creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

TEHAL =T

slolzo] HES TN Bzt wE
SEEREL WL

2021d 8¢



glo|gto] YEY I A Gzt meE
AEE {4 2913 719

A% @5 w0 A%

o] EEE THAA Ao ASY
20219 8¥

Agdistn gt
A7 BF

49z

HYFe) FHA AL ATT
2021d 8¢

A4% 243

4% A&

# 4 o) %




x =

A gloluto] A 7|HE 2.4 GHzS 5 GHz "o e

AEE st Flshs WH O R AlFko] 8 ~Q % o] =X

1 5o Sl B FY W= glolylo]o] EHS o] g3le] A
2.4

AFE Eol 71%‘3—% 2%, o] 7 GHz di9e] Ads
2708k Wl AP7F 5 GHz W19 e] ARE o] dEdste] A Ad &
Zole o ® A AHS GEAIZITH

T3, o] VHE Al HAEHT| pFdste] A7 Alte]l FHU)

T5%74A] ZFATHE &1 ekl

F20] 1 golzte] 2719, Fel W, We A
8 W :2015-22814



AL A A B s
AT A AT W e
Al 2 A 71 AT e

A 2 AT I it
A1 A 7N1E gdolgo] AAMY ZIH
A2 A FY ME AP,
A 3 AT 2L AT e

L L 70 e



O b~ 00 O H

iii



A1dA 2

A 1A AT WA

folutol= FA LAN %+ F/EZ Ag FZA H%eH, dA

P AHEHT Yok b dfolste] EES AHGFE 717 wE
NekFrAon F7h Zolth? oled Falel 9 sholvo] LFEL T
e 7718 dueR 9 wE SEE ARs] g8 AF Folv

| %7] Z+<l 802.11a¢l4% 5 GHz

=)
=
gole AHgE Fol gouk, AFE A A AgHA @t

= =
2.4 GHz di9el= 1470¢ A€ol a1, 5 GHz dlgel= 507
ol el Adel kY AY b PoldFE 771 5e] v A
2

7] W=l 7z 717]E°] time domain AellAd o W

Ul

=
et gl e
A4 % 9lov collision WA AR F{EA Hrh FAdow
AHE o =

2 IS HoA frequency domaing U WA AR
channel bonding ©] 7}s3}7] wWEo AA{AFoR v WS %
7} 3l X1t

Jeid, ool §lE dHER FAle AAYEdH, 1 F
S AY Se FhR Qw2 Ae kel ol gholstol

n

TREFO EHOZRE 7|dst=d], goldto]l 77lE oy AES
o] A ¢ glom, oY Aol EAste NE APES EA
e Gdsh] A8 AdS st AgiEfop sith gejEE A
Alzro]l Ad ol ml#Este] FrtstAl €t

ol & F Q= gheksk o] Qluh. AnfEEO|Y mERNIG

@ Dezfouli, Behnam and Esmaeelzadeh, Vahid and Sheth, Jaykumar and Radi,
Marjan, “A review of software—defined WLANSs: Architectures and central
control mechanisms”, /EEE Communications Surveys & Tutorials (Vol. 21,
2018), pp. 431-463.

@ https://en.wikipedia.org/wiki/List_of_WLAN_channels .
1 21

| &) =

'Iu



2 71719 gpoldte] Yl AWIE 9l I He A A 24
GHz dj<°] AP=© HAE L, g 2 Sl 5 GHz v]°] 8] APEC]
7)4\ o}

A %

th o= 5 GHz thel& AFEE o2 A 7}
<

A

3 Abstolu) voice over [P (VolP)
Z A7 "o wekA A0 AR
Fotd s Frh o] =wolME olE st WS Adsta AA
o o

A vEAD F U9 Aok

e

_l 0
o

20 Agtel AW AqYyrkA] 28T e =29
o AFE Be ATSo] WaAHo] gt

FFozi 80211k ¥ EE 8021lv ¥ g e uF
AQE A=, o ‘EFEAAE APE el backhaulZz A
infrastructure basic service set A|YBELE 7183 9]
APEZE AR w3ke G wdo] ol APE handoff 3h= |
b e A 4 4 9lew, handoff AlIZHe ©@EAZA 4 Qlvh v
olfgt RFE APE el A soE AAEH Qlojob AL &
ATH= stAIF o] FHeitt. o] xFES Aoy EAH & 79 E

g

171 el

o

o

o

S od
o

.

