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SUMMARY

It i1s known that Home Networking can play an important role for
promoting Korean industries. That is why Korean government has
selected the Intelligent Home Networking Technology as the one of
the next—generation growth engines for the coming 10 years.

The problem of Home networking, however, i1s that there are too
many working standards related with them. These include:
Ethernet; HomePNA(Home Phoneline Networking Alliance);
PLC(Power Line Communications); IEEE1394;  Bluetooth;
UWB(Ultra Wide Band); IEEE802.11 WLAN; and IEEES02.15
WPAN technology. These various technologies are trying to get
into the market by providing its own advantages that other
technology does not support. Therefore, the Home Networking,
inevitably, will adopt multiple standards, and thus, the home
networking technology must be able to support heterogeneous
network architecture, which makes the deployment delayed.

Moreover, there also exist too many control and streaming Home
Networking  middlewares  including  UPnP, HAVi,  Jini,
VHN(Versatile Home  Networking), LonWorks, CENELEC,
HNCP(Home Network Control Protocol), CEBus, and more. Too
many working standards that are available in the market place
have been causing serious interoperability problems. It i1s unlikely
that a single networking technology with single middleware
solution will exist that provide robust services that home appliances
require.

In order to solve these problems, we need to adopt a well-defined
home networking architecture based on backbone networks, rather

than centralized home networking. If we determine to adopt a type



of backbone network, then we can design the whole home network
by designing the bridge specifications between the component
networks and backbone network. Under this architecture, we can
list up the level of services that can provide killer applications,
which might include VOD (Video on Demand) and/or EOD
(Education on Demand). The concept of ubiquitous computing is
also known to provide many Kkiller applications. However, the
ubiquitous computing requires various Wwireless networking
technologies that uses well-organized frequency band.

Under the assumption that the proper frequency has been
allocated in the right band, we need to choose a wireless
networking technology that can provide enough bandwidth for the
multimedia data communications with guaranteed QoS and data
security  suites supported. Considering the Korean home
environment, two solutions are possible: IEEE 802.11a/g/e/i WLAN
solutions or IEEE802.15.3.

With IEEER02.11a/g/e/i backbone network, we can deliver
IEEE1394 A/V signals as well as control and command signals,
while supporting legacy WLAN devices. This 1s the concept of
Wireless 1394, and it requires IEEE1394.1 High Performance Serial
Bus Bridge Specifications based on which PAL(Protocol Adaptation
Layer) needs to be defined.

In this research project, we conducted a deep research on QoS
mechanisms that IEEE 802.11e and IEEE &802.15.3 MAC provide,
and presented the comparison chart. We also provided the
simulation results of the wireless networking technologies using
NS-2 network simulator. With the QoS of the wireless networking
technologies mentioned above, we could deliver the isochronous
IEEE 1394 data over the air. Since IEEE 1394.1 utilizes 2-portal
bridges, they came up with the concept of virtual bus incorporated

inside the wireless domain. This virtual bus concept does not allow



more than 63 independent buses to be involved in the IEEE 1394
network, which also requires an enhancement of IEEE 1394.1
2-portal bridge specification, and we proposed multi—portal bridge
concept to overcome the limitations that 1394.1 specification
imposes. We also proposed a new concept of virtual port that can
support the communication capabilities for the legacy IEEE 1394
devices.

Finally, we suggested a way of utilizing the frequency band of
5GHz band including 5.150 - 5.350 GHz and 5.470 - 5.825 GHz band
based on the result of WRC-03 meeting that was held in June,
2003.
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29 T2 57 BEd A% 1 Mbpse A 28 A8y, Bls7] &
=d 44 720 Kbpse] & %E—% A et k=B 2 5E 10m ol o] A
go] EdlolB @77} 50l W Frequency Hopping W2ell ]3] Ho|H
s $54 ok

FAOR BE ARS wdsteR v A3 & UEYA oA
71713ke) 2 ZAE dfasty] AAs) e St A S AASTdoRN w2
A ES 2 412 7dE 5 gl A4 o) Bluetooth 2.0 10 Mbps
°of AF £=5 Ay 98 8l FQ EEQtolth Bluetooth 7] 2
$5.00t0 9] A7 B

Wireless LAN 7-& 7]<¢] IEEER02.11& 2.4 GHzUl ¢} 5 GHz the] FA
FH5E AFESY] ke AE 22 % YA 7 DS(Direct Sequence)



e &4k 719 E o]&3te] A 11MbpsE A Y35k IEEES02.11b %50
A 7HE B2 AFE FF5a v PCMCIA 7H= 2 4 #s
ot =ER Ay Aot s ddetA Fax SA| HAFE AL
o] Ado] o]Folx 7]E9] Ethernets ©|-&3 ;e F53] thA|star Ao
), o] 5o A7 AZAE AP(Access Point)E A A shd FA4 @l AA
H EE 71750l sl el g&EHEE, QIEU & i 53 2
< AAZE oy, U EF AEE A oeds 297 de UF3 Y
S d], 18 a YA}, S 15839 sl FEHor &8 9
= 7lwolt} ol 3k AlFS 9l Al Lucent Technologiestt 4HA A 7] <}
2e ITH4 3Abol A= on| IEEES02.11b 71&S |83t Fa & &5
e Faskal AN Bluetooth7} AF&-3Fal Q1= 2.4 GHzUl ¢ vEE I35 AL
SotEE AAae) 114 Ao w Qlsto] ARGl 2¥e AS 7hsAdol |
G- = oolef ZE M FAE fAstHA] Bt =& O3S A7) el
T W 7]E2 5 GHzO Y v aE o] 83te] o] 54 Mbpse] F oS
olHE $E 4 A= IEEES02.11a¢t IEEER02.11g® WS w4t 9+
&&oltt,

S UEYAS 913 WPAN 7|&-2 IEEER02. 15 Working Group°l A A
olstar At ¥ WPAN 7]&2 10m ool EA3t= 7]7]7ke] dlo] ¥
AEE 7hsstA 3 F+ WA dg 7] = Ericssons FAS= 3185
o

>

1 Bluetooth7}F 341 7]+ Alolt). 18y Bluetooth= #H o] 723.2
Kbpse] &4 &% A9 shAle} g 87)nko] Sl oy dd 4= & A
ToR st Hrh w2 WPAN 7o tigh 257F o] gt o] & 913t
o] IEEE802.15 Working Group®l A+ EF 5709 Task Groupe| T4
=4 o] % IEEER02.15.1 Task GrouplA+= +9H<¢ Bluetooth 7]
IEEES02 ]3] €A F=d AAAE thF= Aew v £
2t5 ¥ AEfolt.
IEEER02.15.2 Task Group< 2.4 GHzt e W9 =&S =

of A% S AGA AT 7 AS AJA E xFES wHEL Y
329l W o 2= IEEES02.11b 71719} Bluetooth 71717F Abxd el A = €]
AR E v Yol Zhzbe] 7s ) AME Fabg A dial #otd & X
A o] ZAl WAl S A}8-3F= Collaborative W24l o] glom o] = 3 5
= AEEE o] 3 & 717171 o] & AREstE T ARl tigh AR
o] & FI4 g9& ¥kl AF-8-3tE Non-Collaborative 2] ©]

