it results in four orthogonal
subbands, F,, F,,, F}, and F}. (see Figure 1). Note that it is
reasonable to assume that F;, , F;, and F,. have the same
bandwidth. The frequency subband F, is called cell centre
band, where a reuse factor of 1 (RF1) is adopted, and it is used
by the cell interior users only. On the other hand, the frequency
subband F; is called cell edge band, for which a reuse factor
of 3 (RF3) is implemented, and the cell edge users are
restricted to use this frequency subband only. However, if the
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cell edge band is not occupied by data of the cell edge users, it
can still be used by the cell interior users.
We introduce an effective reuse factor Vo which denotes

the ratio of the total spectrum to the spectrum that can be used
in each cell (or sector). It can be expressed by

BW, +BW,
Ty :BVVa///BVVce// = l - , (D)
i BW, +(1/3)-BW,
where BW,, denotes the whole bandwidth; BW,, denotes the

available bandwidth in each cell (sector); BW, and BW,

denote the bandwidth of reuse 1 and reuse 3, respectively.

In this study, we assume that transmitted power is equally
spread over all subchannels in each cell (sector). Figure 1
shows the spectrum setting for partial reuse in a tri-sector
cellular layout. As we have the constant total power
assumption, the power level per subchannel can be increased in
partial reuse scheme as compared with the pure reuse 1 scheme
(ie. a>pf in Figure 1) and in this case, the power

amplification factor 7/ # would be the same as the effective
reuse factor.

P

Sector A

F

Sector B

F

Sector C

F

BS3 BS2

P

B
Reuse 1

Figure 1. Spectrum setting for partial reuse in a tri-sector cell layout

B. Soft Handover

Exploiting macro-diversity through a soft handover scheme
is indeed a good method to reduce the influence of inter-cell
interference. When soft handover is in use, an UE is connected
simultaneously to several cells, which constitute its active set.
An active set is the set of cells with which an UE is
communicating at any given time. The active set includes the
best cell (serving cell with highest path gain) and all the cells
whose path gain are greater than the difference between the
highest path gain and the add threshold. Note that a soft
handover scheme allows for more than one cell in the active set,
while in a hard handover scheme, only one cell is ever in the
active set. With downlink soft handover, the same signal is
simultaneously transmitted to a single UE from multiple cells
through the same subchannels. The benefit of soft handover is
that the dominant interferers will become desired signals, and
therefore the cell edge transmission can be remarkably
improved.
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The soft handover overhead [6] is an important metric,
which often is used to quantify the soft handover activity in a
network, and regarded as a measure of the additional required
transmission resources. Note that an excessive soft handover
overhead could decrease the system capacity and also bring a
large number of control signaling. The soft handover overhead
(n) is defined as

Nis

n=y np,-1, )

n=l1
where N, denotes the maximum active set size and p, is

the average probability of an UE being in n-way soft handover.
In this study 1-way soft handover refers to a situation where the
UE is connected to one cell, while 2-way soft handover means
that the UE is connected to two cells, and so forth.

III. A HYBRID SYSTEM CONCEPT

A. Cell Interior/Edge User Partitioning

In the partial reuse scheme, one part of the spectrum has a
reuse factor of 1 and for the other part of the spectrum has a
reuse factor of 3. This spectrum partition works together with
the split of users into cell interior users (CIUs) using the reuse
1 part and cell edge users (CEUs) using the reuse 3 part.
Accordingly, in order to realize the partial reuse in an OFDMA
system, we need to classify UEs into CIUs and CEUs.

A widely accepted approach is to distinguish UEs based on
the geometry factor (wideband SINR measured by UE) with a
predefined threshold ([7], [8]); this is because a cell edge user
always causes noticeable SINR degradation. It seems a
threshold of the geometry factor has to be evaluated for
separating the cell interior/edge users; however any given
threshold will not always fit well for different radio
environments and user distributions. In this paper, we consider
an UE to be a cell edge one if there are at least two cells in its
handover list [6]. This means, if an UE can “see” more than
one cell (i.e. this UE resides in handover region or soft
handover region if soft handover is employed), then the UE
will be regarded as a cell edge user. Note that every cell in the
handover list is a candidate for handover and can be added to
the active set. Also note that the serving cell is also a member
of the handover list, thus the size of handover list is always
greater than or equal to one. Since handover users will usually
face a coverage problem and have a low signal quality, thus it
is very reasonable to classify them as CEUs. This classification
method avoids the determination of a geometry factor threshold
and is based on existing handover algorithms; hence it does not
require additional signaling. Therefore, we think it is very
feasible for partial reuse application.

B. A Hybrid System of PR and SH for CEUs

We consider an OFDMA downlink system with partial
reuse and assume that soft handover is supported. Given a cell
edge UE [, according to the above described CIUs/CEUs
classification method, we know that UE [ resides in soft
handover region (i.e. UE / can perform soft handover). In this
case, when UE [ is scheduled to receive data, the OFDMA
system can use the following two methods to send the intended



data to UE /. The first one, which is realized by soft handover,
is to send data from all the cells that are in UE /’s active set to
UE [ by using the subchannels that belong to reuse 1 subband
(F1). We name this method Scheme A. The second one, which
is implemented by partial reuse (through a frequency reuse
factor of 3), is to send data from the serving cell (sector) to UE
! by using the subchannels that belong to reuse 3 subband (F3).
We denote this method as Scheme B.

To improve the bit rate for CEUs and also keep acceptable
system capacity we develop an inter-cell interference
mitigation scheme that makes use of a combination of partial
reuse and soft handover. The basic idea of the proposed
scheme is to select the better signal quality among a partial
reuse scheme (with a reuse factor of 3) and a soft handover
scheme for CEUs. In addition, for the feasibility purpose, we
claim on that the soft handover overhead of the proposed
scheme must be less than a typical 3G CDMA system.

