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Abstract

IEEE 802.16j is an amendment to the IEEE 802.16 broadband wireless access
standard to enable the operation of multi-hop relay stations (RS). It aims to
enhance the coverage, per user throughput and system capacity of IEEE
802.16e. However, previous researches show that deploying RS may result in
worse system capacity due to the overhead in relay links. Fortunately, it also
shows that aggressive frequency reuse can be the key to improve the capacity
of multi-hop relay (MR) networks. In this thesis, novel frequency planning
techniques are proposed for aggressive frequency reuse in IEEE 802.16] MR
network. For the MR network with uniformly deployed RS, a novel frequency
planning technique based on “sub-cell” concept is proposed. Simulation results
show that up to 137.75% capacity improvement with guaranteed coverage can
be achieved with respect to the traditional techniques.
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Tdirind Fd o

% ¥ 7%= Relay Zone 2- 4~ » BS + ¢ 3% i¥ control messages ¢
#z R-preamble > R-frame control header '2 2 R-maps & & T RS > P

eh7% e b i e control message 4p e e

”%S

#_# Transparent Relay Mode £ #_Non-transparent Relay
Mode » BS & & #-iz ¥ control message i# % | > 8¢ RS % ¥ 2 3| e

WEFTT 0 4ol 311 il ¢ R
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DL _Sub- frarme UL Sub- frams
0. Aceess: Zane O Reliy Zene | 1. ncoess | UL Relsy
e - KO
TG Zane: r l—
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= o 2
w1 | +3a7] £
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= Bl |
i
Frame k Frame k<1
DL Sub- frume UL Sub- frame
DL Apoess Fone DL Relay Zons UL Ascess) ~ TIL Relay
g Zame oee

rent RS}

RS Frame
IS o
T |

—] [— e
ke

bay 1T Relay RTG

W] 3-1.1 Coverage of control signal

BE S AP R AP RT T BRFE S R B bk
AW RFE S A e g oo & 311 - BAARITEE hiE b 0 0§Dl
¥ B -« #4EF % 10MHz 0 IEEE 802.16j Multi-hop Relay & % - 4

* adjacent permutation + if if 11 % TrEF A K T 239K (20C) o M

T

PAEELTR B ) eh E OF S g2 Ap MK LT 4 & H. Holma % 17[7]

¢ 45 T AR

3-11 7 enE 3E ¥ BA

Tx power for each BS — A3 58 s 5o oriv E 7)ok < # 5> 8 = ¥ _dBme

.,

Tx power for each sub-carrier — ki 5 &5 B §Uk 3 S glend < #

» ¥ i+ % _dBm -
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BSAntennagain — z o XM E 0 M E R RLAR SRY gipe it
(omni-directional) * & » &7 & F Bl & A o @ * 4g o {2 (directional) %

R Hi=§F dBi-

EIRP per sub-carrier — Equivalent Isotropic Radiated Power per-sub-carrier =7
HA - &5 B3 U3 I X RpFanif S gle 5 o

Thermal Noise Density — # #1320 B o DR EEE S T W G 2
FEN=KT o T i Benmsye< B R K539 4 #138x107 - &
i>-4_dBm/Hz -

MS Noise Figure — & 5 g & * J‘F{ ST P BRI L (SNR) € F] 5 S
(RF)~ i enf®# 31 gp ohengesn ot S lc Ao onE i 2 - § =
2 _dB -

Receiver Noise Density — % i * —‘F'fifs:—r»]&:ﬁ‘é RF g%k & ﬁi%l Azl e (8 T en ¥
ez R o ¥ -4 dBm/Hz -

Receiver Noise Power — @ o2 @ B 1L 3 gk BE T e R ™ » 97
BT RRNBE S RBE RN RAE R RA BT o B A
dBm -

Receiver interference power — 7 i * ;‘f Elc i RF B2k & ﬁia?l Az e
PIRZ b < F e R o Hi=E dBm o

Total Thermal Noise + Interference power - . ¢ * Jﬁ#&v]’z%}ﬁ ORF EcK &
31,?]5 BOTRGI KL g~ F A P AR R o H -4 dBm e

Required SINR — & * & #7& % FPRIFTH B I PG T Lo * 7
PRAA G PF 0§58 SINR h& Ho g #77 F o

Max. Allowable Propagation Loss — 4 Jg & uja>® #7203 i % 452
BV 0 x Loind ~ B 4548 4 (propagation loss) o ¥ > #_dB o

Log Normal Fading Margin — #i¢ * # 4% < Flenit il ¢ 515 BiEpe < Tl
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fr# E el &R — B log-normal h4 % > F]pt 53R Max. Allowable

