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Hsin-Chu, Taiwan 30050

Abstract

Due to possible fast mobile scenarios and limited pilot tones,
channel estimation in an IEEE 802:16e-system has been a challenging
problem. In this first part of the thesis, we develop a simple and effective
channel estimation method ta overcome-the problem. Using the special
pilot patterns defined in 802.16¢ clusters, we interpolate the channel
response with a linear function in the time axis, and that with a quadratic
function in the frequency axis. Simulations show that the proposed
method can achieve good performance even with the mobile speed up to
100Km/hr. In the second part of the thesis, we consider the problem of
multiuser asynchronous interference (MAI) mitigation, arising in an
OFDM multiple access system such as 802.16e. We combine the decision
feedback inter-symbol-interference (I1S1) cancellation and cyclic
reconstruction techniques to remedy this problem. Simulations show that
the proposed algorithm can reduce the effect of MAI, and increase the

overall system performance.
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SUL SRR = RIRLETT IEEE802.16 PrAfi s 5~ (HRME (Broadband
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RS

2.1.1 BRG]

SULSEESTE Ll = ] B -
()15 (cell)f 2 [ 45 10 TR

(2B ot A8y 7 2 2 10 221

(3)5L7; (Base Station) st .16 540 - [ -

(4)1 5 7t 2 5 80~90% ¢
2.1.2 RSPV fi ,;%J[

SUI SERBLRE N )4 pisgl ir 245 S+ TP pLRLASUBE [T B
i3y K-factor #1334 5! (Delay Spread) 553 = #47> £1E] A~ B~ C = 7 »
A AP ETRAY 15 299, C AT R SR S8 B FILRL /4 A F
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Terramn Type SUI Channels
C SUI-1, SUI-2
B SUL-3. SUI-4
A SUL-5, SUIL-6
% 2-1SUlI iﬂiﬁf&%{%ﬁﬁﬁﬁﬁ
K-Factor: Low
Doppler Low delay spread Moderate delay spread High delay spread
Low SUL-3 SUL5
High SUl4 SUL-6

K-Factor: High

Doppler Low delay spread Moderate delay spread High delay spread
Low SUL-1.2
High

% 2-2 SUL USRI B o) 1
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TSP o SRR 6 B I ATAERE - SULAREER Y

spike-pulse-exponential shape[O}f17] s - £ 4% 15 1 43 14

P(1)=A 3(1) + B 27 exp(—iAT/ty) 8(1—iAT), (2-1)

P(T )0 210 IR » (THAB, A T, T of IR AR BRI
o ?iSUIﬁiE@%[l%ﬁﬁﬁﬁd ) p;lm& B! 'ﬁg‘.l(multlpath delay profile)f[ 1=
Foltap ] g v s 2 (W BRI HGH A ML I FEAF IS T BL 2.1.4 ¢

SUI SRR & PR 2-2 . -

Tx Input | Tapped Delay Line | Output |

> Mixing — (TDLY —> Mixing — Rx
. Matri: Matrix
Primary or H Matrix gk
Co-channel
Interferer

i 2-2 SEEE 2 A

Tapped Delay Line(TDL)#=- si3fifiy 2 E Mg & ot i 3fltap o =3 fltap M=

IR A T 49 SO © AL tap PR L K-factor A1~ i i
Sﬁ?FEIFTJ [l 2-2 fl1 input mixing matrix " i ZANSGEEVRUH T > E5 (e ] P
[“éﬂp’lfﬂrﬁf‘ﬁ%‘[‘? (EZE MIMO 755 ) © 1] output mixing matrix | 254 1 vk
PEPTEIFOAERRTS (A0S MIMO 5 ) -
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mixing matrix ﬁKJ[IH%H[pJE%é% “J/F“@ﬂ MIMO =5l 1RTE A .'EEEJTJII o

2.1.3 BURLBRAVIBLE] /i ﬁ%’,

PN ST %“ TRV SUL RELE R J%ﬁﬁ‘xgr % (@ H (path loss) ~ K-factor
ﬂif i35 E(Doppler effect) ° Hﬁ%ﬁﬁxgﬁﬂl | E 5T HIpVETESAS [y SUT 3]
ST Dl lfﬁd ’ Iﬁﬁﬁfﬁlﬁzﬁiﬁﬁxﬁﬁi— il i ‘l‘ﬁ A'5l2.1.4 -

% @3 (path loss)

HTEL T 1550 2GHZ FURISEmstlint 52 2 NI B P path loss
BLE[ES -

PL=A+ 10vlog) (d/dy) +s  ford=dy, (2-2)

A =20 ]Og|g(4 T ('0 }-} (2-3)

PLELF IH‘{J\_IH?:EF :E"ﬁljﬁﬁ’ﬁ& EFI'””E dB o A ER = Eﬁ"*f@[_ NENAR
do=100m © 7 flpath losspviE [ghpgl ,Y=1{a— b Ilh +c hh) ' [ Brab,c B

BYRE 0 P 23 A o B ELY [ i(base statlon)ﬁ' A gl 10 £ 80 YR o S ERIE

¥ Es(shadowing effect) - [ lognormalj ) » 421Y%5 7% 8.2~10.6dB ./ [#] -



Model parameter Terrain Type A Terrain Type B Terrain Type C
A 4.6 4 3.6
B 0.0075 0.0065 0.005
© 12.6 17.1 20
£ 23 PRIY B RSO Y
K-factor

SUI 33 [ B¢ Ricean 53 ) »
K-factor i AT T B ISPV erRIgE Rl F]  KOIESs > Al s S ey
RIS o 0y K= Rro 22U e s Rl 6 - S UHES > S35 beamwith

YA T AR

{4/255 Ricean 7; r’ﬁ e JPIEIP&H PRl K-factor o

K=F:. F, Fr, K,d" v (2-4)

Foh 3Pk By o T WFs=1.0 0 71 ¥ Fs=2.5 ¢ Fndk Ly Y -
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Fr = (b/17 )y PR T fEYER LY
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ﬁl‘?} [ (Doppler effect)
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SUI — 1 Channel

Tap 1 Tap 2 Tap 3 Units
Deelay 0 0.4 0.9 Ls
Power (ommni ant.) [1] -15 =20 dB
Q0% K-fact. (ommni) 4 o o
TS%% K-fact. (omni) 20 ] 0
Power (30" ant.) 0 21 -2 dB
0% K-fact. (307) & 0 ]
TEVo K-fact. (307) 72 0 0
Doppler 0.4 0.3 0.5 Hz
Antenna Correlation: Terrain Type: U
Gain Reduction Factor: O'mni antennaz Teas = 0111 s,
R e e overall K: K = 3.3 (0006); K = 10.4 (75%)

30 antenna: Tw 0042 s,

owerall Ko K= 14 .0 0(90% ) K =442 (T3%0

#. 2-4 SUI-L 3

SUI — 2 Channel

30° antenna:

overall ki K= 6.9

Tap 1 Tap 2 Tap 3 Units
Deelay 0o 0.4 1.1 L=
Power (omni ant.) 0 -12 -15 dB
V%% K-fact. {omni) 2 1] 0
T K-fact. {(omni) 11 0 0
Iower (30" ant.) 0 -18 27 dB
0% K-fact. (30°) 8 0 0
T5% K-fact. (30°) 3G 0 0
Doppler 0.2 0.1s 025 Hz
Antenna Correlation: Py = 0.5 Terrain Type: U
Gain Reduction Factor: GRF=2dB Omni antenna: Tpms = 0.202 11s,
I = everall K: K = 1.6 (90%; K = 5.1 (7524

Tpas = 0069 11s,

(90 K= 21.8 (T3%)

_‘,
Tl

.
— 7
i

% 2-5SUI1-2;