Figure 2 illustrates the operational flow chat of our scheme.
For a given UE k, we assume that it is served by cell-0 and we

define 7, and 7;’} as the SINR of UE k with Scheme 4 (i.e.,
soft handover is applied) and Scheme B (i.e., a reuse 3 is
applied), respectively. Herein, ' denotes the SINR of a
subchannel under a reuse factor x (here x=1 or 3) deployment.
In the flow, firstly, cell-0 will classify UE k as a CIU or a CEU
according to the size of UE k’s handover list. If there is only
one cell (i.e. only the serving cell) in UE &’s handover list, then
UE £ is considered a CIU, and once UE £k has the highest
priority in the scheduler, cell-0 will transmit the intended data
to UE k through the subchannels in the reuse 1 subband.
Otherwise, UE £k is considered a cell edge one and in this case,
when UE £k is scheduled to receive data, Scheme A will be
adopted as a means to transmit the intended data to UE £ if the
condition expressed in (3) is satisfied, and Scheme B will be
employed if the condition (3) is not hold.
0> )

A3)

For an UE &k

Classified as a CIU Handover list size > 1

!

Allocated subchannels in F,

Classified as a CEU

!

(3)

Allocated subchannels in Fy 7,(1) > ¥
k,A k,B

& performed reuse 3

Allocated subchannels in F,
& performed soft handover

Figure 2. Flow chat of the proposed hybrid scheme

In a practical OFDMA system downlink, each UE will
monitor the received pilot signal from neighboring cells over
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the entire available bandwidth. By measuring the long-term
signal strength, each UE reports it to the serving cell. This
measurement in general is used for handover purpose, but it
can also be used to compute criterion (3) at the base station.

Iv.

We consider a cellular system consisting of 19 base stations
(BSs), with 6 BSs in the first tier and 12 BSs in the second tier.
One BS is at the center of the site, controlling the three cells
(sectors), i.e., a total of 57 cells (sectors) is simulated. All the
simulation results are collected from the three central cells
(sectors) of the central BS. Moreover, only static coordination
is considered in this paper.

SYSTEM MODEL AND ASSUMPTIONS

A. Modeling of the downlink SINR

We assume the users are uniformly distributed within cell
coverage and the serving cell is the one whose received signal
is the strongest after accounting for pathloss, shadow fading,
and antenna gain patterns.

In our SINR model we do not consider the fast fading;
moreover, fixed and equal transmit power on each subchannel
is assumed. Thus, the average SINR of each subchannel for a
non-soft handover UE £, can be written as

P

sch

P

sch

' Lk,S ' Sk,s ' Ak,s
'Lk,i 'Sk,i 'Ak,i +PN

o @)

= , (x=13)
2
i€ed,

where P

sch

is the transmit power over a subchannel; Ly, S
and Ay, are, respectively, the pathloss, shadow fading, and
antenna gain from the cell j to the UE £; the subscripts s and i
stand for the serving cell and the interfering cells, respectively;
@, and @, are, respectively, the set of interfering cells with a
reuse factor of 1 and a reuse factor of 3 deployment with
respect to UE &’s position; Py denotes the receiver noise.

Additionally, when the UE k is in soft handover, the
average SINR of each subchannel for UE & can be expressed as

Z chh .Lk,x ' Sk,.v : Ak,.v
D Dy — €D 5
%(( ( %((’A) Z chh.Lk,i.Sk,i.Ak,i-{_PN’ ( )
ie(®-P )

where @ ; denotes the active set of UE & and the subscripts s
Note that 7,”, can be

calculated through (5) and further, ;) can be calculated by
setting x=3 in (4).

here stand for the cells in @, .

B. Achievable Capacity Estimation

It is mentioned in [8] and [9] that the link performance
from simulation is close to Shannon’s equation with a loss
factor, thus we adopt Shannon’s equation to evaluate the
performance. According to Shannon’s channel capacity
formula, the achievable data rate for a particular user on one
subchannel is (assume a loss factor of one)

R=BW,_

sch

-log,(1+ SINR),

where BW,;, denotes the bandwidth of one subchannel.

(6)



Suppose all subchannels are fully utilized. We assume that
15 users are active for each cell, and each user has unlimited
traffic to transmit on the downlink. Moreover, we also assume
that the CIUs and the CEUs with Scheme 4 have equal chance
of access to every subchannel on the cell centre band ( F,); and

further, the CEUs with Scheme B have equal chance of access
to every subchannel on the 1/3 cell edge band (ie.,
F,,, F,, or F,. ). That is to say, a fair share scheduler in

frequency domain is applied to cell centre/edge band. Note that
in a fully loaded system, it becomes unlikely that CIUs would
still be able to access the cell edge band, and would thus be
confined to cell centre band.

If we denote the number of CIUs in a cell as K, and the
number of CEUs in a cell as K, then the achievable throughput
of the cell interior and cell edge can be written as (7) and (8),
respectively, in which i stands for the CIUs and e stands for the
CEUs.

Kl
Toeior = DR, (7)

i=1
K,
edge Z (8)
e=l
After obtaining the achievable throughput of the cell
interior and cell edge, the average cell throughput thus
becomes
T,=T

cell interior T‘edge . (9)

C. Frequency Partitions

We assume that the available downlink bandwidth is 5
MHz, and set the number of subchannels and the subchannel
bandwidth to 25 and 180 kHz, respectively. According to the
partition criterion of partial reuse and the definition of effective
reuse factor in (1), we obtain the possible frequency partitions
as shown in Table I. Note that allocating too many subchannels
in the cell edge band is not feasible, since it will cause a large
loss of available bandwidth in each cell.

D. Simulation Parameters

Static snapshot simulations have been used. An add
threshold of 4 dB and a maximum active set size of 4 cells are
assumed. Models and simulation parameters basically follow
the 3GPP evaluation criteria case 3 [5]. A selection of
simulation parameters is listed in Table II.

V. NUMERICAL RESULTS AND DISCUSSIONS

A. SINR Analysis

Given a CEU £k that has n (n>2) cells in its handover list,
the probability that the received SINR of this UE with n-way
(n=2, 3, 4) soft handover (i.e. Scheme A) will greater than that
with a reuse 3 scheme (i.e. Scheme B) can be given as

Pr(n) = POy > 73| N s =), (10)

where N denotes the active set size of user k.
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TABLE 1. POSSIBLE FREQUENCY PARTITIONS

Number of Subchannels

Subband F;,

1 2 3 4 5 6 7
(F3s, Fac)

Subband F, 22 19 16 13 10 7 4

Effective Reuse Factor
T eff 1.09 | 1.19 | 1.32 | 1.47| 1.67| 1.92 |2.27
TABLE II. SIMULATION PARAMETERS

Parameters Assumptions

Cellular layout Hexagonal grid, 19 BSs, 3 cells per BS
Carrier Frequency 2 GHz

Antenna pattern As described in [5]

BS total Tx power 43 dBm

Site to site distance 1732 m

Distance dependent path loss 128.1+37.6logo(R) (R: in km)

Minimum distance between UE and cell site 3B m
Penetration loss 20 dB
Shadowing standard deviation 8dB
BS antenna gain 14 dBi
UE antenna gain 0 dBi
UE noise figure 9dB
Antenna configuration 1x1

Simulation results of the probability as defined in (10) with
different effective reuse factors are shown in Figure 3. One can
see that Pr(2) is ranged between 0.1 and 0.16; Pr(3) is ranged
between 0.58 and 0.69; and further, Pr(4) is about 0.97.
Observe that for a cell edge UE, as the number of soft
handover branches (i.e. n) increases, the probability that soft
handover will outperform a reuse 3 scheme in SINR is
increased.