2] IEEER02.15.2 %]+ Non-Collaborative W2 © 2 DFH (Dynamic

=] 31
Py
EE
S0n

f
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Frequency Hopping) *2lo] A&l o] ¢l o1} Mobilian 53 #& 3A:=
IEEE802.11b 7]} Bluetooth 7l=& &l &A% He 7hdste]
Collaborative ®21-& | €]8}aL gt}

&3 [EEE802.15.3 oS W A8S 2R3 A7
¢ QoS+ =& FHl 55 Mbps9| Hl o]
T @ A= HErtol AlaE
QoSE A YT ¥k ofrygt WPAN &7 =
A o}7 QoS A Y W] ﬁmﬂx] & IEEES02.11eE H43] #
stal 9lt}. IEEE802.154 7]+ 20 Kbps2t 40 Kbps, 28] 32 250 Kbps
3= WPAN 7]<2 Z2A719] F4 Alo] Controllers 7N&a 4
S Al¥3= Sensor Networking 7] 4 o]t} o] 7]«9 & & &
o}u} = Universal Controller7} & Z o2 HIt} = o] AR glod
oAt E 7Hdgt=E 10m ool e BE 77 &
| == Aotk

©=2 [EEE802.153a 7]%< IEEE802.153 7]&E°] A3l
MAC(Medium Access Control)< ZItlZ o]&3t PHY 7]&vt
UWB(Ultra Wide Band) 715 ©]&slo Bt} =& g %& =5 o4
= Ao|t},

A £

HN r*

-
It

° rlo rfr mlo

X

UWB 7|2 m-¢ QHld JAE 7HA 1L e 72 AHEE 5 e o
qEL 31 GHzYH 106 GH2ZbA % 75 GHzebe #ojode] g g A
£ F AT AAR 25 QA FE FA FIH5Y 25% ol ds Hrst
ofof 3taL o] e AAI}= -41.25 dABm/MHzZE @A golor st} npat
A HAEL oF | psecHt} Fow Carriers £3F WEE AMRSHA ¥
Baseband A3 2 AdEstnz £A7]19 A Zo] wj$ Hdu A 7tAdoz 78

H,

g = e FAo] o Mz A2 PPM(Pulse Position Modulation)
2] 7} BPSK(Binary Phase Shift Keying) 2] & ©] 83} F2lttel] = oy
% Correlatorg ©]&3te] HolHE FAlgtt}, WAL A8 o] FCC Part 159
os] dA3 A Jorm=Z 10m ol AdE AT F gle dHol
gom WS Z9d 5 glojx T UYEYARE AL 49 Cluster Network
o wvk AR 7hs et

UWB 7|%&0] 7HAE 7F4 2 48 7148 9oz g5o] nfj$ g
Aot} wels UWBE GPSY PCS, 183 WLAN 7% 3 374 &ite
7171 BgE 5 Ak 28 w§- & 711 FER QA5te] A5 @
A dlolg 9] otA Aol HAET A HHES ARt A% v 2 G
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ok %= 10m Al 110 MbpsE A 935t# 4m A2 o A= 200 Mbpseh=

2% FA Yoly Aol A5nE wre/ete $43 g 7}

A&, Z18]a1 MP3 Player HolH 9 thg2 = Fof wj-¢ F2

= 7]|&old. Folit UWBZE & WEYA 7|&2 ZgHs

AE S AMEEt R R T WA R QI3 v Hlo]d Aol v

e 548 7 A vk Holnh o] 9 2 A Al VEs ol &3
E gt st @A 7F WiMedia©l .

UWB 7]&& 7ldste] ®Hf3k 34 Time Domain Corporation,
WisAir, Aether Wire & Location, Inc., ANRO Engineering, Inc.,
Fantasma Networks, Inc. (Interval Corp.), Livermore Labs, Multispectral
Solutions, Inc., 28] 322 XtremeSpectrum Inc. 5©°| 2t} o] thFE o] 3|A}
=S AE UE 7les o]&ste] HolHE $Alsta loem=m 7|73k A
3 SgAol HAEA gt o]F 93] IEEES02.15.3a Task Groupol A]
= olE 9 24 sty WUAS gl FFo®E Aol E etal oe Tt

Ao AXAE Wob WEHES ST

ol

O

¢

£ o 2 JEEE802.20 Working Groupoll A #|A3t1 = ol 5d S oA
A= HEY A 7|68 A 2% 23 GHz He FI5-g S AL&351o]
A& 250Kme] £ =2 Fa3tt et s 2Mbpse dolE A% £5E = Ys}

= AHo]l o] Task Groupe] Hestal dx= FEFoltl. FlarionAt9
Flash-OFDM 7]+ ¥ ArrayCommA}2] i-Burst, Z22] 32 Navini NetworksA}

°] Ripwave 7]+ S°] A5 9l
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A 3% IEEE802.11e9 QoS

A 3-14 M <«

IEEES02.11 TGe: 712 MAC W28 FAAA o] &
2 AAIZF HolE AFES 8735t QoS(Quality of Service)E
f A 2 MACS A 23tE Task Group©l th. 20004 3€of =
o] FlEAom FAd = QoS SecurityE Al A YdF= 3
7|2 AAsd oy F xEs Aol Hgstrlds Uiy
¥3F Aol o= R Security ¥H XS [EEER029] TGiol ~

2 3k Folth TGeA A A 71 He] Bk 2003d 119 4
St Draft 6.0 ]E} [21]

TGex &4 "olHE 93] 20 msece] A% & B8 =2 3+ ADPCM
H]O]HE A °J§ T dofoF stw, MPEG HIH 2 2+ 3Mbps®] 3= 2
2 3hi= MPEG2¢} IEEE1394 YA & Qg #olx HdAES A dstofof 7
w3k TCP/IP 2 EZFS A YU3}+= Ethernet Hlo]EH ~E#H-S 10 Mbps

2 AEFE F e 74E SHlsk7|E ZA sk Er 18] Latency

Haststa dolHe HE &&8 FHugste oy

el
=
-Hoc ==+ &% Infrastructure A% 5= EFE Y3t EYY &

to
S
o m}l_‘

ol
-1
N

|

1

L B2 oMo X =

2 ro d o e o
e
o
>
j=9)

e

0 =

N
ao}_o
B

ol
T

7

_—

g;:asz;r
B
H
=

dS sk Fe] TGeo 3ol
oj¢h o] FgH QoSE Ad TGert AT A= NS st o
w3 2k

1. User Priority (UP) / Access Category (AC) / Traffic Specification

(TS)

Arbitration Inter Frame Spacing (AIFS)