SUI — 3 Channel

Tap 1 Tap 2 Tap 3 Units
Delay i} 0.4 0.9 Lis
Power (omni ant.) 1] -5 =10 dB
9% K-faet. (omni) 1 0
T5% K-fact. (omni) 7 0 0
Power (30" ant.} 1] -11 -22 dB
Q0% K-fact. (30") 3 0 0
7% K-fact. (30") 19 0 0
Doppler 0.4 0.3 0.5 Hz
Antenna Correlation: Py = 04 Terrain Type: B
Gain Reduction Factor: GRF=3dB Omni antenna: Ty = 0. 264 L=,

MNormalization Factor:

30° antenna:

overall K: K = 0.5 (90"

LK=1.6(
Taws = 0. 123 ps,

overall K: K =22 (90%); K= T7.0(75%)

% 26 SUI3

10




SUI — 4 Channel

Tap 1 Tap 2 Tap 3 Units
Deelay 1] 1.5 4 Lis
Power (ommni ant.) 0 -4 -8 dB
00% K-fact. (omni) 1] 1] 0
T5%% K-fact. (omni) 1 0 0
Power (30" ant.) 1] -10 -20 dB
00% K-fact. (307) 1 a 0
7% K-fact. (307) 5 a 0
Doppler 0.2 0.1s 025 Hz
Antenna Correlation: Py = 0.3 Terrain Type: B
Gain Reduction Factor: GRF=4dB Omni antenna:  Tpys
Normalization Factor: :::.:.... ==-_|[|113-:|1$; n.jlg averal K: K = 0.2 (90

307 antenna:

owverall K K= 1.0

%o 27 SUI-4 7

SUI -5 Channel

Tap 1 Tap 2 Tap 3 Units
Drelay Ju] 4 10 L=
Fower (omni ant.) 1] -5 -10 dB
QI K-fact. {ommni) 0 0 (K]
T5% K-fact. (omni) 1] 1] 4]
S0%% K-fact {(ommni) 2 1] o
Power (30" ant.) u} -11 -22 dB
D% K-fact. (30 0 0 o
TV K-fact. (30") 2 1] 4]
S0% K-fact. (30") 7 ] 4]
Doppler 2 1.5 2.5
Antenna Correlation: Py =03 Terrain Type:
Cain Reduoc 1 Factor: GRF =4dB Ormini ante nma
MNormalization Factor: Fomm = -1.5 |_|_3 dB overall K: K = 0. i K= 1.0 (500

Faor =-0.3573 dB 307 antenna:
= 1.3 (75%n K = 4.2 (50
%, 2-8 SUI-5 i
SUI — 6 Channel

Tap 1 Tap 2 Tap 3 Units
Drelay 14 20 Lis
Power {(omni ant.) u} -1 -14 dB
D% K-fact. (omini) u} u] o
TEY K-fact. {ommni) 0 1] ]
S%% K-fact. (ommni} 1 o] 4]
Power (30" ant.} [x} -6 -2 dB
G0% K-fact. (30°) u} u] [&]
TS K-fact. (30") 2 u] [&]
S0%% K-fact. (30") =} u] [&]

0.4 0.3 [ H=

latiomn: Py = 0.3 Terrain Type:
Cain Reduac n Factor: GRF =4 d8 O ante nnas 5.240 us
MNormalization Factor: E_:-“, —= —_laﬁitlsii leg ;E';'::llt:i;l:i := o. s ? :_3;;_._ LK =
overall K: K=04 (90% ) K = 1.3 (75%n K =

4. 2-9 SUI-6 it
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R

Fieed & AWGN fiu Ricean ;g ke FANECRIHL =2 et 1fY K-factor - 2 (i
R EAR SRR A g ] (multipath delay profile) - £ FfﬂFIEHJj"y
B B > [RERHRE SISO Y SULER - U H 78 £ MIMO =
AR > TUFRAI RS AR e 1 Ao i
[5] - SESPSHEAIR 2-4 T -

AWGN Eicean channel
coefficient with the specified
o Wer

.-__.-"

white spectrum 1= shaped by
Doppler PSD

N f
In a multichannel scenario,the
taps between different channels
have to correlated by the
specified antenna correlation
coefficient.

™

resmple the current rate to the
specified observation rate

[ 24 SEppE
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2.2 ITU-R S8 E]

ITUR4lLt57 ﬁfﬁwiﬁﬁ”'MT2m3”?W?ﬂiﬁiﬂ” L
PRI [N )RR A R SR R A
2.2.1 SFESIEIRY /73

L U UALI I AR B TROR % T R R
052 [FBE T [i TE (welghOF SR » iy T IS ELRL™ VBT ~ T S9ifiia
SUC S

N
w(t) = > fpn gn (t)2(t =) (2-6)
n=1

W(OFHZ() FRRIE AV AT s PR (VIS o gn kL HIL T A

ITU-R SRR ST H5 = [ 2BUR:
(1)2’;’[‘J3E[J%@£%ii§i(indoor office test environment):
"“I%iiﬁfl‘lg'g:ﬁ | A AR PV R R B - 5 AL I?B'* 2R
ESIE EN R 3Eu;:€€§%iﬁ(outdoor to indoor pedestrian test environment):

i PSR BT T AR (SRR © L7 SR
TG ALK b SR

(B)Eéﬁiﬂﬁﬁﬁ%(vehicular test environment):
P SRR S RO SRR © bR -

13



5 ERUEL ST A - B RPBSEEN - A SRBILRLY " 15 F e | (o5
P B SRR S PSRRI R e A
2-10~2-12 Fr=. -

Channel A Channel B Doppler
Tap Relative delay Average power Relative delay Average power spectrum
(ns) (dB) (ns) (dB)
1 0 0 0 0 Flat
2 50 -3.0 100 -3.6 Flat
3 110 -10.0 200 -7.2 Flat
4 170 -18.0 300 -10.8 Flat
5 290 -26.0 500 -18.0 Flat
6 310 -32.0 700 -25.2 Flat
ENPRTET =)
Channel A Channel B Doppler
Tap Relative delay Average power Relative delay Average power spectrum
(ns) (dB) (ns) (dB)
1 0 0 0 0 Classic
2 110 -9.7 200 -0.9 Classic
3 190 -19.2 800 -4.9 Classic
4 410 -22.8 1200 -8.0 Classic
5 - - 2300 -7.8 Classic
6 - 3700 -23.9 Classic

F 2-11 ZIEHIET

14
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Channel A Channel B
Doppler
Tap Relative delay Average power Relative delay Average power spectrum
(ns) (dB) (ns) (dB)
1 0 0.0 0 -2.5 Classic
2 310 -1.0 300 0 Classic
3 710 -9.0 8.900 -12.8 Classic
4 1090 -10.0 12900 -10.0 Classic
5 1730 -15.0 17100 -25.2 Classic
6 2510 -20.0 20000 -16.0 Classic
F 212 SRR
222 FURBY/ 7

ITU-R S H105 B el S0 A 2-10~2-12 (1 » 5 /75 )9t
& Iﬁﬁiﬁ%ﬁﬁﬁﬁj oE @iﬁﬁlfﬂ TS

B @ FL (path loss)
7 IR R0 P ) R i s -
(D)7 RS I%iiﬁl(indoor office test environment):

(n+2
L = 37 + 30logg R + 183 n'\"**

- 0.46) 27

L [18% SHUME £ dB o R ELRGSIRAE CHATHES » FA AL N o N

l—igﬁ‘ﬁ[“&g’,&ﬁjﬁ — ';'5‘ '”FJ?:]:IHIE[ J%)Pgl[_{ﬁr

(2) FHEIF T A= S ﬁiﬁ(outdoorto indoor pedestrian test environment):
L = 40'0910 R + 30'0910 f + 49 (2-8)

L AuRE AR T oh £ dB o R EL R '%p}%yf‘.}ﬁ

i, B RLED o f T A

15



3) gé@?ﬁﬂ%‘ﬁﬁ(vehicular test environment):
L=40(1-4x10"° Ah,)log ,,R-18log ,,Ah,+21log,, f +80 dB (2-9)

L [ S of £ dB o R 5D EGSHIA S SIS > WAL TR o F G A

PLAI « Ahy ¢ LY ARG - AR L

ﬁﬂ%’“’i ¥ TE(Doppler effect)

7 IS PR 2-10~2-10) ™ 140 ) (classic) iy 1 (Flat) 1 F 035128
(PSD) :

(1) 4 E](classic) :
fli=] Clarke #I Jakes 817 :

1 1

Pa(v) = P(v) = — \/W > for Jo| < V/a (2-10)
AV %;ﬁfﬁ.}ﬁ@ﬁ@ o
AR

(2) T Hi(flat) :

P,(v) = P(v) = % for |u| < V/a (2-12)

16



2.2.3 FEAIE.

ITU-RGEDESURE 1 & HIe ) iy (Ray leigh) (Kb p p bl > P
Bk 2-10~2-12 EIfJ%iiﬁéfg\’fg%Hi%;’[ 8 A R (multipath lelay profile) - |

LS FERRA I I > RIS R 5 SISO R -

2.3 SCM e E]

SCM SEj321£% 3GPP AR [IUSE SRR » 5= [ 45 70 (fixed)#1/% F¥a(mobile) .