- Agkebm, AWt PRI o] APEo]  FAbE <
=Aow AAH I Fasks Sl A fekA Y
& Ao A= active scanning Aol direct probe | H S o] &3
d AZFE BEAZ Y o] probe request® broadcasting 8H=

E4 APE A E3&o] probe requestE® HU Il responseE W=

Aol wdto] MEZ = AZRS WEA|AA dapF oz A

A Bk a8y o] A9 dEo] 54 g ojd APE9]
al

¥ > o & )
oS 2 R )

e X o fo

=
e dvedde dEel wFols WEE 1l#isko] handoffd

=

¥ https://en.wikipedia.org/wiki/IEEE_802.11k-2008
https://en.wikipedia.org/wiki/IEEE_802.11v-2011
Purushothaman, Ilango and Roy, Sumit, “FastScan: a handoff scheme for
voice over IEEE 802.11 WLANSs,” Wireless Networks (Vol. 16, 2010), pp.
2049-2063. 3

2 -":rxﬁ-! _'q.l.'\-'l ]

~
(=)

®

P



APE ¢ W=7 & $ JdE WHS AANSALEY 2 o] dAFe
wo]l TEEE AAM Te ol&d ols Wl st ARE ol
Agelnt 288 & Sle A

npx]uk o 2 o] "] handoff 7]&S %3 AP7re| neighbor graphs
FAete] A A AIHE Fol: Wl dig ATk duh©

gy o] A= Fr7FAQ AP controller §°¢] Qs AV}
STt

A 2 AT \97

A 142 7]E golvo] 27 7|

sfoluto] wo]l APE AFSHY] Sl 7 7FA WHo] Stk o] &
Z}7Z} passive scanning¥} active scanning®|#tal 3t}

Passive scannings &*2 APEZHE F7]8 22 ®HUYZ beacon
signale ©W#o] Falste] ofH APEo] EAH=A FRlsh= ol
Ank o7 APE 102.4 msvPt beacon signals HATh  whebA
passive scannings s @S w) Adwuic; FH A3 102.4 msESH
M= beacon signalEs FAlafoF sttt 5 GHz tfelel SH¥s] #4d=
dynamic frequency channel (DFS)2 7% z#oly 52 n|E32
EH& 9] 93l passive scanning®t 7}

Active scanning %] probe request F|H S HU I, o]&
FAE FH OAPEEZHE 2= probe responses FAlEe] FH
of"l APE°] JEAE &A= WHolth Active scanning®lli= 7714

g2t el 7} AR E =Y, 242 minChannel Time ¥ maxChannel Time

®

Han, Sangyup and Kim, Myungchul and Lee, Ben and Kang, Sungwon,
“Fast Directional Handoff and lightweight retransmission protocol for
enhancing multimedia quality in indoor WLANS,” Computer Networks (Vol.
79, 2015), pp. 133-147.

@ Shin, Minho and Mishra, Arunesh and Arbaugh, William A, “Improving the
latency of 802.11 hand-offs using neighbor graphs,” Proceedings of the Znd
international conference on Mobile systems, applications, and services
(2004), pp. 70-83.

3 ] 2- 1_l|



AP7} 9l Zo® #dsta s AE R olFdt}. wkek 4] probe

responseztE WAl Hupd wihe maxChannel Time7}A  t)7]38hH

ZF7}4 9l probe response’} A+=A @& A DY minChannelTime

Y maxChannel TimeS- Z+7+e] wdnity =7 AT + AW

Antz o7 wWo] 2oli= #HS 20 mse 40 mso|th FHo &
3

=
R = =2
2 e A79E 938 active scannings AFEEEE A H

2 flo =

N
e ¢
LU
o

Active scanning¥ passive scanning + 7 725

'(Ib‘
B Ad ol BlEste] A AR Aoj XA

Al2d w4 W= AP

k7
&4sk= AP7L Oiﬂur x%oao} ‘6}1:} 714 ol Fasith HT A4
=& HA B2F:S Adst] S8l 5 GHz ﬂ%oﬂ% AFE-Sh=d], ol et
S ESh o9 seAde 9@l 2.4 GHz Wi ® ARESA Hrh
shAIRE o]egt APEO] AA oA oAwWA 2ol=xA HFTE 1Y
Btk 4 7HA AAeA A4 Y EE APE
2.4 GHz W9 A}g3sk+= AP, 5 GHz djewt
AHEeHE AP, 7 Ul9l& BT ARESkE AP7E 77 dwepRbEe] v ER