1

o
o

Probability
o
o

i
i

=
w

o
ha

=

o

i i ; i i

1 1.2 14 16 1.8 2 22
Effective Reuse Factor

Figure 3. Probability of Pr(n)

B.  Soft Handover Overhead Estimation

An important requirement of the proposed hybrid scheme is
to have a low soft handover overhead (77) as compared with

the current WCDMA systems. Table III shows the average
probability of an UE being in n-way soft handover in the
simulation system. According to (2), we know that the soft
handover overhead in our method is about 0.19. It is known
that in a WCDMA network, the soft handover overhead is
planned to be in the order of 0.2 - 0.4 for a standard hexagonal
cell grid with three sector site; and further, in a live WCDMA
network in a dense urban area, the typical value of the average
overhead is about 0.38 [6]. Thus we can conclude that the
requirement for the overhead is comfortably met.



TABLE III. AVERAGE PROBABILITY OF AN UE BEING IN 7 -WAY SH

# of SH _ _ _ _
Branches =1 n=2 n=3 n=4
P, 0.9 0.029 0.047 0.024

C. Achievable Throughput Evaluation

Figure 4 shows the cell interior (7erior) and cell edge (Toqge)
throughput for standard partial reuse scheme (PR hereafter in
this section) and the proposed hybrid scheme (PR+SH hereafter
in this section) with different effective reuse factors. From this
figure we can have three observations. Firstly, the larger the
effective reuse factor is, the smaller the total cell throughput
becomes. This is due to the fact that as the effective reuse
factor increases, the available bandwidth in each cell is
decreased and it results in lower frequency resource utilization.
Secondly, the PR+SH scheme provides a significant cell edge
throughput gain (~ 20-95 %) over the PR scheme, and it gives
more considerable gains when the effective reuse factor is
reduced. Third, the PR+SH scheme causes about 15 % cell
interior throughput loss as compared with the PR scheme. This
is because in PR+SH scheme, the cell centre band () is
shared between all CIUs and some CEUs (who are performing
soft handover), thus the amount of frequency resources
allocated to a CIU, on average, is less than that in the PR
scheme. From the above observations, we know that the
PR+SH scheme is a more appropriate one to achieve a uniform
data rate requirement and improve cell edge bit rate.

10 T T T T T T

al —&— PR, cellinterior i
---@---- PR, cell edge

-3 —4— PR+3H, cell interior -
-o-#--- PR+5SH, cell edge

Achevable Throughput (Mbps)

1r - 1
il
0 | |

| | | |
1 1.2 14 16 18 2 22
Effective Reuse Factor

Figure 4. Average cell interior and cell edge throughput performance

Here we consider two data-rate fairness criteria, the mean
fairness criterion and the very fair criterion. Mean fairness
means that the average throughput of CEUs is approximately
3/5 of the average throughput of CIUs and very fair means a
factor of 1 (i.e. uniform data rate). We choose the effective
reuse factors, which can nearly fulfill the predefined fairness
criteria, from Table I. According to our simulation results, the
selected factors that can closely achieve mean fairness are 1.47
and 1.32 for the PR and the PR+SH schemes, respectively; and
for a very fair system, these values are 1.67 and 1.47 for the PR
and the PR+SH schemes, respectively.

The average cell throughput performance under mean
fairness and very fair criteria is reported in Figure 5. For
comparison, the reuse 1 and 3 results are also illustrated in the
figure. The results show that compared to the PR scheme, the
PR+SH scheme can achieve about 6 % and 10% average cell
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throughput gains in the mean fairness and very fair systems,
respectively. It can be explained as follows. Due to the
consideration of the data-rate fairness among the users, the
PR+SH scheme can distribute the user throughput more fairly
to the users than the standard PR scheme. For a given data-rate
fairness criterion, the proposed scheme can meet the criterion
with smaller effective reuse factor as compared with the PR
scheme. We notice that the reuse factor 1 deployment
maximizes the cell throughput but suffers from the fairness
problem, and the reuse 3 deployment has the lowest capacity.
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Figure 5. Average cell throughput performance

VI. CONCLUSIONS

In this paper, we propose an inter-cell interference
mitigation scheme that makes use of a combination of partial
reuse and soft handover for an OFDMA downlink system. The
simulated results show that our approach gives a significant
cell edge throughput gain over the conventional partial reuse
scheme, and it also has the advantage of having a low soft
handover overhead. Besides, under the defined data-rate
fairness criteria, our results prove that the proposed hybrid
scheme outperforms the partial reuse scheme in total cell
throughput, especially for a very fair system. So we conclude
that the proposed scheme is a competitive choice to enhance
the cell edge bit rate and also overall system capacity.
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A Hybrid Inter-Cédl Interference Mitigation Scheme for an OFDMA

Downlink System’
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Summary

A number of inter-cell interference coordination schemes have
been proposed to mitigate the inter-cell interference problem for
orthogonal frequency division multiple access (OFDMA)
systems and among them, partial frequency reuse is considered
one of the most promising approaches. In this paper, we propose
an inter-cell interference mitigation scheme for an OFDMA
downlink system, which makes use of both partial frequency
reuse and soft handover. The basic idea of this hybrid scheme is
to dynamically select between a partial frequency reuse scheme
and a soft handover scheme to provide better signal quality for
cell edge users. Compared with the standard partial frequency
reuse scheme, simulation results show that approximately one
quarter of cell edge users can get improvements in signal quality
as well as link spectra efficiency from using the proposed hybrid
scheme. We also observe that by using our approach, there is a
significant cell edge throughput gain over the standard partial
frequency reuse scheme. Furthermore, based on a well defined
data rate fairness criterion, we show that our method achieves
higher overall system capacity as compared with the standard
partial frequency reuse scheme.