;ﬁ@gﬁﬁﬁfj MIMO =5k o
2.3.1 FFIBUR /7 ;“%’,

SCM spJipifsiss s »5 ') = (B -
(1)~ £ £ = $[1 gk (suburban macro-cell) -

W ARG 1-6 2 ED o FLYG SRR SRS ol 10-80 2
N RL 32 2L e PR L L 0-250 TR -

(2) " BJ1 i =0 55 ] (urban macro-cell)

Ul G 1-6 2R o LT RS B SR L - i e 10-80 2
NPJ y 7 féjﬁ,lj@ﬂ 32 T Hlo %{;Eﬁﬁ@ ﬁ@[fﬁgji@ 0-250 “El o

(3) ] ] iz 5 (urban micro-cell)

W i 4 FZ LG 0.3-0.5 ZEI o LT AR SRR | ARy > T 4
SRR 125 2N e PR AR R 0-120 2R SRR ]
AP R AR U AR |

17



2.3.2ifl_jlﬁg 2T I\ =ha

SCM SE3EL EL A 2 7 MIMO 5319 2 [ 30]3¢1 (Spatial channel)f5UfE-» AFgEn™
SISO EREEEMEE 4+ H RORDE T FRHA IR s » 2 ps s i
F[J T‘“? ﬁyﬁﬁgg\’rﬁ%?ﬁﬁﬁﬂﬁlﬁ% Flfjﬁl]%éfg@’ Rl 2 e B o AT B2 E

Z/[quﬂ 2-5 Fr= o 53 (cluser) [ EF» | B% @ (subpath) » &~ /] BE @ (subpath)
TR G0 S ISR £ - 0y BRI 2 ) B8 7 S )
OB R R IR (RS o T SCMURIRF SR R - — 5

P {3 20 (7 B o PP ISFE (PSR OB B PR A

-L‘\

(tap) » 16 155 i A SR 7 o Om SRRL Y R s
FIILOS B e &) LOS B4 i KU FABRAREE 1 35 5121 BbpioRisies o Onon 13
5y N {HEEE O FEH £ (AOD)2 AODIEE LOS R AL 2[R 2: ok £ «
Amom a0 5T (ARSI 1Y M (28 @ (Subpath) A 157 n S [0 AOD £ 3 -
Onm. 40D 557 0 [ 15T m [ ] P (subpath)[i3#15:f AOD

en,m,AoD:eBs +6n,A0D+An,m,A0D ° OMS t"r I—IFI}J#'JQ\HMI Jiiﬂ&&[l LOS mﬁlﬁ‘!lﬂ j2}4 EL"J ° SH,AOA /t'z}]
BN [T 5 (AOA)» AOA EL LOS B A1 FRE (IR 12 2 e £
Anmaot sV 0 (FHES Y m (]2 2 (subpath) F1EY n [HEERE19 AOA €74 3% -
On,m 408 47 57 1y EEERE 12T m ] 2 @ (subpath)iuzeissf AOA »

Onmaa =0ms +na0a +Anmaa °© OBs t"ﬁ,ﬁlfI3\§§LF[LJ3§&;&&[l;ﬂé’[’gﬂ‘i’#jﬁ&ﬁﬁ? EL'AJ >
FRLT A [t Qs £, 15 Fgs fil AR ARG L] S ] S
l—mﬂfu:\;@@ Iyl o v LT s .}gf@@ fiE - 0, 47, /5 Pﬁ,r.}ggiﬁg@ RS

FiIEy .J—\,wip RRES NG S O, =arg(v) °

18



Cluster n \f\

Subpath m

BS array

An,m,AoD /

MS array

) 0 » H

; BS 3 3

® 3 MS direction
BS array broadside of travel

B 2:5 # T

B GO LdIR 218 T - PR B % suburban

macro-cell #[1 urban macro-cell RyFERUREE 2 Hep o IR ] -

132 &£ suburban macro-cell ﬁ& urban macro-cell ﬁ*ﬁ o

2. 43P F [ﬂllﬁgh,r.'ﬁlgggﬂif[ Mk i 2 g 985 Oms - Qus F1y o Qus 1T iid
0~360 " iU 5 (uniform) ;3 ) « LERS [kl v AV - H 174 % 17, 0~
360 " fiuss = (uniform); 3 frRag -

3EBIVHEH(DS) » £ FHH(AS) » HPHFIH(SF) SR - H YA 2-13
e S (DS) R PRI I G ST AR Cap) OB L AR

(AS) ™ 7% F5 5T £ o~ BT - S (SF) L SR i S
PYR=BIIVRLR o 50 0ps ~ o5~ o FITEPBR(DS) ~ FE IR (AS) ~ PR

Vi (SF) » HELlognormal FEES i o o, :1OA(8ASX+HAS)1 x~n(01) -
Ops =10"(SDSX+HDS),X~11(0,1) > x BT {djlﬁkuzr’ﬂg‘ﬁlgﬁ'— F”ﬁ %’@’(0

Has > €as ~ Mps ~ €psit #e 2-13 [l1FI" H -
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—Iys0ps INZ, > n=1...6 > '

.6 [l LEI% 2 () - T,
g ° ZpFb1L1LAES = (uniform) RS ros &< 2-13 fi' > opg ik

L>T

( %

4.5

Ty > Ty >

HER 3R o
(1-rps )}tin)—T())
5,55 6 1 S 2 (tap)fo T S9RCR - By = PSOPS 10710 n=1, 6
int"lldﬁ SRSy AR 3dB o rpsit A 2-13 T 0 ops H1 T(ny TEH RS
. PT;. = 7 - J
n = e ¥itapfvT HHRCE
- P
j=1"J

i 4w H }]‘—’J’ P’ it Y (™= (normalize)

6.5+ [HtapfiuAOD - AODEL™ £y i Al ZFREE s, ~ n(0,0%)
N=1.6 o a0 =ThsChs s rasiy A 2:081itMHLs, 0 as TE RS ([T FHE Y

=+ I'[E'AODIIZ'Q‘ﬁ"E“’J‘F@HJ\ a7 1 *u 6 [[:-{tapﬁ[igj‘!_‘gﬂ SA0D -
T I T A EAESEEROAQD - S HER 3 0, FIERG

& 7
£ 1=

F[Lj 8n AoD Flfjﬁﬁggm[ﬁ}%

(Subpath)ﬂj nmAOD o T2 ys“li[ I[—{ J 1%

L& 7
ZEr =
EI)A[IFY 0~360 14 15 =

8. AT R Y 6 [ 1P 20 i)
JJE[ ﬁiﬁﬁgﬁuf‘:fﬁ} P, 120( p, ELH 5 puTn{ftappy- Jr:JH
'ﬁJF[fJi.i.dE‘-'J@ D,m © FJF15 2-14 Hlp ID ffl | 2 = FEER (N tap) o £
An,m,AoD °
Aon)

