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Abstract

Simple-relay aided resource allocation (SRARA) schemes are incorporated with throughput guarantee scheduling (TGS)
in IEEE 802.16 type TDD-OFDMA downlink to enhance service coverage, where the amount of resources at each relay is
limited due to either its available power which is much smaller than base station (BS) power or the required overhead.
The performance of SRARA schemes is evaluated with both proportional fair (PF) and TGS schedulers at 64 kbps and
128 kbps user throughput requirements: For SRARA with RSs of relatively lower power, a scheme putting total power
into only one subchannel shows larger coverage than when both subchnnels are used in a manner of equal power
allocation, while the RS with evenly power-allocated two subchannels could provide larger coverage gain for a relatively
higher power. In a lower target (64kbps), more improvement comes from relay scheme rather than scheduler design. For a
relatively higher level (128 kbps), it comes from scheduler design rather than relay.

Keywords : IEEE 802.16 TDD-OFDMA, @& ¥#o] €Y x4 #g. & B3 2AS9

" AslY, dAdEta W71 dF 8 H(Dept. of Electrical and Electronic Engineering, Yonsei University)

" AY, AR EATY SoCAE (SoC Research Center, Korea Electronics Technology Institute)

¥ B Ad7E AREAY € AREAAFAZTYEY dig ITATFAY JYrde 4722 FPHUALS
(IITA-2006-C1090-0603-0019)

Hedak 20069109109, A LEY: 2006311918Y

(1346)



86

I.M E

t+g kgt 7]dke]l OFDM (Orthogonal Frequency .
Division Multiplexing) A4 71£& %314 dlo]g A

$ES 478 WLAN (Wireless Local Area
Network) 2 35G, 4G A2€e A HE 7|E¢2A

A= Ao goe AdelAE Holde) Apdshe

Lo

OFDM Al2gol M, Fak dei=ql #ojdg AdS
2371 8 7€ F34 o¥AlE  (frequency
diversity)$} HadolAe] Mgl Wz 2 BF k)
e}

2 B8 5 Ad? Fo OuAEE o8 23
Yol 24 F9@ 9z U 233 24L Asges
A, 5% tgo] Z& solgel WA A2 WA A
5 98 9= e B
9e 7 2945 togele] Ad 54 olgste] Alx
| g3 G PHoBA, Z BALIAY 3

=

AHEsE FaeAE (frequency  selectivity)e] F

F 9t Flgelw, Fos A

IEEE 802.16 TDD-OFDMA StE&IA0IA2 CHE o] ¥ XA el $8 28 AAZHE oIS MHj2 Auzlxl U ME +80) &%t a7 J|F

gl

2|

W2 A9 B F2E
LB

AAsta, A 2AZ} A
Al A AWER @ $3

= TR
.2 =84 1S

2} A

AAZe) Aad Y @ 5

= oM e
CEl

& 23 ~AZY (TGS, Throughput Guarantee

2 48 0 Ad 2AFYL 83t TEL % ek

OFDMA (Orthogonal Frequency Division Multiple
Access) Mg A|zddXe] Fas HHE o] &3
A 2AEH dF A+ 2-7] T4 E F Aok
ol9} e AFEL 3G 7Nty AAEY dazlEH
A8 Ao ¢4ngEFE BdY OFDMA A 2" &
oz Nxdl & g F old & FHA, AH|
AW A sl distd A,
OFDMA &3] Al2dolMe A & AY Ee 7y
gA &3} o] Ab&Ate] C/1 (Carrier to Intereference
Ratio)7} AletA dstslo] Aulag Be & gle 99
o] EAge AL 24

2 o]E o] 83 AEFH A|xH

A

=g

ge] aed A9 wd 200540l [EEE 80216
MMR (Mobile Multihop Relay) Task Group™o] 24
glo}, IEEE 80216 WMAN (Wireless Metropolitan
Area Networks)™ 2@ IEEE 802.16e Mobile WMAN
Wile) o) Agols o4 HEEF AxF F=
(Multihop Infrastructure)oll W REIE Pz
aict. | S

¥ =% [EEE 80216 7I#e] TDD-OFDMA &3
Paclel Aulz AMA 4L 98 ve Leo|

i b

(1347)