Key words:

OFDMA, inter-cell interference, interference coordination,
partial frequency reuse, soft handover.

1. Introduction

Orthogonal frequency division multiplexing (OFDM) is a
transmission technique that has been widely accepted as a
suitable solution for broadband wireless communications.
As an extension, OFDM could be used not only as a
modulation scheme, but also as part of the multiple access
technique as well, namely orthogonal freguency division
multiple access (OFDMA). Recently, OFDMA is
considered a most promising multiple access technique to
improve  spectral  efficiency in future  mobile
communication systems. Several communication standards,
such as 3rd Generation Partnership Project (3GPP) LTE
(Long Term Evolution), 3rd Generation Partnership
Project 2 (3GPP2) UMB (Ultra Mobile Broadband), and
Mobile WIMAX (Worldwide Interoperability for
Microwave Access), all exclusively choose OFDMA as the
downlink  transmission scheme [1][2][3]. With
orthogonality within the cell, the main interference in an
OFDMA system comes from inter-cell interference. The
inter-cell interference is particularly disadvantageous to
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user equipments (UES) located at cell edge, especiadly for a
multi-cell OFDMA system with universal frequency reuse.

Important criteria for system evaluation and
performance requirements are given in a 3GPP technical
report [4]. This document lists different requirement items
among which we highlight the particular one which says,
“Increase cell edge bit rate whilst maintaining same site
locations as deployed today”. This criterion indicates that
the cell edge quality of service (QoS) is an important
performance requirement. For delivering a uniform user
throughput across the whole cell area, inter-cell
interference is the main limitation factor as it causes a low
cell edge hit rate. Therefore, it is important to consider
techniques to mitigate inter-cell interference for cell edge
users.

To dea with this interference problem, several pre-
4th generation (pre-4G) systems, like 3GPP LTE, 3GPP2
UMB, and Mobile WiMAX, employ inter-cell interference
coordination as an interference mitigation scheme. The
common theme of inter-cell interference coordination is to
apply restrictions to the usage of downlink/uplink
resources e.g., time/frequency resources and/or transmit
power resources. Such coordination will provide a way to
avoid severe inter-cell interference, and thus provide more
balanced bit rates among UEs. Several inter-cell
interference coordination schemes have been proposed for
OFDMA systems, including partial frequency reuse [5][6],
soft frequency reuse [7][8], inverted frequency reuse [9],
etc.. Among them, partial frequency reuse (also known as
fractional frequency reuse), one of the most promising
approaches, is considered in 3GPP LTE, and it is
supported in Mobile WiMAX and 3GPP2 UMB.

To improve radio coverage at cell borders in 3rd
generation (3G) code division multiple access (CDMA)
systems (e.g., WCDMA, cdma2000), soft handover which
exploits macro diversity has aready been used to address
the inter-cell interference problem. Moreover, the
processing gain in CDMA also helps to alleviate the cell
edge interference problem. In order to maintain a
simplified radio access network (RAN) architecture, it is
agreed that soft handover will not be included in 3GPP
LTE. Nevertheless, soft handover is supported in the |IEEE
802.16e-2005 standard as an option (known as macro
diversity handover in |IEEE 802.16e-2005) [3].
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Conventionally, frequency reuse scheme is used in
OFDMA, and soft handover scheme (exploiting macro
diversity) in CDMA. In this paper, we introduce a hybrid
inter-cell interference mitigation scheme for an OFDMA
system, and in particular we concentrate on the downlink
transmission. The proposed scheme makes use of both
partial frequency reuse and soft handover. The motivation
for developing this hybrid method is that, for a cell edge
user, it is possible that a soft handover scheme may
provide higher signal quality than a partial frequency reuse
scheme and thus, it gives the possibility of improving cell
edge hit rate. Simulation results show that this hybrid
scheme can actually bring some capacity gains for the
whole system as well as improve signal quality for cell
edge users.

The rest of this paper is organized as follows. In
Section |1, we describe the partial frequency reuse scheme.
In Section 111, we illustrate the soft handover scheme. In
Section IV, we explain the proposed hybrid system
concept. In Section V, we present the system model,
measures and assumptions for the performance evaluation.
Our simulation results and discussions are given in Section
VI. Findly, we give conclusionsin Section VII.

2. Partial Frequency Reuse Description

In order to maximize spectral efficiency, the emerging
OFDMA systems like 3GPP LTE, 3GPP2 UMB and
Mobile WiMAX all assume that a frequency reuse factor
of 1 should be used, i.e., the same frequency band can be
used in any cell (sector) of the system’ . Although full
frequency reuse may ensure the best throughput, it brings
low signal quality for cell edge users due to inter-cell
interference. A more realistic frequency reuse scheme
which adopts a frequency reuse factor of 3 in a tri-sector
network significantly reduces inter-cell interference but
induces a reduction to the accessible frequency resources
in each cell. In a tri-sector network, a frequency reuse
factor of 3 means that a frequency subchannel can only be
reused in one of the three sectors of the same site.
Freguency reuse factors of 1 and 3 are usualy used to
generate frequency reuse patterns of the nowadays
OFDMA systems, as they well suit the conventional tri-
sector cellular architecture. For CDMA systems, a
frequency reuse factor of 1 is normally used because
CDMA takes advantage of processing gain achieved
through using nearly orthogonal spreading codes.

Partial frequency reuse or simply partial reuse (PR) is
an inter-cell coordination scheme that applies restrictions
to the frequency resources in a coordinated way among
cells. The idea of partial frequency reuse is to partition the
whole frequency band into two parts, F; and F3, where F3
is further divided into three subsets; and thus, it results in

"Normally, the geographical areas that are controlled by the same base
station (or Node B) are known as sectors. However, the terms cell and
sector are interchangeable in this paper.

four orthogonal subbands, F;, Faa, Fas and Fsc (see Fig. 1).
Note that it is reasonable to assume that Fza, Fsg and Fsc
have the same bandwidth. The frequency subband F; is
called the cell center band, for which a frequency reuse
factor of 1 (reuse-1) is adopted, and it is used by the cell
interior users only. On the other hand, the frequency
subband F; is caled the cell edge band, for which a
frequency reuse factor of 3 (reuse-3) is implemented, and
the cell edge users are restricted to use this frequency
subband only. Nevertheless, when the cell edge band is not
occupied by the cell edge users, it can also be used by the
cell interior users.