9.5+ [itapfluAOA = AOARLT 54l T F VLI B =R L S, pps ~ (O,

Gy pon = 104.12(1-exp(-0.21751010g, (P, )[)) » Pn¥LH R 5 {115 fltapp

20



10. ERT T ;w ™ 6 (S plps 20 ff# ] 2 @(subpath)EIfJAn)m,AoA o flisk 2-14 (1

A

n,m,AocA

i ) B AR ) tap)io 7

11;[§’£LF’}%[1,135%;;F.J5 GRERE | RS Jlﬁiﬁwg\rﬁgg}% FSUEL F‘ lmgﬁ\fﬁ}g@fﬁé
ﬂ«\rr,;l:l E{ﬁlwk E Ia:“[‘VEF[JFJ:E'; » AOD » %LIE\%TFSJZ}E—-%

12,3 0,m, AoD I 0,m, A0A 7;,21«“ I éﬁfﬁ}ﬁfj%ﬁﬁ@@ﬁ(antenna gain) -

JE’E

On.ma0D =O8s +8n 0D T Anmaod * Onmaca =Oms +n oA +Anmaca ° _\ﬂﬁig?ﬁf
RS 553 Y ) 1] M R ) L O b Ve
YR EI*J;F.JE URBUR R Or,m, AOATTHER o

13 HH R R o F[ MW RR 2 B J§L i (F E[*JJFFUE'EP‘“ET 8 2R (path

loss) » I =47 5 2-13 i 2 -
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Channel Scenario Suburban Urban Macro Urban Micro
Macro

Number of paths (N) 6 6 6
Number of sub-paths (M) 20 20 20
per-path
Mean AS at BS E(G 45)=5° E(0 45)=8°% 15° | NLOS: E(o 45)=19°
AS at BS as a lognormal RV Mas=0.69 8° Mas=0.810 | N/A
Ops =10 (EpsX+11ps ), X ~1(0,1] &,5=0.13 €5 =0.34

15° pyg=1.18

€as =

0.210
Fas =0 aop /O pg 1.2 1.3 N/A
Per-path AS at BS (Fixed) 2 deg 2 deg 5 deg (LOS and NLOS)

BS per-path AoD Distribution

standard distribution

1n(0, ciw) wher

e

O aoD = TAsO AS

T](07 G?ﬁoD ) wher

e

G aoD =Tas0Oas

U(-40deg, 40degq)

Mean AS at MS

E(GAS, Ms):680

E(GAS, Ms):680

E(GAS, Ms):680

Per-path AS at MS (fixed) 35’ 35° 35°
MS Per-path AoA Distribution n(0, cioA (Pr)) (0, zequ (Pr)) n(o, zequ (Pr))
Delay spread as a lognormal RV | pps = - 6.80 ups = -6.18 N/A

eps = 0.288 eps=0.18

Gps =10" (epsX +Hps ), X ~ (0.

Mean total RMS Delay Spread

E(6 pg)=0.17 ps

E(opg)=0.65 s

E(ops)=0.251ps

(output)
Ibs = Ogelays / Obs 1.4 1.7 N/A
Distribution for path delays u(0, 1.2us)
Lognormal shadowing standard 8dB 8dB NLOS: 10dB
deviation, ocge LOS: 4dB
Pathloss model (dB), 31.5 + 35logio(d) | 34.5 + 35logi0(d) | NLOS: 34.53 +
dis in meters 38logio(d)

LOS: 30.18 +

26*10g10(d)

# 2-13 U=
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Sub-path # Offset for a 2 deg AS at | Offset fora5 deg AS at | Offset for a 35 deg AS
(m) BS (Macrocell) BS (Microcell) at MS
An’m,AoD (degrees) An’m’AoD (degrees) An’m’AoA (degrees)
1,2 + 0.0894 +0.2236 + 1.5649
3,4 +0.2826 + 0.7064 + 4.9447
56 + 0.4984 + 1.2461 +8.7224
7,8 +0.7431 + 1.8578 + 13.0045
9,10 +1.0257 + 2.5642 +17.9492
11,12 +1.3594 + 3.3986 + 23.7899
13,14 +1.7688 + 4.4220 + 30.9538
15, 16 +2.2961 + 5.7403 + 40.1824
17,18 + 3.0389 + 7.5974 +53.1816
19, 20 1 4.3101 +10.7753 t 75.4274

Fo 2-14 | B IS 3

2.3.3 S (REIE

U 2.3.2 OB B IR R O S e
%ulﬁﬁ ) [Eﬁ uﬁ'&%ﬂﬁﬂmth o

M \/GBS (en,m,AoD )exp (J[kds Sin(en,m,AoD )+ q)n,m x
hu,s,n (t) = ﬂpnl\;liz \/GMS (en,m,AoA )eXp(jkd u sin (en,m,AoA ))X (2-12)

- eXp(jk||V||C03 (en,m,AoA -0, ))

h, oo (t) AT BTUIR 5 8~ AU ST TRHEL 7| S8R R R e Py KLU RR

5 v EIn{itapfu ISHEL o OsF ELH R 3 S AVSE © M=20 > A~ B YT B
el Gus (enonA);L Ggs (On,m, aoD) F R 12 fi Jﬁl Ratlig I}EJ—\HM?E

k=2n/h » } ERILR o dsif.@ﬁlf AT lf‘,:\ﬁﬁ'&[l?ﬁ— PSGEIVEREE « dy B 7 F

] HIQﬁ ARFIET— A ASYIIEEE o P 4B 8 SRV ETn(fEtapp (Y TmM
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I,E_'?{ | & @FWE"‘J@ o Onm a0D EH R 12 F[fjgjnﬂﬁ{tapl:[[pfj%jjml'[ HEZ z_gF[ JAOD -

enonAt VR 12 pu T n ffd tap fIIPY ST m (] 28 =AY AOA -

= mﬁfﬁ%}ﬁfjjﬁi@ %‘mﬁﬁl E‘-'J@ o

Ry TR 2 Y

2.34 ﬂ;ﬁguﬁiﬁ_

SRR 25 TP - T R F R R
W e RO R R 5 RS S SRS R R -

Suburban _Urban | Urban
macro macro MiCro

‘!:

_| 2. Determine user parameters

1. Choose scenario

gle spread o5 0y, AoD Angles of departure (paths)
Lognormal shadowing oy A”"”’AOD Angles of departure (subpaths)

Delay spread opg T,, Path delays <¢—4~ Far scattering cluster
Pathloss P, Average path powers (urban macro)
Drientation, Speed Vector S, AoA Angles of arrival (paths) ~ <e=—f= Urban canyon
Ops O Qs v Anm,A0A Angles of arrival (subpaths) (urban macro)
Antenna gains
. <= Polarization .
3. Generate channel coefficients | LOS (urban micro) dOptlons

i 2-6 SE PSR
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2.4 TGn FSHE]

TGn it IEEE ﬁku“*t ) 802.11n [IUSEARL] » S P i [ 2 ¢ .
AU (MIMO WLAN) » BV SR 1 11 Saleh {1 Valenzuela g
(cluster)f:7[[10] - 802.11n [IU3ESfifi | H ¥ A,B,C,D,EF + 7 » M 7[R
SN SR [y ARSI FUE ) IRIRORE B 2 A R R (tap) -

o BERR A AR o AP SR R 3
JoSR R AR ALY #) % (AOA and AOD) W £/ Uil il (AS) » F| B~ 3L
ST O RIS - SRR P e T e R A
(MIMO WLAN) [iv 802.11n Spj3EifsLE] «

2.4.1 FHAIR G

EREVELE [ A npsE i (channel matrices) H ﬁ%ﬁlk,r.'%pgq s
U1 o HR ISR | n AR SRR LAY, - S H HE- nxm
FOSIRD « 55 IEH » 5 5 PV FOsEAIR H 5 A T
[ (Line of Sight ,LOS) #1— {lst Rayleigh #fifffi (Non-Line of Sight NLOS) [11]