3

Propagation Loss 3% €= B SAF & 4o} T jr 5 Pl ia E R R

J

Shig F H ARG - L € R AGUELE TN fo A A G AT

ko BT A 2 b LI Y - R B IR R T i S h R o
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Downlink control signal link budget for Cellular OFDMA System
Total bandwidth: 10MHz

Temperature: 239K (20°C)

Adjacent permutation channelization

Modulation Scheme QPSK

Coding Rate 1/2

Transmitter (BS)

Tx power for each BS (W) 28

Tx power for each sub-carrier (dBm) 20.7918 (120mW) | a

BS Antenna gain (dBi) 15 b
Back-off (dB) 5 d
EIRP per sub-carrier (dBm) 30.7918 e=atb-d
Receiver (MS)

Thermal Noise Density (dBm/Hz) -173.9325 (20°C) c

MS Noise Figure (dB) 4 f
Receiver Noise Density (dBm/Hz) -169.9325 g=ct+f
Receiver Noise Power (dBm) -129.5422 h
Receiver interference power (dBm) -124.7995 ]
Total Thermal Noise + Interference power (dBm) | -123.543 k
Required SINR (dB) 5 1
Required Received Signal Power (dBm) -116.543 n=k+1
Max. Allowable Propagation Loss (dB) 147.3348 o=e-n
Log Normal Fading Margin (dB) 10 t
Allowed Path Loss for Cell Range (dB) 137.3348 v=0-t
Corresponding Cell Radius (km) 1.0 km

% 3-11 4aRFEE PO
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3-2 Relay Link z_i& & % ®.3] 3 iz

“& i frame Firelay zone PFRF N - B 2418 BS * kg ML
J& T e RSs 0 F A PFRF N > 7 ¥ H_transparent relay mode &
non-transparent relay mode * BS & 2 "3 ¢ X JF & H E KT 200

RSs » 4o 3-2.1 thiEd T & o

Frame k Frarie k+1
DL _Sub- frame UL_Sub- frame
DL ficess Zone UL Acces | UL Relay
T | Zee | o
© ol | L
E —
= 1
o |F| o
vy |E|Map
2R
& UL
= Map
Frame k+1
UL Sub-frame
S LA
DL Access Zone DL Relay Zone L fvess) | UL Reley
TG Zeng: Zoas i
..E AT
= FCH ]
A |
o I I
=L [E %
=g b+ R £
g 12
w = I
= m |
= MAP
|
—_—] f— —f

W] 3-2.1 Coverage of Relay Link

4 3-2.1 - B Relay link :4#525F 5 § 1 -
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Downlink Relay-link link budget for Cellular OFDMA System

Total bandwidth: 10MHz
Temperature: 239K (20°C)

Adjacent permutation channelization

DL sub-frame Access zone

Transmitter (BS)

Transmit power for each BS (W)

13

Transmit power for each sub-carrier (dBm) 13.0103 (0.020W) |a

BS Antenna gain (dBi) 15 b
Back-off (dB) 5 d
EIRP per sub-carrier (dBm) 23.0103 e=at+b-d
Receiver (MS)

Thermal Noise Density (1Bm/Hz) -173.9325 (20°C) c

MS Noise Figure (dB) 4 f
Receiver Noise Density (dBm/Hz) -169.9325 g=c+f
Receiver Noise Power (dBm) -120 h
Receiver interference power (dBm) -154.6027 ]

Total Thermal Noise + Interference power (dBm) | -100.5726 k
Required Eb/NI (dB) 17 1
Required Received Signal Power (dBm) -83.5726 n=k+]
Max. Allowable Propagation Loss (dB) 105.5829 o=e-n
Log Normal Fading Margin (dB) 3 t
Allowed Path Loss for Cell Range (dB) 102.5829 v=0-t
Corresponding radius (km) 0. 565 (km)

% 321 sRFIEFEL(Q)
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3-3 Access Link z_j& E % .33 2

&+ A= access zone ¥ R3[4 BS 11 % RS #FiEMEEL L A
BT H R PRAEDR A o FI R PR 0 7 35 AL transparent relay
mode # non-transparent relay mode » BS = RS ¥ & j& F & f hfRG% 4

BT v o hof] 3-3.1 hiEd Flifricd B & f A4 BS-RS dud ¥

¥ oo

Frame & Frame k+1
DA Sub-frame L. Sub-frame
DL Access Zene DL Relay Zone UL secess | UL Relny
TG Fane Zone | hele
—
o T
E |
2 |
[ 2
] Z
= 12
o |
= |
|
Frame k Frame k+1
DL Sob-frame UL Sub- frame
DL Access Fane DL Relay Zone 1L Acors] U Relny
T e T R
T
3 |
o 1
8 2
= i
m 1
e E i
=
3 I
s 1
—_— l— b
Relay TIG Reloy RIG