3. Hybrid Coordination Function (HCF)

4.  Enhanced Distributed Channel Access (EDCA) / HCF Controlled
Channel Access (HCCA)

5. Traffic Category (TC) / Traffic Stream (TS)

6. EDCA TXOP(Transmission Opportunity) / HCCA(Polled) TXOP

7. No ACK / Block ACK

B
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8. Direct Link Protocol (DLP)
9. Automatic Power-Save Delivery (APSD)

o] /JEL 71¥E9 IEEE802.11e Draft oA o]v] 7<% U&=} Draft
6.0014 M&A F71d H&E5olth & FolA= IEEES02.11eo A A 9] sl aL
= QoSel AF Wt el M@atn 1SS sl sk

A 3-23 IEEE802.11edlA ¢ E#fE 243}

[EEES02.11ex QoSE Al &3l: diolg A4S 98] &7 wA o 243}

H HIAE A3t o] & IEEES02.1dol A AF&38t= 014 77HA
o] & 89 oME9e o] &M FoEXE Sud 479 Access
Category (AC)E AF&3lt} <3 3-1>°)A IEEES02.1d9] $A9 9 ACSH
Mo ek 7B AAZS Adala). o] ¢4 49 e [EEES02.11e

MAC Z#H A AMFA F7FHE QoS Ao B=9] ¢ 3 HIEQ] Traffic
Identifier (TID) ¥ =0 E/\]‘S}I’_ o] & 7|Nto g2 EHS st AR
ot <® 3-1>9A A EA Beld = FEHE, <3 3-2>°A4 QoSE
Agat7] gk Aol T=E ’%”3'5‘}9?\‘:}

QoS Alo] A=A ztzte] HEE AH R W TIDE oA A sk 8717
o] M+ E 7HA & Prioritized QoS (TO)E gt $AeEs] @& =+
Parameterized QoS (TS)E ¢ 3 TSID #& 7}z th. EOSP(End of Service
Period)= @A SP(Service Period)®] €& el dA o] 34
o7 HAEH F SPrF Eyd 12 *474'6“3} Ack Policy:= Ack? &+
(Normal ACK, No ACK, No Explicit ACK, Block ACK)E e, HE
8ol A 15 g2 Zhzte] Qo] we} 28 =% b= e UEdn Queue
Sizet} TXOP duration #< &3] s ZddS Bul=d 223 Queued]
A7]v TXOP Zols 2+% = th

L
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<3 3-1> IEEE 802.1d¢] X919 ACte] Wy

User Priority IEEEi802'1d Access Category IEEI*EBOZ.le
Efy &7 Efg &7
1 BK(Background) AC_BK Background
2 - AC_BK Background
0 BE(Best Effort) AC_BE Best Effort
3 EE(Excellent Effort) AC_BE Video
4 CL(Controlled Load) AC_VI Video
5 VI(Video) AC_VI Video
6 VO(Voice) AC_VO Voice
7 NC(Network Control) AC_VO Voice
Frame |DurationfAddress|AddressjAddress|SequencelAddress] QoS Eramel ECs
Control] /ID 1 2 3 Control 4  |Control Body | (4)
(2octet)]  (2) (6) (6) (6) (2) (6) (2)
<% 3-1> IEEE802.11e2] =&l 3 &
<3 3-2> QoS Ao 2=
Application Bit Bit Bit Bit Bit
Frame Type 0~3 4 5~6 7 8~15
End of
QoS CF-PoILféames sent by ieerr\ilgcde TXOP limit (32us)
TID | (EOSP)
QoS Data, QoS CF-ACK | (UP, ACK
and QoS Data+CF-ACK | Tgpy| EOSP | pojicy |Reserved Reserved
frames sent by HC
0 TXOP duration requested
QoS data type frames sent (32us)
by non-AP QSTAs
1 Queue size (2560ctets)

- 22




A 3-34 IEEER02.11e4] MAC T&

<a¥g 3-2>2 [EEE802.11e¢] MAC +%% YERal 9t} IEEES02.11e
© 7|1E9 IEEER02.1191 4] A3 %+ DCF<¢ PCF 7|52 Al&3stal, QoSE
A&3t7] Y& Hybrid Coordination Function (HCF)o] 3=7}% 1t}
HCF+= Contentione 7]|¥Fo. 2  Prioritized QoSE $% Enhanced
Distributed Channel Access (EDCA)<} Polling, Parameterized QoSE ¢
HCF Controlled Channel Access (HCCA) ¥ 7FA wiA] H WSS
A3gth, EDCA%F HCCA w7l &2 2H2t 7159 DCFe PCF Al =%
7152 F7F8F Aolth QoS STA(QSTA)EL o] A HE WIS ES

%3] Transmission Opportunity (TXOP)E< 538 471 =4, QSTA
=< o] TXOPE g5sjofvt 2y deEs A5 + A+ dgs 7}X]7ﬂ |
of, IEEE802.11eol A A 2]3gt ul2]o w2} TXOP &<t NES AFsHA
b TXOP2 ol Zy o] & o] & A= 2l Al Ao 25
B AFES = & Hu A7F dol2 AFolHt. TXOPS EDCAE &3 &
53 EDCA TXOP¥ HCCA W7lH+ss &3l 53 HCCA(Polled)
TXOP + 7HA 7= Hrolxith

l Kl
o
o
n
[o

Required for Prioitized
QoS Services

Required for Contention-Free "',_ Required for Parameterized
Services for non-QoS STA = QoS Services
optional K HCE e
., (Hybhd Coordlnatlon Function).-="
Used for Contention
it [ _neE || Her Services basi for
: Coordination | Contention || Controlled -
: Function | Access Access
MAC: (pcr) il (EDcA) || (HCcea)
Extent
l Distributed Coordination Function (DCF)

<719 3-2> IEEE802.11e¢] MCA +x
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3-3-1 HCF9 AA 7|vt Ad H< @34 (EDCA)

HA EDCAE A9 HEW, EDCAE 71E9 DCF "7l &S F4AIZ
o7 ACel we} v ghse]l Adst

CWmin[AC]
CWmax[AC]
AIFSN[AC]
TXOPLimit[AC]

CWmin, CWmax #-<= Backoff A9l A}-8% = Contention Window (CW)
o] Ha w3 Hdl S YeE 3, AIFSN a2 AFE-3te] AIFS[ACI#ES 2
Ast=t o] g QSTAcC] wiAlE HEsH7] sl Agst= HE Ao
o Azt E A%Hom IDLESTIR #erE W Backoffs Alza
TXOPLimit= ?Izﬂdﬂ é o 93] QSTAC] AL&3F 5= 9= Huy A 7+e
ek <3 3-3> o] gr=ol W3 HEE Fs YehAH

7‘1Pﬂ1m

<¥ 3-3> fEZE EDCA I&mg 3t

TXOP Limit
AC CWmin CWmax AIFSN Extended Other
DS-CCK
Rate/OFDM | PHYs
AC_BK aCWmin aCWmax 7 0 0 0
AC BE aCWmin aCWmax 3 0 0 0
AC_VI |(aCWmin+1)/2-1 aCWmin 2 6.016 ms 3.008 ms 0
AC_VO |(aCWmin+1)/4-1| (aCWmin+1)/2-1 2 3.264 ms 1.504 ms 0




Il

Mapping from frame type or UP to AC

AC_BK AC_BE AC_VI AC_VO
ITOV\_’ Transmit High
Priority Queues Priority
v v v v
Backoff Backoff Backoff Backoff
AIFS[AC_BK]| |AIFS[AC_BE]| |AIFS[AC_VI]| |AIFS[AC_VO]
! v v !

| Channel access function with internal collision resolution |

!

