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Abstract

As wireless technology--is-continuously growing and many different kinds of
applications are running on the unlicensed bands, wireless resource is _becoming
scarce. After Federal Communications Commission (FCC) opens up lightly-used TV
spectrum, many researchers have started to study the usages of licensed bands. The
ECMA standard body has released the ECMA-392 standard that can be applied to
home electronics equipment, internet access, and high speed video streaming. In
addition to ECMA-392, the IEEE standard body has released IEEE 802.11af and

IEEE 802.22 standards. All of these standards operate on the TV white space.

In this thesis, we use the EstiNet network simulator to implement ECMA-392
specification, and validate the correctness of the procedures defined at the MAC layer
and PHY layer of ECMA-392. Before the ECMA-392 TV white space devices are
available for experiments, researchers of ECMA-392 can use the developed tool to

simulate different types of network topology and optimize ECMA-392 performances.

Keywords: EstiNet, Network simulator, ECMA-392, TV white space
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2.1 TV white space

v

12 7 [1] > AR T AR & el fefi ™ & A very high frequency (VHF)

Fe ultra high frequency (UHF) = B4 £~ > VHEAE 3 & fiedia 2 2R > & IR 4
oA UHFH#EE 2 2 = % 14 -

3 % 83 & AR Ees * 470 MHz & 890 MHz

2 fF o ie 2 o VHE & UHF » & i@ 3 i 3 48 56 MHz

% 1~ VHF 4R 2 43 %

BAND CH# | frequency BAND CH# | frequency
VHFE LOW 02 54-60 MHz VHF HIGH | 07 174-180 MHz
VHF LOW 03 60-66 MHz VHF HIGH | 08 180-186 MHz
VHF LOW 04 66-72 MHz VHFHIGH | 09 186-192 MHz
VHF LOW 05 76-82 MHz VHF HIGH | 10 192-198 MHz
VHF LOW 06 82-88 MHz VHF HIGH 11 198-204 MHz

VHF HIGH | 12 204-210 MHz

VHF HIGH 13 210-216 MHz

r'/‘?‘f' VHF #E B 2. R AR & % 5 u%&ﬁﬁi‘ﬁ”??ﬁa;%%’i’ v

B2 R A& Z 2R SP AR S B4R s 4L~ 2 4R o Rm » & =~ 2012 & »
AL S B TR E > MR @ L | ¢ (NCC) »+ 2012 & 7
PlE G M ERTAR I AE[2] o 18 0 FAR A VHF AR A B
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22 IEEE 802.22

IEEE 802.22 % % + % # 1 & & ¢ (Institute of Electrical and



Electronics Engineers » IEEE) ‘% §]37ch— & 3% 173 TVWS 2 % ¥ iR it
WELHFF S 17km I 30 km>» > wireless regional area network (WRAN) -
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B A k4@ 2 91 o
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2.3 ECMA-392

B 3 ~ ECMA-392 AL & 557 ik

ECMA-392 & d & ' 3h & @ 3§ # § (European Computer
Manufacturers Association » ECMA) 37 &z {&# » £ % - £7 1 & F % (¥
TVWS 2 B A /334 3] % [6]o4c ] 3 #r7n :ECMA-392 ¢ #-% 3% 4 < peer ~
master ~ fr slave ¥ = f@ % 8 s 7] o Kf 7 master < A #:3 iX beacon ~ & i
£ 2 group~ & 4t i control/management information “F > H & peer = slave

FTas L3 FRrAGELN A2 MACE 2 PHY & 2 # 5 o

2.3.1 Superframe structure

Superframe m-1 Superframe m Superframems+1 |
’//_/—/—/_‘f-’_’—ﬁ_ﬂ_ﬂ_'_ _\-\_\_-\_\-\__—_\_-\_\_\-"—\—\_
Medium Access Slots ( MASS)
mMASLength
Adjustable Adjustable
o >l »l< Data Transfer Period (DTP} »]e >l >
Beacon Period Beacon Period
(BF) RSW (BF)
ar csw
0 1---‘N o|1]- § ::-1---‘ 0|1‘---‘N
— - - |—— —_— |-—
mBeaconSlotLength mRSWSlotLength mCSWSlotLength

Bl 4 ~ MAC superframe structure

B 4 % superframe 7 4 - A4 beacon period (BP) ~ reservation signal



window (RSW)-~data transfer period (DTP) ~quiet period (QP)~ % contention
signal window (CSW) #t/ = » £ 256 & medium access slots (MASs) » =

B MAS £ & % 500ns -

* ECMA-392 # > — i group ¥_d master ¢ peer £ ¥ £ = /@ = > &

% group # fe ik 5 beacon period start time (BPST) o & BP #p @& pb >
f ¥ ¥ % 1% beacon s E ¥ 12 . H beacon slot # i¥ beacon ¢t H &
PR e X R R L PAEG beacon o M FE - group i3 % FEed slot ehig *
; RSW % 33 &>t peer #73) = gagroup » B ¥ Haslot ¥_* reservation &
master £ slaves 2 3 dl & g HFR* 5 @ QP P41y device 3R
JFi%ak #3% E PRk LRI channel & 8% 7 PU R E & gy &

B f¢ CSW B &_r2 slotted aloha e3> 3¢ i % 34 & 8 32 3531
2.3.2 MAC layer

MAC # & epRjx4cF &

. A ELEE g Bl 2 devices il
2. Reservation-based channel 3 B~- ;&
3.  Contention-based channel 7% 2~ ;2
4. Group Z R superframe 1 #