Bl 3-3.1 Coverage of Access Link

# 3-3.1 5 — Relay Station 485 3F & §= &) o
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Downlink Access-link link budget for Cellular OFDMA System
Total bandwidth: 10MHz

Temperature: 239K (20°C)

Adjacent permutation channelization

Modulation Coding Scheme QPSK

Code Rate 1/2

Transmitter (RS)

Transmit power for each RS (W) 43

Transmit power for each sub-carrier (dBm) 23.0103 (200mW) | a
Back-off (dB) o) d
EIRP per sub-carrier (dBm) 18.0103 e=a -d
Receiver (MS)

Thermal Noise Density (dBm/Hz) -173.9325 (20°C) c

MS Noise Figure (dB) 4 f
Receiver Noise Density (dBm/Hz) -169.9325 g=ct+f
Receiver Noise Power (dBm) -129.5422 h
Receiver interference power (dBm) -118.5827 ]

Total Thermal Noise + Interference power (dBm) | -118.2478 k
Required SINR (dB) 5 1
Required Received Signal Power (dBm) -111.2478 n=k+1
Max. Allowable Propagation Loss (dB) 129.2581 o=e-n
Log Normal Fading Margin (dB) 3 t
Allowed Path Loss for Cell Range (dB) 126.2581 v=0-t
Corresponding RS radius (km) 0.356

% 3-31 4ARIEE #61(3)
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A5

v

F 2429 APT direlay mode 17 b PEEAR 5 A

Rl

Jit

e

g ot Boefud F T 4 A 3-32 fd- BRI o

Transparent Relay Mode Non-transparent Relay Mode
Signal Type Link Type Coverage Signal Type Link Type Coverage
Control Message BS ->MS Whole cell Control Message BS > MS Sub-cell
Control Message BS ->RS All RSs Control Message BS ->RS All RSs
Relay Link BS ->RS All RSs Relay Link BS ->RS All RSs
Access Link BS ->MS Sub-cell Access Link BS ->MS Sub-cell
Access Link RS ->MS Sub-cell Access Link RS ->MS Sub-cell

%332 AEHPRAKET
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= & i * * Uniformly Deployed RS 2_ 47 & 4.3

% %4 J& — Multi-hop Relay % %t d 3t # # ¥ v % i Relay Station
M & * two-hop e Rdgfc T4 - $ %5 — L hop A% kg B £ 4f
8 Fe (redundancy) s 5 L 0 de e i B F 43 G0 5 2R3 2 > Multi-hop
Relay System 7 4 o2 £ en&A I o d 30 B auds 854 ks koen

A o FIgt o i g W 5 ARE] S 2 $27 — B Multi-hop Relay System #_

AR AP w2 },?% #r3% dUiE * > Multi-hop Relay & Sueriig

=

_‘_‘%i—ﬁ_‘ IJ—%;‘

h(™

- B m P A A X5 5 (1)E channel borrowing £ 4 2.

N

#gF A2 2 11 2 (2)E reuse partitioning FEL 2 A F R 3 2 o ¥

b gty L 2 di - 2 Sub-cell G BLEEZ ATAPE FARE] D 2 o AR

»t‘

PUTE A& w) A g = fEHE LA % ¥ 2 12 IBEE 16 7% %

At A B AL 22w > Ak gk 4 A F_Uniformly
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deployed RS ; 4 7 f% % 3434 Multi-hop Relay /& $uch1v ge[8-13]% £

Y — BE A RS FREBE B 4l N E - B Cellmg o H

P B i Lo F A FESE cell ¥ 2/3 0 F F L [T F 22 RS

P RBEE B cell 53 H3 6 B RS o

® 4.1 Uniformly deployed RS
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4-1 £ channel borrowing #£4 2. 48 & 3.3 ;£ [8][9]

B 4-1.1 Channel-borrowing-based frequency planning_1

BS-to-MS links and Reused by
BS-to-RS links RS-to-MS links

W) 4-1.2 Channel-borrowing-based frequency planning_2
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PR A FR S RO RG] o B F - FRA 0 R BLE ALK B
MR-cell cluster #.— 4212 reuse factor 3 k2 & 3 % SLdE 5 > » 1’%{#&-
0% ¥ B 7 & k B segment > # B segment A fie ¥ — % cluster 42
7 J i MR-cell » & BFF 5T A el cPE 5 > 22 d BSE* »
iz * {+ BS-to-MS links 12 2 BS-to-RS links - 4] 4-1.1> 14 reuse factor
k=4 4p 5 H3| g b