In [11], an effective reuse factor (ERF) r, is

introduced to represent the ratio of the total spectrum to
the spectrum that can be used in each cell, and it can be
expressed by

BW, +BW, )
BW, +(1/3)-BW, '
where BW,, denotes the whole bandwidth; BW,g, denotes
the available bandwidth in each cell; BW, and BW

denote the bandwidth of reuse-1 and reuse-3 subbands,
respectively. Note that the whole bandwidth is the sum of
bandwidth BW; and BW; , and each cell can use the
entire BW; and 13 of BW; , i.e, BW, , BW, or

BW,_ .

In this study, we assume that each cell always uses its
maximum transmission power, which is kept as a constant,
and we also assume that transmit power is equally spread
over the whole available bandwidth in each cell (i.e. aflat
transmission power spectrum density is assumed). Figure 1
shows the spectrum setting for partial frequency reuse in a
tri-sector cellular layout. As we have the constant total
power assumption, the transmit power level o can be
increased in partial frequency reuse scheme as compared
with the pure reuse-1 scheme (i.e. a > 8 in Fig. 1) and in

this case, the power amplification factor « /8 would be

the same as the effective reuse factor.
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Fig. 1 Spectrum setting for partial frequency reusein atri-sector cellular
layout

3. Soft Handover Description

One of the main macro diversity methods in 3G CDMA
downlink is soft handover (SH). Exploiting macro-
diversity with a soft handover scheme is indeed a good
method to reduce the influence of inter-cell interference.
When soft handover is in use, an UE is connected
simultaneously to several cells, which congtitute its active
set. An active set is the set of cells with which an UE is
communicating at a given time. The active set includes the
best cell (serving cell with highest path gain) and al the
cells whose path gain are larger than the highest path gain
minus the add threshold (Window_add [12]). Note that a
soft handover scheme allows for more than one cell in the
active set, while in a hard handover scheme, there is only
one cell in the active set. With soft handover, the same
signal is simultaneously transmitted to an UE from
multiple cells through the same frequency subchannels.
The benefit of soft handover comes from the fact that the
dominant interferers become desired signals, and therefore,
the cell edge transmission quality can be remarkably
improved.

The soft handover overhead [12] is an important
metric used to quantify the soft handover activity in a
network, and it is regarded as a measure of additional
transmission resources required. Note that a large soft
handover overhead also implies a large number of control
signaling and it decreases the system capacity. The soft
handover overhead (7 ) is defined as

NMAS

n= nPR-1, )

where N,,,s denotes the maximum active set size and P,

is the probability of an UE being in n-way soft handover.
In this study, 1-way soft handover indicates the case that
an UE is connected to only one cell, while 2-way soft
handover indicates that the UE is connected to two cells,
and so forth.

4. A Hybrid System Concept

4.1 Cell Interior/Edge Users Partition

In the partial frequency reuse scheme, one part of the
spectrum has a frequency reuse factor of 1 and the other
part has a frequency reuse factor of 3. This spectrum
partition works together with the split of users into cell
interior users (CIUs) using the reuse-1 part of spectrum

IEICE TRANS. COMMUN.

and cell edge users (CEUSs) using the reuse-3 part of
spectrum. Accordingly, for realizing the partial frequency
reuse in an OFDMA system, we need to classify UEs into
ClUsand CEUs.

A widely accepted approach to partition UEs is based
on the geometry factor (G-factor). The G-factor is the
wideband average SINR (signal to interference plus noise
power ratio) measured by an UE from pilot subcarriers
over the reuse-1 part of the spectrum (F;). The G-factor is
then compared with a predefined threshold to determine
whether the UE is a cell interior user or a cell edge user
[8][13][14][15]. This is because a cell edge user aways
suffers from noticeable SINR degradation. The average
SINR of an UE is defined as the ratio of totally received
wideband own-cell power and other-cell interference plus
noise power at the UE. It should be noted that the SINR is
averaged over short-term fading, but not shadowing. In this
paper, we consider an UE as a cell edge user which has to
be protected by an inter-cell interference mitigation
scheme, eg., by a reuse-3 scheme or a soft handover
scheme, if the G-factor measured at the UE is smaller than
a threshold of 0 dB [13][15][16]; otherwise, the UE is
regarded as acell interior user.

4.2 Problem Formulation

We consider an OFDMA downlink system with partial
frequency reuse; and further, we assume that soft handover
(including softer handover) is supported. Assume that an
UE isacell edge user and there is more than one cell in the
UE’s handover list. The handover list is the list of cells
whose link quality satisfies the soft handover requirement,
and thus every cell in the list can be added to active set.
Note that the serving cell is certainly a member of the
handover list, thus the size of handover list is always
greater than or equal to one. In this situation, the OFDMA
downlink system can use either of the following two
methods to send the intended data to the UE. The first
method is based on soft handover and the OFDMA
downlink system sends data from al the cells that are in
the UE’s active set to the UE by using the frequency
subchannels that belong to reuse-1 subband F;. We name
this method Scheme A. The second method is based on
partia frequency reuse (through a frequency reuse factor
of 3) and the OFDMA downlink system sends data from
the serving cell to the UE by using the frequency
subchannels that belong to reuse-3 subband of the cell, i.e.
Fsa, Fag, or F3c. We denote this method as Scheme B. Note
that in Scheme A, the active set is exactly the set of cellsin
the handover list, and in Scheme B, the active set
corresponds to only the serving cell.

In the above scenario, two remaining questions are: 1)
Which scheme (Scheme A or Scheme B) could provide
higher signal quality (SINR) for the UE? 2) As compared
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with the standard partial frequency reuse scheme (i.e.
without soft handover option), can we generate some
throughput gains by dynamically choosing between
Scheme A and Scheme B? These two questions are
addressed in the following sections.

4.3 A Hybrid System of PR and SH

To enhance cell edge bit rate and overall system capacity,
we develop an inter-cell interference mitigation scheme
that dynamically chooses between Scheme A and Scheme B
according to which scheme provides better signal quality
(SINR). For the standard partial frequency reuse scheme, a
serving cell will first classify an UE as a CIU or a CEU
according to the UE’s G-factor. If the G-factor is greater
than a predefined threshold (e.g., 0 dB in this paper), the
UE is considered as a cell interior user and the serving cell
will transmit the intended data to the UE through the
frequency subchannels in the reuse-1 subband; otherwise,
the UE is treated as a cell edge user and the serving cell
will use the frequency subchannels with a reuse factor of 3
(i.e. Scheme B) to send the intended data to the UE.