=R ol 71AA, AeAA, I Al AaoA HsE T

el Mac OS7F &A1 mERS o] &g, F+ u99 radios
DX 2935 gtolmlo] HAlo] BAlE o] F gads RE A & SF
Atk Mac 0S9 W@ 7le T A" YEE J]es ol&d FH

APEZo| sl SSID, PHY XX, BSSID, Y, WLAN g¢], ®S
TREZE SNR 28 dRES dobd 5 glth
T ode 2% AUetE APIAE 7]EZA o7 SSID$F BSSIDE
& dopdl = ) Ay og F APOIM F oS BT ALEShE
StEE APt & SAA myWiFi £
myWiFi_5G 9F 2 2ot} o|& F3 + SSID7} 3+ APEHE &
AAA FHe] 7hsstt. weF F SSID7F AR ¢ds] vE dEs
zholel e BSSID#S &3 & APRYH U Z11A] #elo] hs st
BSSID&= 7 APS 143k #hold, 48WEC] 16X4 oz = o
ATH AZ 5o 72:5dcc:7d06:4d 9 L Aot} ok 24H1ELl
4 ] 2-1 |

oX, offt
o
0P}
x
)
1o
=
i)
o
B3
N
ol



A f gold, HE 24mEE ZHZbe) J)7|nbgg
o 7 oS BF AdeteE AP A 7 dedd]

A A9 gAg ghe 24 B e ¥

—
X
Wi
20
o
— N

[2-11& 4% A% o
_ 2.4GHz only Dual band 5GHz only

1

¥ [2-1]

e Fast vdE2A At dolA FAsk A3 5 GHz thefolAnt
F2tsk= APsol vt SA AT a9 o] A, SSIDE ERlsfE
Az HAY  KTWiFi %+  Twifi zoned} & infrastructure
APEo|qlt}. o]E st APE ©]u] backhauls F3 4 AAx o] &
Aow AztEH, 80211k T 802.11vel e
Utk 2YERE ol g A o] =olA At
oA = g7 SlE 3}‘:} 7He 3 ghele

5)
AHEshE APE SAEA Garor, At e AL 7 Uk

L l‘_?i'
o,
—o

A 32 AHE AL AT

Passive scanning® 2% Z+ Adgvict 102.4 msvEe 4%
Alzrol desit, a8EE F AE A8 AR Y 7)) X 1024
msetal AZEer 4= 9l Active scanning® A% Y ) X 20 ms
b (Y 7) X 40 ms Akole] AlFto] Q¥

AT BT AE U 20 A9 ARt ¥ e
Haolth, dAje] gpolulo] wFEL 2.4 GHz tigeA 13719
AR Y H B 802.11n v 802.11acolA 5 GHz
ool 4 Ui AEE FHHoE ARESH. QY 7 2 owiE
S kel webA A7 AQ AR dlElEA soluAl fnh

Ho|A&Ed 2 VoIP of&Eg Aol A5 7l ddo)7t Aol
U3 Aol Q. o5 E°9 end—to—end EE|o]7F 200 msE
A =W AFEAE Yol AT & e AT HY, olRt

AA = dFol= call drop Aol BAL & Stk AHES sk
el = ddo] tE AEES gRlsor st dPast theda

i
5 e ,-"{FI -.l:.T;' L
& ‘_

2L ofy

it o
o rot

N:

)

o
(o]

1T



s BAe Aurel A Aolg WA AP 11 97
YelolE fEth AurAel golzte] el ol M us WYL
AR SRR AR B 5 ol 0 RS & 5 9t