B FEEC 0 W AAR A fedf B en RS #-12 channel borrowing 9%
A RLMEF 3 % * & RS-to-MS links > @ & & 17 reuse factor k L3
4F e segment £ *7 =8 & > & &0 group :E RS iF channel borrowing 1%
£ > 4r [ 4-1.2 > reuse factor k=4 (/R T > & B segment X & 7 =
6 1 groupe st Iy BHE 5 ARH] 3 2P U Fl 4-1.242 ¢ & 4f ¢ S MR-cell
Bl RIEP > P MR-cell f2enZ F ot T RS £ 8|2 £ % %
segment #2 :7 group #1 f- group #2 » F] 5 &7 8 RS &£ * % ¢ segment
PR ¢ 0 kg o S sogment § A enE YRR Tl deo]
SR+ FnA A o ANAPR B o 2 MR-cell e iF fr+ # RS
> W& 4 segment AL group #3 fr group #4 0 12 % pt MR-cell 32
sz T et F RS & W€ * &2 ¢ segment L5 group #5 fr group #6 >
H & MR-cell 42 1 RS 7% 504 gt B] Kk 8 5 23 o

#-segment *7 = groups £ :RIp TLRS (T & * chp 17 11 d [§] 4-1.2
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K o AP e 1Y 'F:] 3| # cell boundary > ¥ 7 4P 48 RS £ * F segment
A 0 ST L gt 2 SR segment f kw7 = groups @ P 4RIy L RS T
VLR B b R 4 B E PR AT R -

BT Rk Ao Bt L7 AT % L SLIEEE 802.16) + » 2 [

4-13 2B 4-1.4 2P o

W 4-1.3 Implementation of channel borrowing-based frequency planning_1
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Frame k Frame k +1

DL Sub - frame o UL Sub - frame
DL Access Zone | DL Relay Zone UL Acess | UL Relay
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Relav RTG

® 4-1.4 Implementation of channel-borrowing-based frequency planning_2

4

B 4-1.3 5 s Sudp 5 o feenfia; > @ Bl ® Cell A e frame structure
4ol 4-1.4 #77 o

% kuAm e BS % Access Zone #F B 12 reuse factor k=4 4 4 fie #f 5
®* > @& Cell e RS 3 £ % ¢ & feib4p ik Cell 0 frequency »
F PR Plden B AR a N2 HE AR 4-14 474 7 CellA en
frame structure 42+ 12 - F iz L o I 3T A Relay Zone # B >

# B BS 14 reuse factor=4 4% & fie#f & 4 1§ % 3 5% RS 4r§ 4-1.4 #7

7 0 & i BS frelay zone & * w & 2 — GHEFH T R o
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4-2 E reuse partitioning #£ 4 2. 38 & 3.3 3 3 [10-13]

- two-hop Relay Network » 7 %= #& link : BS-to-MS link >
RS-to-MS link = BS-to-RS link © ¢* = ;2 1 iz = #d link 5 28 # > #-
two-hop Relay ,& ¥u4 = = i sub-networks : (1) BS-to-MS link
sub-network > (2) RS-to-MS link sub-network 4 % (3) BS-to-RS link

sub-network > 4B 4-1.5 #1757 o

-to-MS IirN BS-to-RS links
¥ ?
) o ¥

e
W

Bl 4-2.1 Frequency reuse partitioning-based frequency planning_1
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time

frequency

BS-to-MS RS-to-MS BS-to-RS
links links links

W] 4-2.2 Frequency reuse partitioning-based frequency planning_2

EI_\’U\ )_*{m—ﬁ’f# Lb—s/‘zji_;};?‘;_a.? Fis 708 = & 5 AW Jgﬁfﬁ»}‘ [)F3
sub-network 2 HHE & 23] 0 F]pt iz = B sub-network ¥ 12 A H[i# 7

fe efireuse factor 2 & * HEGH TR 0 SR HE F RG] 2 7 reuse

"o
|

partitioning[14] 5P & » #r 2 FLg > 2 5 K reuse partitioning 1% 4 2 47
S RIEE

Bl 4-22 H b iEApr 2l eng B> ¥ MR B 4-2.1 K HRP
PREA o T 1@;#7:;;1 LRI FT R R 2 2 o & 8% BS-to-MS
link network » RS-to-MS link network » 12 2 BS-to-RS network > m
BS-to-MS link network 1 reuse factor=1 2 & * L & fe | T 3 7 R o
RS-to-MS link network 1 reuse factor=4 2 & * AL & fe 3| T 3 7k o
BS-to-RS link network 14 reuse factor=3 2 # * 4 4 fe 3| Tl 3% F R o