Figure 2 shows the operational flow chart of the
proposed hybrid scheme. For the proposed scheme, a cell
edge user may be alocated either frequency subchannels
with a reuse factor of 3 or frequency subchannels with a
reuse factor of 1 and use soft handover. We note that the
operations of ClUs are the same for the standard partial
frequency reuse and the proposed hybrid schemes. With
Fig. 2, when an UE is classified as a cell edge user, the
serving cell will use Scheme B to transmit the intended
data to the UE if there is only one cell in the UE’s
handover list. On the other hand, if the UE’s handover list
size is larger than one, then the serving cell will
dynamically select either Scheme A or Scheme B to
transmit the intended data to the UE and the selection
criterion is based on signal quality comparison, which can
be expressed as

If ¥ > y9 choose Scheme A
otherwise, choose Scheme B.
where ¥ and y¥ are the SINR measured by the UE

with Scheme A (soft handover applied) and Scheme B
(partia frequency reuse applied), respectively. Here, the
superscript x (x=1 or 3) of ™ indicates that the SINR is
measured on the reuse-x subband.

©)

An UE sends its
measured G-factor to its
serving cell

The UE is classified
asacClu

l

Allocate frequency
subchannels in F;
& perform reuse-1

G-factor < threshold

The UE is classified
as a CEU

|

Handover list size > 1

Allocate frequency No
subchannels in F4
& perform reuse-3

Allocate frequency No
subchannels in F,
& perform reuse-3

l Yes

Allocate frequency
subchannels in F;
& perform soft handover

Fig. 2 Operationa flow chart of the proposed hybrid scheme

5. System Modd, M easures and Assumptions

Partial frequency reuse can be achieved by either static
coordination or dynamic coordination. Since dynamic
coordination introduces large signaling overhead and
scheduling complexity, a static coordination is highly
recommended [17][18]. In this paper, only satic
coordination is considered.

5.1 Maodeling of Downlink Average SINR

In our SINR calculation, we do not consider fast fading
and assume radio link is subject to propagation loss and
log-normally distributed shadowing. We further assume
that the serving cell is the one from which the received
signa is the strongest after accounting for pathloss,
shadow fading, and antenna gain patterns.

Suppose al frequency subchannels designated for
each cell are fully utilized (i.e. a fully loaded system) and
we have the equal power alocation assumption, the
transmission power spectrum density P (or transmit

power level «, see Fig. 1) isgiven by
R =P /BW, Iy (=P /BWy), (4)



where P; denotes total transmission power. Thus, the
average SINR for an (non-soft handover) UE can be
written as

x) _ PthSs'Ag
SRL-§ AR

ie®d

, (x=13) (®)

X

where L, §, and A are the pathloss, shadow fading and
antenna gain from the cell j to the UE, respectively; the
subscripts s and i stand for the serving cell and the
interfering cells, respectively; @, and @, are the sets of
interfering cells with a reuse factor of 1 and a reuse factor
of 3, respectively; Py denotes the received noise power
spectrum density.

Moreover, when the UE is in soft handover, its
average SINR can be expressed as

z Pl : Ls : Ss : &
@ _ Sed g ’ 6
Y RL-SA+R ©
ie(®-Dpg)

where @, denotes the active set of the UE and the
subscript s stands for the cells in the active set. In order to
evaluate condition (3), we note that ¥’ can be calculated

directly from (6) and »{¥ can be calculated by setting x=3
in (5).

5.2 Link Spectral Efficiency Evaluation

According to Shannon’s capacity formula [19], the
achievable link spectral efficiency C (bps/Hz) from aBSto
aparticular user is a function of the average received SNR
(signal to noise ratio). In general, Shannon’s formula gives
the capacity of an additive white Gaussian noise (AWGN)
channel and it is not applicable to a multipath channel.
Assume that other-cell interference can be modeled as
AWGN and we do not consider other-cell interference
cancellation techniques in the receiver, a modified
Shannon formula has been introduced in [20] to calculate
link capacity in a cellular mobile radio communication
system. Thisformulais given as

Cy)=¢-log,(L+y /g) bps/ Hz. ()
where £ and ¢ are constants that account for the system
bandwidth efficiency and the SINR implementation
efficiency, respectively, and y denotes the average
received SINR. For Typical Urban (TU) channel model
and Single-Input Single-Output (SISO) antenna scheme, it
has been shown in [20] that Equation (7) with & =0.56
and ¢ =2 achieves a good match to the link capacity
performance of 3GPP LTE from simulation. Therefore, we

adopt this modified Shannon capacity equation with
parameters £ =056 and ¢=2 to evaluate the link

spectral efficiency.
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5.3 System Capacity Estimation

We assume that the users are uniformly distributed within
cell coverage, and each user has unlimited traffic to
transmit on the downlink. Moreover, it is assumed that a
Round Robin (RR) scheduler is applied to cell center/edge
bands. Under the RR scheduling policy, the system
capacity T can be calculated as [20][21]

T=BW-v-[CO)T,(r)dy )

where v is a loss factor that accounts for the system
overhead, f (y) is the probability density function of

SINR y, and BW denotes the allocated bandwidth. In this

paper, the loss factor v is set to 1; this yields optimistic
results, but is deemed acceptable for relative comparison
purposes.

In a fully loaded system, it becomes unlikely that
ClUs would be able to access the cell edge band (i.e. ),
and they would thus be confined to cell center band (i.e.
F1). This causes a separation of user groups such that the
ClUs occupy the cell center band only while the CEUs use
the cell edge band only. From (8), the average cell interior
throughput (Tinerior) @d cell edge throughput (Teqge) for
the partia frequency reuse scheme can be calculated by (9)
and (10), respectively,

Tieior = BWE - [CO)E, (7)), ©)

1 -
Te = 5B - [COT, (e)dre (10)

in which the subscripts | and E stand for the ClUs and
CEUSs, respectively.