) UL R A SR ]

=R

e]¢11 e]¢12 eJ¢13 e]¢14 ll

X

\/_ K ej¢21 el¢zz el¢23 eJ¢z4 1 X21 X2
=P Kol el elte ot oite | VK1 X, X,
X

e 1941 e 1942 e 1943 e i X "

u || (2-13)

N
N
w

X X X X
X X X X

N
N

HIPE R =kl - XiiRayleigh LI HVY ke £ AT FR -
Ryl T IS[T ARG o Exp( @) RN R K- [l
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Hi e KHIEIRicien K-fa=7» ASSED [FIFAEREts ] » &) 7 lpv il - Hifin2.4.3
AV H 2.16 Fira-

Rayleigh#ifi{iHy fi" [ [j%q’sﬂf‘r%.}%pfs“;;’;%ifﬁ.}pfjﬁlrﬁg%ﬁﬁﬁ](Rrx?[lRtx),%“xi?g' N Uk

[X] = [ )[R @14

1
[]5 #<Cholesky factorization - Hiiatl— B FI G 2R g v 9 sl >
| ﬁ,ﬁ}?@gg I R - T L[TF‘,J}:[I[H? :\wﬁ[ Tﬁg[@(RrxﬂlRtx)
RS SIS L (P PAEE A AR )

1 P2 Puas  Pwas 1 pa2 Pas  Peas
P21 1 Puos Pxoa P21 1 P23 Prxoa
Rtx = Rrx =
Px31  Pix32 1 Ptx34 Prx3l  Prx32 1 Prx34
| Pxal P42 Pix43 1 8 L Prx4a1l  Prxa2  Prx43 1 i

£l ﬁ;?}?}ﬁ?ﬂg'l%@ﬁ@fﬁﬁ RS (Do 0 o) » A B A
(Power Angular Spectrum , PAS) » 1[5 ;r.ﬁ‘h_ "% (AOA)E&[EWL,F.}@@EHE-‘J
(AQD) » F1E % P (AS) o 5 o & [ (cluster) F142 [R5 & (tap) FVAS, AOAH!
AODFIRLAZ FHfy ~ pods Ry ik THJF mﬁ—fﬁ’*’ﬂfrﬂ]&ﬁuﬁlﬁﬁ i+ 2.4.3
A

[fiE £ £ i (PAS) A 5 R (cluster) ™ £ S8y PR 5 Frp sy 1

SEFIEHE S T AR pOR=RS e e T RIPVEROH S F P IFIEY PAS 53 A
feI ®| uniform, truncated Gaussian #{! truncated Laplacian 53 | - i/D[ﬁl 2-7 7= > 1 508
B A5 T]) = fIkL truncated Laplacian 53 ) o [fi5y4% PAS 55 vyl Er o =2 Bty
AOA(fis AOD)H1 AS>AS I AOA 14138 PAS ] ff 7% AOA = BIFKE PAS

[l PR [ AS 2 ToIRYZS PAS iUl .
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| L ¥ ——-| — Uniferm H
| | Truncated Gaussian
: : — Truncated Laplacian
12F-—-y-—==qf--------- T————
1 1
| |
1 1
1———I_______ ________I_ _________________
= I 1
W 1 1
?Dg___'_____ O
- | | |
e 1 1
1 1
T W -
1 1
1 1
oap -t
1 1
1 1
pal__-L L oL _
1 1
1
|
|:| 1
-150 [+]
4 [degree]

[f;qﬂ 2-7 "N Y PAS féiﬁELﬁj[J?j [-60 7,60 ] - AOA{-90,90 %} AS £ 30 %

I~ RS Y AOA YT Laplacian #5455 [12,13,14] (Z/Dq@aﬁl 2-8 - )

1  eoic
p(9)=Ee‘ i (2-15)

O 5% AOA - o i PAS fUfgias o = s ASFYAT -

0.025¢
0.02}
0.015-
=
F=] +
E H
& !
0.01 - +
0.005
0 1 i
a 50 100 150
Degrees

q*[‘qﬂ 2-8 AOA Ji "’AJ » AS £ 30 %
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=131 PAS 5 7, AS F[I AOA(FY AOD) ™ » H[[fi* s+ ’FEEW'FTJ e o o s
SRERTIULAYRURE™ - RS HIRAT R R 2 47 [15] -

p=le " PAS(H)dg = Rxx(D)+ Rxy(D) o
iy R, (D)= Tcos(Dsin¢)PAS(¢)d¢

Ry (D) = [ sin(D sin ¢)PAS (4)d g
D=27d/ A > d £ ,3 _lgq pﬂﬂg;&rs, AL ES B R -

2.4.2 BECREE S

802.11n SE{IEIABLE] Fl Ip i i [F=fi] TJ[%* fol H 7 {1 Saleh 71 Valenzuela
HUPORET (clusten) [16] 5 » 74 T [IPVAAREILE] (A-F) [' | UE|E R

AZRR RS PR F Y U S (taps), i fll 80211 SpiE b o HERLT
R [l e e 2 R Y VAOAAODIAS FE 0 it - Y

SR A I R S S (et IR
A Y 2-10 5 o SRR L [ g £ (taps). V[
S AT R AR SRR O S R

(1) Eﬁ:;rr%liaﬁ:;rr I f FILJ :E,H&}‘F[gjr@f“ﬁ l-, [iqﬁp_,:m /[ FIJ E’ [ R (taps)
IS B4 RS - A e

Bu' = B?(0,0)e " Tl (2-17)
Hlfa FF ISR - FiRayleighliky gy Ba® UKD Ba [0 SR o
B°(0,0) EB Y- A 15y (e 20 B (g (tap) vt BRFC Rl o TiER ST T

R

ST > DI BEEE [K I 2 5 22 (tap)EERE G T 1 53 s e
BIF[1 % £ 1 2 (taps) I URL IR -
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(2) s VIR R R 53 g

P(T, [T,y = Ae AT (2-18)
(3) ZF1 i (taps)d/ [HILEEF IR =53 g™

P(ry |7y yy) = A6 H0TTD) (2-19)
AFIATT PIEEEERE A2 E 8 T ek o

802.11n I3 SFUASI B (RUL (S ESIFO RS S0 » F IR 6 53 o

A il s E R J«]r’% HE‘H@%} rﬁJ oB A o BRI qgﬂ 2-10

4—‘

T AR 2 G LINTERA) - (R D £5)

_]-‘n a-TiT

i 29 BEE gt

Relathie dB

L L L
100 150 200 280 G0

),%Eﬂﬁ?z(hp) Delay in Manos econds

il 2-10 B 4
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2.4.3 PRESE] ﬁ%‘fﬂlﬁiﬁx@’ =Y

& TIPS USRIV (LOS and NLOS) » #) 7 [l EHEpvsp it
Bl Y[k 2-1 Fira e

Environment Condition |Mode|
o lLos [B-LOs
Residential
NLOS [B - NLOS
Residential/ lLos B - Los
Small Office NLOS C - NLOS
. _ [LOS C-LOS
Typical Office
NLOS [D - NLOS
_ lLos Ip-Los
Large Office
NLOS [E - NLOS
Large Space/ [LOs |E -LOS
(Indoors and Outdoors) INLOS |F - NLOS
Stadium/Microcell ~ JLOS F-Los

% 2-15 P E] ) A

T

i P IRIFULE] AF (11 LOS AINLOS % 7 [FIRY K fifl > 9L 2 155 (rms DS)
IS B i 2-16 A= o & LOS ]%ﬁdﬂ » Y- [EEEE (cluster)iuaT— [ ZE1 1
Iw(tap)};:ﬁl %‘;‘ 2-16 F[j K [E‘I ’ _FI lﬂj [JE{;:_Trtﬂ:[ %E[ l:l&c JJI Fl [J K [EJ E[ tr Fa[j —J{EJ_J\