T gt 2o BOIE R4 > ¥ 2 — reuse pattern (Nj,No, N2 $ it -
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# two-hop Relay System 79 5 3] » H ¢ N; 5 BS-to-MS link (inner
cell) network =7 reuse factor * N, % BS-to-MS link (outer cell) network
errreuse factor’ N, = BS-to-RS link (relay link) network =7 reuse factor e
H ¢ » & RS-to-MS link sub-network #a %48 & 2834118 » & B cell 2
H > ¢ #Ak & frdF b frequency £ o7 =2 6 7 A4 W5 cell f P RS
L@ >m AP ARTENT K3 allocate £ F & e RS iz ih
fagx #_5 7 ZE co-channel interference s 42 B B | it » Fpb i@ #
co-channel e RS » F AL E &£ ;4 7 4% 11 :F 3| & ¢ ¢ co-channel distance
fc @ {8 SINR fed M & fo2_ }

BT R A Lo B FEA D P U reuse pattern (1,1,4)F I A F %

&« $LIEEE 802.16) F > # 11 B 4-2.3 2 [§] 4-2.4 3 o
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Access Zone Relay Zone

¥ 4-2.3 Implementation of Frequency reuse partitioning-based frequency planning_1

Frame k Frame k+1
- DL Sub- frame _ UL Sub-frame
DL Access Zone DL Relay Zone UL Access | UL Relay
TG Zone Zone 4&0
‘IE) FCH| UL |
s e 1 MAP |
m  |g oL |
v |5[map I'g
Mmoo |
e o |
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I
Frame k Frame k+1
DL Sub- frame _ UL Sub-frame _
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" Zome Zone |
TTG RTG
a I
2 |2 |
= |2 [5)
SHE IZ
s 2 g 15
5 |~
nE |°‘
M5 |
2
|
| l—
Relay TTG Relay RTG

¥ 4-2.4 Implementation of Frequency reuse partitioning-based frequency planning_2
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Bl 4-2.3 5 & Sudf F A feenfFas o @ B¢ Cell A ¢ frame structure
Yol 4-2.4 #7 o
% Access Zone H#f FF p W A KRAFHF R A A o H P -
it 1/7 & fz % BS-to-MS link sub-network ¥ reuse factor K=1 =g 5 5
3]0 ¥ ¢h— ik 6/7 & fe % RS-to-MS link sub-network 1% reuse factor
K=1 e 23] > dopt G 0h FILFI L2 7 % BS & £ RS “7& /& F
mgjv%]*wﬁ By RGpe i T REBS A RS2 &% o A
4 fie & RS-to-MS link sub-network 7 3 3 -1 48 w27 = 6 (33 A
L5 B Cell mRS @ * » el 4-23 %77 » HP RFARAS - K&
F P o 1% % Relay Zone #f fF > #7 3% 7 /R 12 reuse factor K=4 4 fie
. BS-to-RS link sub-network » 4- ] 4-2.4 #15= » # B BS # relay zone

% w2 - TR BB RS .
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4-3 11 sub-cell & BBEZ FTAME F 4] 2

W
14
=t
F
=
3

» #4914 IEEE 802.16 4 % -

Bl 4-3.1 ¥ - B E channel borrowing $£ 4 z_#7 F R3] 3 /2 ch7 &
g

¥l 4-3.1 Channel borrowing-based frequency planning concept
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d B 4317 MFFRSehaFHEBSaF " LEfpeh 39
do B RSB R Y F G R S g F15 & RS e R TR
2 BS g R E-E M EH S RSEFHM - FPt @ (F R A * pLag K
P E TR R S BS @ % aulpEE N/ 5% % A& MR-cell 0 @ F
B o STILEERA S R 25 E MR-cell ¢ o R 2 TEa SR
BIiEM @ EREF L B e R D BE F A E PP o

2 reuse partitioning F£ 4 2 #f 5 4F| 2 2 = A Fakahd ek

Ao Fpt At 3 4@ BS 4 £ 2 & E & B MR-cell © A 3 BS 2 RS -
W AUE E MR-cell e384 Fedb o (2 g R332 £ * AT F R b
BB > * #%A_Z i@ link types (- ®] 4-3.2 #757) 5401 - B MR-cell

B H o Flpt gt 2 B ieend @ * I T R i T universal reuse

—\
=]

!