5. i%#% PU

6. Master-slave &% peer-peer z_ & 4 i®
7.  EZZ mobility % interference =F* 42

8. Power ¥ 32

9. % 2hf q‘@%]sﬁﬁ

Device 2. ¥ i%iE = 4% beacon # command frame 23 22523 » A&

beacon i & #% #— e g gk A %pF « 3 reservation Fi o~ % Fes g



IR device F 3t o

A FlR 3 g mobility I8 0 T S ¢ 4 @& power saving ¥
2% 2Ma K" ECMA-392 ¥ » A% BiF 5 peer-peer #7732 enie§,
28 > Fet P A AR i mobility ~ power # 3L~ & > e i 5 A2 2

TR RS

peer-peer z_ ¥ s i o % Tipa Stk HeES IR e
=
2.3.3 PHY layer
PHY A& #&# MAC A& @ % 2 4 c frame ~ % j & P B channel + =
#a i o PHY & 2 frame structure 4=B] 5 #77& > 4~* normal £ burst #

sV e preamble» %T?if%%’i & § d PHY 2 MAC header ‘& = :71PLCP header-

M 7 PLCP header z s 'l = frame payload ~ FCS -~ tail bits {= pad bits -

Frame Check | Tail | Pad
Preamble | PLCP Header Frame Payload | Sequence | Bits ‘ Bits
—~ T
7 “'x‘h
/// \\"H-._H__
PHY MAC Reed-Solomon Tail
Header Header Parity Bytes Bits

B] 5 ~ PHY frame structure

PHY & it * OFDM a4 #4kjie o & v # 1375 6 MHz > 52 T & 7
VHF #76:¢ ch2 ~ch13 £ 12 & » & 2% > i{ > #%-ECMA-392 %%
# 1e2 VHF 46 ¢ chch2 2 ch3 - % & % ECMA-392 2 PHY #i-e g

HE DI RA AR A% 0 5B [7]~[8] « fER
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Flh B2 F T2 ECMA-392 e §2 3 25 & S Fv ik i (cognitive radio > CR)

SREE o B0 SE T WG R E L A5 AR SRR S R B RO e R

BEAPM A Tidme aipMA L A > 3 & F A m AR Aol i Ap B

&

BLA o EFHAPM G TR s ] 0 B tS PIAT L AP BT U TR
WEBHREL R

BAR B R R iAo B L AR S SRR FERAES > 1 H
B RS AT BB R TR p 2 vt T RRY - M R A B U
feficgR L o0 he[9]42[10) e 9]¢ P o ® i NS-2[11]:E {3 48 B fic ke R 5

£9R 2T RME RrEd e MAC B - 23585 £IFRL B

PHY #tie o @ [10] ¢ 4% &7 ¥ - fa#4L it Agent-Based g 4] » & U35 & & i&
74 dm e fiE o

FOARR T ¢ R . G SR REPE R R M R o A Y
[12]4 31— F& i Rt MAC A& $8 41 > 1950030 1 fh 20 B e B st o 492 i3
A FHE L TR R RO SRS B AR T 3 SR EH
Fo2oo plig v g @B 0 02 throughput o 2 [1814p 3 B 47 4 4 - R
R 4E 0 3% 41 hardware-constrained g e MAC » 71 255G sa S G H f £
EF TP o @ [14]40 % 5 8 32548 (Dynamic Frequency Selection » DFS) ~
# Z g=41 (Power Control » PC) ~ 2 pr sz & (Time Agility » TA) chis 4] » 2

i 802.11b 2 802.16a £ 7 B 3E o

BF o w[15][16][17]¢ > { #-E AR e >t IEEE 80211 ¢ -
A C[15]4% 41 - B IR E FAEiE 0 2 (Smart Channel Selection Scheme » SCSS)
% k=42 % (Hidden Terminals » HTS) ek 38 » § 3% iF fie 3 3L TCP i 22 2 &

A F L F o [16] 1] 4-4H[15] R 48 » & o) Bi-directional CR MAC (Bi-MAC) 1t

8



o i EAS et (Cognitive Radio Users » CRUs) it 1% 4k I ehit
©ULP R PR X R @ 2 @ TCP 2 UDP 34 pry a4k (8 % - @ [17]
(- HHREPEREET DN > ECRUMN AL LBALPRRITE &

fE it R AT B

Bt { o F|[18][19] ¢ *+ OPNET[20]4 %t & + #4t |EEE 802.22 draft = 4
2 AR E D P EHEERERRF AT - [18]7 & MAC k 7 1F5 Fp B oo ¥
o ¥ &4 SUs QoS 7 KpF o Rz v 2 PR 1P PU LB 5 & PHY k&
I3 i TV SUBLE § =116 dom pF » 2050 Bgl 5 TV 4R 5 eniz s - @ [19]
PR R >k sac 4 ~QOSs £ i~ 2 RV LR ZBEE R T 44T

IEEE 802.22 draft if 3t s @

BEZ S b ILECMA-392 2 T = £ 2 g 0 Flit 0 Ahe fn
T - FH#E 8 N eh EstiNet PR EHRBfEfaE A A NHET S BE Y

ECMA-392 MAC % = PHY & 2 ficie s ¥ -8 8 st ' 5 & (54 15 3o
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K> # ECMA-392 453 2% 2+ > EstiNet R g B + > Fpt » AF - B
e P ot B EstiNet F B fice » THE FHE A5 BFRP 4o ikt PU
117 5 03K 2+ TVWS shchannel utilization o 3 B 8L 45 7% fsalways-on 3 5L
Lt nd BEEEALeomRIF T MAC K 2 PHY £ 2 ¢ eh 2 44 structure

% procedure o
4.1 EstiNet T & 4 5

EstiNet network simulator [21] 5 NCTUns (NCTU network simulator) z_
BOER TR il T 5 > B H D E R T m o TR
LenFlEgo p oo A JE R A F ¢ LTE » WIMAX (IEEE 802.16 d/e/j) ~ IEEE