2t IA 270 AQ NS V&R0 R AN sk AfEe
TE Folv WHoRE ZAsHA Ht olF fd 7o wd oW
S 2.4 GHz Wh9olA] probe responses Hd A AFAlo] 5
GHz tigelx+= 2 ¥ AdS AHEst=AE 37 "okx] RuA Hrh
olg]dt F71A¢el HARE 7|AE 7] Y&l probe response frame W]
vendor specificdt IAE=E AR F Uk o] HES FASA

TS A ETel AMEA fdevh @ o€ Al 4 ¥ probe

S

A

STA AP AP

p.req

p.resp probe request & probe response

(with 5GHz channel number)
exchangein all 2.4GHz channels

p.req
~ p.resp|

p.req

probe request & probe response
presp

exchangein only selected 5GHz
channels

Scanning period

T

p.req
p.resp

2.4GHz 5GHz 2.4GHz 5GHz

a9 [3-1]

Algk 71go] AR BN ~AE AE BEAINEAE e
6 A 21



8l APel @ES ZH7F HAEW ZO
Ubuntu 14.04 LTSS} @52 AY 4.4.6
ceolHE FAd St dEe

4.2.6 HAS 7]HFo 2 ath9k

dal Ade Aw Aesy) A BAS
dolahs SN WEES el shg
FHsom, AL HL

APRER FAELE

skl FHskGith. T W= APE FAJEH)

S Wedth ol aww ol
WA o

USBEFI 9 9 4 @ REs A

I
)
o
R
i

=3
wER UgR e Ag3

=
ofo

Ol
o
32

A& SRk APE

. S 7|HFS ®# ath9k—htc
Ubuntu 16.04¢} backports
8 Fastt TEs

boeER] 99 YUz SoelmE Y

A8 FA oW A=
defe] HALS PCI
2.4 GHz U<

TL-WN22N

2.4GHz radio
USB interface
ath9k-htc driver

ad [3-2]

AR5B22

5GHz radio
PCl interface
ath9k driver

7}7bol H AL ath9k$t ath9k—htc ETglo]HE ALg3dith APE=

frame<

ol A

probe
ath_9k_tx_mgmt

response
A=

Tk,

ol= Lol el
t}. Probe

response

framex= FE= Yol jeeeS0211 _mgmttt= ©]E2 FXAZ 2oy o]

olow, ek T2 ofd 19w B,



Frame Duration Destinatio  Source BSSID Sequence  Timestam  Beacon Capability | Optional
control n address  address control P interval info

static <= |=p flexible

a4 [3-3]

Static. 2 ¥Al¥ field & frame Wol| WF=A] XSt ojo} sf+=
Folw, flAek AV|7E 747zt @iy o] itk Optional®Z  EAIE
fielde WI=A] 23k Qo+ glow, 475 WE 7hssith, oy
5 wA435to] o] fieldd ojH AR Eo] X3EE=A & 5 Q. 27
+ optional fieldel 7} doJElE 7]Astd sl o,
= AdstZlele 2718k AAE AAse w2l 2 O7HA
o w3 e ARgSte] T SRSIT
¥} APE beacon interval #o= 4 100 E+=
2 5t} Beacon interval field?] =7+
16U ER o] glom o= Hu 655357HA2 & #s @5
i kol dnbd © g AM8-3ki= beacon interval < field®] =7]¢]
sl dx Zomm o] fieldl #& ol BuUZIE itk webA
AP7} probe responses XY uw] o] k& 100 + (6 GHz tf<lo)4]
sl Y WE)E FAste] RUER St oE 59 AP7F 5
GHz t9elA 40" Ad-E AFESth™ beacon interval 33 1400 =%
FAsto] Hule ®aoltk, 5 GHz U9 AS Ad HIE = 14%5F
AlZfsto] Abgshe Fabe o] Foldes HA AAA Ak f-27t
T3 do] 9 probe response frames € ©JA beacon interval
#ol 100 E+= 1027} okH et 235 F43 APE ddste] 5 GHz
el o] A7sk Ad setol]l REQF Al #

