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Mobile multi-hop relaying (MMR) technology is being considered as a promising solution capable to enhance
coverage, user throughput, and system capacity of the current wired backbone dependent wireless access
networks. Since the relaying nodes do not need a wired backbone access, MMR technology offers easy and
low-cost deployment, flexible cell planning, and adaptive traffic handling performance. In this paper, we
investigate performance and cost effectiveness of the MMR technology deployment in the IEEE802.16j based
WiBro/WiMAX systems. We first introduce standardization activities and research issues of MMR WiBro/
WiMAX systems. Since the coverage extension problem may occur in metropolitan areas as well as suburban or
rural areas where user density is relatively low or moderate, we introduce several MMR topologies and analyze
cost-effectiveness of MMR based coverage extension with respect to the user traffic density. Then, we argue cost
effect on MMR technology deployment and throughput performance, Finally, we introduce further study issues
including sectorized base station based MMR deployment approaches and the single and multi-frame structure
MMR approaches.
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Relay concepts
* Security
Frame structure

* Network entry
* BW request
Construction and transmission of MAC PDUs

+ Measurement and reporting

Routing and path management
* RRM, scheduling & interference control
+ PHY
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3.1 WiBro MMR Y E$] = Topology

3.1.1 £A1 8 (Metropolitan Area) Topology
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<Figure 1> 3tuke] 712150l SA 717} 1~47 % (tier)7HA] B
A9 ok EAY dHE A FERE RS

OO]:

H
T

e l‘l° \‘ﬂ

N

BS BS BS

! | | |
Figure 1. Metropolitan area MMR topologies(A type (Left), B

type (Center), C type(Right))

Table 1. Maximum possible number of relay stations at each

tier in the metropolitan area MMR topologies

(Rural Area) Topology
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Figure 2. Rural area MMR topologles(A type(Left), B type
(Center), C type(Right))

Table 2. Maximum possible number of relay stations at each

tier in the rural area MMR topologies

T A A type B type C type T 4 D type E type F type

71 A= A A 1 4 5 71 A= AW A 1 7 3

1 AlF SA7 & 4 8 8 1 AF SA7 F 6 12 9

2 A% FAY F 8 12 12 2 A% FAY & 12 18 15

3 A% AN F 12 16 16 3AS FAY F 18 24 21

4 AZ FA7 F 16 20 20 4 A A7 F 24 30 27

<Figure 1>9] A type 7] A= QtE|L}<] %i%_%i@iﬂr A7 32 A1 MMR 29 A7
QtElUe] Asdgo] 22 AFEA, o] A% st 712
AW A= FA 719 AR e Z2A Aot B4 C type 7] 3.2.1 43 24 A7
A9 SHElU A Aol FA7] HUY AE dgRY Fo1zl Al AA- o s HA HE2E HH 9 WiBro
ZALEA, o] AL NAZ AWAE 47 4709 28E MMR UEYAE FASHE weke Fold WAL #7190

T 2B E FHE /A S 5 (Seamless)O}ﬂl AT e HA 7|A =79 9 FA4719

stte 712 7o) Belste FAI71Y 4 AT e 71 A= Tote HAs AR Y F Aok HA3 EAE
o AA & FH FHHAQ 2= ALY st A B sk <F1gure 1>3%} <Figure 2>l A AANFEAE 9 298 o
E Y oo w2t ZAA A& S0, EY Y] HA T BT F&std BT 4 ol o] H A3 FAE A &3
s 7| A7 Bl A frt o n2 HEF FA7]  WEHNT AA A AFS 2 EA4S A /R ML O
E3MASTHA W AWM A Ao] 7hseiH, Edfgol B I 2ok A WAER, FAV]Y 99 7L 71A T @ 7t
ol TN w= HHF FAVIE 247 S AY T ARt Agsith F HAEE, B A0 Y 9 1
AZIE WAeHA £ A5 YT <Table 1> E41F -_r% ?otA gfeth Ao g A Ao e A$y wx
ol A shhe] 712 ol AA 7hse 2 AFol 24 75 3 9 F &3 (Adaptive Modulation and Coding (AMC)) option-

4 SA7] ¢ Yerd

A getA et



Cost-Effective Deployment and Operation of the IEEE802.16j based WiBro MMR Network 227

HAH3 BA Y BAGE FolA Mul2a J9S AWsle
Zol &

H g0 Ha82A 0oy o] £PA,

N
Min Cr = CpgXpst CRSZ]]XHSI’ (0
o] A% c,e WAL, ¢,% CRgt Yzt 712 =3

ﬂvu 49 7HA oM, X0 Xy ® ZIA T 74 A
Azl Sle 4719 F5 2424 el ve A SA7
A% & Yehdt.