802.11 a/g/p/n ~ GPRS -~ Ethernet = % » % 254 - % 4yt > EstiNet » 2

A= S FFER
1. 2L£EF1 P aiepaid s 2 (TCP/IP - UDP/IP) & (4%t »
iE B R R e

2. T EstiNet F ¥ 7 2R+ 4258 > 4o FTP~P2P 88 » = 2 § &
R A28 2 25N AE o

3. ERHpIFERAIRY FhAG o R FRFARA e P
BLiE R R DR A G E B TARGHFRRIEE 0 T F ST HGR

EstiNet s & 587 4 2w & 304 ¢

L Rt g* Fhe B RY F 2k THRELTA > &% 47 1

AR REAECRT ¢ BR R RS R BT

i FAf S TR A E o



2. HH5IE D EstiNet B & & chits > f F iR TE 2 oud = 2 R
chife e § 38 > HOR BB E 2 29 o0 APl 175 & J

SHEA DG R S R RRARE Y kB SR

i

PR RCEAR S BT A 0 M T RRARE DE LY T S

Fefle? HiFF g4 8% -

3. fEficl 42 (Protocol module) ¥3%ix & R K &

e1 protocol stack & * 7 i it ek 2k o i H Jﬁ? rAE pl Rt B
Y

4, B 50is i jedube R R R A2 & EstiNet s 7 0 &

% i socket A st % b iF (F o

Interface

%

ARP

Traffic
Generator

Traffic
Generator

User Level

Kernel Level
Socket Layer Socket Layer

TCPIP TCP/IP Prototol
Protocol Stack Stack

Sunnel Interface Tunnel Interface
{tun1) (tun2)

8] 6 ~ EstiNet i 35 4 2¢ fﬁ

B 6 % 7 EstiNet crfice it 3T -~ > .4 & % host (= % hostl » + %

host2) i 4% 1 switch s g 474 74 = - Hostl 2 host2 5 protocol stack

11



P 3T & % 5 Interface ~ ARP ~ FIFO ~ 802.3 ~ PHY ~ LINK > switch }] %
FIFO ~802.3 ~PHY ~ LINK > @ 3t# i 5 hostl i¥ T host2 - } B ¥ & 5 }
L Ry o T LA s U B $ 8 % R AR AR
TOUEE A LR B2 #7230 hostl &0 Traffic Generator 2 4 3¢ > %5 iF
socket /i m ¥ I kernel # n TCP/IP » & 4% TCP/IP erid 20+ -3t ¢ & L
+ R F BN o d 0T Ao e B kALY csocket K (S0 g1 B
B2 B2 TCP/IP & %] & % TCPheader % IP header » # 13 3|:E k stfh o p ih
R N o+ tunnel A 6o #-3@ i% 3 EstiNet g5 &F M 2 70 - &
Bog s &N chdt e | L € J hostl ehinterface #i- e 3& ~ > e & 518 ARP~FIFO -
802.3 > PHY ~ LINK #rie > #8833 switch P& LINK ~ PHY ~802.3 -~ FIFO
B g B A e @ F e AT % > $ofe i ) host2 € protocol -t dp o
H g B ik gt #5460 @ host2 chinterface /i & € #-3f & i » 7. chTunnel 4 5 >
H| %715 % 237 device 2 3t > Bl d IP & ~TCP & ~ 2 socket & 2 zg? 1 >
d - traffic generator 3§ B~ ; % 2L3% device 2 3t e > B] € (204 )t 4 FiERL D &

E A o

AT

NslObject

- char “name_

- u_int32_t nodelD_

- u_int32_t portid_

- u_int32_t nodeType_

+ NslObject(U_int32_t, u_int32_t, struct plist*, char *)
+ NslObject()

+ ~NslObject()

+ int init()

+ int recv(ePacket_ *)

+ int send(ePacket_ *)

+ int get(ePacket_ *, MBinder *)

+ int put(ePacket_ *, MBinder *)

+ int put1(ePacket_*, Mbinder *)

+ int command(int argc, char *argv[])
+ void set_port(u_int32_t portid)

+ u_int32_t get_port()

+ char * get_name()

+ u_int32_t get_nid()

+ u_int32_t get_type()

Bl 7 ~ NslObject class z_3
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R REYA > FlE B ES%K A NslObject %] -
NslObject 5 EstiNet i g B¢ S fh A chgn] » 4ot TR 7 #77 » 973 F
fF e ie R MoK ] 0 F ik i 2 R FREE Y S osend() 2
recv() P2 8B E & a0 4Bl 80 i5S BN A BN EA R B
oo ossend() EoEdte AT e e @iE > A recv() B3 e B jTRE

PRV Tttt

e |
~ _ Module 1 -
( int recv(Event_ *) Iint send(Event_ *jj
- _—

/

N~

~ --._( Module 2 1‘
__._( int recv(Event_ *) Iiﬁt send(Event_ !jj“--.

/

N

— ___-_( Module l‘

-r[ int recv(Event_ *) Iint send(Event_ *]J

’

~

~—

——

B8 ez Fate Bik7 2R

“

PR FER 2R DA Fo P AGE S AN EEPHE T 2D
A SRR E S P NRED LB RS TR T RJIIARS o

ERNLRRERAKE S B ERT S P AREE R 2 R
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4.2 TV primary user fi#t

d %t p % EstiNet #R i ®Y & TV TARAHR 5 Fot o 3 i
ECMA-392 devices #% i3 TVWS:» A& #; ~ #-EstiNet # 802.11a module 2. PHY
& ¥ % =r1channel number-frequency~ 2 bandwidth % %#ick 3 VHF 4z £ >
F3r 802.11a Rt a3 3T greedy Hoitz BiE R Tt A2 0 - B
P R T BREEE - BT B0 802.11a 2. random back-off