Scheduling)ll et Amstgleh A MIFe £ =5
A AANsE we ol €8 Y BE (SRARA,

R =l = !
Simple-Relay Aided Resource Allocation)oll tiate] A
F3ldth A V 3L BoAEe B A5 BHs &

Pargon, A V AL 28 =AY
I. NAS 29 3 £8 9% AHZa

1. NA" o

OFDM A%71e2 #Hold Ade] AA A4t (delay
spread) Bt 2 CP (Cyclic Prefix)& AH8-3tef, t5
A2 Ho|yd 2 ISI (Inter-Symbol Interference)el] o
sl 2839 AFES A& F U AF 7otk
OFDMAYx= OFDM A% 7]&& 7[¥te = 3 Ajzk-F
g4 28 0% M4 7124 IEEE 80216 WMAN™
2 802.16e Mobile WMAN™ 7o xje) Folc}.
2AHE Zdol9) OFDMA Z# Y& 33 g3 (DL) =
g Ag g3 (UL) Zddez FAdY. T35
ZHAA Fdg9 RF Y ZHE oA £ 749
Hakdul - (Subcarrien 2 ol AW, Futgste] =
OFDM FFT #Z7)1¢ ot ¥a1'd (Subchannel)2 o
2 o] FuEulrt RoxA FAHE, ol 2AF
7t g & 2 ALErt "oy dirE oz
Bad 271 57 9ZE (coherence bandwidth) .
ot ZA AAdd.

TDD (Time Division Duplexing) Al
Q& 2EHo|Y B 2EYS AFA
Fo), Ad gewe o z89 Friuitt 4" = Q)
3, 04 2AEHE A Fuy F)9 Zo) b my
QJujt} $:8)0] 7H58t), OFDM/TDM A4 Al&Eo)
e 2AZYL EAE Aol & ALgRA A o
gg dst= yhAY OFDMA A48 o8 A&z}

[<IR=S
=

L
L



2006 119 ®ABES =EX M 43 ATCHH 11 = 87

7 dge Basd A8 4+ Atk

OFDMA 823 2AZY A2RNA, AQ-F2
+ o] Hold AYE A A8 Zztel FAdof
Aol ¢ A5ee AW T2As2 A7 4 e

(D3 Ze] BV

(B.,()} i=1,-, Ny, n=1, -, Ng Q)

7N R; ,(t)& i-HA AHEA] p-wA BAd]
Aol ER 4%¢] BER (Bit Error Rate) sld& HEA]
Z 4 & dolg] AEEEAN, 2AEY Azt o i-
A A7 p-AA RAEAA Anl=E i dg
W A F gE AEFo) @tk Nye A Yo A
2} 4ol3, Ne&= 744 Bade) Folvk R, ()& 4
% 83 CQI (Channel Quality Indicator) H'd& of&
gto] olF BREREH riXFeE HEddE CQ TF
& 7ELR st ARET

2. & 23 AAZ2 (PF, Proportional Fair)

wE TR (PP 2A2Y ¢ndEe 36 A2
W49l A 2AZY daAZoy" pr Lug
Z& 4A TDD-OFDMA Al&&l9] —‘ﬂrﬁﬂui 3438

T e, nuA FAdeiMe] sAEY 2 AHEA
e 2% o] ZAEY.
R,
i, = arg max, T::gi 2)

A7V R, ,(t)& i-WA AFERe] p-dA B
Mo &3k deld AEgolm, T, ()& JF F&ol
T} PF ¢12%e AHgxtel 37FA AQ 8730 v
o), £AHY Ad EA M T ASANA BS
d% By FEe wdoz Hold Adel A

Wolg oj&ate gmgZog’

_4

3. 2T A EY
(TGS, Throughput Guarantee Scheduling)
HEYA W AEAEL QoS EY 2 we 747
g £4& 87 248& 73 eH, #¢ 87 24
B SR oy, £& oIXEAEN AT
At -HA AR & o}REX FELE AHEA
o] A 7HE T& FEAFE UFAIA XY &E
A5, QoS BFE JIME )Y 2 =1
FEA Ao gt

S
T
A
T
20
TE
=
fed

f

Pri(ﬂ < Té,req) < 61', (3)