T3 A G 212 1) AR A%ZRA, 2) 74T S A
%éﬁﬁﬂ?ﬂ%mwﬁﬂmﬂ%%ﬂﬂ%alﬂﬂ@@#
Ml 71 A =3 FA 7] 9 Afzo] Ak AW A Ak
2L N ATH 2 ASE FAsE BE FAV|IE0 ARl
st AWM A Y Fo] Folzl HA Mulx g HARGE
AokdhS YEPH th o] A 02 H AT

N
AB.S‘XBS+ ABSZ:] XR.SZ = A el (2)

o] B4 Apedt Apee A7 3Ue 71 A =3 FA 7] 7F A
st WA 9n|etd, A,= Foiz AA Anl 2 HH o,
71N = &% AckzAL 71 A T AR W 7 A E
JML A Z QA" 4 AF SAZEY Aw A o A @A
T BE EYgY §& st 7Aoo #8% Y 7t
A4 Eg Y &FRGE Folof drpE Zlo|H T Ao g
ZdH

_\ﬂ

v
(C—pApg) Xps— pAps) 1 Xps = 0, 3)
i=1

[¢]
BE=E
ASE SA7] ol g 21%174 = E}‘” 3 2ol R AT
X]fﬂ_N1XBS =0, (4'1)
MXH.SHH)_N(,:H)XR& =0, (4'2)
i€1,---,N—1

o] A% N& AT EA 7ts
& £ <Figure >4 &
ANEE AHE N, i=1,--
9

Ao BE A% A AAFH FAN} B4R %

g Ad $A719 Folth
ZAE C typeQI 75‘—?* <Table 1>°ﬂ"1
59 7 7+7 5.8, 12, 16, 200]

Ao 2M T3t 2ol 2H9EH,

XBSE{]-a 27"'7}7XR$E{03 13 2-} (5

~—~

mEbA 207 A2 B 4,8 Ha0 vgos B7)
o] W3k 272 WiBro MMR HIES 2 74 BA= T}
o A8 Y ALY o2 HYHT 5 A

dlo 22

= CpeXps+ ORSE X

N
ApsXpsT AHSZDIXR& = Ap
f

N
( C— pABS) KXps— pARSE KXpg = 0,
i=1

XRSI 7‘/V1XBSS 0,
]\]iXRb(i+1)_Mi+1)XR& =0,
=1, ,N—1

XBSE{17 2, "‘7}7XH§;E{O7 1,2, }

kA Agkal A

T

ology®ll thal & &3te] L& 7]

xz
b
i)
o
b
o>
o2l
:i

29 E YEY A Top-
3} FA7 + 2L HE

92 7% v 48 T F I BHE AT 343 8
9o) 312 7o) 9la) CPLEXE o) 4343, WElF FA7)E

m mlm Mz X

AZ/A T IS £ EY L ZE A9 753}
A EZHATGI 7HAs Ao, 1m?e] e HAA 0.1 ~
10bpsAte] 2 Eef o] AT E W3lA7]H AP
npz| ko 2 Ayl 3170 W2 AMC Option2 118 3FA] k0.
o, A7) @9 7HE & 71 A5 &9 7S 10%, 20%, 1
T 30% 2 7HAE AT <Table 3> A% B4 &9 gt
e #HES Yepd

<Figure 3>~<Figure 5>9} <Figure 6> Fo17 A "8 &
Au|2sted B as 71453 FA 79 A A A H &
oA g A stE ER Y-S WAl 7| H Yol Aot}
7129 SANE TYA F& A v A H - 7 Al x|
Zo wpet 943 HI%OM s s E T} P 22
Hl &S Y 2 Stk siA s e F SAVIE o) 8% 72



28 F58-H2E 9. AL . =

=72 AT H &= A § 849
<Figure 3> <Figure 4> EA 39 F2ES 1]
[}

4 AR e

B 9} C type Fﬁ]ﬂ H] &-0] 7—|7—1
d wf SAVIE AHEEHA B W ol Ei E%X* s EOEH
th o] A¢= FA71Y AWATL 424 71 A= 1434 1/5
JEE © AAY FA7)Y WG] AAT we WA
Hl -8 H T =7 W&ot
Table 3. Performance evaluation parameters
Parameter Value
Arp 300 Km2
A T EEEE
<Table 1>3} <Table 2>
Aps 1 km?
p 0.1~10bps/m2(0.1~10Mbps/km?)
BS H| & 1,000,000 Won
RS H| & 10%, 20%, 30% of BS cost
C 50 Mbps
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Figure 3. Minimum deployment cost for the metropolitan area
MMR network under various traffic densities
(0=p= 10(bps/m?)
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Figure 4. Minimum deployment cost for the metropolitan area

MMR network under various traffic densities
0<p< 4(bps/m2)
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Figure 5. Minimum deployment cost for the rural area MMR network