Al 3d gdd 7d

4 FEe A F OFEeE UHAY. AAE A FFo]
ANZE  scan_state = olF9 WFE dEste ggEo]l el
el N2E SEsH o= AES AU A AAS EsE A7)
A 2= jeee80211_start_sw_scan 7 AdAEE=d], o] o
5 2 AP A7 SIS Eeolw Z=E AYskdt AR
probe request %S XUl probe response ¥WZ & FAalg uf wich
Qs ARE ol AAst= grEo] stk ofde] 9" o AAHE
ks HolFEd, A FEe WA SR 7] Afskel

oom;fz
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ieee80211_mgmt TZFA= AY EY o & A=,

9 X+ source/include/linux/ieee80211.h ©|t}.

struct ieee80211_mgmt {
__lel6 frame_control;
__lel6 duration;
u8 da[ETH_ALEN];
u8 sa[ETH_ALEN];
u8 bssid[ETH_ALEN];
__lel6 seq_ctrl;
union {
struct {
__lel6 auth_alg;
__lel6 auth_transaction;
__lel6 status_code;
/* possibly followed by Challenge text */
u8 variable[0];
} _ packed auth;
struct {
__lel6 reason_code;
} __packed deauth;
struct {
__lel6 capab_info;
__lel6 listen_interval;
/* followed by SSID and Supported rates */
u8 variable[0];
} __packed assoc_req;
struct {
__lel6 capab_info;
__lel6 status_code;
__lel6 aid;
/* followed by Supported rates */
u8 variable[0];
} __packed assoc_resp, reassoc_resp;
struct {
__lel6 capab_info;
__lel6 listen_interval;
u8 current_ap[ETH_ALEN];
/* followed by SSID and Supported rates */
u8 variable[0];
} __packed reassoc_req;
struct {
__lel6 reason_code;
} __packed disassoc;
struct {
__le64 timestamp;
__lel6 beacon_int;
__lel6 capab_info;
/* followed by some of SSID, Supported rates,
* FH Params, DS Params, CF Params, IBSS Params, TIM */
u8 variable[0];
} __packed beacon;
struct {
/* only variable items: SSID, Supported rates */
u8 variable[0];
} __packed probe_req;
struct {
__le64 timestamp;

,
i PR,
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__lel6 beacon_int;
__lel6 capab_info;
/* followed by some of SSID, Supported rates,
* FH Params, DS Params, CF Params, IBSS Params */
u8 variable[0];
} __packed probe_resp;

struct {

u8 category;

union {

data;

msr_elem;

trans_id[WLAN_SA_QUERY_TR_ID_LEN];

struct {
u8 action_code;
u8 dialog_token;
u8 status_code;
u8 variable[0];
} __packed wme_action;
struct{
u8 action_code;
u8 variable[0];
} __packed chan_switch;
struct{
u8 action_code;

struct ieee80211_ext_chansw_ie

u8 variable[0];
} __packed ext_chan_switch;
struct{
u8 action_code;
u8 dialog_token;
u8 element_id;
u8 length;

struct ieee80211_msrment_ie

} __packed measurement;
struct{
u8 action_code;
u8 dialog_token;
__lel6 capab;
lel6 timeout;

:Ie16 start_seq_num;

} __packed addba_req;
struct{
u8 action_code;
u8 dialog_token;
__lel6 status;
__lel6 capab;
__lel6 timeout;
} __packed addba_resp;
struct{
u8 action_code;
__lel6 params;

__lel6 reason_code;

} __packed delba;

struct {
u8 action_code;
u8 variable[0];

} __packed self_prot;

struct{
u8 action_code;
u8 variable[0];

} __packed mesh_action;

struct {

u8 action;
us
} __packed sa_query;
struct {
u8 action;
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Hu;
} __packed action;
tu;
} __packed __aligned(2);

u8 smps_control;
} __packed ht_smps;
struct {
u8 action_code;
u8 chanwidth;
} __packed ht_notify_cw;
struct {
u8 action_code;
u8 dialog_token;
__lel6 capability;
u8 variable[0];
} __ packed tdls_discover_res
struct {
u8 action_code;

p;

u8 operating_mode;
} __packed vht_opmode_notif;

struct {
u8 action_code;
u8 dialog_token;
u8 tpc_elem_id;

u8 tpc_elem_length;
struct ieee80211_tpc_report_ie tpc;

