B

Bo® 20 MR S 1k SER RIS 2
= N\ - 2—_[7‘1;
28 R /o ﬁo/}; 1,

Research on Resource Allocation for Multicast

Services in OFDM Systems



Jo# S0 AR S 1k A IR 2

AR Yy

Research on Resource Allocation for Multicast

Services in OFDM Systems

BoroA L A s Student : Chieh-Ching Su
R Bz B4 Advisor : Dr. Jyh-Horng Wen

A Thesis
Submitted to
Institute of Electrical Engineering

College of Engineering

Tung Hai University

In Partial Fulfillment of the Requirements
for the Degree of Master
in
Electrical Engineering

July 2009
Taichung, Taiwan, Republic of China



RBALERIRL LB
EREBERE

ERMIBZLMRA_ BN E BRARZIHBX
PX O RANER SRS T A BB R
Z BBy EME

3 3 : Research on Resource Allocation for

Multicast Serves in OFDM Systems
BAXREBEGRE  FomaLAMEE

EnLRL A e BEAC
%

98 s+ T

III



S

Ad RE B g ERRER T R TE R B A R

| =
W
\\
H
.
.

§5 B B A G B A ML BA T F A ]

TR TR HAL R BT S X Bic2 R T RIS A K

_,\

i

AL ERREZ FAHUREZ o FL AN O PF w3 T
FUR KRBT B LR EE e VR REHE Y A :%‘?55/']“%;1%,

LeARAmYyERY TRl 2 R TR MR Lk P F

i

GREEYEA I IR S W2 L P E MBI R R Y L]
FRAELLER? LA BFd VEIEEAFAT 2 A FE A
TR NEREHECFE R FE AR B
Ry 2 A AR GRS A R gt - B R

R = ek ) w%iﬁi%&a@auaggafﬁi
REFTRROFFP Bl BROfFE A RnErAhwmy FroRfl=

A o

v



X

ErEFERRIRIIR LS M g RAT R fet R
AT B TR PR AL AFRER T FIRIES 2T g Ry
T— AR KMk - BMAEEAT KA o P X ST RA e
TEEAUH R E L P o

AR Y s APT R A - BHEIET AL S LY Ay
$7 F ed i3 1 R] S 2% stad i & (throughput) - 7 % 0 A Y
Bt BRFHFAUHT AL gk B Bl B -
i B iz 1 2R
AR F o B BRI AP Y I RG]
EEB G Ra > @ FEAFIRE AAEF - E4RA -
Tt A - fl%-?l’ﬁ % %z;e;»’f&&éﬁ:'z EIHEE B AR
FREETT HEY O POl R TR AEEPARI ALY o
FHRFE RIS - BT e SRS GRS - ol AT R
AT E F Bk et BN D T D TR A fe b 4 b
B B R, WA BT 2 R ol 20 R chfR L L)
*+ bl o

!
|

L e ant o T e R A s L 1 R W

~



Research on Resource Allocation for Multicast

Services in OFDM Systems

Student : Chieh-Ching Su Advisor : Dr. Jyh-Horng Wen

Abstract

Recently, there has extensive research on resource allocation schemes
for multicast services that would satisfy the requirements of multimedia
traffic. Dynamic resource allocation is a key techniques that can
significantly improve the performance of the next generation wireless
systems under guaranteed QoS to user. Most of the current resource
allocation algorithms are, however, limited to unicast traffics.

In this thesis, we consider two different resource management criteria
to improve the system throughput in multicast OFDM systems. In the
first criterion, we consider maximum throughput (MT) under the
constraint of total power. Next, maximum throughput under the total
power and proportional fairness (PF) constraints is considered. To solve
the optimal problem, we can utilize the integer programming (IP) to
obtain the optimal solution. However, which wused the integer
programming to solve, often has high computational complexity.
Therefore, we propose the suboptimal algorithm that has the
low-complexity to improve system throughput. First, the suboptimal
algorithm allocates the sub-channels to the groups by channel state
information of all users and then assigns power to all sub-channels.
Numerical results show that the proposed resource allocation scheme for
both maximum throughput and proportional fairness significantly
outperform the conventional multicast transmission scheme. The
difference optimum and heuristic solutions is less than 5%.