Granting TXOP

<71¥ 3-3> EDCAE &8 Adstd Edqge] dF v

AIFS[]] T T 71T 1
>I /Lower priority AC

_ [
Immediate access when AIFSI] 7171771
Medium is free >= DIFS/AIFSi] Higher priority AC
DIFS ) ]
- = Contention Window
DIFS/AIFS PIES [ —
SIFS T 1711
Busy Medium <1—>| / Backoff Slots / Next Frame
— | 1 [ |
Slot time
B
Defer Access Select Slot and Decrement Backoff as long
== as medium is idle

<19 3-4> BackoffE &3t EDCAQ wijA]

<9 3-4>+= 7}7Fe] ACE©l EDCA TXOPE € 535H7] 9138 Backoff&

_25_



ERL o]}, AIFSIAC]

1O
%}\L.

&3

A7

2ol

AIFS[AC] = AIFSN[AC] x aSlotTime + aSIFSTime

Clear Channel Assessment (CCA)S} Virtual Carrier SenseES =
AIFS[AC] A7t &<t 71td 3 A ElE Backoff A7t
Idlestd EDCA TXOPE o

o
=

A<
T A

, "I A 7} Busy <!

W

=

y
5o

Ol

Backoff&

4% tA] Backoff

=2 &4 Hr}. o] w, Backoff A1 7+e (1, 1+CWIAC]) AFel¢] Random 3
aSlotTtimeo] A}, =3t FAo] B} & $A299 ACY FAd Y&
Mo g FEol HAT w% Backoff: A @tk <1¥ 3-5>% o]
EDCA®] A 7HAQ1 A& yekdl 2ot} <219 3-5>0l| A AIFSNo] 2¢]
=749 49, DIFSTHE 7|1t % Backoff& 3hAl €t
DIFS
AIFS for AIFSN=1
< SIFS > SlotTime > Slot Time p Slot Time N
I Medium Busy
D1 RX/Tx
M1 D2 D2 D2
CCAdel CCAdel CCAdel
M2 M2 M2
PHYRXEND.Indicate Rx/Tx Rx/Tx Rx/Tx
" SlotTime A, SlotTime ‘|‘ SlotTime
MAC Slot TXSIFS AIFSN=1 AIFSN=2 AIFSN=3
Boundaries Slot Boundary Slot Boundary Slot Boundary Slot Boundary
D1 = aRxRFDelay + aRxPLCPDelay (Referenced from the end of the last symbol of a frame
on the medium)
D2 = D1 + AirPropagationTime
Rx/Tx = aRxTxTurnaroundTime (Begins with PHYTXSTART.request)
M1 = M2 = aMACPrcDelay
CCAdel =aCCATime - D1
<Z1¥ 3-5> EDCA9] E}ol™
3-3-2 HCF9 Alojd A2 HZ %2 (HCCA)
HCCA(HCF Controlled Channel Access) HW7lH&52 QAP7F ofd

QSTAE R} $

° X

A7 Bt =

_26_
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Wireless Medium (WM)2. 29| HZg A3t} = QoS E#f ¥ S QSTA
Sl AE3AY QoS(+)CF-PollE5 QSTAE HE3t7] fal A Wireless
Medium (WM)9] #lo17} Z 83 %5, EDCAY DCFE AH&-3t= QSTAE
By g2 AIZHPIFS)S, Ads AHEEo TXOP &<t HC T @A
TXOP #3H& 7H¢l QSTAR v ZH S AFsty] el SIFSE 7|t
t}. HC+= Point Coordinator(PC)<} H] 523} Al PollingS 7]HFo. 2 X qk X}
°] 2 HCF+ Contention Period(CP)$¢} Contention Free Period(CFP) &
o ZHds HWEE 4 Ak =S PCEA Q3 CF Parameter Set
elementE Beacon Z#| 1o ¥o] dF gttt HC= QoS(+)CF-Poll 2= ¢l el
474 HCCA(Polled) TXOPE #l&3to] sl QSTAC] Zeldes A5
T UA gk <1® 3-6>0f E.<l vk o] o] HCCA(Polled) TXOPE &
2 QSTAE ZH S dAEsA =i, o] HCCA(Polled) TXOPE NAVE
S8 BAEET QoS(+)CF-Poll& =413 QSTAE S SIFS ¥ $95 4
of &f=t], 1 wWl QSTAA HFEZ dHeoly7t gAY A& dHole7t
TXOP ®t} 1 7%, QoS(+)Null Z#qlo= 55},

SIFS
_’ 4_
HC or QAP QoS(+)CF-Poll TXOP granted by QoS(+)CF-Poll
Polled Data?
QSTA Datal
Acki Ack2
Others NAV set

<71¥Y 3-6> HCCAZ =3 Ad #H vy

<y 3-T>AA AT, QSTAC] TSE AAs7] $18iA HCl Al ADDTS
Request Z#| g A431A4 =4, HC7F ADDTS Request &7 Z#JS
QSTACS ZHH 218, HCE= 19 3133st= ADDTS Response Ed
S QSTAONA AEeA Ik QSTALS QAP A o738t EHF 5F
&% ADDTS Request Z# 95 Sl dE3th. ADDTS Request 2 ¢
o = <1y 3-8>3 & TSPEC(Traffic Specification) 4 E7} & At}
A 2~8] 8 FAFS o] TSPECS &34 Aelgtt. MSDU ZL7], AJH| 2~
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< &34 QAPE AHEeA 7 QSTA
Al ®th. Inactivity Interval& TSo]

Egjgo] T of st H 1HH o= ]
&<t EEHI—”'O] ‘?—:}"3’3}?(] o™ 1 TS+ AtA|EojoF gt} Surplus
Bandwidth Allowance:= A d4<S 18 uf 7l oz HQ3 gIdZ g
FEko]l 27} Bl R4 Adwzrlow 1Rt 2 S 1A A "k HCY
Polling®ll ¢]&to] z+zZF QSTAS ZF TSel wsiA QoSE wH5A]7]7] 9%

ok

7)

g dF 7135 HCY A= #dE T3 A Aot

non-QAP non-QAP HC HC

STA SME MAC MAC SME
MLME-

ADDTS.request

ADDTS Request

MLME-
ADDTS.Indication
>
MLME-
< ADDTS.Response
ADDTS Response
MLME-
ADDTS.confirm
<a¥ 3-7> TS(Traffic Stream) 27 WA X A|H~ IJE
Octets: 1 1 3 2 2 4 4 4 4
Element ID| Length TS Info Nominal Maximum Minimum Maximum  [Inactivity Suspensioni
(13) (55) MSDU Size | MSDU Size [Service IntervalfService Interval| Interval | Interval :
4 4 4 4 4 4 4 2 2