AN T i-98 ALAY B S0l T
o] AMERY] HA $£E& 87% (Minimum Throughput
Requirement) &84 AL&A] QoS S 4o o3 2
et s -UA AHERY $& obEA &7ghol
o} oAl waf, AbgAtel thet & &7 21E WSS
71 8M, MEYIE 2 AEAEAA @3 FE o
&t9] o}2E|AE wEA| A} )

[7]& PF &g 29 #4348 3, AHgate] & of
LENE BAs) 4% F& BF 2AFY (TGS,
Throughput Guarantee Scheduling)E A3t
TGS @ ZAA, n-Ha Fadelre 2459 2
AR i e (D9 2ol ARHAN

R, (D »(C

. )mm(l.o, E/T;»wa)’ T,<T, req
o 17,0
i, —argrn:aX Rin(t) ’
> R 7‘: Z 7: req
) |

ANN G, & i-HA ALEA n-wiA BAYE
@ 27H4Q ABARN, A2 F& 2T 20

AR ReAGE WA F7H49 SAFAE Fol @
g #7149 A G5 6)3 Lol Aoldn,

o
Y

2 Jfy o

_ max, (R . (t))

0 5

olAL ANad Hd 7t AFE o AHEAY] H
T w7 AEEY HEEA, H2 FEE HEAIA
25 AbgAre) FyHes 493 A FHE 23
zt. T/T. 38 AdAe Agd F&olt.
olof E}E} LT AL W JF ALY g0l F
F& BE g v)ksA HE, 7t e A
7} 190 ZIAQAA Atk 2R o] FuES 2
B71=38 (unfeasible) HIEY I BE AlEA e
A F€& U3 & AL 4 78 FE #
o 7iHe Fe& M AEAE $HENE
o H&x FEE VEAIE LAY £ F7HAA

F Qe

l->

-

713
Z



88

IIL TDD-OFDMA AlARI0jA2] B Zafol
#2 XE B X

Ck= 0| 2J|ol (Simple Mobile Relay)
=X+ IEEE 80216 7]8¥t¢] TDD-OFDMA
stk oMol wa o]l% Hyo] (Simple Mobile

o
off

AAFOZHE We HolHE
gt} ol9} e g d
Wol 7R Fof H|3lo, 1 -5% HAE
°olg T A + e FAdY
7t Algts o]k . R o9 2 ge dole
o7)% Yelo] (Full-Function Fixed Relay
Station)$} 22 A &2 75l §l3, EHZ U9
BE A B A=Y 2ASY7 P85 e
2 7Hgsagt

2. MMR C|HAIE] A
(Mobile Multihop Relay Diversity Set)

gz Age] Axdd] gg Lol r)Fe] F
Mo gA, olF e BE 97 S VAFoR
2g ZH @3 (Direct Link)E o] &3t A, EE
ME O BAEE o8t dF-9 FAddANE A
J gaz 9B BidorME Yol A=A (Relay
Link)E A}g3le dlolglE £ 4= ik AAte) A
, BE doHE AR HARw Fise oF
g A3 ZE (Direct Mode) Aol otz A 9l&}

FAAE 25 AR-3t

E gure (Relay-Aided Mode)

g 2

AR o AH BE T g
shte] AElZ Ae s oo} dn] M
Zoo w2, MMR ©HAE Al (Mobile
Multihop Relay Diversity Sep)'’& thzA gt
MMR o AE A'e A3tE 7143 (Active Base
Station)? B43t9 Pelo] (Active Relay Station) 59|
Agor ZH7he] o)F wdd uldte] FodAo. v
o]% tte] A 71e] A=Q X E FsE AEjr} ofy
g, olF dZE9 MMR UwWAE]l A & e &
A A= o3 e ez FA"Y o o
MMR tiHAE] oz Heg dolge Y A
Ao Y 7t HT HolH HEE

=]

L U4

(Average

IEEE 802.16 TOD-OFDMA 3t&A0jAle] te o] #2 At B2lgt +8 28 AAEHE 0/8% MHIA AHH2|x) ¥ 45 430 # AT

(1349)

718l gl

ol

Supportable Data Rate) 2.t} o & Hi F& dlolg
A4E (Average Supportable Effective Data Rate)&
AFste dyolgeltt. 1222 MMR THAE A9
A7I7F 191 olF vEe Y Re&oln, Hiyol FY
2C e 9EE MMR YHAIE A9 A7le 1
2ok A 3 A7l (V™ +) 2 Agdda 7
AT A7IA N E @ olF dol AdEE Y
€ Hu 2ol 72 AosH, MMR H#HAE Alo]
75 o]F ©uH J|AF, B Y FF4A &
=g BRXEsE FUleHA HER o] g w=A] Ag
wojo} gt}