Key word: OFDM, resource allocation, multicast, bit-loading,
throughput, low-complexity, fairness.
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3.2 AMEHEAL
bhEd > FAAL S REEE o 4B 310 THEL E - B
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o SubcarrierBit Channel State
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Information :
Algorithm K users
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Traffic: flowe 1 s o

Traffic flow 2 ; i

Adaptive ";EdT ;ﬁ Up LI S
Modulator Add P DiA converter

Traffic flow G 5 > »

Data

(EHE)

Group 1(HFE)
[]SEI’ R1 [ [ I
Z Adaptive Egni\?s asriz) Down
Demadulator cp - A0 Converter "
@
Subcarrier/Bit Allocation
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Group G(AF#F)
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Lrn’a)lg)iC maXZZ|K | €Ly
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f(cn)pg,n
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&g,n

subject to m?x( )< % for all n. (3-3)

G
D> pa<l, n=12,..N
g=1
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2(3-2) 4> F - BEH BRI 0
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g=4,ther=0.001

k=32 N=10 ther=0.001 suboptimal algarithm |
—+—K=32 N=10 ther=0.001 optimal algarithm
k=16 N=10 ther=0.001 suboptimal algaorithm
—#— k=16 N=10 ther=0.001 optimal algarithm
k=8 M=10 ther=0.001 suboptimal algarithm
—t— k=8 N=10 ther=0.001 optimal algarithm 7
k=4 W=10 ther=0.001 suboptimal algarithm
k=4 M=10 ther=0.001 optimal algorithm

T — 2 gl q
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SMR(dE)
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% 3-1 target BER=0.001 » & * ¥ 4 2 8 1 2 »cic v"
+# o i 4BFEe
LR S 4B ¥ 8 it ¥

B it E R

S TN L
eI NES

B w2

- 1k 1L B oL
=X iF /%’-F#/Z

FiiE B | 10 B 10 10 i 10 i

@i 5| 10dB 10 dB 10 dB 10 dB

gl

FAgEF | 0.001 0.001 0.001 0.001

SNR=0dB 0.5289(bits/sym- | 0.3692(bits/sym- | 0.8269(bits/sym-| 0.5076(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=5dB 1.16(bits/symbol | 1.022(bits/sym- | 2.054(bits/sym- | 1.794(bits/sym-
/subchannel) bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=10dB | 2.319(bits/sym- | 2.183(bits/sym | 4.211(bits/sym- | 3.929(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=15dB | 3.813(bits/sym- | 3.549(bits/sym- | 6.956(bits/sym- | 6.556(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=20dB | 5.412(bits/sym- | 5.207(bits/sym- | 9.892(bits/sym- | 9.543(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=25dB | 7.006(bits/sym- | 6.8(bits/symbol | 13.28(bits/sym- | 12.93(bits/sym-
bol/subchannel) | /subchannel) bol/subchannel) | bol/subchannel)

SNR=30dB | 8.635(bits/sym- | 8.495(bits/sym- | 16.4(bits/symbol | 16.04(bits/sym-
bol/subchannel) | bol/subchannel) | /subchannel) bol/subchannel)

A SR 60466176 600 60466176 600

36




# 3-2 target BER=0.001 » i * ¥ 16 i % 32 i 2 »zic v 2
E= NS 4 ¥ le
L N S 16 1 i * ¥ 32 Bt r X

b e L NS

I R N
e A L NPES

e LI NS

la)

F
S RERE RS

W BH |10 B 10 @ 10 @ 10 i
@i 5 5| 10dB 10 dB 10 dB 10 dB
gl
g FF | 0.001 0.001 0.001 0.001
SNR=0dB 1.193(bits/sym- | 0.666(bits/sym- | 2.536(bits/sym- | 0.9248(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=5dB 3.109(bits/sym- | 2.236(bits/sym- | 6.837(bits/sym- | 3.629(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=10dB 6.487(bits/sym- | 5.673(bits/sym- | 14.92(bits/sym- | 9.606(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=15dB 11.28(bits/sym- | 10.51(bits/sym- | 25.37(bits/sym- | 18.21(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=20dB 17.2(bits/symbol | 16.33(bits/sym- | 38.19(bits/sym- | 29.16(bits/sym-
/subchannel) bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=25dB 24.35(bits/sym- | 23.38(bits/sym- | 49.49(bits/sym- | 42.55(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=30dB 31.64(bits/sym- | 30.89(bits/sym- | 62.86(bits/sym- | 55.62(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
A SR 60466176 600 60466176 600
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throughputibits/symbol/subchannel)