(dB) ; ¥ NLOS il ™ » BELHI £ HpY K [fiiSEh 178 (dB) -

30



Model K-factor (dB) |rms delay spread [Cluster
(LOS/NLOS)  |(ns)
A (optional) [0/- oo 0 1
B 0/- oo 15 2
C 0/- oo 30 2
D 3/- oo 50 3
E 6/- oo 100 4
F 6/- o 150 6

% 216 S B

Al [’éﬂi%;la%}ﬁl}ég I éﬂfﬁ%}ﬁfjﬁlﬁlﬁ%ﬁ@ (correlation matrices)BE%LitF‘i&fgI@ﬁfJF%i{gfﬁi
= BUREELRRA ] o G EA R TIAESRE - R FESH R
et B EESE 0 7L JEUAS) - 5 5 GE 78 (AOA) » [f6SH3E 5 | (AOD)
PREDS) I EE AV 1 25 72 (tap) | fuASIAOA, AOD S9AHF » 55 [P L it

M=
5 [ 19 AS,AOA,AOD -

(1) & FEEPE S PR R (AS)F T EARLE R i 5 (rms DS)

Ty HfLE P P (rms DS)RLE [ ] & E,m%, [ S
T [y PR R R P RLAE S T [P g ILJFZE'I%DEHTF 5 i
2-10 T = ALY PR - R cluster rms DS FTAS Ej ECSEUALIRR -
ﬁ(’ﬂ (7 I J#5 ! cluster rms DS exf B AS o i AS ELBEESRAL A4S - AR
o B E P PR Bl (mean cluster AS) T 20 M £ 40 % o 71 802.11n pjEIASL
BIAF 1 55 e £ #8514 ffi(mean cluster AS)FE 20 %[/ 40 & ' AS

~ F1 cluster rms DS ?Jﬁlﬁﬁ'[\i » i mean cluster AS [ H ¢

AS =0.32DS +9.88 (dB) (2-20)
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AS % mean cluster AS» DS +% mean cluster rms DS fi[;Ei81 %] A-F i mean rms
DS FIEAGE Piske 2-17 Hir. o (Fe 2-17 BB IANSE) ~ dERad N 1 4 FUEcdr
FEAH DS By M [[HESEAY rms DS > 7 T B A A ED)

gt AN NNl AS (mean cIusterAS)ﬁlDS (mean cluster rms DS) » F |7 #

[FlEERE 1Y AS #1rms DS

DS = DS + o x (dB) (2-21)

AS = AS + o,y (dB) (2-22)

y = px++1- p?z (2-23)

Xy ELT S5l EL Sy o AR R, (R R X*DYF'@WF%JI'%EJ? o £y 0.7
ZE R Elfiﬁﬁj%i’?{%%ﬁé?’ TSR R AR BT EL - - 0y #loa Ebmean cluster rms
DSpURE. til“lﬁil%dd Oa AS*['DS’EJF;HUE)‘F'”F”E |7 VB (AS) AT

(DS) -

ISRV B ELE 3R B VST [HEET Y AS A1 DS ') (2-21)A1(2-22) % % »
|93 [WHEERE Y AS F1 Ds £ '] (2-21)#1(2-22) & &

Model Mean cluster rms DS (dB) | Cluser rms DS frfg v
(dB)

B 9.7498 1.6879

C 12.3535 0.2767

D 16.3392 0.6373

E 18.8981 0.3007

F 19.1173 1.1267

%*. 2-17 cluster rms DS
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() = L[Tfl%} 7|4, (mean AOA)F{1 i [E‘lffflﬁ.}gﬁ *FE "% (mean AOD)

%FF” b Tp— BT Y AOA YT (1) Laplacian #5555 ) » hy7t 802.11n flif!]
F%F'JEW‘ A [ 2B AR AOA S fIFT AOD 55 - ) 7 iR
FIE] IS AOA - S fifi I AOD 2 85 - £54512,13] » Jﬁlﬁiﬁd‘l‘zﬁﬁl@ﬁf’%’ [Y AOA
IS ffAT AOD 2 IS il SpA e | £ E 85 S RS AEly (uniform random variables) - Fr[?

T PIRIFIEERT 9 AOAT 41 AOD 2 4 FILRLE 1] 0~360 "% kv~ )7 -
IR

(O SRR SR T > FPRSUBEN S  ( BRI L 802,110 3
fﬂ :

(1) H RS RRS R [}jéﬁfﬂ’r‘f‘rﬂﬁ@ﬁ:ﬁ I %ﬁ%\‘ o A= WS (cluster) ™ » Sl %

IR (taps)vf-&l -

(2) £ A-F s E AV S Be(cluster)

(3)¥EFe & [ (cluster) fjl jﬁ Frs FESE) W 250 B (taps) - &
[8] -
(4) &5 [ (cluster) » 5 i 2 E1H 2 (tap)AVF= Bl 7 ,(PAS) ( FLfP F‘#

= Laplacian 57 "’F'J ) e

(5) L35 [T (cluster) » &

&
;T

28 (taps) i ) % # (AS) -

(6) 35 R (cluster) » & ffs

L‘:
?T

1% 72 (taps) OB ISR £)7% (AOAV A
515 7% (AOD) -

(7) 55 M A I SR -

(B)eF f & flwlyfii] > & [l 215 = (taps) ™ 4 A O A Jﬁlrﬁ%ﬁﬁﬁr(mx I RtX)
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2.4.4 802.11n 7+ matlab fVEIFl

7 2.3 AFHREAERRR (i FRILE G T 802100 SESHAMUREM - SRyT)
7 matlab %3 802.10n IR + ¥ T HIHSR A SR - TR e YRS
Hepo— B PRI - H R YRR I 2-5-2-10 - 53
AR AR 2YURET] -

W 2-12532 B
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Chister 3.0 i : 5 : : 138 | 2320 | 252, | 267,
[4B]..

Fry &[’}f* : 5 : : 276,01, | 2761 | 276.1. | 2761,

A5, AS. : 5 : : 34| 344 34| T4
1

Bl &[?F' : 5 : : 2759 | 2759, 2759, | 1759,

A3, ;; : 5 : : 368, | 3680 368, | 368
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18,

T30
Power |
Chster 3., . 2o TR | 96. | 1420 ) -138 | 184 | (180 | 23EL | . a a
[dB]-
A &[ff]&" a a 80.0. | 800, | 80.0.| 800, 800.| 80.0.| 80.0. a a a
A5
A3, Fl a a 34| 3T 3T4L| 3T4.| 374 | 3T4.| 374 a a a
Al &[ff!" a a 619, 619, 618.| 619.| 619.| 619.| 619, a a a
A5
A3, Fl a a 3.0 380, [ 380, 380, 380.| 380.| 380, a a a
Power | i
Chuster 4. . a . a a a a a0 | 06 | 205, |20, | 244
[dB]-
A &[ff]&" . a . a a a a a 1820, | 1320.| 1320.| 1820, [
A3, 65, . a . a a a a a 403, | 4030 | 4030 403,
Il
Al &[ff!" . a . a a a a a wsa.| 257, arsa.| wmsg.|
A3, F;' . a . a a a a a .| 87| san.| ma.|
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4
1050,