PR > 00 B AR 5 20 always-on 2 always-off erid i 44 o

43 ECMA-392 #phd & 2k

Interface

ARP

FIFO

ECMA392_MAC

ECMA392_PHY

CM

B 9 ~ ¢ EstiNet * ECMA-392 % ¥ & BLeind 30 ks 2 3 fyp

Bl 9 5 ECMA-392 % % z_ i 3t & 3y o >t Lo 3.1 & ¢ 3% 3] » EstiNet
*E#* Linux iRz EF R i}ﬁqf@ﬁiﬁf@; el KRB NP L TR A
HFTE A L2 e f - Bited FEBFELE AP eTED
e tunnel /G 0 B EEIZ A G hSRE AR g e Bl 9 ¢ &R f 0 Interface
eghidm EEHROIG PB4 TP E IR F B2 2B

Hoe e * 4o T ol
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® Interface #3224k IP 2 MAC a2 ¥R B % T 285 &Jd? tunnel
o BB B o 4 E 2 1 1 R e SRR ARN R

BT P TR AT e E D RO R TR
® ARP #-% : ik ARP (Address Resolution Protocol) 2 4p B {7 & o
® FIFO fitie : fifmipif 2 FA4aLE 2 B oni (7R 7 o

® ECMA392_MAC #ic'a : Hi ECMA-392 22 MAC K 4p b (7 5 » 4p

Wi

B A 525 3.4 & Hhde e

® ECMAB392 PHY e : fikt ECMA-392 2 PHY & g b 7 5 » 30

35 &2 fifgo

® CM e T Bl Sl ® SuiEd it e 15 0 X 3% 5 UL

5\: o
Ao iEY WM MAC K 2 PHY K 2 B o HARIRA S

© 35 >t EstiNet ® coficie > 70 R (F12 T > dopt ¥ % = BB & Sk b o

\

1

1p

o
.3‘%

= 2
B

44342 35 &enhi o

-

4.4 ECMA-392 MAC % ¥ i+

*h < 44 ECMA-392 ¥ master-slave # i 2 ik 5 A # (T 712 ¥
& mobility » % device e 5 IR A s TS B R B ¢ £ timerObj 4+ 12
#= % & = ) %o data transfer &2 7% % 4% prioritized contention access (PCA) %
channel reservation access (CRA) & f#i-5¢ » 2 5 fpE %> { &9 i CRA #

FEE T B A B EEE PU e RIS PU SLELEE + 3] devices 2 [

\

3

# ;% gz iz frame> @ & p p 2 g3 backup channel ; @ H 4 MAC & 2. £

BRI BRI AGE N o
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4.4.1 Superframe structure

SlotTimerHandler(Event_ *e){

ChangeSlotStatus();
if(slotstatus==BP){

Call BPHandler();

SlotTimer->start(MAStick*2,0);
}else if(slotstatus==RSW){

Call RSWHandler();

SlotTimer->start(MAStick*1,0);
}else if(slotstatus==SKIP){

Call SCANHandler();

SlotTimer->start(MAStick*1,0);
}else if(slotstatus==QP){

Call rQPHandler();

SlotTimer->start(MAStick*1,0);
}else if(slotstatus==CSW){

Call CSWHandler();

SlotTimer->start(MAStick/2,0);

® 10 ~ % 3R superframe 7 #£2 pseudo code

®l 10 p 2 pseudo code % i i4c@l 4 2 superframe 7 1 - @] 10 v
SlotTimer *% EstiNet 2 timerObj L 3] & » SlotTimerHandler R %
SlotTimer 4 i z_ call out function - SlotTimerHandler & & ¥4 5 X pF R
fe A3 T - B slot> d 3% beacon period ¥ beacon slot 7 — 4 MAS
L R2A B CSWslot £ B 7 -4 MAS2 052 @ HAL R Y 22— 4
MAS 2 =% /[ 48l » F]pt A% % o slotstatus pF > & B3 B 2 L B (SR
=t ¥ v SlotTimerHandler - @ ChangeSlotStatus() < #cR|+24% BP_count -

RSW_count ~ QP_count ~ 2 CSW_count 2_ #cig 4 ;& 2_p = = slotstatus -

16



;"g d  ChangeSlotStatus() # SlotTimerHandler() & #& = = & 3+

superframe 2 7¢ 4§ » ¢ & sLic i 4] & BP ~ RSW ~ DTP ~ QP ~ 2 CSW ¥

;7%1”(:. °

4.4.2 MAC frame format

struct  MAC_hdr{
struct FC_format FrameCitrl;
u_intl6_t DestAddr;
u_intl6 _t SrcAddr;
struct _SeqgControl SeqCitrl;
struct _AccessControl AccessCtrl;

struct _FC_format{
u_intl6_t Protocol\ersion:2;
u_intl6_t Secure:1;
u_intl6_t ACKPolicy:2;
u_intl6_t FrameType:3;
u_intl6 _t Subtype DeliverylD:4;
u_intl6 t Retry:1;
u_intl6 _t Reserved:3;

b

A 4

struct _AccessControl{
u_intl6_t Duration:14;
u_intl6_t MoreFrame:1;
u_intl6_t AccessMethod:1;

}

struct _SeqControl{
u_intl6_t FragNumber:3;
u_intl6_t SegNumber:11;
u_intl6_t MoreFrag:1;
u_intl6 t Reserved:1;

B 11 ~ MAC frame format

B 11 % & MAC % 2 frame format> &)t % 4+ 445 - B RHITH 5 -

H ¢ SrcAddr 2 DestAddr 4 &) & & @382 g8 2 =4 > DestAddr

¥ % Broadcast & Multicast ; FrameType #- frame 4 = beacon -~ aggregate

data - data ~ control ~ command 7 &3] & - @ Subtype_Delivery £ 4-%+#

S

& ) A& ¢ frame w4 ; ACKPolicy p 7% 7 No ACK-Imm_ACK-B_ACK -

%2 B_ACK _request = f& ACK s i - B &% 82 L F» 2 1 857 [4]

2R .