With the proposed hybrid scheme, as we have a RR
scheduling policy on the cell center band, two user groups,
the ClUs and the CEUs with Scheme A, will have equal
chance of access to the frequency subchannels on the cell
center band. Accordingly, the average cell interior
throughput and cell edge throughput can be calculated by
(11) and (12), respectively,

T =BW, R
“RARAR

1 ~
TEdge = 5 B\Nl:3 'IC(}/E,B) ny‘B (VE,B)dVE,B +

Y, - (12)

BW, - .
—=n 7 R+B+h

_[ é(yE,A,n) nyM (Yean)d7e an):

in which P, denotes the (statistically) probability of ClUs
(ratio of ClUs to total users in number); P, denotes the
(statistically) probability of an UE being in n-way soft
handover (that is the ratio of users with n-way soft
handover to total usersin number); and subscripts A and B
represent Scheme A and Scheme B users, respectively.

Interior

0T, rdr . )
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Note that in (15), I/n that appears on the right hand side

represents the capacity loss factor that is induced by
performing a n-way soft handover. In this paper, a
maximum active set size of 3 cells (N,,,s =3) [22] and an

add threshold of 4 dB (Window_add = 4 dB) [22] are
assumed.

After obtaining the average throughput of the cell
interior users and cell edge users, the average (total) cell
throughput (Tce) thus becomes

Tew =T, +T,

Interior Edge -

(13)

5.4 Simulation Method and Simulation Parameters

Static snapshot simulations have been used. The average
SINR distribution (i.e. f (y)) is obtained through Monte

Carlo simulations involving 2000 random placement of
users geographically. Simulation assumptions and
parameters basicaly follow the 3GPP evauation criteria
[10]. The available downlink bandwidth is fixed at 10
MHz. We consider a multi-cell system consisting of 19
base stations (BSs). A BS controls the three sectors (cells),
i.e., 57 sectors (cells) in total are considered. The radio
links are subject to distance-dependent propagation loss
and lognormal shadowing fading. A distance-dependent
path loss with a propagation loss exponent of 3.76 and a
lognormal shadowing with a standard deviation of 8 dB are
assumed. The sector antenna pattern used in our simulation
is adopted from [10]. All the simulation results are
collected from the three sectors of the central BS and the
remaining 54 sectors act as a source of inter-cell
interference. Table 1 summarizes the main simulation
parameters.

Table 1: Simulation parameters

Parameters Assumptions

Cellular layout Hexagonal grid, 19 BSs, 3 cells per BS
Carrier Frequency 2GHz

System bandwidth 10 MHz

Antenna pattern As described in [10]

BS total Tx power 46 dBm

Site to site distance 1732 m

Distance dependent path loss 128.1+37.6log1o(R) (R:in km)
Minimum distance between UE and cell site 35m

Penetration loss 20dB

Shadowing standard deviation 8dB

Shadowing correlation between BSs / sectors 0571

BS antenna gain 14 dBi

UE antenna gain 0dBi

UE noise figure 9dB

Antenna configuration 1x1

6. Numerical Results and Discussions

The simulation results are conducted for the standard
partia frequency reuse (PR hereafter in this chapter) and
the proposed hybrid scheme (PR+SH hereafter in this

chapter). Furthermore, we consider the effective reuse
factor (ERF) r, ranged between 1.1 and 2. Note that

alocating a large number of frequency subchannels in the
cell edge band will also cause a large loss in bandwidth
utilization in each cell. Thus, we limit the effective reuse
factor to 2, which in turn about 3/4 frequency resources are
reserved for cell edge band Fs.

To begin with, it is beneficial to know the percentages
of ClUs and CEUs in the simulation system. The
cumulative distributed functions (CDFs) of downlink G-
factor over the whole cell area are plotted in Fig. 3 for
ry =1.2, 1.5, and 1.8. With a classification threshold of 0

dB, one can see that the percentage of CEUs within a cell
is about 34% ( P. ~0.34) and that value for ClUs is about
66% (P =~0.66). Furthermore, since we assume that site-

to-site distance is equal to 1732 m (see Table 1), the
evaluation system will be interference limited, and thus one
can find that the CDF is aimost not changed by different
effective reuse factors.
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Fig. 3 G-factor distributions over cell area

6.1 Soft Handover Overhead Estimation

Here, we study the soft handover overhead (7 ) of the

proposed hybrid scheme. For feasibility reason, an
important requirement of the PR+SH scheme is to have a
low soft handover overhead as compared with the current
3G CDMA systems. Table 2 shows the probability of an
UE being in n-way soft handover (P,) for the simulated
system. Applying the simulation results to (2), we found
that the induced soft handover overhead of the PR+SH
scheme is about 0.15. It is known that in a WCDMA
network, the soft handover overhead is around 0.2-0.4 for
a standard hexagonal cell grid with three sector sites [12];
and furthermore, in a live WCDMA network in a dense
urban area, the typical value of the average overhead is



about 0.38 [12]. Thus we conclude that the soft handover
overhead of the simulated PR+SH scheme is relatively
small.

Table 2: Probability of An UE Being in n-way SH

# of SH _ 5 B
Branches n=1 n=2 n=3
P, ~0.91 ~0.03 ~0.06
6.2 Average SINR Comparison

Given a cell edge UE with n>2 cellsin its handover list,
the probability that the received SINR of the UE with n-
way (n=2, 3) soft handover (i.e. Scheme A) will be larger
than that with a reuse-3 scheme (i.e. Scheme B) can be
written as

P(n) = P(y2) > 75’ [Ny =), (14)
where Nas denotes the active set size of the UE.

Our simulation results of the probability as defined in
(14) with different effective reuse factors are shown in Fig.
4. 1t can be observed that P(2) is ranged between 0.14 and
0.20 and P(3) is ranged between 0.62 and 0.70. Hence, we
conclude that as the number of soft handover cells (i.e. n)
increases, the probability that the soft handover scheme
will outperform a reuse-3 scheme in average SINR will
also beincreased.