B0,
a a
a a
a a
a a
a a
Power
Chaster 3 . . SiTa | BT G104 B | -141. ) -12T7.[ -18.5. a a
[dB].
Bk &[:1’]&' . . AT | TATL | TAT.| T4T.| T4T. | TAT.| TAT. a a
A
A% r . . 420, | 4205 | 420, 420, | 420, 420, 420, a a
Bl &[:1;1- . . 15305 1530 1530, 1530, ( 1550.( 153.0.) 153.0. a a
A
A% I . . T4 | T4 | 4T4L | 474 | 4T | 4THL | 4TH. a a
—
=, TR A
Power
Chaster 4 a a - - - - B8 | -13E.) -187. R R
[4E].
Bado &[f’]&" . . a a a a 2515, 2515, 251.5. - -
AS.
A, . . a a a a 6. [ 286, | 286, a A
'l
80D, &[f}ff . . g g g s m2ss| nzs.| nzs, . 5
Af.
A, . . a a a a .| 272, 272, A A
'l
Power
HE] E E E E E E i E
ml 1 1 a a a a a a a A
'l
AS
- E E E E E E i E
ml ] ] a a a a a a Bl a
Il
AS.
Il E E E E E E i E
Power
Chaster 6. a a - - - - - - - Sl63. | 212
[4B].
A A . . a a a a a a a 62, ME2.
'l
AS
AS. a a - - - - - - - 382, 382,
Il
Bl Aol . . a a a a a a a 623, 623,
Il
AS
AS. 1 1 K} K} K} K} K} K} K} 3B.0. [ 3804
'l

i 2-16 53¢t
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2.5 FRRLE] g

SUI A1 ITU-R SERELRLT R |7 SISO 55k Eb 3R HfSLfEpusppi s ] » £ il
=58 55 MIMO =38 > TR B84k e F)J R | I‘E"“‘ﬁjf“iF Eikan uE VR 2
3pJaEl(multichannel) i JF] IJ?FE'FTJ]fﬁw%ﬁ [FE T MIMO 53R Y Zp SR g o

SCM {1 TGN S2UHIRL | e8] 7 MIMO 56 5.1 5 FRRa e — 1]

U % MO B 6 S U MBI B oA s
B {fkL 2R sy -

RN Frm‘& FlIfY 802,166 5k J@Aﬁﬁﬂ PJ,J;; 802.16e IV fEE »

FI F' ﬁ}ﬂ E/\@ﬂ:}f H‘[ll?‘ﬁ ;@ﬁrﬁ? | MIMO ﬁﬂJSCM,‘Ej[AF_[":E'éfJ%

SRRE] -
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% 3% 802.16e 2 i i @23+
3.1 802.16¢ %‘Tﬁﬁﬁﬁ

3.1.1 802.16e IV E@%ﬁﬂ'ﬁ

IEEE 802.16 =%|| ¢ CIJ 7 802.16 ~ 16a ~ 16b ~ 16c ~ 16d - 16e - IEEE 802.16 f&
RIS 2000 £ 12 F] » A Tl IS %0 (Point-to-Multipoint ; PMP)
B ?&F’iﬁ[ﬁl‘p‘? %Ja I~ e[t (Line Of Sight 5 LOS » ﬁ?*ﬁ LIRS fL
e ) BT ORI AR EEL?BFIEJFJEIO802 16 ﬁlﬁ?f{ﬁ“g&é‘ = 48km >
/ruﬁ 300Kbps~2Mbps - 2003 =+ 1 *|¥#ig 5" IEEE 802.16a » L [+ &S5 & R ]

(Non Line Of Sight ; NLOS ) i S il PRI K30 [ L o= g i 14 > Al
(EHRC A A | IEEE 802.16 % 30~50km. [ IEEE 802.16a £% 4~9km-802.16a
pUH[E 2 R ri?ﬁ] 802.16 =5k l[ﬂ“'}%’ﬁ_qﬁﬁ%ﬁ? s - B )] */I’/]UFE T s
A - 802.16b RLEFEF SGHZ~BGHz = SfpHify i #e A iFe M %ﬁ #jﬁﬂi“
i+ 5.8GHz>802.11b = fI H R ATV & ’_F}L"EJ [ﬁj by 5.8GHz fiv IEEE 802.11a 1/ +#] 7%
§E1 [ F|<'1-802.16¢ £ 802.16 EI@;[%%E@E}[ gy fzf*‘fp ISO/IEC 9646 =3[ = ITU-T
X.290 =H[IPVEEEFE T o B ﬂ’ggp SIELET[E IR o 802.11d B[R {&Fﬁf 1 (Fixed

Wireless Access ; FWA ) » & 5 LOS #I NLOS e » i [55 EE\EHE*U* o7 LOS

f
[+ 802.16d Ui kLG 10GHZ~66GHzZ - #if st (Physical ; PHY ) fivfliiz
= Elﬁ‘ﬁf%&i&lz (Single Carrier ; SC) *=' - NLOS Eﬁi}& ]’i{ﬁﬁ@ﬁﬁ}»?& »

BWA ( Broadband Wireless Access ) ™ [i#% » i g £l 2GHz~10GHz » T‘iéﬁ“ﬁgfi{

] > NLOS il {55 SC » [l R 3% 58 s i OFDM » £ F{ £ OFDMA «
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[ 802.11e ﬂ!i* = mg@ﬁﬂj » IR EJ 802.11d [ ifiv NLOSiﬂj 4 £ LR - ﬁ’U
F PFEI% 802.11d ﬁlJl?éﬁﬁlﬁﬁ%bﬁ‘ 802.16e |~ PHY = 802.11d ﬂ'[ﬂ » B S
FIFEHE TDD p& FDD =457 H=1 ™ OFDM-OFDMA =\ 3% T 41 802.11d
iy OFDMA EJH“ F112048 = #WL (Sub Carrier ) » 802.11e Fl | 128 ~ 512~ 1024 ~

2048 S (55 [ R BASH I B ) o Wik AT 2GHZ~6GHZ i

ﬂﬁﬁ[fjﬁFleﬁE'J_r} 1.5MHz~20MHz gafE > {HPF = 1~2km }‘F[ o

i
"

3.1.2 802.16e I/ F5k i /7

802.16e Ak By ZH T 3B 27 AR %E'T%(OFDMA symbol

structure) » OFDMA RLEAE 7 OFDM 7, Lo ™ 150 %5 1. 30 < fhy OFDM S g
[ 3-1 A o ZS PR R OB 50 ANe &SI E] (1 B > IS 8
PRI A =BINc=L(NCTS) > L] 18 B 7 FEVASSRI © —~ Sflifv 0 ~ 1 B ey
A TR 0 o7 7Y NCSUERRIIFERENG i Bl piy * o 5 TR B
R e AT E SR R Gl O e RS ER SE AT Y- B

i Ne B3 r“’w*ﬁﬁwﬁﬁ B g (IDFT) it A LAty > &5 i 7o 2
f’ﬁfﬁiﬂj R [ET (R [ W PG o B S RB p R TF R L v P
[ [ T Tm ] - I%ﬁ%"ﬁﬁw@* B (FRT) S R =T T B s
M RL IR PURYR] > RS VAR A (55 0~ 1 B -

-—‘&
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Akd Mubpath

i L s 2 sl Cued Fadrg
WMapprg Iniereal Charmel
A +

Zgral Frmowe
Chammel
- [emappn Fi& Bt PRT Guged =P
E Inietval

Q%ﬂ 3-1 OFDM £5 ‘%Elffﬁ
802.16¢ [i' 5355 FDD f¥ TDD S=1 [Pt 20 » [fy TDD S27 AUAEAI(f rame )aif
Z/Dq*éﬂ 3-2 B4 o & (e frame ﬁlJFA',*ES?(down load) ! == (up load)—= H=4¢