4.4.3 Information element

ECMA-392 ¥ 2 % 7 %) 40 & Information element (IE) » 83 & =

Fied o Mitd IE REnD o L AEREGLMA IEs ok 2957 5 2

BT SRR LEF AL

% 2~ 254 Information Element 2 H 4 %2

Element ID Information element fu it

1 Beacon period occupancy IE | BPOIE > % 45%3% superframe # beacon slot 13
#L > # i beacon ¥ 38& 5 BPOIE

8 CRP availability 1E zz4% superframe # % i slot e # fw .= B
beacon ¢ 3i& & 7 CRP availability IE

9 Channel reservation protocol | CRP |IE > % 4 slot s reservation 33t > ¢ 2

IE reservation owner % reservation target % =

22 Regular QP schedule IE F J& - #& quiet period 2 B 4o pERY 2 P
&> % i beacon #% & § Regular QP schedule IE

33 Channel Classification IE k& 4= B Channel & 2, L4205 B
device p

34 RSW schedule IE F & RSW ¥ cireservation -7 1F % RSW slot
BiEipdl g R

37 Association Response IE w % association request * = |E

36 Beacon promotion indication | master 45 ¢ slave % & % = beaconing slave 23

IE

i
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4.4.4 Network Entry procedure

=D

Initial Channel SCAN and ¢
Device Discovery
7131 Optional operations

{e.g., negotiating
capabilities)

Create/Join a beacon group
7.13.4
Send Master Beacon

Setup connections
7.13.6

Master-Slave

association
7132

Operational

] 12 ~ Master % % 2. network entry 7 #% 5]

B 12 % & master iz = F5 2 group s A7 B> 424 012 2 R FL2T o
& Zf L scan = B channel » 7z ®_channel } z_ /3 & 5353 4e 10 2 5518 0
¥ % % channel » ¥ # - i operating channel ; z_ {5 » i& » 2= * beacon
group =% 2% - @ slave % ¥ » E e B FF 4> > master ¢ & operating
channel 2= * group % 4 i¥ beacon - slave 4< 3| beacon FR| ¢ #4 {7 join
group =h# it 5 3% ¥ > % 7 slave i& {7 join group - master # slave ¢ f B
i~ T — 4 association  i&PF slave 4 & = > i~ group; B (s 0 % & data

connection R € ¥ 1# i% £ #jz beacon > 3 7 data connection R| 44 # {7
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setup connection z_ =+ /i 4% ©

4.4.5 Initial channel SCAN procedure

Ilr{- tart
N j'
v

Switch to Channel N
and Start Timerq {T1)

Y

Energy and Feature
Detaction

Y
* ¥ ¢
| Incumbent
detected > Timer 1 Timeout

\. Beacon delected

Stop Timer 1 and Mark
Channel as Secondary Stop Timer 1 and \
Presence Mark Channel |
as Incumbant /
Presence /
Y |
Get Channel Status | |
Information by Listening Mark channeal I\I Mark channel ".ll
andiar probing as Urknown | as Clean
Fresence I.' pending /

P

All channel
searched?

Zelect Mext Channel M

B] 13 -~ Initial channel SCAN ;i 42 [

@ 13 % Initial channel SCAN z_;ni42 » %% A B 4a4F % channel 5 »
BRG] E P LA ELE ] > @ E 3R Timer 1 timeout B #-3% channel

i% P threshold 4 #g 5 Unknown 2t Clean > &= A% <~ A % & Unknown jk
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Mo TR § BF 4 = Clean > F p#4R backup channel 3% 2. #ic® - #-H &
#g 5 Backup =% Candidate channel ; & 7 JcF|3 5L - R € &4 x5l 2 5L
e 25 B A PU BRI H#% channel 45 3 PU & > 13- channel
& % = Unavailable » % &_ beacon PJ4L 3 73 % Secondary » I 4 %7

Candidate - # s » #45 = #7175 #EE (& - Master 4 ¢ j&_Backup channel ¢

$¢iE — B channel § = Operation channel # * -

4.4.6 Master-slave join beacon group

s ™
: Start |
\ /

v

Initial Channel SCAM and
Device Discovery

L J

Detect Master I."'

Beacon
Y
Device
Address
Generation
 J
/ Send
Association
. request
i : Y : L |
Receive / , .
| Receive
Association RE‘:‘?W.& / .

) /! Association | Association |
Colnﬂmm_mon Confirmation llll Confirmation ':.
nvaiid - 'Success' | "Not enough
Address MAS' \

s \ 4 A
operational | [ End |
o J . A

] 14 ~ Master-slave join beacon group 7 4%
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Bl 14 #-1<id B 3] beacon fs B 4-f%3% o 1 B3] beacon {5 > X ¥ € X
5 p ¢ 1 MAC address 24 A # - & DevAddr > f & i#i¥ association
request - % 3% DevAddr = i3 £&** group ® - master ¢ = & Invalid address
z_ information ; &\ 3% superframe = & MAS ¥ 4~ fie i slave » R w i# Not
enough MAS F 3% 7 &t i 2 {53 4R % association = #* » = & Success

ERFG A E TR

4.4.7 In-service channel monitor

Ilf Stan -\'|
s S

-
r

1

Cluiet Period Schedule
Regular 7 11.1.1.1
On-demand: 711112

!

Measurement report
711113
Channel Clagsification
7112

Y
l Y L l
i .

