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Abstract

We analysed the opportunistic scheduling method in MMR proposed by Samsung Electronic Cooperation and
confirmed the efficiency by simulation. We also investigated the relationship between the throughput and fairness
under the proposed method. The main objective of this study is to propose an opportunistic packet scheduling
method in MMR, which considers the QoS requirement of user. Using the simulation the performance of the
proposed method is compared with those of i) pure opportunistic packet scheduling method which doesn’t
consider QoS requirement and ii) packet scheduling method which only consider the QoS requirement, but does

not utilize opportunistic packet scheduling.
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I 4. IEEE802.16j°14] AAISH A=2EA B d = distance between base station and terminal
Category | Links Description Note h;, = height of base station
Hilly Terrain with sloEzE?e h, = height of terminal
Type A moderate-to heavy tree '
.. Type A a = 3.6
densities model
b = 0.005
IEEE
Intermediate path-loss 802.16 c =20
Type B | BS-MS condition Type B
model
EEE - BS9 RS HAE ¢4 (Type D)
Type C Flat terrain with light 802.16
M tree densities Type C 20log 47“1) ford < d,
model PL(dB) = A d
LOS| Modified A+ 1(l'ylov( 4, )+ APL+ APL, ford>d,
T D BS-RS | Both node-antennas NL IEEE
P U RS-RS rooftop o | 80216 oq71A,
model dred.
Only one Modified A=20log| ——
BS-RS A
Type E | RS-RS node-antenna LOS IEEE
P (BS/RS) above 802.16 dy =100m
RS-MS
rooftop model B ( APL+A PL,,,)
A [ 10y
Type F RS-RS Both node-antennas |LOS dI\j?)nSced dy = dy10 '
BS/RS) bel ;
RS-Ms | ¢ /r Ooitoe % |'NL [Berg/WiN y=a—bh,+ -
P 0s | NER )
RS-RS . NL | ITU h,
Type G RS-MS Indoor Office 0S| model B flolog(?) ford < d,
APL, =

h
*2010@;(—1) ford>d,
- BS 9} MS7+ A= &4 (Type C) ’

d = distance between base station and terminal

PL(dB)=A+10 « 7y « logm(%)—ﬁ- APL + APL, hy, = height of base station
dy = 100m and d > d, h, = height of terminal
a =36
- RS9} MSZF 742 <=4 (Type E) b - 0.005
2010g( 4:‘1) ford < d, ¢ =20
PL(dB) =
A A0log| |+ AL+ AP ord>d, 4 AY PrdBm)ye 4 2 PidBm)oIA
o171, A2 £08 WA T 4 A %,
4rd,
A =20log| Tdo) Pr(dBm) = Pt - L
% =100m olAl SINR @& 441 oI NoiseE WOz
APL+ A PL, _
g ) N AR g & Ak
afbh,)+hi SINR (dB) = Pr - N
b
h 7 AES 9sle] ® odToM AL
APL,, =|—10.8log | Categories Aand B SINR - gk #stel &AM Akt
}12 parameter 5 3 59 ZTh
—1010g( : ) Citegory G hy <3 9 FES EYE AR SINR & 39 3, 2
h 2 k= )
—QOlog(?') Category G, h, >3 d 4, 1" 5O e
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H 5. SINR A4S 913t Parameter 7%

Parameter *
Frequency Band (GHz) 3.5 GHz
Channel Bandwidth (MHz) 20 MHz
BS A4%3 (dbm) 47.781 dBm
RS A4E3 (dbm) 44771 dBm
MS H%EY (dbm) 34.771 dBm
Noise (dbm) 100.969 dbm
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Parameter *
Frame Duration (ms) 5
Number OFDM 9
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t, 100
R e 10
7 =27] 1000 bit
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Node3 1,501 1,509 1,583 1,661 1,879 2,097 3,486
Node4 1,501 1,507 1,554 1,615 1,801 1,923 3,861
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- &4 E#F (UGS)

- Big e EFY 1tPS)

- HTTP, FTP E&|¥ (nrtPS)
- IEYl EZY (BE)

29 E¥Z 29 [EEE 892.16 A2~
S BV w) AL & 5 e EfY =2y
110,111% o] 3]_93\;]_

D +4 Eﬂlél
2 2dle IDP (Interrupted Deterministic
Process)©]| 7]2&% ETk On AlZWTalk Spurt)2 it
352 msE e AFEIEE w23 Off AJZKSilence
Period)> i 650msE 2= AFEXE ujEch
G.7298 Z% m™=Z o} On ARF S HAL of
20ms Pt ¥ Aoz wAlscla sPgeith & 8
o] B Ao AMge EffElS 4] stk