tber=0.0001 g=4

B0 . . . . .
—&— k=32 M=10 tber=0.0001 suboptimal [y
—+— k=32 N=10 ther=0.0001 optimal
sl i k=16 N=10 ther=0.0001 suboptimal 5
—#— K=16 M=10 tber=0.0001 optimal
k=8 M=10 ther=0.0001 suboptirmal
A0+ | —— k=8 N=10 ther=0.0001 optimal 7
k=4 W=10 ther=0.0001 suboptirmal
k=4 W=10 ther=0.0001 optimal
30+
20+
10F
0 - ;u'. 1 1 1
a 5 10 14 20 25 30
ShRdE)

B 3-3 target BER=0.0001 2 »xat vv #i
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# 3-3 target BER=0.0001 » # * ¥ 4 i % 8 i 2 »ic v

e B #Hc 4 BFE

iz”*—‘ﬁﬂ%ﬁt 4%1’%?%‘ 8%1’%’*%‘

FEESFE | RGFEEE | SNBFEE | KRLFEE | XRRE R

T BEK (10 B 10 10 10

Bz 10dB 10 dB 10 dB 10 dB

il

S | 0.0001 0.0001 0.0001 0.0001

SNR=0dB 0.3755(bits/sym- | 0.2169(bits/sym- | 0.5924(bits/sym- | 0.3566(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=5dB 0.9334(bits/sym- | 0.7426(bits/sym- | 1.662(bits/sym- 1.147(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=10dB 1.932(bits/sym- | 1.674(bits/sym- | 3.503(bits/sym- | 3.02(bits/symbol
bol/subchannel) | bol/subchannel) | bol/subchannel) | /subchannel)

SNR=15dB 3.273(bits/sym- | 3.132(bits/sym- | 5.932(bits/sym- | 5.443(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=20dB | 4.818(bits/sym- | 4.662(bits/sym- | 8.73(bits/symbol | 8.377(bits/sym-
bol/subchannel) | bol/subchannel) | /subchannel) bol/subchannel)

SNR=25dB 6.432(bits/sym- | 6.215(bits/sym- | 11.99(bits/sym- | 11.47(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=30dB 8.136(bits/sym- | 7.981(bits/sym- | 15.37(bits/sym- | 14.96(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

AR 60466176 600 60466176 600

% 3-4 target BER=0.0001 > # * 3

*
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e B i 4 e

ié*dﬁfﬁﬁt lﬁfﬁié’*ﬁ 321]%1%'**%

FREGE | REtpEE | SdtEEE | REBFEE | gE

S ERBHE | 10B 10 i@ 10 i@ 10 i@

L 10dB 10 dB 10 dB 10 dB

L)

FAgES | 0.001 0.001 0.001 0.001

SNR=0dB 0.8894(bits/sym-| 0.458(bits/sym- | 1.583(bits/sym- | 0.532(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=5dB 2.265(bits/sym- | 1.373(bits/sym- | 5.101(bits/sym- | 2.307(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=10dB 5.138(bits/sym- | 4.532(bits/sym- | 12.06(bits/sym- | 7.603(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=15dB 9.79(bits/symbol | 9.086(bits/sym- | 20(bits/symbol/ | 13.57(bits/sym-
/subchannel) bol/subchannel) | subchannel) bol/subchannel)

SNR=20dB 15.93(bits/sym- | 15.23(bits/sym- | 29.68(bits/sym- | 25.75(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=25dB 22.53(bits/sym- | 21.9(bits/symbol | 43.5(bits/symbol | 41.54(bits/sym-
bol/subchannel) | /subchannel) /subchannel) bol/subchannel)

SNR=30dB 29.39(bits/sym- | 28.81(bits/sym- | 58.25(bits/sym- | 55.42(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

A SR 60466176 600 60466176 600
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throughputibits/symbol/subchannel)

35

30 H

—— k=16 N=10 tber=0.001 optimal algorithm
-=— k=16 MN=10 ther=0.0001 optimal algarithm
—t+— k=16 N=10 ther=0.001&0.0001 optimal algarithm

1
5 10 15 20 25
SHR(dE)

