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ABSTRACT

In this paper, we propose a joint bandwidth allocation and path selection scheme for IEEE 802.16j networks
in uplink with cooperative relaying, and we evaluate the performance of the proposed scheme by using OPNET
based simulation in hilly terrain with heavy tree density. The proposed scheme maximizes the system
throughput in uplink with cooperative relaying in IEEE 802.16j networks. Then, we transform the proposed
scheme into multi-dimensional multiple choice knapsack problem (MMKP) based scheme. We also propose
uplink throughput maximization scheme and MMKP based scheme without cooperative relaying. We show that
the system throughput of the proposed MMKP based scheme is higher than that of link quality based scheme,
and cooperative relaying provides higher system throughput than the conventional case without cooperative

relaying in uplink.
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Z¥2] 32l (path loss model)o| #|3=31 3 7FX] #]
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o] = Nyg=11elM, 4 MS jt R=05
(Mbps)®] BA1& 873k Alde]Lolch Nye+=
RS, S AHEE & e MS j=5,6,7,8,90]094
Nigp =5°13L, Npge RG= A8 o Sl MS
§=10,11,120]1994 N,q =303, NpgE RS, =
A3 5= glE MS j=13,14,150]1994 N,y =3
o ] D}[z, 19,20]

X 2= MS j¢F RS i AlEHA IeprEE
viepdich, =zl UL 77tellA AR 73 &5
= Nygor - Nggp=15680, Z#H|Y% UL A% +
ZrellA AR 7FesE EFTT Waness = Nugor
Ngpp * Rupss = 12320, ZH I UL FA 7kl
A AR 7R E SR Wiy = Nugor * Nz
R, 1, = 336001}, 2t MS j7} AEiEE H2oll4 R;
= HAS] $8] Z83k &5 4& direct path
ARAlE UL A4 F2kelld s, =12500] &8}
c}. b relay path AAE UL 44 F7relA]
S

=833, s;=833, s, =833°] Was}3, UL

o
3'_

M%O M@S‘ll M%z
&
QMSS MSBé
@‘MSE & ,\{"’, ) M514§
Biwis7 RS2 & RS4 -
@MSS MSlS@

@MSQ

J2l 3. OPNET 7|4k Al&deld Alu]e
Fig. 3. OPNET-based simulation scenario

1. AEdeld debry
Table 1. Simulation parameters
Parameters Values
Frame duration (7}) 5 msec

Number of OFDMA symbols per frame (V) 47

Ratio of uplink access zone to uplink

subframe (72,.,,,) 1714
Ratio of uplink relay zone to uplink
3/14
subframe (7., )
Number of symbols per frame in uplink
14
Ngoz)
Number of symbols per frame in downlink
33
(Nopr)
Number of RSs (V) 3
Number of MSs (V,,) 11
Number of slots in uplink access zone 12320
(wa ceess ) slots
Number of slots in uplink relay zone 3360
(W, ¢ 1ay) slots
Number of MSs covered by RS, (Vzg) 5
Number of MSs covered by RS, (V,g) 3
Number of MSs covered by RS, (N,g) 3

Number of uplink data subcarriers (V)| 1120

Required average data rate for MS j (%2, V)| 0.5 Mbps

Antenna gain of MS -1 dBi
Maximum transmission power of MS 0.015 W

Antenna gain of RS 3 dBi
Maximum transmission power of RS 0.017 W

Antenna gain of BS 14 dBi
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AT 4% YA B 09 99 2L A2 A9 o

A TelA ¥MlEE MMKP 7[HS
5y /5 =625, s5,/3=625, s,/3=625 ~©H
MMKP 7% s, ; =500, s3;=>500, s, ;=
5000] jéﬂs}q_[z,w,zm.