Alien Device ".I Mo Channel "-I Incumbent "Il LUnknown Channel
detected | Activity i detected ,n'll Activity
call ] measurement s

Beacon Group | Mo

Merge Procedure \

\ , A
737 \ Call Channel o
Evacuation /
Procedure !
7413
L Y L Y
e D
| End ]
M vy

B] 15 ~ In-service channel monitor ;= 4%
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B fs 0 B> A & 3R In-service 0 channel monitor » 4@ 15 H i %
QP PER - 4 QP PF iR Pt o L #-channel » X i 5 7 w{s 0 £ 2
A RET kb (T Flim e ¢ 2 PURELY X495 < >3 € 5 Unknown
Z BN e 5 PUE > & B % & #ef v 5080 channel 2 25 ; £ F
% ECMA-392 % % » P #* ¢ join beacon =rd: 1% ;4% X 8 B3] = @ 2 5L »

P # @ * 3% channel » % iz s 1T o
45 ECMA-392 PHY &% f%

AR IEY 2 PHY & > ?;i;ﬁig?lii F 4.75 Mbps > 3 258 5 QPSKY% - @

AT BIER T EK S 6MHzZ ) F R E MR R 2 H A Sl i 3 47T o

# 3~ PHY & $t i >S4 576 MHz 2. %%

Parameter Value

Subcarrier spacing, AF

53.571
(KHZz)
FET period, Teer (1s) 18 667
Total number of subcarriers, 128

NeFr

MNumber of guard

26(13, 1,12
subcarriers, Ng (L, DC, R) (13,1, 12)

MNumber of used subcarriers,

102
Nt= Np+ Ne
Number of data subcarriers,
938
Np
MNumber of pilot subcarriers,
4
Np
Signal bandwidth (MHZz) 5518
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4.5.1 Channel frequency and numbering

ol 21 &9 24 1 AF iTX 2% 7 11 % channel » % i & ;0
ChannellDtoFrequency() & » channel number z_ > ;% » @& w 2% channel z
B o] B » rjfu{;ru » % @ »~ channel number 3 2> %3 ;% w & &P

% 545 ragt 2 38 PHY K - (52 & B channel 2 ¢ o

45.2 PPDU
PLCP HDR (Two OFDM Symbols) PSDU Tail Pad
PLCP Preamble ! Bits Bits
HDRI HDR2 DATA FCS | (6bits) | (variable)

] 16 ~ PPDU frame format
3 PHY B ¥ 2 hde d ka4t (w8 s > £ 42 12 symbol
g7 ;8 iE a5 — i symbol (Tsywm) s0FF & 5 21 nse @m PHY & 2 PPDU
e 7 4cB 16 0 & & 8¢ #3% frame format - - 4 % o

4.5.2.1 PLCP preamble

PHY % 2_ preamble = & 7 & f&#% 5% : Normal PLCP preamble %
Burst PLCP preamble » &% i¥¢ i * Normal PLCP preamble > # % £

4o T

® Normal PLCP preamble: * ** normal mode 2 *73 packet
% streaming mode 2. % - i packet > duration 3 3 &2
Tsym °

® Burst PLCP preamble: * ** streaming mode z_ % = # % H

{s e packet - duration 3 1 & 2. Teym °
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45.2.2 PLCP header

S MAC HDR ;‘? vl
80) arity bits
(40) ¢ (64) (12)

B8] 17 ~ PLCP header format
PHY & #- MAC header ~ PHY header ~ RS parity # Tail bits * 3=
& %)% HDR1 2 HDR2 & - 123 B Teym e= /[ 3% 3 o @ 2|47 F &
14 it F# %31 PLCP header # & 1 i) PU & % i * channel 2 i3} » &
# ;% & F2f2 4 PLCP header » R #-z Az PU #2855 2 RIR] 5

ECMA-392 % % 2 315 »

4.5.2.3PSDU

PSDU 338 & ¥ (¥ - MAC & 2 frame payload 2 FCS ¥ f =2

AR S0 AR AL B B S symbol 50 5 B 2 &

¢ oo

4.5.3 Device requirement

AR AT A K3 database > & B KR IRE GO AvE w0 &2 B E

o

database ¥ 4v channel 2. ¥ * 42 & - @ T ER e e 2 A ¥ > H B &
5 50mW > 5 516.98 dom ; REezsB At R KX 5 -92.1dbm e F]pt o A4S

g h P riE A2 g s FH 5 800m -
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IR BREEFRE

A g g AR B TV primary user > ¥ 3P SZ R T A E o
H % > 1% 1 simulation cases ## ECAM-392 % i 1% 7L group -~ #cd channel ~
fv group merger 2. {7 5 > B {s %7 2 Channel Utilization = Througpute >+ & % # >
Channel Utilization 2z iz 93 > £.% 4% 100 ns ¥ & i node #_% 3 %3% channel &

¥R FF 0 AR Utilization 3% 5 100 % 5 25 %8 > B~ 0% ©

5.1 TV primary user {7 % ikt

Bl 18 ~ it TV primary user 2. 354

% 4~ %3 Node 1 2 traffic generator 3% %

start time: 7 stop time: 12 channel: 2

command: stg —u 500 10 —p 8000 1.0.1.2

% 5~ 7% Node 2 z_ traffic generator % %

start time: 3 stop time: 12 channel: 2

command: rtg —u —p 8000

1P a EstiNet & A3 TV Ak Sz i » AF (TR Bk B2
80211a #i-'e > # { :x 80211a PHY k srchannel = VHF #z £ 3 - K] 18 R
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i AFIFY ficH TV primary user 2 #5454 > B¢ Node 1 7% TV A
o2& & > 3 i7 greedy UDP 2 traffic generator J& * #% 3% >t channel 2 jZ /& 3t
¢ » BEXLIP 5 1.0.1.2 2 Node 2 crport 8000 » 4k 4 #757 » >t 7 5 B 42

iz 7oA

-

EIWREARE 124 c L AL RBR TV RS R BER
(% 74)) Brcende iv> k- B2 TV AR S@ 5 ¢ 2Bz 750 530
i 16 enimdk PU % Figd channel (138 > FIpt w07 dopt k3t o @ £ 5