4 Edge] Hi 7l A]RE 66 byte T2
528 bito]al Fir HloJE &2 17.561*528 bit =
9.3 Kbpso|th

252

8 4 EdY 24
= On AlIZt | Off AJ7F
M Tew | 22 | 3w
Source =25 . -
(oktsfsec) slepeel | ghebe} | (pkts/sec)
p (sec) (sec)
1 50 2.841 1.538 17.561
2) vt Egy
Hte Ezfy male 27)2] IRP(Interrupted Renewal

Process)?l] 7125 T d=Hl 2712 S ¥ IRP7} 3
o] 7l vt A5 JERiTh 2 AdejellA AR

ARFe SlE BEES w2r] on 77 B 92
S5 48 A5 £EE UED MPEGS BE &

G2 Ao 3 9o & A
< A9 sk

Htje Efge] i 3]l Alo]=E= 188byte &
£ 1504 bit2 HF HloE] &2 126.3*%1504 bits

0.19Mbps ©]ck.

TN AHeY =g 29

3) HTTP, FTP E#Y

HTTPUr FTP EFL Self-similar EZfF EA

< YElWZ] 98t 4709 F3HE IPP(Interrupted
Poisson Process)E ARS8} On 3t ZAol9} Off
T Zole 4zt AFEEE wWfmsth On 73 &5
¢F szl WA AL Poisson HAE WEH Off
TZF Sl HZlo] MAEA] fheth the <%
10>°] Self-similar ENFL TAA717] $5ke] A
2 g2 A7F ZY IS zH= 4709 IPPE AAEHY
<t ©] de}HElE2 Hurst Parameter 0.9 3kS 2t
= Self-similar EZfE-E JEREE AA =

B 7 Z7]= 192Byte 2 1536bitZ 713
3l HI dlolE &2 1536%65.104 = 100Kbps
oltk

1) QB B

ZF 1A A Bl Eflge IPP
(Interrupted Poisson Process) °ﬂ 7125 Fa3 ok
On 7313} Off 73+ Zole 747 A 225 W

I 9 HlYe =g
On A7+ | Off A3t
il Al
Source CJH??E i i o
T | slepet | slebelel | (pkes/sec)
(pkts/sec)
(sec) (sec)
1 112.38 1.14 1.22 66.849
2 154.750 1.54 1.28 59.451
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E 10. HTTP, FTP EY

On Azt | Off Azt

EH;QE B EX Bt
Source | E=FE . -
(pkis/sec) diepdel | sledlel | (pkis/sec)
P (sec) (sec)
1 58 9.920 7.442 24.92
2 37 0.3136 0.2352 15.795
3 30 0.0099 0.0074 12911
4 27 0.000099 0.000074 11.479
65.104
E 1. e E
AL | On ARRE | Off AIZE |
Source =35 =X BEX e
. . (pkts/sec)
(pkts/sec) | epHE} | Tejeel
1 22.79 0.1940 0.1455 9.77
£t On 7 B¢ #H3 =F& Poisson HFS
WETIL 7Pggith £ 110 B AFelA ARSgE E
dhe wae Y9 sk
Bt 93 Z7)1= 192Byte 52 1536bitZ 7173}
A3 Hi vlolE &L 1536%9.77 = 15Kbps ©|th

32 AlEYelA A
E A7) AlEd ol 2dl2> ARENAE ©]&3]
o 75 3ok

321 AlZ20o|M miziH|E}
B ABHol el ALET siepie} e e
3} 2oy

322 AlZ2lolM Z
B AEgolde U] 3711 SN S8
Ak

- AEFolA 1 : QoSt #F ﬂa:]s}x] e 7]
3 2AZEY(Tc = 100)7} QoSTHE 113
2AEY WHS Throughput¥} Delay ol

E 12, AlEdeld setee

Frame Duration (ms) 5
Number OFDM Subchannel 240
t,. 100
7144 e 60

UGS = 528 bit

rtPS = 1504 bit

A A7) nrtPS = 1536 bit

BE = 1536 bit

A vl SFATE QoSRHE 1ESt 2AIEH o

e A5 78 2tu e GHE FolA

uf Zdeitk UGS @, rtPS 9, nrtPS

o Og8]3 BE 9 o g AL s
_]

L XC) ‘:—l—q—'

~

- AEHolA 2 ¢ ZF AulzEE FolR Q(), (j
=12,3,4), 3sllA K7} @3] U uel
Throughput¥} ARl 88 3z AL A4