under various traffic densities(0 < p < 10(bps/m?)
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Table 4. Maximum coverage area and corresponding number of RS tiers in the metropolitan area MMR networks
A F B 3 C 3
BSS FANFAA| A | BS | BSF B FANFZIA | A | BS | BSF SAZNFIA | A | OBS
Pl s [BS#| = (A2%) | 2 [A4aA| BS | .. | 2 A2Y) | 2 |A4A| BS |BsE| = AZH) | = | A¥eA
only) 11213 |% | (kmd | only T2l % (km2) | only) 1123 |4 (km)
0.1 300 12 140 8 | 12| 3 25.0 75 8 |80 [ 1216 3 40 60 8 80| 12|16 | 3 41.03
0.3 300 15 (40 8 | 7.1 ] 3 | 20.15 75 1518082 0 | 2 | 2023 60 15 [ 8035473 21.14
0.5 300 21 |40] 8 | 1.6 3 | 14.58 75 21 |80 (27 0 | 2 | 14.67 60 20 (8.0 (26| 0 | 2 15.58
0.7 300 260 (4068 0 | 2 | 11.81 75 25 180 (03] 0 | 2 | 1229 60 23 |80 102] 0 | 2 13.2
0.9 300 31 (40148 0 | 2 9.82 75 29 {6410 0 1 10.44 60 27 1630 0 1 11.32
1.5 300 43 1 4.0] 2 0|2 7.04 75 40 | 3710 | 0 1 7.67 60 36 (3510 (0 1 8.54
2 300 50 [40] 1 02 6.0 75 46 |26 0 | 0 1 6.63 60 40 (2510 10 1 7.5
4 300 78 1291 0 | 0 1 3.88 75 60 | 1.1 | 0 | 0 1 5.06 60 50 109010 1 5.94
6 300 | 106 | 1.8] 0 0 1 2.83 75 67 1050 0 1 4.54 60 56 |04 0 0 1 542
8 300 [ 130 {131 0 | O 1 231 75 7110310 |0 1 428 60 59 1021010 1 5.16
10 300 | 150 [ 1.0) 0 | O 1 2.0 75 7301010710 1 4.13 60 60 (00 0 | 0 |0 5
Table 5. Deployment cost of the metropolitan area MMR networks for various traffic densities (Unit : IM won)
A 3 B ¥ cC ¥
P BS only 10% 20% 30% BS only 10% 20% 30% BS only 10% 20% 30%
0.1 300 40.8 69.6 98 75 35 62 75 60 345 60 60
0.3 300 43.7 72.4 101 75 39.1 63.2 75 60 38 60 60
0.5 300 49.1 77.2 105 75 429 64.8 75 60 40.5 60 60
0.7 300 53.5 81 109 75 453 65.6 75 60 41.7 60 60
0.9 300 58.1 85.2 112 75 47.6 66.2 75 60 43.8 60 60
1.5 300 68.8 94.6 120 75 54.4 68.8 75 60 48.5 60 60
2 300 75 100 125 75 57.9 69.8 75 60 50 60 60
4 300 100.3 122.6 145 75 66.3 72.6 75 60 55.8 60 60
6 300 125.5 145 165 75 70.6 74.2 75 60 58.4 60 60
8 300 147.1 | 1642 | 181 75 73 75 75 60 60 60 60
10 300 165 180 195 75 74 75 75 60 60 60 60
Table 6. Maximum coverage area and corresponding number of RS tiers in the rural area MMR networks
A3 B 3§ C 3
BSF FANFAZ | A | BS | BSF FANFAZ| A | BS | BSF FANNFAAS| A | BS
Prloes Bs%|  (1%%) | % AWMEA] Bs [psE| (%Y | 3 PWAA| s [Bse| (A3 | F |AWA
only) 12 |3 [ 4| m) | only L2 34| kmy) | only) P2 ]3] %] @m
0.1 300 9 6 121 177 3| 3676 43 8§ 121 18 1 31 38.006 100 919 |15 |91 3 36.1
0.3 300 17 6| 10.8 0] 2 1781 431 161 12] 09 0| 2| 19.88 100 189 (5510 2 17.51
0.5 300 | 25 6 53 0 2 12.25 431 211 7.8 0 0 1 14.75 100 2319 [L1]0 2 13.07
0.7 300 31 6 29 0 2 9.87 431 251 541 0 0 1 12.37 100 29176 | 0 0 1 10.6
10 300 180 | 0.7 0 0 1 1.67 431 43 0 0 0 1 7.0 100 94102 |0 0 1 322
Table 7. Deployment cost of the rural area MMR networks for various traffic densities (Unit: IM won)
D ¥ E ¥ F 3
P BS only 10% 20% 30% BS only 10% 20% 30% BS only 10% 20% 30%
0.1 300 38.4 67.8 97.2 43 32.6 43 43 100 36.6 64.2 92
0.3 300 45.5 74 102.5 43 35.6 43 43 100 43 68 93
0.5 300 52.6 80.2 107.8 43 36.8 43 43 100 46.2 69.4 93
0.7 300 58.1 85.2 112.3 43 38.1 43 43 100 50.6 72.2 94
0.9 300 62.6 89.2 115.8 43 39 43 43 100 53.9 73.8 94
1.5 300 72.4 97.8 123.2 43 40.2 43 43 100 63.9 79.8 96
2 300 84 108 132 43 413 43 43 100 69.5 83 97
4 300 122.8 142.6 162.4 43 41.9 43 43 100 81.9 89.8 98
6 300 151.5 168 184.5 43 435 43 43 100 89 94 99
8 300 174 188 202 43 73 43 43 100 933 96.6 100
10 300 192 204 216 43 74 43 43 100 96.1 98.2 100
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Figure 6. Minimum deployment cost for the rural area MMR network
under various traffic densities(0 < p < 4(bps/m?)
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