T & I - 1 MR-cell i&:_—ai - & 2 IMAHEE TR o £ & Multi-hop

4L

Relay i $u7f 527 » & F i #73% o universal reuse )Tﬁl—f;'\g‘_ L 28

ek e 9
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W] 4-3.2 frequency reuse partitioning-based frequency planning concept

At BT > AR 4 sub-cell 4 ¢ ¥ & Access link BF oo
£% BS & ¥ RS EH ¥ E MRcell 3% A B8 > ¥ ¢ @HE > F
— & MR-cell é7BS §= RS 2_j& & ¥ 3 it 59 = B B F 3% MR-cell > % &
B F2 THBS 2k E RS L RS 2R EE Y T &S sub-cell

MR-cell ¥ sub-cell 1k %4 4-3.3 #7517 o
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Access li % wlay links
cluster

® 4-3.3 sub-cell-based frequency planning concept

A3 sub-cell P4 > AP 3% 3T 02 sub-cell 3 BLERZ FTAIHE &
33 2 o A i MR-cell 2 2 # %7 % 2 ¢ Multi-hop Relay % st i
3 w7 & 12 sub-cell 3 A#2 BH > oW 4-3.3 #5570 12 sub-cell 3
¥ i~ 4 # frequency reuse °

11 sub-cell crgLBES 17 Access link #F 5 3| fown it #73% e @i
FOARFID FobdAe ko P E G A R T SO 0 2 e

% Jf 0 MR-cell % H 1% frequency reuse » #77% K edd iy AR E_ A

58

%
¢
‘37‘}
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RIS T S

Bl 4-3.4 245 2 3 % & [EEE 802.16) 1 § ] ©
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Access Zone

¥l 4-3.4 Implementation of sub-cell-based frequency planning_1
P Frame k -~ Frame k+1
- DL Sub - frame » UL Sub - frame -
B DL Access Zone DL Relay Zone | UL Access | UL Relay
N & Zone Zone V<R7TG
o FCH| UL
g o MAP
m  [E| DL
%) S| MAP
m&
a2
= | e
Frame k Frame k+1
: DL Sub - frame _ UL Sub - frame :‘
o DL Access Zone DL Relay Zone | UL Access | . UL Relay |
N b TTIG b ZoneV‘ Zone 7 RTG
Y LIAS
= FCH| UL :
08 B MAP |
EE |E| o 12
S 2 || map I'E
U«g & |L"4
n <
~ UL '
& MAP |
|
- — -
Relay TTG Relay RTG
B 4-3.5 Implementation of sub-cell-based frequency planning_2
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# #= »]% Jg access link 14 sub-cell % LB (¥ reuse factor k=4 ®
relay link 2 MR-cell cell = BLEE T reuse factor k=4 > 4[] 4-3.4 #75 o
AUl P 4T 2 I MR-cell & BB - B MR-cell p 4o® i@ * 47 3%
TR o e Access Zone FF [ . BS-to-MS link # * ¥ ¢ & frequency
segment > @ 2F 30 — B MR-cell 5 RS &~ W3 & * %4 oz
i ¢ ¢ frequency segment 7 RS-to-MS link ¥ 3% A& F B MR-cell p
EAF € * o & Relay Zone PF i 0 > b cell (A BS 18 * > IRAE T iR o

- ,T*u{i'\%] 4-3.5 #771 enigE & frequency segment i BS-to-RS link °
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Base Station (BS)

Coverage of BS

Fixed Relay Station (FRS)

B 5-1.1 H#e % A% B

B 5-1.1 2 B3 rd pen s Lk B > ¢ 354 19 B BS with
3-sectorized antenna % = 1 multi-cell Z& 5 -
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% g RS =%

Y
e
W

3 fW%pF 4% B BS imEFHFEPMYTF 6B RS
2% agE cell ¥ w 2/3 X St b X imI95 BIE 60 & & B cell

RS HEEE TR

Propagation Model

W % P 4 J ¢ propagation environment = Manhattan-like
environment’ P B L 3 Z A B E Y BE L ST BT R
BS~RS 2% MS 3 #p 13 5L @8 % o g 971 * &0 propagation model
L3 2o Flt R PF 7Y g ¢ propagation model[15]40 T #7on
A. Pathloss Model for BS-to-MS Link (] 5-1.2)
Pathloss [dB] = 38.4+35log,, (d)+20log,,( f,/5)

¢ d the distance between TX and RX [m]

FT

fe carrier frequency [GHz]

Wi

Gt RE Y H R R R L RF LS 8 dB

Pathloss [dB] = 38.4+35log,,(d)+20log, (f./5)

d  distance between BS and MS [m]

f. carmer frequency [GHz]

Shadow Fading :
I I random variabl T T L
E v ' LS .
og-normal random variable ﬁﬁ\m’
with standard deviation 8 dB Station 255