(subframe) °

-

time
| Frame n—1 | Frame n | Frame nt1 |
. -="""DL subframe - UL subframe T
Contention slot | Contention slot | UL PITY PDU
] S . 3 - - N Qi
RIEI SR A1 DIC | for initial ranging| for BW requests from SS#1
1 N 1 ~
! One or multiple DL bursts.  ~ ' b
r . .o . ~ L} ~
. cach with different modulation/” ~ ' SR
; coding. transmitted in order of T.. . *One UL burst per
. decreasing robustness t. ' B =b 12D,
[ = ~ 0 ed in the
' > ; ] L n/coding
Preamble [FCH DL burst #1 DL burst #2 | o DL burst #m | reamble JUL burst | specific to the
- source SS
. 5 PN T e L , ..
P 4 ’ . T e e ’ N
e A [MAC Msg 1 VIAC Msg N -~ A RS
L e MAC PDU-1) |* * {MAC PDU-n) [ 7 ..
. -’ rs " . ~ - - L} - i h ~ ~
’ ’ ’ ’ ’ N ~ - ‘ ' e - ~
'
DLEP Broadcast regular MACT ! MAC Msg T MAC Msgn ad
msgs PDUs : MAC PDU-1) [ * *(MAC PDU-n)[P?
One OFDM symbol e.g. DL-MAP, . : e - ..
with well-known mod- UL-MAP, DCD, e ! =T .
ulation/coding ucb e e .
(BPSK rate 1/2) o + MAC THeader TAC msg payload [CRC
asiichmectinfibicz s . 1 b bytes optional) optional)
.
)

-

TAC TIcader TACT msg payload [CRC
O bytes optional) optional)

&;‘qﬂ 3-2802.16e .V TDD E%(frame)ﬁ@?*ﬁ

41



802.16e & i frame ¥ 25 | 110 71 % %7 £k NER %E'?{%(OFDMA symbol
structure) ° (/Dq*aﬁ' 3-3 Fr > M E DL burst1~5 J[JEL 25T 1~5 puif Iy s
©rF © OFDMA {7+ #{E%'ﬁﬁ@% ELAPIg Féﬂﬂ&?f@ﬂgﬁ;‘ﬁ?} rz ?é#ﬁ%ﬁ > AR LR
VIR (symbol) KR A+ 1AL i' £ 128 ~ 512 + 1024 ~ 2048 " H -
ﬁf@qﬁﬁ;‘ﬁ?} B < BT L 3 (A P4 (segment ) » J[JEL v 1 B ’éﬂfr%_'*ﬁﬁ Ji kb 3 ['[E{f,ﬂi? ’
HEGD =3 [ ATRE A i) 2 AT 38 e [ﬁ[ 3-3 EJHEFI'— segment . OFDMA ﬁﬁ %EVF% J
Fi [ TicBL A (Preamble) &y & — K%Y [i* (BEL[I#/F77] > [ FCH ~ DL-MAP Al
UP-MAP & F‘j i Jt%fﬁ TR PR E Y o ) P TR
(burst)~" I'JHEE! (cluster) B4k o[ fT P > B PR g (burst)hLphi— [aps— ] v
cluster FAR 15— hIfL o Cluster S TR 3-4 5. SMHERTIFE; 14 - Bl
(subcarrier) > Tﬁﬁiﬁl]ﬁ fii] ey Fﬁﬁ’xj ffit {577+ (symbol) - cluster #1728 s~ &l - 7 728
(=" B 1 E[Jﬁ 4 f[aﬁ%]ﬁ?*%(pilot tone)H 124 [ yfR| 7k (data tone) > T%,jfﬁi?%
BT S SRR A ORI R o 5 o

OFDMA symbol number t

-
kb g B3 g A5 g EHT k0 gLl kLD EHLS k+17 | k420 k423 K426 k30 f+31 k433
e FCH FCH
47 ] UL burst #1
- DL burst #3
’ = I
- = 1
- : UL burst #2
2 . DL burst #]1
= | Je L |=
s | 4% |2 : &
S 48 |= DL burst #4 UL burst #3 g |=
= i L = |4
éﬁ - DL burst #2 DL burst #5 UL burst #4
] UL burst #5
L Ranging subchannel
e =ab-
. DL G L RTG

Q%ﬂ 3-3 Hi~ segment .V OFDMA 7 Pﬁﬁl#ﬁ
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s5ymbol nomber

14 subcarrier <

\,l/
Cluster structure (DL)

[ﬁ‘ 3-4 cluster %’Mﬁ

I PRI Preamble) AT & segment 1o+ A RLE 9= Rt 1
59-1  HEREL S i?‘ 53 (YR85 A ri*E =55 RY = (B BAEL segment 0~2
T+ segment O fb f‘Fl't 1 0,3,6,9.... 7| fifl » segment 11+ FF‘ % 1,4,7,10... % fifi - segment 2
£52,5,8,11.. |;E| o [ 2048 =" EWELpH}EF[inﬁ‘ EHJ 173 {i%s iﬁ? oA *‘J

171 {55 =45 fl 16k ft] (Quard band)

I

0 3 b 9 1695 1698 1701

[f' 3-5 segment O fiu—"FiH 55 7
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3.2 L T

AR Y SRR (SRR e T SRR P57
s /ruﬁlﬁ’? “ i 2{Ii|] preamble - {57 fAFFIEER] - <15 Preamble fiuey@ - fIf"
FII%] preamble 145 = R  fifl i ek s (A0 T Posp s i =3[ 18] SR TS 1
SRR — B AT LS S PRSIl o PR P
@ TOREET SRR o RS PR GGRT o PIFR IRER Bpilot tone) - {ET
TIHPERIUR ™ » [ RIS (TR > & SRR B 1 L A
YRR R (T E P RBRPpp A i HOSPUOEH T & -

(L)Fe Rt = I 3-4 77 SRR (AR R ) 4 (RSOt i
%ﬁ%@pwﬂ@iﬁ%@%%ﬁ' FE-D)FP B

z =ax +hy +c (3-1)

z EpEA I - x B symbol numbeny SiiHEL-L F5 2 o y KL B index 0 T )

HItE1~5-9~13ca> b ¢ £~ Wl i fzHr

- WO (B-1) NS i #e 1R (3-2 2Y)

z = Af (3-2)
L

z =lzoz02],i=3 (3-3)
f =lab.cl (3-4)

_Xo Yo |

1 1 1 .

A=t T ] (3-9)

Xi Y 1)
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FIFIHT LS 3 it (3-2) 5% 9 (B0 £+ Jp1(3-6) -

f :(AHAfl)flAHZ

(3-6)

[ 36 £ T LV S T - W R R [

qgﬂ[ 3-7 B4 (ﬁﬂﬁ[f&mﬁJiﬁl , EIJ 4 [,[E{T%ﬁ?*%jlfg F[gg l-pg?j

RS

magnitude
1.5

1.4
1.3
1.2

1.1

1
2

[ -7 SRS TR e P
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Pilot tone



(2 b= FEECRERLA RS 1= R [ 2 [ (e st -
FENAET ) LS i 0 P 12 i S e (002 (et
RHE P12 {05 I ORI AR T RL [ RO R R - T
E‘j‘ﬂg*#rﬂ Ytk ST lp‘rh‘*pe[i AR BUA = TR PSR (e Ky
A SRR IREERE [ B [ [ 4 (R R R e = B ) LS st
P 24 B TR 3-8 T Al IO RRERRT I TR E LR
RHEESFIIRTE -

symbol nomber

i"-—'

-
T
14 subcarrier /
/
a-‘-

[/_/,
LS solve EI-
. (i

uadrat|c function
a NN i I-

v

3-8 PRS- (7 VR R
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@ By 1 TS R - AU R
~ R PR BRIV S5 (SR R RS I SRR URCE i
2 (B HIE ED 4 LT » I 3-0 70 « 4 Bk e e
ﬂﬁ%}%@nﬁgﬁ BT R

y =a + bx + cx® (3-7)

P x (e H0 D index > T P53 [I[ES 15~ 9~ 13 ¢y L EAHISSP AR R -

a~ b e kb RIIREERYE o 25~ WK (3-7)Z sy HEIlfi# 7 1 (3-8)
y = Xt (3-8)

Epl

f =[a,b;c] (3-9)
1 %o X2
Xi Xt
X=_ " M j=3
: (3-10)
1 x5 X

R F ] LS ki T(3-8) =N Y R £ > J11(3-11) 7=
f =(X H X—l)'lx Hy (3-11)

ST T FRL 1 5 (PO R G S s ) o8 A o)
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0
0
hothie

0

0
D

h th—ml+2 th—mA hN(:—mI

(4-6)
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