Bl 3-4 = A4EEX 7 2o B i (LR E E T iR
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303-5 T AEE A e BV IFE E T IR

iz”*—‘ﬁﬂ%ﬁt 161%9*—*5‘

E=N R 4 e

WEED B it w2

AR 60466176

+ i3 S ¥ 10 i@ 10 i@ 10 @

B i 5 4] | 10dB 10dB 10dB

AR 0.001 0.001&0.0001 0.0001

SNR=0dB 1.147(bits/sym- 1.075(bits/sym- 0.8422(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=5dB 3.062(bits/sym- 2.809(bits/sym- 2.323(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=10dB 6.53(bits/sym- 6.214(bits/sym- 5.223(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=15dB 11.92(bits/sym- 11.34(bits/sym- 10.14(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=20dB 18.13(bits/sym- 17.17(bits/sym- 16.16(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=25dB 24.02(bits/sym- 23.08(bits/sym- 21.98(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=30dB 30.33(bits/sym- 29.57(bits/sym- 28.27(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)
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—— =16 N=10 ther=0.0001 suboptimal algorithm
k=16 MN=10 ther=0.001 suboptimal algarithm

k=16 MN=10 tber=0.001&0.0001 suboptimal algarithm
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3036 AT A 2 SRR W B A R

iz”*—‘ﬁﬂ%ﬁt 161%9*—*51

E=N S 4 e

W R SR e

AR 600

+ i3 S ¥ 10 i@ 10 i@ 10 @

B i 5 4] | 10dB 10dB 10dB

(R R 0.001 0.001&0. 0001 0.0001

SNR=0dB 0.666(bits/sym- 0.3988(bits/sym- 0.458(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=5dB 2.236(bits/sym- 1.221(bits/sym- 1.373(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=10dB 5.673(bits/sym- 4.604(bits/sym- 4.532(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=15dB 10.51(bits/sym- 9.841(bits/sym- 9.086(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=20dB 16.33(bits/sym- 15.81(bits/sym- 15.23(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=25dB 23.48(bits/sym- 22 .3(bits/symbol 21.9(bits/sym-
bol/subchannel) /subchannel) bol/subchannel)

SNR=30dB 30.89(bits/sym- 28.17(bits/sym- 28.81(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

44




throughputibits/symhbol/channel)

all]

=16 MN=10 optimal algorithm
—&—G=8 N=10 optimal algorithm
a0 F —&=—G=4 MN=10 optimal algorithm
——15=2 PN=10 optimal algorithem
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2037 W B 2o i

&”*ﬁflﬁﬁt 16%?%’*45

W E D Boid it w2

AR 60466176

Hias 2 FFE 4 ¥ e 8 3l 16 B3+ 2

FiE S8 |10 B 10 i@ 10 @ 10 i@

B x5 10dB 10dB 10dB 10dB

il

=g S | 0.0001 0.0001 0.0001 0.0001

SNR=0dB 1.437(bits/sym- | 0.9962(bits/sym-{ 0.6336(bits/sym-| 0.4227(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=5dB 3.158(bits/sym- | 2.239(bits/sym- | 1.708(bits/sym- | 1.098(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=10dB | 7.735(bits/sym- | 5.238(bits/sym- | 3.639(bits/sym- | 2.161(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=15dB 15.71(bits/sym- | 10.49(bits/sym- | 6.059(bits/sym- | 3.528(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=20dB | 26.45(bits/sym- | 16.08(bits/sym- | 9.019(bits/sym- | 5.156(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=25dB | 38.73(bits/sym- | 22.15(bits/sym- | 11.92(bits/sym- | 6.758(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)

SNR=30dB | 51.25(bits/sym- | 29.4(bits/symbol| 14.48(bits/sym- | 8.444(bits/sym-
bol/subchannel) | /subchannel) bol/subchannel) | bol/subchannel)
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% 3-8 AT FThAFE B

Rig

A o2 Hedh A 1

L

H T R A i

L P

2 F ook S ok
/%’-7%!‘ =7 4=

Bty

e LI NPES

Hias 4 BF e 4 ¥k 4 i F e

+ i iE S 64 B 64 & 64

B 5] | 64dB 64dB 64dB

R R A 0.0001 0.0001 0.0001

SNR=0dB 0.5296(bits/sym- 0.6769(bits/sym- 1.085(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=5dB 0.9067(bits/sym- 1.722(bits/sym- 2.804(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=10dB 2.157(bits/sym- 4.7(bits/symbol/ 6.102(bits/sym-
bol/subchannel) subchannel) bol/subchannel)