®) 5-1.2 Pathloss model for BS-to-MS link
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B. Pathloss Model for RS-to-MS Link (] 5-1.3)

41+22.71og,, (d)+20log,,( f,/5) if LOS
Pathloss [dB] = {0.096-d, +(28-0.024-d,)-log,, (d, )+

if NLOS
65+20log,,(f./5)

H d % the distance between TX and RX [m]
d; % the distance along the main street [m]
d, % the distance along the perpendicular street [m]
f. % carrier frequency [GHz]

2

b TRE Y TR R TR LR LS
2.3dB  if LOS

3.1dB  if NLOS

41+22.710g,, (d) +201log,, (£, /5) ifLOS
Pathloss [dB] = {0.096-d, +(28-0.024-d,)-log, (d, )+

ifNLOS
65+201og,, (1./5)
distance between RS and MS [m] anzi;f:""“
distance along the main street [m] ) T

,  distance along perpendicular street [m]

R R R

carrier frequency [GHz]

Shadow Fading :
log-normal r.v. with standard deviation o L2
23dB ifLOS [“Nabile
:{3.1 dB ifNLOS Srken

®) 5-1.3 Pathloss model for RS-to-MS link
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Pathloss Model for BS-to-RS Link (5] 5-1.4)
Pathloss [dB] = 36.5+23.5log,,(d)+20log,,(f,/2.5)

A d % distance between TX and RX [m]

carrier frequency [GHz]

sh
3

*RSTHRF A 7RG EE Kok f BS @gst o A

=2
N

53K ¢ pathloss model % 3 LOS » gxyt k3% ¢ T8 it fr % T

%X % 23dB

Pathloss [dB] = 36.5+23.5log,(d)+20log,,(f./2.5)

d  distance between BS and FRS [meter]

f. camier frequency [GHz]

Shadow Fading
log-normal random variable
with standard deviation 2.3 dB .

B 5-1.4 Pathloss model for BS-to-RS link
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Wrap Around

IF 48 + 4 (co-channel interference) ¥4+ 4 kL% £ @ I (X € &
ST F o Fpt A AR (TR L R E S FEER
< £ o 9% Miller fv Lee c4 47[16] » % ¥ &= B+ & & R4+ 32
F%’}B“‘j'ﬁ-* SERETRANS BFEE D) o Flt AR D
Bpgl M2 FE o e R AP T RS K F B2 TG ik
D

fo 24 S > AR EERAR 5 e (cell)chid % A 2 B AR 5 cha BT
BA AP UR S-1.5 5 b R QA Bl S5-15 5 - F 19 Bleve

2% reusefactor 3 1 e ks AP w LG F 0 B ot ki 4

gpiu B

1 Cell #0 » ’FT PR FEd BFER > 23 H B acell © b4e Cell
#2 focell #9 = & | Pl = Fihn B+ K ,)*Iﬁ;.ugggggm 4] 5-1.6 fo Bl
5-1.7 #177 enkmPe 2% 1‘? 4ot EAEHEE D R F Pk o Fpt > AP
Bt 19 B w4 BT A - B A A dimre 2 4 4o 5-1.8 S

AT g Pl A 19 B ocell ¥t g P B BFIER o 1Y

-ml

cell#9 5 6> B 5-1.8 ° A & Cell#9 + 1+ > % - BFHEAE P A
e te gede ] 5-1.7 457 0 A - cell #14~cell #13 v cell #17
I F AT RPiRao cell#l9 2 R BFEE AR RSN

% 7r b8 5-1.7 #1o1 > "ERF AL e d cell #15~cell #5~cell #4 ~cell #12

-49-



cell #15 ~ cell #18 ~ cell #6 = cell #16 erp 7 #F i 5 o

- &2l Iﬁ—’_fjﬁﬁi s 7 PP im e #Jf#ﬁg%, hodes RA A
Fo— Hhmie o - dnmie jpid o Gl4eB] 5-1.8 F ¢ cell #9 v ¢
P s cell#13 5 » fjk{;mgjﬁ - i iﬁd cell#9 en+. + B R/ 45 &

N3 dp e o) WY RS cell#13 B dae ko

W] 5-1.5 Two-tier cell structure_1

s )
G~ )