H3EE LQB 7|H<E AH88ke A5 By =2,
max; (mm(Bﬂ,BL )) =max(min(3,4)) =3°] 7]
ulol] 1170e] =& MS j 52 relay paths A€

(821/5)+2 331/3)

SHA| HU%,
+2(5,,/3)(=3125) < w,, (=3360) <2(s,,/5) +

2(s3,/3) 2(s,1/3) (=3750) ol <J&} 571°] MS 7}
sAlol 7Fsskar, 6702 MS j7F “gAle] A Ee,
H|3s LB 7IHel AA Ax® AEs
5R;=2.5 Mbps7} dojxlct. ¥ LQB 7<=
ARSS= 735l By =2
max, (min (B, B, ;) =max(min(3,5)) =3¢] 7|
ulitell ¥3E LQB 7|3 o] BE MS jES
relay paths A1€l3}A] =} o]u] RS ¢} BSS| &
Ale] MCS #HM-2 64QAM 2/3914 64QAM 5/6
2 gEe, 255, ;+ 285 ;+2s,, ;(=3000)
< W,y (= 3360) < Bsy, ;4255 ;+2s,, ;(=3500)
of es] 6712l MS 7} sAle]l 7Fsska, 5749
MS j7} FAle] A=, 3 LQB 7| AA
A28l 2] 61, =3.0 Mbps7} eizlch,
H|3¥ MMKP 7|5 AR83Sh= 7%, k, =4620
oA w, A (8)ell Al ky~ky B (Wepess — K1)

B

MAN ¢ B

/Nog=256601ck A1 (12)o] <Ja Y, L1,

Ji
j=M+1 By

<k, i=3,4 °o|", RS FAlo] 753 37K
o] whe] mE e RFS JHER K=

(1250 - 2/4) = 757} d9sla, RS, %= RS, %
o] B 2 RItE fshks wde] 37Kel7] o
ol K, = ~(1250 -2/4)=18757} FRsh}
Ky+k,=37500] w,,,, (=3360)5F Z=3517] o
ol K, =2-(1250 - 2/4)=1250°] Ht} 4]

ADel &3 Ky =w,,,— (K +E ) =3360—
(18754+1250) =235=  ZAAHcl  3s, (=3750)
<k (=4620) <45, (=5000) < 2J5] 3702] MS j
7} direct paths ©]-88fo] BSS} FAldh, Ny -
54/3(=1875) < k' (=1875) | &Jall RS, 374
o] MS j7F BA 7bsEkar, (Vg —1) - s5,,/3
(=1250) < K ,(=1250) il &J3] RS, 27§°] MS

i7F B4 7FsshaL, (Wpg—5) « 54/5(=0) < K,
(=235)°l 23l RS,ol= 54 7Fsdt MS j7F &
ANEA] ¢dol, relay paths ©]$3k= MS j+= 57¢]
th. A= 3709 MS j7F gAale] A= F4l 7l
gk MS ;o = & 7HE, ¥]§E MMKP 7|H

E 2. MS 79 RS ¥ AEHA FEvlE
Table 2. Simulation parameters for MS j and RS ¢

Parameters Values
. 2 bits/slot
B VI (16QA1\5[ 12)
$i :(R/le) - 1, 1250 slots/frame
2 (16QAM 1/2)
3 bits/slot
(64QAM 1/2)
833 slots/frame
(64QAM 1/2)
3 bits/slot
(64QAM 1/2)
833 slots/frame
(64QAM 1/2)
3 bits/slot
(64QAM 1/2)
833 slots/frame
(64QAM 1/2)
4 bits/slot
(64QAM 2/3)
9
Sa1 7. (5j2 : sz)/le 31;45Qsic1)\t;/f2r7;)16
5 bits/slot
(64QAM 5/6)
500 slots/frame
(64QAM 5/6)
4 bits/slot
(64QAM 2/3)

By, j=5,6,7,8,9

sp=(R/By,) - Ty,
j=5,6,7,89
By, j=10,11,12

J;

5y =(R]B,) - T,
7=10,11,12

B, j=13,14,15

J

s;3 =(R/Bg) * T,
j=13,14,15

By, j=5,6,7,8.9

By j» = 5.6,7,8,9

S91,5 (5j2 ’ 5)7‘2)/321.1‘ )
j=5,6,7,8,9

By, j=10,11,12

12
- 1875 slots/frame
541 ,j;O(sjg B;)/ B, (64QAM 2/3)