7t o] @9 MMR UHAE A& AR 93
A, A F3g Bde] FAENMY A Fog gy
o B C1E 33T T FASEq VAFE AF
ste, o]& 7|¥te g Ao AFANEY FdE FE U
ojf] MEES ANE + vt 7HgEgith MMR ¢
HAE] Aol AARL 27] A4 ARl d=o = #HA
oA ggFojof 3,

AL
= &

3. glo] E3 X &2l (SRARA,
'Simple—Relay Aided Resource Allocation)
NNA = 2AEHE o] Y R=9| olF 9
M, W 2AEY Aol Zzhe] Bade] fis)
o, AH YAE AHET AR, o] FAE A ELE
AQAE AR HH, 24 FAHde AL 7T &
Zr dlolg] A4E (Instantaneous Supportable Data
Rate)& AAsta, deo] 3328 AMgste A9

Aole dgdhs delolrh o dadxx 23}
ofof gt A E= A @E2 o9 2 RS
ARYE Fovt glo] RE FAd st A =

=

g ARg-git

2AEY AT A A o] F dEe n-wA F
Aol AY et &7 Holg AFEL 6)H
Zol Aosr, AY HFA9 AU 73 £t toly
AEE delo] a9 A 7H5d FE ©3F vlolH
H4E (Effective Instantaneous -Supportable Data
Rate)& wluste) 2 ghez ZAAHD

UL

(ﬂ"r

Ridn (t),
Ri,n (t) = r" eff
Ri,n, (t)’

714 RE (1) AH B39 A 75d 3

if RY,(6) 2 R, (t)

otherwise

, (6

=

LY



2006 118 MRS

[}

L

(=]

$E0lT, R, () & Dalo] P29 A 75

E o7 dold AFESA (7) 2ol A"t
lmin(R:'. ama O RS “Gn(£)), for worst - link adaptation
R ()= 1 for ot link adanai
R ———
(7
A7 ¢ (i,n)E A OlF DL n-AA FA
Qold b3 B I 58S ATY & 9t 24
o[ XA, (8)7F o] AAHT,
r'(i,n) = arg max R”ff” (8)

r#i,re DS,

i7]4 DS i-#s olF ©@e MMR tHAE
Aelx, RIH(t)e r-iA Ba0lE Agste
a9 A4 Jbsd 1 £ doly A%
R o B IAET Dol 1 (5,n) 2]

@ 29

ol
Eolt}.
2 7bs
w3t Holg AFEeln
st i-HlA o)F ©d 3he A Y hEd
FEo|tt.

2 =fdAdE

o 4 (i,m)

gy A

FHot-3ka AL (Worst-Link
Adaptation)? ¥H3-3 A8 (Per-Link Adaptation)2|
F 7K 2 AE uE nesidth -3 4%
WAL AT deo)7tA9] dolE g
golol A o]F DEAR Y vlolH HEES 7|A] T A
&3 glom o]F FdA o F& AEES o] &3, 7
Azl A Peo] 2ejx daololN dux 2 A

SEE A4S o doh 28 B2 do] gAY §

A=
AEET

Z Holy AFES ol 22 WoE AAH dolE
AEEQ 1/20] Hv, Deo] FAd "€ A+
a e 7IAFAAM dalo] ke A, PalololA

oIF whuzte] W] 129 A7 A Egll

R AL A2 Lelo] 7hel P
Al dole A58} BeololA o|F vz bo|
H A48 2429 o1 Yol gaa Az SQde
2 AR9T. T 92 2] A A9L 7 929 bo|
A e g99H, Yejo] P29} §

< A 2

7 Holy H$E

4. 7|X|= AHEY (Centralized BS scheduling)
zt thgre] BajdolA 9 A9 75 =3 "oy A
SE9 s Ao ¢EHY, 7T 2AEHE PF

==X & 43 # TC H

(1350

A1z 89

A% olgake] Zzte]
Aol g olf wBEL AReA ok AY
SRARA Al&gloll A 2Ate] g olF ddele 714
Fol visto] Jidoz He $4 AE 2t Aow