W) 5-1.6 Two-tier cell structure_2 ®] 5-1.7 Two-tier cell structure_3
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BB A A 5900 G PU P endw e 3 osx S RCERREIT B
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s R S i RN ) S

i

W) 5-1.8 Wrap around concept
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5-2 #HE%
ARG > AP EREIREE 0 LA AR D S el

channel borrowing £ 4 f= £ reuse partitioning #£ 4 2_ #f & R3] = /2 K

nNos T~

217

- B REETEOTHR D a0l sub-cell A BLELZ AR F LA E

v $8 2 % 2L £ (system capacity) °

—~

i & or o AP 2 - 5 & channel borrowing £ 4 2 3 ¢

12020 32 2 L E channel borrowing $£4 2 45 F 431 2 0 2 2

—~

= LA stk el sub-cell GoEREEZ AR F LG 2 a2 ks

2

BB RS (frame)42 > Ak * 2 38 2 3 B eni o (bit) B

AT SR

) hea
MRS EE N ER DA g S ARE] 2 E 12 7 e ehaccess zone

“r 7% ¢  access zone ratio n (R E_& 5 downlink
sub-frame .3 % access link & * &3t ] - Downlink sub-frame *
access zone ¥ # iz A @ P (By)!4 2 relay zone ¥ & iz < #ic p (Bg)

§ETIn Bt BB B T F R o F > F B frame ALiL AL A 3 32

Yo P 5 min(By o Br) o st Y o AR M ETa R

N

S LRS- SRR S
B 5-2.1 3 & 2 ;% A&7 [ access zone ratio 2. F £,% SR B

o L B ¥ PP & ¥ access zone ratio ¥riR RG] 0 B E = R B/ E
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’ 2

FRY D2 R ko TR ER g RF R (radio
resource) 7 access link ;¥ * = =41 * > e frgkit T % relay link * k&
B 2B E o hE AT R oy relay link e % £ i £ (aggregate traffic)

fraccesslink sH R fFin E E DT A F EV E TR R R

15 T T T T T T T T T
—&8— MNortel's
—be— Siemens's
—8— Proposed
ERE] .
nd
=
w
=
=
Z
o)
E
28 7
3
EI 1 1 1 1 1 | 1 1 |
37A a0 625 5

Access fone Ratio (%)

W] 5-2.1 System capacity with different access zone ratio

(different frequency planning methods)
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B S-2287 1 &2 ton A B0 A S5 B B0 -
FEG AT R S 5.5158Mbps/MR-cell » * 2= VB R E R R
8.1518Mbps/MR-cell » m » ;2 = F {Fen i % £ &
13.114Mbps/MRcell o == 2 - fo= 2 = e & > i 2 74k A ih

SET AR KRB A YL 137.75%12 2 60.87% o

15

—
]

Capacity (Mbps/MR-cell)

m

Mortel's Siemens's Proposed

Bl 5-2.2 System capacity under different frequency planning

methods
Yoo B 52387 0 L bt R AT B 2 T ¥R received
SINR CDF « p* B ¥ P » A fp #7dk e 2 s g f g &0
B2, T v i AR 95% R E K - 95%h R EFEA S

P(SINR < 5dB|MS at cell boundary) < 5% -
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¥ 5-2.3 CDF of the received signal quality

(different frequency planning methods)

BEFAPRgAEAD ARG RE AT ERS L SRHRY
i 3k * adaptive modulation coding scheme » T 12 i &% 20 B3 2 1L
3 - % & @ A modulation coding scheme > * #r#g ® £ * = f&

modulation coding scheme » 4 %] 5= QPSK+1/2 code rate > 16 QAM+1/2
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code rate 12 % 64 QAM+1/2 code rate o 3\ ?FE)]* AR AR 2
¥ % 48 modulation coding schemes & * +* G & 4 P &= Ly £
feid A 5 B 2. @ e tradeoff o

Bl 5-2.4 A &1 * AR 43| 2 % 2. T g9 modulation coding
schemes 4 ¥ elF) o 24P soif F £ % M3 TR AU F RS 5 T 0a
TR Y K KRR T IR WU AR
it 18 % #3 F¥ evmodulation coding schemeo #7112 2% {8 ¥ 12 'F:] T Bl 5-2.4
Bpor ood 0 2 - R RIRT (RARTRE S ) g FAR G
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® 5-2.4 MCS distribution
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¥ oebs R E B ¥ access link 14 sub-cell & @LEL IT reuse factor

k=4 11 % k=3 i&{7 7 fHitt o B 5-2.5 ¥+ * I reuse factor &7

access zone ratio 2. F 7% JuE £ L % o ¢t Bl & 7 reuse factor k=3
frreuse factork=4 W' 2. T X BE RG] B AT £ R T AR
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B 95% % F & oo 8% % g iK dhreuse factor (TR AR Al

SIS

—— k=4
13+ — A =3

-
]
T

1

Capacity (hbps/MBE-cell)

25% 37 5% 50% 62 5%
®] 5-2.5 System capacity with different access zone ratio

(different reuse factors)
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