The average SINR distributions of CEUs with
handover list size greater than one are shown in Fig. 5 for
ry =1.2, 1.5, and 1.8. It is observed that by using the

PR+SH scheme, the average SINR of the CEUs with
handover list size greater than one is increased by
approximately 1.8 dB, on average, when comparing with
the standard PR scheme. To link up the results with Table
2, we conclude that about 9% (P,+Ps) of total users or
26% ((P,+P3)/Pg) of CEUs will get SINR improvement by
using the PR+SH scheme, and the relative gain is about 1.8
dB, on average.
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6.3 Link Spectral Efficiency Comparison

A more meaningful metric to look at is the improvement in
link spectral efficiency (SE) by accounting for the
bandwidth loss effect from the soft handover scheme and
the reuse-3 scheme. The condition for this link spectral
efficiency improvement can be expressed as

1 1
E-Iogz(lwi\” 19)>3: log,(1+7 /<), (15)

where n denotes the number of soft handover cells. It is
noted that for a cell edge UE with 2-way or 3-way soft
handover, the event y > (¥ does imply that inequality
(15) holds and thus leads to link capacity improvement. To
capture the link capacity improvement, we further define
the effective link SE C,, as

Cat (7) =%C(y) : (16)

where m is a bandwidth loss factor accounting for a reuse-
3 scheme (m=3) or a soft handover scheme (m=2 or 3). We
note that the loss factor mis set to 1 for the ClUs.

For 3GPP LTE, the link SE at 5 % point of its CDF
(i.e. 95% coverage), called 5% user SE, is an important
criterion for performance evaluation of different inter-cell
interference mitigation schemes [10][21][23]. Therefore,
we adopt this criterion as a performance comparison
indicator here. Figure 6 demonstrates the effective link SE
C, distributions with r, =1.2, 15 and 1.8; and in

particular we focus on the low user SE region. From the
figure we observe that the 5% user SE of the PR+SH
scheme is about 1.3 times of that of the standard PR
scheme.



CHIU and HUANG: A HYBRID INTER-CELL INTERFERENCE MITIGATION SCHEME FOR AN OFDMA DOWNLINK SYSTEM

01 e P

=—4— PR+SH, ERF=1.2
sunedmess PR, ERF=1.2 ;
00s| | —€—PR+SH ERF=15 ;. -] u"'
wm@u PR, ERF=1.5 S5F
0.07L | —B—PR+SH, ERF=18 £Pm
-~ PR, ERF=18

0.06}-

o)

8 0.05-
0.04f
0.03}
0.02f

0.011

1 L L I 1 L L
006 008 01 012 014 016 018 02

Effective Link SE (bpsiHz)

0 002 004

Fig. 6 EffectiveLink SE C,, distribution

6.4 System Capacity Comparison

Figure 7 shows the average (total) cell throughput (Tce),
cell interior throughput (T)erior) @nd cell edge throughput
(Teage) for the standard PR scheme and the PR+SH scheme
with different effective reuse factors. From this figure we
can have three observations. Firgt, the larger the effective
reuse factor is, the smaller the total cell throughput
becomes. This is due to the fact that as the effective reuse
factor increases, the available bandwidth in each cell is
decreased and it results in lower frequency resource
utilization. Second, the PR+SH scheme provides a
significant cell edge throughput gain (about 18-92 %) over
the PR scheme, and the gain is more significant when the
effective reuse factor is reduced. Third, with the same
effective reuse factor, the PR+SH scheme causes about 11-
13 % cell interior throughput loss as compared with the PR
scheme, and this further results in total cell throughput
degradation when the effective reuse factor is less than
1.85 (roughly). Thisis because in the PR+SH scheme, the
cell center band (F,) is shared between al ClUs and some
CEUs (who are performing soft handover), thus the
amount of frequency resource alocated to a CIU, on
average, islessthan that in the PR scheme. From the above
observations, one can conclude that the PR+SH scheme is
an appropriate method to improve cell edge bit rate and
achieve data rate fairness among users.
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Fig. 7 Average throughput performance

In a wireless communication system, it is very
important to consider data rate fairness among users. Here,
we define a parameter f, called data rate fairness index, as

Tlmerior =f. TEdge ,

Nu : I:)I Nu : I:)E
where N, denotes the number of active users in one cell
and Pg is the (statistically) probability of CEUs (ratio of
CEUs to total users in number). In this study, we consider
three data rate fairness cases [11]: the first one is f=1,
which is called fair; the second case is f=2, which is called
less fair; and the last one is f=3, which is called least fair.
In the above three cases, the average user throughputs of
CEUs are approximately 100%, 50%, and 33.3% of the
average user throughputs of ClUs, respectively.

Our simulation results of the average cell throughput
at different data rate fairness index f are presented in Fig. 8.
For comparison, we aso show the pure reuse-1
deployment result in the figure. Note that in reuse-1
deployment case the vaue of f is fixed and is
approximately 5.1 from our simulation. As shown in Fig. 8,
both- PR and PR+SH schemes outperform reuse-1
assuming f=5.1. This result implies that the influence of
accessible bandwidth loss caused by using PR or PR+SH
scheme can be regained, and it further leads to an
improvement in throughput. From Fig. 8 one can observe
that, as compared with the standard PR scheme, the
PR+SH scheme can achieve about 8%, 5%, and 3%
average cell throughput gains in the fair, less fair, and
least fair cases, respectively. The performance
improvement can be explained as follows. due to the
consideration of the data rate fairness among users, the
PR+SH scheme can distribute the user throughput more
evenly to the users than the standard PR scheme. In other
words, the PR+SH scheme can meet a given data rate
fairness index by using a smaller effective reuse factor as

(17)



compared with the standard PR scheme. Figure 9 shows
data rate fairness index f as a function of the effective
reuse factors. Take the f=1 case as an example, the
corresponding effective reuse factors are 1.83 and 1.68 for
the PR scheme and the PR+SH scheme, respectively.
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Fig. 8 Average cdl throughput performance vs. data rate fairness
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7. Conclusions

In this paper, we proposed an inter-cell interference
mitigation scheme for a multi-cell OFDMA system, and in
particular we focus on downlink transmission. The basic
idea of the proposed scheme is to dynamically choose
between a partial frequency reuse scheme (with a reuse
factor of 3) and a soft handover scheme to provide better
signal quality for cell edge users. Our simulation results
show that compared with standard partial frequency reuse
scheme, the proposed scheme helps to improve the link

IEICE TRANS. COMMUN.

quality and link spectral efficiency of cell edge users. By
using our approach, there is a significant cell edge
throughput gain over the standard partial frequency reuse
scheme and it introduces a relatively low soft handover
overhead. Considering data rate fairness among users, the
proposed hybrid method also outperforms the standard
partial frequency reuse scheme in total cell throughput.
Therefore, we conclude that the proposed scheme is a
competitive choice to enhance cell edge bit rate and overall
system capacity.
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