} __packed tpc_report;

17


https://elixir.bootlin.com/linux/v4.4.6/C/ident/u8
https://elixir.bootlin.com/linux/v4.4.6/C/ident/smps_control
https://elixir.bootlin.com/linux/v4.4.6/C/ident/__packed
https://elixir.bootlin.com/linux/v4.4.6/C/ident/ht_smps
https://elixir.bootlin.com/linux/v4.4.6/C/ident/u8
https://elixir.bootlin.com/linux/v4.4.6/C/ident/action_code
https://elixir.bootlin.com/linux/v4.4.6/C/ident/u8
https://elixir.bootlin.com/linux/v4.4.6/C/ident/chanwidth
https://elixir.bootlin.com/linux/v4.4.6/C/ident/__packed
https://elixir.bootlin.com/linux/v4.4.6/C/ident/ht_notify_cw
https://elixir.bootlin.com/linux/v4.4.6/C/ident/u8
https://elixir.bootlin.com/linux/v4.4.6/C/ident/action_code
https://elixir.bootlin.com/linux/v4.4.6/C/ident/u8
https://elixir.bootlin.com/linux/v4.4.6/C/ident/dialog_token
https://elixir.bootlin.com/linux/v4.4.6/C/ident/__le16
https://elixir.bootlin.com/linux/v4.4.6/C/ident/capability
https://elixir.bootlin.com/linux/v4.4.6/C/ident/u8
https://elixir.bootlin.com/linux/v4.4.6/C/ident/variable
https://elixir.bootlin.com/linux/v4.4.6/C/ident/__packed
https://elixir.bootlin.com/linux/v4.4.6/C/ident/tdls_discover_resp
https://elixir.bootlin.com/linux/v4.4.6/C/ident/u8
https://elixir.bootlin.com/linux/v4.4.6/C/ident/action_code
https://elixir.bootlin.com/linux/v4.4.6/C/ident/u8
https://elixir.bootlin.com/linux/v4.4.6/C/ident/operating_mode
https://elixir.bootlin.com/linux/v4.4.6/C/ident/__packed
https://elixir.bootlin.com/linux/v4.4.6/C/ident/vht_opmode_notif
https://elixir.bootlin.com/linux/v4.4.6/C/ident/u8
https://elixir.bootlin.com/linux/v4.4.6/C/ident/action_code
https://elixir.bootlin.com/linux/v4.4.6/C/ident/u8
https://elixir.bootlin.com/linux/v4.4.6/C/ident/dialog_token
https://elixir.bootlin.com/linux/v4.4.6/C/ident/u8
https://elixir.bootlin.com/linux/v4.4.6/C/ident/tpc_elem_id
https://elixir.bootlin.com/linux/v4.4.6/C/ident/u8
https://elixir.bootlin.com/linux/v4.4.6/C/ident/tpc_elem_length
https://elixir.bootlin.com/linux/v4.4.6/C/ident/ieee80211_tpc_report_ie
https://elixir.bootlin.com/linux/v4.4.6/C/ident/tpc
https://elixir.bootlin.com/linux/v4.4.6/C/ident/__packed
https://elixir.bootlin.com/linux/v4.4.6/C/ident/tpc_report
https://elixir.bootlin.com/linux/v4.4.6/C/ident/__packed
https://elixir.bootlin.com/linux/v4.4.6/C/ident/action
https://elixir.bootlin.com/linux/v4.4.6/C/ident/__packed
https://elixir.bootlin.com/linux/v4.4.6/C/ident/__aligned

Abstract

Fast scanning scheme between
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Existing Wi—Fi scanning techniques take a long time because all
channels in the 2.4 GHz and 5 GHz bands are scanned one by one.
We propose a scheme to reduce the scanning time by utilizing the
characteristics of the dual—band AP. When the device scans the 2.4
GHz band, the dual—band AP delivers the channel usage information
of the 5 GHz band together. Through this, the scanning channel set
can be reduced and the scanning time can be shortened. By
implementing this technique on a testbed, we experimented to see if
there is any improvement in performance in a real environment. As
a result of the experiment, it was confirmed that the scanning time

was reduced by up to 75%
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