H - . . - Surplus .
: Service Start | Minimum|  Mean Peak Data |Maximum] Delay | Minimum Bandwidth Medium

Time Data Rate | Data Rate Rate Burst Size] Bound | PHY Rate Allowance Time

<19 3-8> TSPEC(Traffic Specification)
Al 3-44 QoSE A Y3dt7] 93 IEEER02.11ed] F7} 7%
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3-4-1 HC9 2=AZ #F

QSTAEY AE A& 75 oF& F=H TSPECES 7|Htoe= &
(polling)= & ZA] HC7F ZAsHA dvt. 2= QSTAES QoS &
s PAE T3 2k TSPEC #ebrE &S 7Ivte® HCe 259
S A "ok 284 TSPEC 8w E % Minimum Service Interval¥}
Maximum Service Interval A}eld]l HCE &% & Al ¥tk Minimum
TXOP duration< TSPECe®] ¢ ¥ minimum PHY rateo = 53 o, 3

T gte]l Hol MSDU Zol& HAEd 4 9= Algholojof gt} QSTA
=2 A2 2AlES A A-E = gla, dA TSPEC=+ Al7138HA
U FAgdoezN Aula 2AFd 4EFS & v Jvh. HCE Minimum
PHY rateo] = A o] oz TXOPES AXSAY Sl 4% w24
PHY A& & A8k % 2t Minimum Service Interval
QoS(+)CF-Poll&2 dEst= HA AF 14 o= yepdith, TSPEC @4
= B3 AAsto, 2AEHI 2EHES 2 sted 2ok HA
449l v2}u|H 2+ Mean Data Rate, Nominal MSDU Size, Maximum
Service Intervale] ¥ 83}tf. Maximum Service Intervale] $l& 745
Delay Bound® thA|s <= Qlt}. o] z}a}n| Eigg ADDTS Request Z# %]
& & HCol a7&tA "t o] detrE e MAC 919 AlSd =
ElEol A AAsAY MACIA Asd oz 44T = Ak A TGeol
A= Aul2~ ~A= gden g A A3 Admission Controld] thal] 5 Hro

]

rlr

ﬂ 1
ro
ofo
-

o}}l
ol

il

=
2 AEdA FxEr] A3 7t 2A S S Adgsta Qo o] a3k
A== 54 Q jJrﬁ‘r JHES AEsto] A4 A 875 ©H5A7)
H]

A gt & 2A=E 22 7FA(Scheduled Service Interval, SI)¥}
TXOP #ol& A4tettt. WA SI+= v o] AMten. =949 ~Eq=
of gjgt ®E Maximum Service Intervals oA #HA 3k ‘m'elgkal 3
W, v A9 ok o] ‘m'gk By viE AHE gro] SIVF ®nh ed &
Ed o TXOP Zol& T3t W2 tha3 o] Axten. §4¥ TSPEC
© 25 ¥ Mean Data Rate( ), Nominal MSDU Size( )& T-3}aL, $Joll A
T3 SI9 PHY 9] A4 &5 ), 0 MSDU 27)( )%Overhead A ZHC )
S92 Ag@h PHY 94 £52% 948 TSPECY] Winimum PHY Rate%

.

AHEBIAY o ghol fle AeE 53" PHYY AFEEE AT
Overhead A|7F2 Interframe A|ZHIFS), ACK, CF-Poll&9] A|7FHS YERA
t}. WA SI 59F Mean Data Rate2. 2 EZ3= MSDU 4( )& Axlsid

N
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TXOP Zo]+= -Cﬂ Ay 2 T ZYdS AEste=d 2o
i - Ni -

A 7+ Overhead( )5 Ok A 9 AE S22 shve] MSDU H o)
0] R

A7) Agshed das AzE F 70 Aol TXOP Aeol7t dAth, 402

e ge 2.

TXOP ;= max ( N

X
R, +0)

R;

<9 3-9>% H[H Aol 100ms ©]il Maximum Service Interval©]
60ms & Wi, QSTA ""25H A$H+= 2EHS F53 A4S yehdoh
o] 4% SI gt 50ms7} # .

A SI Bt} 2Fe Maximum Service IntervalS 74 &= M2 ~E o]
FeEH, 2AFe = v 149 °F4F o] Maximum Service Interval
Hop 22 o2 SIE WAgh. oldd o ~EgEo] s4st= 52k, o
3 ~2EYHo AAFHH, 2 AAH AZHTXOP)ESt Contentions & <~
rom AgE AL, < 3-10>A " AA" 2EHS vg 2EH
TXOP& ¢t ol g 1 3lnh o] A% B QSTAS N M4 =7

&g ook dh,

T
NE A

-

TXOP TXOP TXOP

A
A 4
A
A 4

Sl =50 ms Sl
<Y 3-9> ~AZT 94
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TXOP|TXOP[TXOP TXOP|TXOP[TXOP TXOP|TXOP[TXOP
i i K i j K i j Kk
) S| g S|
TXOP|TXOP TXOP|TXOP TXOP|TXOP
i K i K i K
) S| T S| g

<18 3-10> 2EZo] AAH AL TXOP A&

= A 2AEHEY Aol & 2AEHE TS
@ 4 gtk =@ QSTAEPH} M2 vhe SIS 44 % F5 9,
1H s TXOPS AlLtstr] 913 o5 845 198 & ok
2] 3= Admission Control Unit(ACU)<
= ANE ST AR 2EYS 8799
H ACU= SI ¢t Mean Data Rateo = E=%3él= MSDUEQ 4+( )=
Aea, o] ~EQS Balon Bad TXOP dol( B Ao

_ ] TXOP
L, B A Sk O 2ERS pERh

[m
Ao
&
2,
>,
oo
(/s

3-4-2 Direct Link Protocol(DLP)
71¥9] IEEER02.1191 A Infrastructure BSSolA = ZF QSTAC Power
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Save AHE AP7} #Est7] Wil 7z QSTAE o QSTAS Power
Save FEHIE AH detdd 4 glth wekA] 72 QSTAE APE SallARE =
ddS A5 = Adrh IEEEQ02.11edl A = o] H g ZAIH S sf4dst7] 913l
DLPet= ZREZS F3l QSTAZF A% dEo] 7Festth. 22t} Hidden
Node Problem %<& EAo w3t siaHo] Had Arsolty. DLP
HandshakeE &3 Direct Link7} A5 A )<l QSTAS Power
Save JHIZ A= 4 gl