SNR=15dB 4.353(bits/sym- 9.533(bits/sym- 10.7(bits/symbol
bol/subchannel) bol/subchannel) /subchannel)

SNR=20dB 6.91(bits/sym- 15.27(bits/sym- 17.51(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=25dB 10.73(bits/sym- 21.86(bits/sym- 24.18(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

SNR=30dB 16.37(bits/sym- 28.57(bits/sym- 30.91(bits/sym-
bol/subchannel) bol/subchannel) bol/subchannel)

A SR 1 24576 6.3340e+049
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BPI IS L AR T L 2T REGENFTRAR

4.1 ' %

BEHL AL fA s P - R ESEHTE T Rk T aRRAL
Bt r Y R TR T [33] 2 AT R A
£

FAUP T o L

-~

L

Praf2iFL FTRAfFEE T &
SRR R AR N 5+ R Ry Ll

TR A G2 T PR 5 U2 TE P A s g -

BAHEL AN AR FAFEAFR mAPr T L T RAfe
Bk FAe o ST RAE2 U)o U HcR AR R i1 R AR
APFRED - FEREFAFRR DL F o APRT - BE
BAFOHAFRE R S TR R E > DA KR FE e it 2
TG T o E BEEOP RAESFE - ool F o T REG
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4.2 'A\l'fi:ﬁti};ﬂé\ﬁt‘ﬁsli (T A=

Fd [Bl]x 2o g4 22 DY gl Flf e

2

FeX mAafir 2 RATIFL A AFRA ez 32 o Ra it A

Lo

PV AR - AR FEE A A - BIUFIIEE S R H ATy B

W AEIAR R F R Aok (4-2) R A T

R, 55 ghHemidFdricT
N
R =Y .¢,p,, (4-1)
n=1

g (4-1)5%+ kg BB G Sand i P PP 0% D584 T 4o

G N
max Y M |K, kP,

Cn>Pg.n

g=1 n=1
G N c
smwwzzﬁﬁ&xg (4-2)
g=1 n=1 g.n

ipg,n =1, n=12,.,N

Rl:Rz:...:RG =YYy Y
B E YR AR BN
¢ K |FEERY Ko

AR B AFELT LT Vg BHER T -

ETTRS

®

g,n

(4-3)

{1, if n-th subcarrier is used for g-th group
pg’n =

0, else

ZG:pg,n =1, for V,

g=1
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02(—ln5p6) .
fle)=——F—(2" 1) (4-5)
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maxZ|Rg, }/g|—2 2m1n7/ (4-7)

Rgi g=l1

4.3 MAFRRXTHTRAFIFE

WA A(ADRY RSB ABIREIUAEE AR L
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s frem ikl SoERAFE Afad (T - B FAF A
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AP REG R B CE S ST g BEE B K

BLA

w

Eoc, i ¥nBIag P adg p, R EaBIEELEAR

V3 2. :: . 5 A Ve "‘; ,,}4,4 - V‘,’_:’ .
/\—:' ]}; EI%’# ’Qgﬁ&ﬁo“g%glﬁ;%i“im‘ﬁ-ﬁ_+3£3‘E‘1_'_;\'mg§

K REHR g BRI ¥R L AL HF ] B S FE

ABERDER > FHEAfRFYEE T HELCT

(a) A R,=0~Q.=0~p,, =0>g=12.,Gn=12..,N
» P A={1,2,..,N} °
(2) #¥g=17G
() HEnBEB,,| 2 |8, &5 j a7 F o
(b) 4 Q,=0,U{n} > A=4-{n}* L #7p,, =1"°
(c) #+8e, X LATR =R, +¢, °

(3) % AxgenlFinT > BF 1T H 2

= up R R oL o
(a) H&F g g P 4T3 00 1<i<G o

Yo Vs

(b)) #¥%H% g BHEHE  IHR L, | 2 |6, &
H$erd R AAG .