Alzre] Wil FolE AWEYTH

- AEelA 3 - WA K'E 18 A7 & Q)
% 35} /‘]74 W7FAA] Throughput¥} AH| 2
H F A AA ATRe] WE) Folg A
HEATE QG) #* W= 47k Fel 37H
TAF)AL shuet HSIAA YrbEA 54
E7Fs AA QY F¥E ¥ =
HESTE = Q(2), QB) 1EA Q4=
Al71 Q1) 2 WHIAIA W AHS
£ AHIE 3ol tiste] AAEth

1m
fd o ruz o rr

H |

1) AlEEeld 1 A

A7NE £ 130 QP98 33tk Throughput
A& oA 71ZF B3t AEE F Bit 2 HoHe=
tl 7134 2AE" el Qoswhs gk WY
of Hla] ¢F 12.5% =go] AR ol 7]|3H
2AEY o]l AE FI9 FHo| F& LS
AR og FE AFdte As s gdst
Azjo|t},
SHH QoSel A M ANAAFE W QoSE

F 2AET WHol UGS rPSelxle 71313
g R 9 Yehd vhdel] artPS9} BE
A YAl Qltk QoSE 1ES é?ﬂg
oA UGS$} rtPSE nrtPSY+ BE Hth 9
oz AF 735 FoAur] W szl AE Xl
Alzke] YAl Yehhs A Bedsl] Bok v
nrtPSY 53] BEQ] 7$oll= Af $-449]00A
A2 QoSE I 2AZEY wWhHo| 7|33

=

R )
rlr ot

l—ﬂér&ﬁoﬂié > K
o
EE

E 13. AEYo)A A7 1

Delay time(sec)

Throughput
UGS |RTPS |[NRTPS| BE (bit)
QoS 0 | 0.02 | 1.584 |10.945|169,107,584

Opportunity | 0.017 | 0.051 | 0.988 | 0.199 |190,286,176
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K gl FdsA 3 94 =92 AE 73S

=0

7] o] FAgk AR Btk 1tPS DPH‘EL

= 20 wlgl K* = 3, 49] 7% AF AA Azt
o] Eoju= AoE Yt o= K = 20
UGS @3} rPS ©Havh A A7to] 318 A
ol O(sec)™ 0.02(sec)S ZysPd AFHo =z AL
7138E Fojutel rPSO] 3 AF AA Agto] @

fr e

7Fs AR Well U= 4]
AAX7} 0 ©]BZ UGS DJUE‘—&— s <t ®) vt
itPS @Rt AF FHEAE
A AZRE 7EAEfor He Aow =
K =3 32 49ME K = 20 H|3] A% &89
Throughput®] 7] wjio] ZE @E9] M4 7]

b FolET ol A% FHESANA el A2

L 5
a~]
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T
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e
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il
* Lo
2
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re
>
=
olN
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gt dEHoZ K = 3 52 494 nrtPSY BE
BEEe AE9d £9le) AdEART A
Throughput #Highs FEFES © Bo] ol ¥
Al Azke] F7leke Aoz Yt 4% K
294 Throughput®= 7 =31 7 A5 XA A
2w 74 9l ek gl

H AEH o)A 29 Ade= 7137 2AIEY vl
3 Qos WG 2AZH PHS AW EFs)
o] AFE-8F 739 Throughput ©]4} QoS oA ¥~
e ZaE AL 5 UsL e} Foh

Algdleld 2014 71 wEAele ARE Ko

- 29 B2 A7 BA AR 1

23 F QoS & LE%?& 2AEY I HlasE
W Throughput A= 12%2] 771 3L A A]
7+ UGS, rtPSE HIS3A|YE nrtPSH BE & 23]
S A2 4 dosis glos dehin REEDS
7

=guls o] &

3) Algdold 23 3
® AEEeldel e K = 42 A1 QG)
1S wstA)A U7PEA Throughput o AHl2 3

A FASE dhdel] KW = 3 32 40)ME nrtPS 2
@ 5o BE @R Ze OivE W HEZ %“ 7 AE AQ AREe] W3t FolE AwHgit:
itPS 7 HE A Algte] FrkeHAl €tk g ) & Wshk= a7l 3k Sl 370e 2 A7 &t
nrtPSe} BE @29 37l AE AR K gl & J Hst AAWIEA 54 $187Fs AR Q)
7??:}01] ue} sofues o2 yehdeh K gtel 3 o g 3 “17}52 “J%E"Lt‘r Algdold 2t
B2 4dMe AE AR &8 JAAE =3 £ X 15 X 16, 3 180 QopgE] 3ok
6& nrtPSL} BE ©idEo] HF AA Agto] & A 88 7%— °‘74le°] QY # wWspll we
I 14, MBI 23 2
Q) Delay time(sec) Throughput
UGS rtPS nrtPS BE UGS rtPS nrtPS BE (bit)