AP
1a 1b
2b 2a
3
QSTA-1 > QSTA-2

<71¥ 3-11> DLP A7

<9 3-11> oA &= DLPE AF&sto] ZddS dEst7] 8 AAs=
HAS e ) LIS AF5etH = QSTA-12 DLP-request 22
dE APl dEste] DLPE Al AlZIth(la). ©] request ZH doll= HAF
4% QSTA-19 capability, QSTA-13} QSTA-2 Z}7te] MAC +471 &
o] 9t} APE F41¥ DLP-request Z#H L A4 FA QSTAS!
QSTA-20 % (forward)gttH(1b). QSTA-27}F Direct Stream< S-2hstH
APol DLP-response Z#|US HAF3Hti(2a). ©] response Z#H Yo%
request Z#| Y vz7IR 2 AF S5 QSTA-29 capability, QSTA-13}
QSTA-2¢ MAC F47F 9 Ao APE 418 DLP-responses
QSTA-19 ¥<3F 5(2b), Direct Linke A% 1 ZYJES A4 A%
= AA =l QSTA-2°14 DLP-response Zd S A% Fol=(2a),
QSTA-2+ aDLPIdleTimeout A]3F &<k power-save JEH 2 W3ka 4= gl
t}. Direct Link7} 24 ¥, QSTA-12 DLP-probes(3) Z# d& A-83}
o  QSTA-13% QSTA-27t #Hz9 HHE AHTE <+ Ak
aDLPIdleTimeout &<t d$% =z =0l §UAIE™H Direct Links= 3 Al 5]
i QSTA-20] APE &3llA zZedEs AEstA dd.
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3-4-3 Automatic Power-Save Delivery(APSD)

712 2] IEEE802.11914 AP”} Power Save Mode©l 1+ STAC] = 9]
AE3t7] 918l STASZHE PS-Poll Z#| o] FAlsofofnt s},
|32 AP7} STA°] Power Save Mode®l & -5 Awake Stateol] U+
| Doze Stateoll A=A & = $17] W&dd STASZHH PS-Poll =
|91 & PS-Poll =S A58 STAo] dA Awake Stateo] AtHE A
7] wfitol AP+ STAC ZHd& A5 5 Aot wepa] o gk ]
42 A& sl4ds7] f38] IEEER02.11el A= APSDE §3 STAC]
A Awake Stateo] A2 Z A= Association W] A4 3te] PS-Poll =
S &3l AT davt gloh AP7F ol QSTAE (re)association B+
action management Z#| U S E3 QAP Al Power Saveol] #3+ HAHE
g defErt 18 QAPE HlolHEs A Ee & APSD modedl =
QSTAC Al 3l Wakeup 7719 Beacon 7]17ts<t &3k},

N O qlo

vy

o 2 b O

3-4-4 Block ACK

71¥9] IEEES02.11914 ACK Z# 92 ZH7e] MDPU7F M€ wjwlct
AFEojof st} IEEER02.1ledlA &= &S Eol7] $13l Hdl 64719
MSDUell tia] g 7j¢] ACK Z#ld o= A7} 7He g Block ACK 2|
AdS Aostdtt. <2y 3-12>914 & Block ACK W7t Fol A Fanks
WA A& YEF2ITE. ADDBA Request$}t Response® &3l Block ACKE
AAsta oy ZHQlES AETrh o] W oAy T dES dEstr] sl
A+ polled TXOP X+ EDCA TXOPE dojof A4 4= glir) dwryo
2 olgd o ZEUdES AFse 2 3 TXOPE oA o] Fojx 1

SIFS 7+A o2 A &3k}
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ADDBA Request

—— ADDBARequest |

ek ]
ey L

. Data
multiple
times %’
BlockAck
'S 4 
DELBA
— ]
‘W Tear Down
Originator Recipient

<719 3-12> Block ACK W7}UZ9¢] WA A] A2~ XFE

Block Ack
Data Block Exchange
> < >
<
NSl © |lnn S % O
oxcllok|low )
m - -
oajea)ee % Originator
% _
Ack Policy = Block ACK Sﬁ
ks Recipient
o)
NAV at
other STAs

<1% 3-13> Immediate Block ACK
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Block Ack
—p

< Data Block > Exchange
g ¢
NSl s |lns o O
oxc||l9O® ||©O® L Hp
oalloa |[oa ||sx < Originator
(an)]
/ S———
v 4
Ack Policy = Block ACK S <
< 8 | Recipient
< m
2
NAV at
other STAs

S

<219 3-14> Delayed Block ACK

BlockAckReq #|¢] Efiﬂ °lS %31 ACKE 2739 BlockACKE HE-&
%, DELBA RequestE® d&3ste] s#lstA €t BlockACKE F 7HA &
2 YHA =Y, <219 3*13>JJr <19 3-14>+= Z+ZF Immediate Block
ACK®} Delayed Block ACK %45 Aw3sl%th. Immediate Block ACK+
Block ACK X o] =zg w712 A QSTAo] Al&EA 22 Block
ACK Request Z#| S A%53l= H2]o]al, Delayed Block ACK 12| o] A
A% QSTAL 319 Block ACK Request Zd ¢ A% Fo] Block ACK
g o] =23k w7tx] 7]tpA ) Immediate Block ACKE 2 o] 9% 9
latency7} A& E# o] A3l Delayed Block ACKE dwhA el
latency 8¢ o] Z g A o) Ad A &slt},

o] 3} o] B Ho| A= QoSE A Yst= IEEER02.11e2] # ol oA
A o]t HAW AMER ES A WS dI =9Ysith
IEEES02.11e7} A& 3k QoSe] Aol wel oz A4 & HENA 7
=o] AT Aol AA FFE WA E IS Ak dojr},
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Al 4% I1EEE802.15.3¢] QoS

A 4-14 | &

WPAN(Wireless Personal Network)< A 52] tjujo]~Eo] vl A Z-2
AYE T8 ARE AEs=d AEHT. WLAN(Wireless Local Area
Network) ¥+ 22 WPANelA DEV(Device) 59 A4 QixgtrED A
(Infrastructure) BEIE ALl 7[A A =t} WA A7lo]ld A A= )
7F AetA] & 4y tnlolAE FET F v WHol JhsetA Hr 3

Al IEEE802.15.3<% Draft 177k kel ol th.[22]

4-1-1 802.15.3 ¥ Z Yl (Piconet)

YIS g9 5YZHQ DEVES| Az Iro] FAXAo=w FA 7153
Peer-to-Peer?] Ad hoc 4 dHlo]lg EA A]x~dolt} 7Yoo T4l
2 AAHHAAY ol o]F 7Hed 7| 7|2 HEo] dubdg o R 10m A%