(c) &% H3lechgdrin £Q.=Q.U{n » d=4-{n} > =

g

(d) #+dc7g %?Rg‘ =R +c, °



e
¢. = min( f‘l(%) M) n=12,..,N

brid S BRAPR A F AR

NE:

~‘.
-

A3 R E R P A -

W F T NI o FXFAFFE BT B Mt N

R , 9
AL () R ERVRBIAE R o FHE AP
Y

2
2
f
4

L /]}]J;\: ;}J.‘ o

IR

TRk P EF P AR B

/'v\ﬁaj\;“{ﬂ%\:( FL L BN T MR R o

FoNEIARALT U EL RGN HF LR

GhRES S BR - ABMEA S F T 3 L A e LR

ST Y R A e Bk B AL A R A A e

G N
max > > |K, [ ¢,p,,

e g=| n=l1

subject to i i ACY

(4-8)
g=1 n=1 ﬂg,n

Q, are disjoint for all g

U0, U..UQ, c{1,2,..,N}

where €, is the set of subchannels for group g

E(4-8) e i P AES T A S i s B4R E
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G
1
L= Z Flogz (1+pg,nﬂg,n)

g=l neQ,
G
+ﬁ'l (Z Z g n total) (4_9)
=1 neQ,
G
+Z/1g Z_logz(“'plnﬁln)
g=2 ne) N

4 Z log, (1 +p1,nﬂ1,n )

g nng

where {4}, are the Lagrangian multipliers
GR¥t s e T E(4-9) N A

8L _ 1 ﬂl,n
ap1,n Nln2 1+ﬂ1npln

B
+ L =0 4-10
/ll z ¢ N1n21+ﬂlnpln ( )
oL 1 B..
Gpg’n Nln21+,b’g,npg,n
- 1 Pa__ g (4-11)

7/g Nln2 1+ﬂ P
forg=2,3,..,Gandn €Q,.

(-) #HE-HemH I MR AT TEY > HHT g BHEH 2D
Bl v F Rk fe o

Pow __ P (4-12)
1+18g,mpg,m 1+ﬂg,npg,n

’ 2

£ mneQ, * g=12,.,G oL 4 ¥t e=1,2,.,G® N, {”E‘Qg g
R f, o< fyy 0 BRI e g
By = Pe (4-13)

ﬂg,nlgg,l
for n=1, 2,..,N, andg=12,...,G.

pg,nng,l—i—
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(413N T ER ey nBFg P &HE - BEEor F o[-

P a1 g BEHETRP,, BT P S A fRE

< Ben =B
g total z pg n gpg 1 Z £ = (4_14)
n=l1 n=2 ﬁg,nﬂg,l

for g=1,2,...,G.
(z) #Fmpeir @9 P, o A8 a7 iEd (4-13) 34 {v(4-14)

AEAALETS TR (48N TG F ey B 3 EF

P 0 e 412D r(4-1D) N o FE ST AT
1 N Pt()ta =V
Zﬁl(bgz 1+, #) +log, ) (4-15)
1

Ng Pg,total _Vg
—W(logz(lJrﬁg’l N—)+log2 w,) forg=23,..,G.

g g

N, .
v, = Pen= P forg=12,..,G. (4-16)
g=2 ﬁg,nﬁg,l
1
Ne B \Ne
w,=| [1-* forg=1,2,..,G. (4-17)
n=2 ﬁg,l

G
Z Pg,tutal = Ptotal (4-1 8)

T T S N PR
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4.4 BHA B LS

BT AE S KSR A Rl R R 2 M

BFEZad 3 h A i R R 3RS R F R T BB B

(1) g -1 % #F:E F # 55 ) % 8 € i (frequency selective
Rayleigh fading channel) °
(2) BK*- @ ®#* 4 target bit error rate $°- % > 4 P4
W) % 0.001 % 0.0001 7 F& iR o
(3) BxRR* F16B FHedp-
(4) Bk BEBHD AN I s i g A & 10
(5) FHFEP » =rddb < EM 7 6 bitse
B3 FEY S APALRY F 16 Y 2 FPEAEFI R
# - Bz FuadFartie £ 8 - B 4-1 5 target BER=0.0001 >
el aroLn v £ 4] HSE B arTa i o B 4-2 5 target
BER=0.001 » ## 3 B eiodciy Vb 0 & 4-2 S FH B A vy v o Bl 4-3
% target BER=0.0014r target BER=0.0001 crizciy vt die » % 4-3 5 i

O it At B s R EG A
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throughputibits/symbol/subchannel)

10

target BER =0.0001

—=— g=1 K=16N=10 fairness algorithrm
=2 K.=16 M =10 fairness algorithm
—#&— g=8 K=16N=10 fairness algorithm

—*— =4 K.=16 N =10 fairness algorithm

5 10 15 20 25 a0
SNF ()