PSR oldl wat, deole Ao N A AT

v TGS 2&

=l A~ =2
4 wsE
u
=

max
C

4 2AYUS A8 5 Yoz MRS 9714
Ngge gl 2N A AF sbed FAd

2 Ao a8rE B4 ddold AAEYY BA)
deo] 7t NgEoh BA =Y, 7|59 AAEEE

o] FolA £k dlole] WEEo| 2 NNt st

2, JuRE ¥9e @ 4 9o 2 =EoldE s
ZELO] ddole] H HF 7t FAdY F7) Al
o, &Fe] ErtEd Hadd dside 2 TH«] &
AZY $HACAE ZE ol vLe Y8 Ade &2
= Aoz HRsgnt

Iv. 2ol4¥
1. RO HH &Y

2 =FA+= [EEE 80216 TDD-OFDMA % %
2,028 FFTE Alg3le M= AMC (Band AMC, Band
Adaptive Modulation and Coding) A4 7%& 7133
AT 3 Aeel BYG Fas g% (FA,
Frequency Allocation)& AHE3te= 1 km #4S 71A
190 Aol te A #3S 7Hssen, By =3
292 HAY 3d (Best-Effort)2 7HAsI90 A2
+4 (Path Loss) [19]19] A o]F HAE Bd
(Vehicular Test Environment Model)& AH-3Fith &
I =% #%9 (Log-Normal Shadowing)®] &% #Hx}
T 10 dB2 AAHI4T @] #Heold (Small-Scale
Fading)< 89.4 Hz (42 km/Hr)¢] £Z& (Doppler) F
b/} H U3 (Rayleigh) HeldoZ 743
29, TU (Typical Urban) ©% A= 24 [20]e] A&
HAok 71AFe] $A AL 20 W (43 dBBm)ez 4
AHNT, EHo| (olF @)Y A AL 500 mW
(27 dBm) E& W (30 dBm)o.2 HAYsrh. N
© DVl Ee 202 dAsae, N,
4t 939 9% (Thermal Noise Density)® -174
dBm/HzZ 7HEAS. 2 Rade] e EESM
(Exponential Effective SINR Mapping)™" #H< AR&
sto] FAEAom ¥ 12 RO AHE" wze

o
zde

A

A~ -
TE 7x]-1_.

max 1 li /g;(.].sl_



90
E 1. W=z 25 Fx E 21
Table 1. Modulation and coding scheme (MCS) table
[21].
i EESMol ]
MCS C/1 ?ﬁl& AEE B, bit/sec/Hz
QPSK, 1/12 -3.0 dB 04 dB 0.135
QPSK, 1/ 0.0 dB 0.4 dB 0.269
QPSK, 1/3 30dB 04 dB 0.538
QPSK, 1/2 50 dB 11 dB 0.807
QPSK, 3/4 6.5 dB 2.3 dB 1.211
16-QAM, 1/2 11.0 dB 56 dB 1613
16-QAM, 3/4 140 dB 81 dB 2421
64-QAM, 1/2 16.0 dB 106 dB 2421
64-QAM, 2/3 175 dB 136 dB 3.227
64-QAM, 3/4 19.0 dB 143 dB 363
64-QAM, 5/6 210 dB 154 dB 4.035
B3 7% (MCS, Modulation and Coding Scheme) ¥
EESMel A& B, 3t HAFEH.
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Fig. 1. Service coverage at 64 kbps throughput

requirement level when total RS transmit power
is set to 500 mW (27 dBm).
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Fig. 3. Service coverage at 128 kbps throughput

requirement level when total RS transmit power
is set to 500 mW (27 dBm).
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Fig. 4. Serwvice' coverage at 128 kbps throughput

requirement level when total RS transmit power
is set to 1 W (30 dBm).
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Table 2. Effective sector throughput gain of different
SRARA schemes over no-relay scheme at 95
% service coverage when the transmit power of
RS is set to 500 mW (27 dBm).
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Table 3. FEffective sector throughput gain of different
SRARA schemes over no-relay scheme at 95
% service coverage when the transmit power of
RS is set to 1 mwW (30 dBm).
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Table 4. Effective sector throughput gain of TGS
scheduled schemes over PF  scheduled
schemes at 95 % service coverage.
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