QA F2 99 YolA SAE s
Adolu) stul H= EAIZS Hluwd G 995 71 sk= LAN(Local
Area Network), MAN(Metropolitan Area Network), WAN(Wide Area
Network) 2] =}o] 5 o] T,
802.15.3 T AL <19 4-1>AHH H FPeAER JAAHY 7}
7149 FAH 84+ DEVelth. 3:udls 7457 fsiAl= PNC
(Piconet Coordinator) 93-S &= DEV7ZF & glojoful st} PNC+ H| X

ofl

(Beacon)& AR&-3to] L dadle] ol &7] B dadle] Fzte] ot
o2l AH QA (Information Element)E< A &3t} T3 PNCE= ¥ FZU S
FAsE DEVES Ad ghel #el, Al g2 Aol 48 #e 52 99@

.
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DEV | < data » | DEV

4

beacon .~
”

data

DEV

DEV

<ad 4-1> 802.15.3 =Yl 484

802.15.3 | Z > Ad hoc MIES A A A7, o DEV7} S41& & il

& o, 7]E | g 3zdlel] Zhdet Ay v adle] gle A5 A4le] PNC
7b HojA vmdle Adsta, damdle] DEVEe] ¥ o FAlskA] &=
A AZYS A A

802.15.3 oA = DEVE Q79 wel 542 yzvls 48 &=
AT & Aol FIAYL WE Yo IS 35 (Parent) ¥ FZYlo]g 1
stk H2 g 3dlo 9l PNC9HY A #H(Association) ¥ #2A ol whe} &5
Al I ZYle A2 (Child) =& ©] % (Neighbor) I Zulo]gtar g}, &
PNCe] Ad et &5 2o e} F54Q0 3o 522 A4t
=P34 3G oug F5HZQ fAadERE 7HA A Feth

Al 4-24 802.15.3 MAC(Medium Access Control)® T%

802.15.39] #=x= @ (Reference Model)> <219 4-2>¢} 2t} =ZA
PHY, MAC, FCSL(Frame Convergence SublLayer) A%, 18] al z}7}9] A
=5 #gst= MLMEMAC subLayer Management Entity), PLME(PHY
Layer Management Entity)®} MACo| &nvt=24 &2 st7] 9 22he
DEV| £A138t+= DME(Device Management Entity)”7} $Jt}. 802.15.3 %+
o= DME®] A &3t 7] 5ol thafiA= AostA skt Lot dnbd o
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2 DME®] 92& 47e] A% wel Aeezyy 7 AZe dadd
2 FHeta deEEs A5 9 A 4 Aol ey

(Primitive) & A ¢ 3+ SAP(Service Access Point)7} &) st}

1 FCSL SAP i
F Device management entity
C Frame convergence - > (DME)
S sublayer
L
1 MAC SAP MLME SAP >
M 802.15.3
A Media access control <+—TT—» MLME
C sublayer (MAC)
v MLME-PLME >
A PHY SAP SAP
P W
H PHY layer <>  PLME S >
Y a
| Y

<9 4-2> 802.153 Fx 24

<9 4-3>3 <29 4-4>+ 802.15.3 MAC Z# 9] 3 (Header)} v}
tl(Body)el 34 (Format)S YERH AHolth, MAC 3H = SrcID(Source
DEVID), DestID(Destination DEVID) + 7119l DEVID(Device ID)7} 9]
7ttk. DEVIDE DEVZE A #(Association) ZZ A1 A &< PNC7F Zhzte]
DEVwHIT ggsl] == 3173 H s ol o] DEVID FolA, 2 79 Mo
U5 2 &xE vy ook & FAh
0x00 : PNC<] DEVID(PNCID)

- OxED - OxF6 : o] Fof ARg3 &L= of o3

0xF7 - OxFC o] 3 Zul(NbrID)

OxFD @ HEANAEE Z <) (McstlD)

- OXFE @ &5 % %2 DEVEo| PNC9 %S st 3 uf A}&3h=
H & (UnassocID) &4 PNCZYE DEVIDE 7] A7MA ALE

_38_



- OxFF : B2 ~E Efﬂ] o] (BestID)

Fragmentation control =94 MSDU W3 += A MSDU Al#H2~ W
%=, Fragment H3o += XH MSDUA dAA] Zga1HESR fE A& YER
+ W3 E, Last Fragment o+ AA| ZHaHES] 5 77 e

Stream indext Uh&¥ Zt
- 0x00 : H]&7] "ol
- OxFD : MCTA E#¥
- OXFE : &9 5# & 2EH
-2 9 3 9le] WEE PNC7F oy 2Eg S AAste s 542

2 gg3ttd PNCe 3 Z el = 7779 5 A4 (Isochronous)

sEYEY 18 WEE ST

| MACheader |
1 3 1 1 2 2
S_tream Fragmentation seid | Destip| PNID Frame
index control control
" bits 023 b22~b16 .~ b15~b9 b8=D0

Reserved Lastfragmeritnumber Fragmentnumber MSDUnymber

bits:b15-b11 | b10| b0 | Db8~b7 | b6 | b5-b3 | b2-b0

Reserved hél;;e Retry Sgiléy SEC Ft;arper)e Fi/r;tsoigﬁl
Tytf)g \tglue ACKpolicytype - "lt'))épa/%l;le Frametypedescription
00 No ACK 000 Beaconframe
o0 | ImmediateACK(Imm-ACK) 001 'mmediateﬁgr';('mm'ACK)
10 Delayed ACK(Dly-ACK) 010 Delayed ACK(Dly-ACK)frame
n Dly-ACKRequest 011 Commandframe
100 Dateframe
101~111 Reserved

<29 4-3> 802.15.39] dwtx el MAC 3l Zdd 2
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MAC Frame Body

_____
o

s

Non-secure MAC frame body
octets:0or4 Ln
FCS Framepayload
OR
Secure MAC Frame Body
octets:4 8 Ln 2 2
Integrity SecureFrame
FCS Code Secure payload Counter SECID
Framepayload

<¥ 4-4> 802.15.39] duFA ] MAC =Z# 9] vir] &2

MAC zZ# 99 vt Body)= WA 715 AH&ste] # o] 2 =(Payload) &
°o}5 3lste] Hod % 2t} o] A$, SECID(Secure session ID)Z 7] 9l
3 ARES ®dch

802.15.3 MAC2 t& 22 7|5S AT F JEF AU

- mE AZA A 7H
- Ad hoc MEY =
- QoSE A|F3= dHeolH AF

- ey
- BAQ W T
- weH9l voly A%

4-2-1 =Y o] M (Coordination)

91 802.153 DEV7} <19 4-5>9 22 v]AS
=H AT HE v AL A3+ PNCRE 9032 PNCo
¥ DEVES guats Jzdoz 7158t PNCO F8 755