Al & NOderﬁiﬁTVi%»]’zga\@gﬂﬁ 2

100
c
=,
=
21}
(=
o
=1
=
0
[ T o T U T v o e L S O s T o Y IO o T o TR I Vs T o 0 O O i T = o s T o O W T o T o B Y
O = N MmN WU~ oO S NS N WU~ M s N 0o
M~ M~ M~~~ M™~T"mM~T M=o 00 00 00 0O 00O 00 00O OV Oy OO &Y OV Oy O ©
=
Time (s)

B 19~ #%& TV primary user ¢ * channel 2 z__channel utilization

Bl 19 % #8 TV primary user 7 always-on =t ‘%fuichannel utilization » »*
B¢ w50 a 802.11a 3R~ B R - Bakosg 2 greedy UDP
A23% > Fli 23 2 802.11a s st s 4p e channel » 4 2 80211a random
back-off e » crg® 2 3d 3 always-on F3c%k o TF £ 6 ¢ > %% 100ns
fdf— XA FEF fft® 3% channel > v g i H P ¢ 75 IEEE 802.1la &
inter-frame space (IFS) & i * channel z_¥% 4 > 3 3 channel utilization &
68.58 % ; & % * ECMA-392 ¢ & i slot (rg®t » & 500 ns (i I 3 gLz

channel utilization » B+ 2 ZLH utilization 3 99.98 % > g2 H ¢ %] 802.11a 7=
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—- B & set-up FFELPF A % channel + @i 34l > Tt v e 7 0.02 % A *

AR 2 455 0 e 2 ir TV primary user 2 always-on 59100 % » ® -

¢ 4 ECMA-392 2 %3 i3 + 158 o

# 6~ % channel 2 # 3 TV primary user 2. channel utilization

H

EE

2l
e

Al A

100 us 500 us

i * g

68.58% | 99.98%

s

T

5t A3 &R A4 H P i PU 2 308 fadel ASR > BA R Y

o

5.2 = Simulation case 1 (& PU ##%)

1 ©
y

N
Uy ©

@] 20 - Simulation case 1 ##t & PU 2 dn4% 2% 3+

% 7~ @i% =5 Node 1 2 traffic generator % %

start time: 5

stop time: 12

type: master

channel: 2

command: stg —u 500 10 —p 8000 1.0.2.2

% 8 ~ £z Node 2 z_ traffic generator % %

start time: 3

stop time: 12

type: slave

channel: 2

command: rtg —u —p 8000
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| B 20 #% ECMA-392 f PU IR B ™ & * channel 2 &% T2
474 > Node 1 2- % % 4] i 5 master » Node 2 ] % slave» # traffic generator

LEl G R T E R 8T o

slave BP
A RSW
DTP
% 5B A = master QP
group i A% e CSwW

Scan % i# channel *
3 #£ beacon frame

Scan channel 2 » =
i® superframe

Scan channel 3 » =
® superframe

JUPF I 4F foscan

i S
N N
RN
| | |
AL
VT

% > channel 3

%> channel 2 ¢ #:i% %

— B beacon

T | beacon: ¥+ superframe

% i¥ beacon

YT 3| association request CSW s+ - 1§ 12 association

request % master

% :%¥ beacon % ,
1z 3| beacon s F& €_4r » group

association response IE

. % :¥ CRP reservation response
i# :¥ beacon % beacon P

) CMA
NSNS/ RNE/IAN

promotion IE i* signalling beacon IE
i@ i¥ beacon i# i% beacon
> DTP &2 T AL < Superframe

number

N~

A\ 4 A\ 4

B 21 ~ Simulation case 1 F¥ % 7+ &, 8]
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B 5 s ECMA-392 2_ B 4~ 1¢ * channel ~ master 2 = group - slave
s~ group ~ & B ¢ @i Tk end B procedure s FF R B4 ®] 21 - Slave £ ¥
BB he ﬁ‘ - ® scan channel » & 45 beacon - % master B 4% i¥ 74
2 w0 &g haE 2 ogroup 0 g b 0 Master & scan #75 channel - I ¥F channel
s B € H ¢ E ) operating channel @ #* o & #g k& & 2 18 BB @ superframe
1 2 4% % — 1 beacon> ¢t p# slave i+ % scan channel 3; % superframe 2 p= >
slave 4z 3| master % ! e11 beacon> A% & superframe- i p* i &2 master f % >
@ e — i superframe &7 CSW #p & » 4 3% association request command frame
% master o Master 4z 3| association request > - superframe 3 & beacon » %
association response IE~CRP.IE 2 H i |E» st B slave 4z 7] association response
IE Pl & = i& ~ group > Bf 5% 4 RSW B i B > slave v @ CRP reservation
response command frame- 31| 2t % % = == negotiation 2 RSW slot 2. reservation
# (T o £ 7 — i superframe > » i&{superframe 4@ > master F] s 3 7R &
@3 > #7112 A beacon ¥ & 7 beacon promotion IE - slave Jz 3| ¢t |IE 18 > #-A
IF— i superframe 2 CSW ¥ i#:% signalling beacon frame » master /| ¢ 4t &
BP - i¢ slave = =t 4r » beacon group 4% & o5 =12+ 42 B {S oslave 2 master
A superframe 5 pF > 3 % p = beacon slot i ¥ % p ¢ beacon frame- ¥ A& DTP

R EE L E

Channel utilization 4=7F F B 22> B * ¥ g 3 F 2@ F FEG @& *
channel z_ 25 » %2351~ & ¥ @:i% beacon > @ 7 superframe 5 2z {& &9
superframe’ﬁf e F ek s L% 3 beacon W £S 7‘5’5 * & * channel
W > A beacon 2- w8 & QP 2 CSW % & » & beacon 2_ {4 f| 3 RSW %