5 bits/slot

B, . j=10,11,12
5147 (64QAM 5/6)

S31,5 = ( ’ ]3)/ 31,5 500 slots/frame
j= 10 11,12 (64QAM 5/6)
B, j=13,14,15 4 bits/slot

(64QAM 2/3)
Lo . 1875 slots/frame
=i T (64QAM 2/3)
5 bits/slot
(64QAM 5/6)
500 slots/frame
(64QAM 5/6)

By j=13,14,15

S41,5 = (5j4 : 374)/3411 )
7=13,14,15

o] AA Al2~g] He]&-2 8R;=4.0 Mbps7} doi%l
.

13
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T T T
[]LQB without cooperative relaying
[JLQB with cooperative relaying

4 L IMMKP without cooperative relaying|
[_MMKP with cooperative relaying

u‘
z I I I u“
S o4 ____ R (g
2 I | | I ”HH
3 I I I I | i
a - I
S o
I} Il [l
< | | | | " I
= I I I I ‘H‘H u:‘
I | | | I I
r=---- e B u:‘f’ u*‘}’”’
- I o - u“ u:‘
i ! ) | ‘u !
0 H “‘ y “‘ y “‘ \‘ ul ] “\
MS6 MS7 MS12 MS15 MS5,10,11,13,14 MS5-15

38 4. w9E LQB /1M, ¥4 LQB /1M, e
MMKP 714, &3 MMKP 7'el] op2 MSH &

Fig. 4. Throughput of MSs when MMKP and LQB
schemes are used with or without cooperative relaying
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M+N ¢ B

ofck. A (10)ell <8 Y, Llu, <k, i=

j=M+1 Bil.j
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3600 AARE  3s,(=3750) <k, (=4620)
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= ol&sto] BSeE FAIH, Nyg - sy ,(=1500)
< K,(=1500) ¢l ©J5) RS, 370e] MS j7} B4l
TFeBIAL,  Npg + sy ,(=1500) < K, (=1500) ol
& RSl 37He] MS 7t Bl TbsEha
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o= B4l 753 MS 7} EA5HA] ol relay
pathS o]&3h= MS j= 67Holct. A= 27K MS
§7F BAle] AA=e] FAl s MS o] = &
N, BlgE MMKP 7% AA A28 A
£ 9R;=4.5 Mbps7} 2o1xIct,

7% 4= 18 32] OPNET 7]4} Aol At

Lex ¥l3@™E LOB 71, 3 LQB 74, H]
#Y MMKP 7|4, 3 MMKP 7|%¢ =
MS ¥  S&(throughput)S yeERdACE  oJ7]4
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HEE MMKP 7%, MS,, MS,,,MS,=
RS, MS,;, MS,,+= RS,7} TASH= relay path=
AA=a, MS,, MS MSg, MS,©] direct path=
AA=]o], dlole] AFFe] RS, RS2 BSE w4
w0 MS,, MS,, MS,;7} sAle] AA= L, A 8
el MS jE& BAle] 7hssliRlch. o] A AA
Al=d) A2]8-2 8R; =4.0 Mbps®]|i, OPNET 7]
v AlEdo] el ] M= eiAle] HA Al2E]
throughput=- ¢F 3.9 Mbps7} olxlch 39
MMKP 7|2 33 FAE &3] RS ol BSZ
o] MCS o] 64QAM 2/3¢I4] 64QAM 5/6.2
2 akwle], H]3 s MMKP 7|Wellx] Exlo] 7
AERE MS ;2 BAle] shsalixit. 1 Ad A
A AlzswlollA 97)e] MS jES FAle] 7FssiRict
o] 7% AAl Al=8l A& 9R;=4.5 Mbps©]
3L, OPNET 7[Ht AlE#He|AoA ems|= weiA]
o] A Al2~H] throughput-> <F 4.4 Mbps7} 2¢]
A}, weba] Aljlel= #3 MMKP 7]Rie] A
A|2~®] throughputo] 7} =7 Aoz a, L tg9]
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