B 4-1 target BER=0.0001 » %% ' [F chdkay v i
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# 4-1 target BER=0.0001 5 #F = F iy b fie
16 ¥ & * Jﬁ
He 1 B3 2B %3 BFEE 4 BFe
S+ iE S8 |10 B 10 i 10 i@ 10 @
@i 5| 10dB 10dB 10dB 10dB
gl
g5 0.0001 0.0001 0.0001 0.0001
SNR=0dB 0.3967(bits/sym- | 0.4552(bits/sym- | 0.3535(bits/sym- | 0.6554(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=5dB 1.5878(bits/sym- | 1.1058(bits/sym- | 0.5955(bits/sym- | 1.2341(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=10dB | 1.8998(bits/sym- | 3.9601(bits/sym- | 2.8048(bits/sym- | 2.402(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=15dB | 8.2378(bits/sym- | 4.8153(bits/sym- | 2.1311(bits/sym- | 2.7481(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=20dB | 9.3652(bits/sym- | 6.2214(bits/sym- | 7.1714(bits/sym- | 8.4113(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=25dB | 4.6566(bits/sym- | 7.3099(bits/sym- | 8.6849(bits/sym- | 8.175(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=30dB | 5.474(bits/sym- | 8.8503(bits/sym- | 9.9333(bits/sym- | 6.5882(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
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ey
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throughputibits/symbol/subchannel)

target BER =0.001

N —*—g=3 K=16 MN=10 fariness algarithm

—H&—g=1 K=16 N=10 fairness algarithrm
—&—— g=2 k=16 N=10 faimess algarithm

—%—g=4 K=16N=10 faimess algarithm

5 10 15 20 25 a0
SNF ()

B 4-2 target BER=0.001 » #f % B sy b
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target BER=0.001 » ¥ %= [ d»cag W ik

16 i i * —*ﬂ‘
e 51 BFe 52 BEE 3 BFEE ¥4 BEE
FiE S |10 B 10 i@ 10 i@ 10 i@
@i 5 5| 10dB 10dB 10dB 10dB
gl
FAgES | 0.001 0.001 0.001 0.001
SNR=0dB 0.4786(bits/sym- | 0.8829(bits/sym- | 0.643 (bits/sym- | 0.572 (bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | Bol/subchannel)
SNR=5dB | 1.4568(bits/sym- | 0.8704(bits/sym- | 1.384 (bits/sym- | 2.393 (bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=10dB | 2.7786(bits/sym- | 4.8952(bits/sym- | 4.336 (bits/sym- | 2.044(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=15dB | 7.7691(bits/sym- | 6.534(bits/sym- | 5.216 (bits/sym- | 4.433(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=20dB | 8.804(bits/sym- | 8.095(bits/sym- | 6.839(bits/sym- | 6.86(bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=25dB | 11.063(bits/sym- | 11.758 (bits/sym- | 13.19(bits/sym- | 11.05 (bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
SNR=30dB | 9.3987(bits/sym- | 10.299(bits/sym- | 13.23 (bits/sym- | 13.34 (bits/sym-
bol/subchannel) | bol/subchannel) | bol/subchannel) | bol/subchannel)
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k=1605=4

—HB=—G=4 N=10 ther=0.0001 fairness algorithm
—S—G=4 N=10 ther=0.001 faimess algarithm

ey
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throughputibits/symbol/subchannel)
o

B 4-3 5 target BER=0.001{r target BER=0.0001 era3i s vt #i2
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% 4-3 ARSI e AT R

g R 0.001 0.0001

B L f 4 B e 4 B¥E e

3 4k 10 i 10 i

Bz 5 10dB 10dB

SNR=0dB 0.64395 0.4652
(bits/symbol/subchannel) (bits/symbol/subchannel)

SNR=5dB 1.5261 1.1308
(bits/symbol/subchannel) (bits/symbol/subchannel)

SNR=10dB 3.5134 2.7667
(bits/symbol/subchannel) (bits/symbol/subchannel)

SNR=15dB 5.9879 4.4831
(bits/symbol/subchannel) (bits/symbol/subchannel)

SNR=20dB 7.6495 7.7923
(bits/symbol/subchannel) (bits/symbol/subchannel)

SNR=25dB 11.7654 7.2066
(bits/symbol/subchannel) (bits/symbol/subchannel)

SNR=30dB 11.5664 7.7115

(bits/symbol/subchannel)

(bits/symbol/subchannel)
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