BBl 2 R

VHERB2LEAERE

Mg SR AT 12 450 ® F1 5§ & BL% beacon % superframe 2 4
IR TUR 22 ¢ ERBRILERF o IR -
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Slave sends association M_E:Er sends hEEICDI.'i
requestin CSW with beacon promotion
Master sends IE

beacon
( r / Data transfer

|
100\ -~ L
c
=,
]
=
&
3
=
ﬂ .
= D W o Ol W o W0 oA DA O CoOWwowmowmowd
v 0oL oo oAANA MM T N L e L
Voo o i - - -
Master sends beacon with CRP IE, Slave sends signalling
Master sends beacon, RSW IE and association response IE. beacon in CSW.
slave synchronizes slave sends CRP reservation Waster and slave send
superframe response in RSW beaconsin BP

B] 22 ~ Simulation case_i Z_ channel utilization

5.3 Simulation case 2 (7 PU » #icd channel #54¢)

4© 2 ©
@ &

] 23 ~ Simulation case 2 2. 3 PU % #t3f channel sh#it#t 47 #£

P s - B 4 ECMA-392 2 % »t channel 2 @ F L > @ i@ 3]- X

o

R PU B 4% * channel 2 > ® %] PU 2t 5L:E 58 > master-slave group 2. & & j#
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BiEegp gl T Fet o A PU 4] T > ECMA-392 £ % %

JF #cd channel 2 » i& & j&_backup channel ¥ $¢:iE ¥ 12 @& * 2_ channel %4 i&

7 @@?J o
# 9~ ECMA-392 i#:% =3 Node 1 2 traffic generator % ¥
start time: 5 stop time: 12 type: master channel: 2 > 3

command: stg —u 500 10 —p 8000 1.0.2.2

% 10 - ECMA-392 #: 4z =4 Node 2 2 traffic generator % %

start time: 3 stop time: 12 type: slave channel: 2 > 3

command: rtg —u —p 8000

# 11 ~ PU & 3% =3 Node 3 2. traffic generator X %

start time: 7 stop time: 12 channel: 2

command: stg —u 500 10 —p 8000 1.0.1.2

%+ 12 ~ PU £z =4 Node 4 2_ traffic generator % %

start time: 3 stop time: 12 channel: 2

command: rtg —u —p 8000

% 1 Node z traffic generator 3 ®4v# 9 T # 12 5 £ » & L F Hd_
4 11 ¢ #FEsk T PU - ECMA-392 KB B oL B x> 0t L% ECMA-392
Z2_%c#r channel #f2 5 » & PU %2t ECMA-392 %% B4~ * channel »
ECMA-392 % ¥ & R EcpF R € #-3% channel 4 #f % Unavailable » ¥ & 4% & *
H i channel-@ % 9 2 % 10> “channel: 2 > 3”7 % R £ & * >t channel 2 >
% 4 R 3] PU 5 gt 3| channel 3 e o

32




Channel 2 Activity W ECMA-392

= PU
100 =
— \
R
T
2
0
ARIRREAEAEBARNERATSAEERREGEE"BRRRS
S T B I I T R e R K R Vs T R N o RN o ST L U T o I T O o W o Y L Vs A T T O T T
Time (s)
Bl 24 ~ PU 2 ECMA-392 % ¥ 2_ channel 2 activity
Detect PU in QP (7.04s)
evacuatechannel 2 to
channel3 and scan 1
superframe
/ Channel 3 Activity BECMA-392
100
x®
£
2
451
<
o
H:::zxsxm SRRHB8ERRRRARLE _388:222£22£93€§:
Time (s)

B 25 - ECMA-392 7 % 2. channel 3 activity

Bl 24 T3 PU 22 ECMA-392 % % £ [¢ig * channel 2 2 47 & & & > &
FERAE ML PUBEE @ 7RI P ECMA-392 %% 68 o A A+
T 2w R 22 4p o e Fl B e R o B3k superframe T B R ELR
M7 R EB 194k o 7 F52 18 > FIPU B4~ * channel 2 5 #71u
ECMA-392 z_ # % % T E I FE o data b o 3% superframe 2. QP iR ¢ B
| PULEL - @ B 4e3iTdt channel 4254 > » ,*ILU{;L > B 7.04 5 pF i p) 3 prag
channel 2  channel 3 > # i p] #4 # * channel 3 i :% 42 > channel 3 4 i

#* &R E 250

33




BP
RSW
DTP
master slave QP
CsSwW
PU B 4 * channel ﬁ ﬁ
2 » master # 4§ & 7 _ R 2] PU SUEL > Fedp
Lo fe slave # % Jcde channel 2
~ Master 2 slave e p& *
- i superframe pF

¥ ¥& 3% backup channel

& * channel 3 4 A FEe

N

N

'

®] 26 -~ Simulation case 2 f & 7 &%, B

AR 2 PE R T & Bl4- B 26 > master-slave i+t il i FALEF > PU (545 B

|rml

41 * channel 2 - %]}* s slave #-& % I fedifc master &% 2 iz 0 T o
I 3% superframe 2. QP BF » 4 T ;23] PU s 5Lm o v Kz channel #2 5 >
= F] & et T fed channel s942 5 0 3% superframe 23 CSW % A o 4rfe &
- B dodk T 0 PU U 8L4E 5 ¥ 3% master-slave group 2. B &2 @ ix T @
control/management information » #t2 group P ¢t %% ® #p+3 backup
channel » I scan - & superframe s pF ¥ > 4o 7B 25 2. 7.04 5B 45 > 3

BoA i * channel 3 2 % B > * r1ggiag% channel A4Lie * » H {5 > M0 A 3%

channel # 5 7 f -

34



5.4 Simulation case 3 (merge group #-#t)
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