K'=2 0.000 0.020 50000 50000 0.000 0.021 1.105 0.216 189777536

K'=3 0.000 0.020 2.000 50000 0.000 0.032 2.225 9.160 189055616

K =4 0.000 0.020 2.000 5.000 0.000 0.034 2.843 12.279 171967808
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=2 /MMRAIA QoSE LHE 71314 A7 2AEH W

I 15, AlEglA A3 3-1(Q(1)H7)

QG3) Delay time(sec) Throughput
UGS rtPS nrtPS BE UGS rtPS nrtPS BE (bit)
0.000 0.020 2 50,000 0.000 0.032 2.225 9.160 189,055,616
0.005 0.020 2 50,000 0.003 0.029 2.308 9.679 188,888,048
0.010 0.020 2 50,000 0.005 0.029 2.245 9.232 189,004,784
0.015 0.020 2 50,000 0.008 0.029 2.247 9.145 189,093,968
0.020 0.020 2 50,000 0.011 0.029 2.174 8.873 189,173,744
E 16. AlEEold A3 3-2(Q)W7%)
Q@) Delay time(sec) Throughput
UGS rtPS nrtPS BE UGS rtPS nrtPS BE (bit)
0.000 0.000 2 50,000 0.000 0.020 2.360 10.090 188,645,504
0.000 0.005 2 50,000 0.000 0.023 2.375 10.032 188,733,056
0.000 0.010 2 50,000 0.000 0.026 2.372 9.734 188,728,448
0.000 0.015 2 50,000 0.000 0.029 2.372 10.051 188,685,440
0.000 0.020 2 50,000 0.000 0.032 2.225 9.160 189,055,616
0.000 0.025 2 50,000 0.000 0.035 2.239 8.979 189,101,792
0.000 0.030 2 50,000 0.000 0.038 2.273 9.311 188,980,544
0.000 0.035 2 50,000 0.000 0.041 2.279 9.323 188,985,152
0.000 0.040 2 50,000 0.000 0.044 2.178 8.787 189,180,224
0.000 0.045 2 50,000 0.000 0.047 2.231 8.956 189,106,592
0.000 0.050 2 50,000 0.000 0.051 2217 8.865 189,118,880
E 17. AlEdold A3 3-3(Q3)H7%)
Q@) Delay time(sec) Throughput
UGS rtPS nrtPS BE UGS tPS nrtPS BE (bit)
0.000 0.020 1 50,000 0.000 0.033 1.900 10.317 189,006,464
0.000 0.020 1.5 50,000 0.000 0.032 2.058 9.612 189,069,440
0.000 0.020 2 50,000 0.000 0.032 2.225 9.160 189,055,616
0.000 0.020 2.5 50,000 0.000 0.032 2.474 9.409 188,898,944
0.000 0.020 3 50,000 0.000 0.031 2.503 8.309 189,167,744
0.000 0.020 3.5 50,000 0.000 0.031 2.592 8.106 189,232,256
0.000 0.020 4 50,000 0.000 0.031 2.779 8.302 189,200,000
0.000 0.020 4.5 50,000 0.000 0.031 2.838 7.624 189,359,744
0.000 0.020 5 50,000 0.000 0.031 2.762 5.928 189,599,360
E 18 A&l A3 3-4(Q@)H%)
Q@) Delay time(sec) Throughput
UGS rtPS nrtPS BE UGS rtPS nrtPS BE (bit)
0.000 0.020 50,000 3 0.000 0.026 3223 0.980 189,776,000
0.000 0.020 50,000 3.5 0.000 0.025 3.154 1.006 189,776,000
0.000 0.020 50,000 4 0.000 0.025 3.073 0.997 189,776,000
0.000 0.020 50,000 4.5 0.000 0.025 2.860 0.933 189,777,536
0.000 0.020 50,000 5 0.000 0.025 2.661 0.860 189,776,000
0.000 0.020 50,000 5.5 0.000 0.024 2.440 0.797 189,776,000
0.000 0.020 50,000 6 0.000 0.024 2.193 0.707 189,776,000
0.000 0.020 50,000 6.5 0.000 0.024 2.035 0.650 189,777,536
0.000 0.020 50,000 7 0.000 0.024 1.846 0.565 189,776,000
0.000 0.020 50,000 7.5 0.000 0.023 1.569 0.450 189,777,536
0.000 0.020 50,000 8 0.000 0.023 1.505 0.445 189,777,536
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