=

[¢}

of

H 7 Zg e vide dsgtste] Rsd ‘”‘:} o] 4% SECID,
SFC(Secure Frame Counter), Integrity code”} 2@ wltel] S 7HA

th. A A 937y 7] 329 E (Piconet synchronization parameter)S A% 1

_40_



B Bl EZ(Time Token)2 48W| E 7}-&H 2 v v Awlt} F7FE sk},
Ele] E9 16 LSB(Least Significant Bit)E 7}A 1 v HIEZE AL 3
th 9 Z Y9l 7] 7H(Superframe duration)S lpsec @92 73 Z g <] ¢
A zF Aol= yeERtE CAP(Contention Access Period) & A]ZHCAP end
time)& H]A o] &3 A Z}S V]F o2 CAPo| Evhes Athz el A7HS v
1 Yebdth MAX TX 9] #dL2 @A) 75
el ¥ 34l % =(Piconet mode)+= & A
et CAP &<t oy, AWE,
|, MCTA(Management CTA)E A&

7 2o
=
=

Ef it S CAPE A

Zalel ol £ T
Az FolEddd g 54
A MAAE =S 383 2=
sheAl Hel AL oW S AREsteA dEhdY. MCTA €38
(Allocation rate)= MCTAE <Ertvitt @9st=% YeRdT 1 29
IE(Information Element)E < &3 33Ul s2to] 283 o ARE AF
gkt
Non-secure beacon frame body
octets:4 Ln Lm 21 _
FCS Information Information| Piconetsynchronization
element-n element-1 parameters
octets:10
OR 1 MAC
header
Secure beacon frame body
octets:4 8 Ln Lm 2 2 2 ]
FCS Integrity | Information Informatiorn Piconetsynchronization stc | secip
code element-n element -1 parameters
" octets 8 1 1 1 2 2 6
PNC address PNC Piconet MaxT X CA_P Superf_rame Time
response mode powerLevel endtime duration token
bits - b7 ~ b ot 8 2 bt b0
,f"' Réerved SECmode MCTA CAP. CAP CAP
7 used association commands data
i .
l”ll / \\\
e ! Typevalue | o
bits : b7 ~b4 b3 ~ b0 4
. 0 Mode 0
Reserved MCT Aallocationrate
1 Mode 1
<% 4-5> 802.15.39] B ZH Y
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4-2-2 802.15.3 73 = 4 9 (Superframe)

<2¥ 4-6>0l A A7 802.15.3 I ZUle A Efo]W L FHEZY IS 7o
2 3o ZF FHEZY LS v e s AFste] CAP, CTAP(Channel Time
Allocation Period)® T4 ¥t} CAPE EdlA+= v 7] oy AMEE
A% 3t} CTAPE CTA(Channel Time Allocation), MCTA (Management
CTA)Z T4 %1, CTAE FallA= AWNE, A4 dHoly, Bl&7] dHeoly

RFE ASE 7 Uk E=3 5718 w57 f8A St 7= ol
2 FUoh <29 4-6>914 MCTAZ} CTAP @ A& % 8}A 1
PNCE froZg ddle] d3le f1xld dst= W] MCTA =& CTAE
AAAZA F Utk
Superframe #m-1 Superframe #m Superframe #m+1

Contention Channel time allocation period

Beacon
access
#m period IMC1TA I MCZTAI CTA 1 I CTA 1 oool CTA n-1 I CTAn

~t 7

Guard Time

<9 4-6> 802153 ¥ ZUle] fFHZHY F=

CAP9] Zdol= PNC7F A& sta, vids &3 zdlel] 3l
A PNCE CAPOlA AlgEE 753 MCTAR W7
Uy 24 GHz PHYA M= X2+ DEVE©] CAPE A&3t=
MCTA® DEV$F PNCzEe] F2lel A=+ CTA FEjolth

CAPolA wjd] H WA o2 CSMA/CAS Ab&3ht) whHo] CTAPE
DEV wit}p A3 g =95 7IA+= TDMA Z2EFS AREgth
MCTAE= 574 &/54 DEV %ol @495 o] TDMAR AA=E AL
Slotted Aloha TEEZ& Alg3l= &4 CTAEMA ARgHTh
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A 4-32 802.15.3 MACY 7]|F

4-3-1 =Y AF

H3dE FA4st7] 984 PNCE 523 5+ = DEVE dAl 5245
vsdls ARl 5 sl vadle] PNCERY Bs 4alshy] ¢
f  <2d

4-7>3 e F% 2= (Passive Scan)& A&}
et 20 A AREsHA] e Ad S et
W <Y 4-8>3 e 22 AMAE 53 PNCE HAS dF5soan 7hot
3| I ZUS FAgoh wkeF AFgUbEe Alde]l glubd, DEVE $4 4 <

Y EUE A At ZEAAE FEA WA
Al DEVZE PNCE 7Hd AdstA &s % 7l wEd o
(Association) Z=Z A 2~9} PNC &= 24 (Handover) Ei*ﬂ’\f"— & 3l A
PNC= 7} A3 DEVZE A2 9 5dle] PNC7F H =5 & 5 St} o]
W, PNC2A 714 H33 DEVE Ad¥sts 7lee <E 4-1>AA+

PNC Capability at 5= &3l 273t

AHUe G S 9l

DEV DEV
DME MAC/MLME
MLME-
SCAN.req
Perform scan
procedure
MLME-
SCAN.cfm | Key
with ResultCode = req = request
SUCCESS cfm = confirm
y Y
<9 4-7 A 2 AR AlE 2 AE
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Z}
Al

<Y 4-8> d I3 A& w| A A

<¥ 4-1> PNC A8 7]

DEV DEV
DME MAC/MLME
MLME-
START.req
Piconet
initialization
procedure
MLME-
START.cfm
_ JE— Key
\l\/lthslzecsggcs:gde = req = request
c¢fm = confirm
v A |

RS

=
RS

G

o Ha gH Ad 23
) PNC Capability Z=¢] PNC Des-mode(DesiredPNC Des-mode W EZ} 12
mode) HE DEVE PNC= A€l
. B ) SEC HM]E7} 191 DEVE PNC
2 |PNC Capability 2 =2] SEC(Security) HlE
2 A
3 |PNC Capability @=2] PSRC(P S ) HE PSRC HE7Z} 1¢1 DEVE
apability 2= ower Source) H|E PNCE A
=& @& 1A= DEVE
4 P ility =0 iated DEVs %t b
NC Capability 2] Max associated Vs 4k PNCE Ad
- PNC Capability Zx=¢ CTRgBs(Channel Time|%< IS 7[1X&= DEVZ
Request Block) %t PNCZ A ¢
=2 S JlXE= DEVE
A g H4d ATE
6 |5 ] (PHY ¢+ ) PNCZ A
=2 S JlXE= DEVE
7 IMAX PHY £% (PHYS d#td)
PNC#& ¢
< #e 7He DEVE
T
8 |DEV = PNCZ A
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4-3-2 PNC F=2H

DEV-2 DE\:2 PNC PNC DEV-3 DEV-3
DME MAC/MLME MAC/MLME DME MAC/MLME DME
MLME-PNC- |
HandoverTimeo% HANDOVER.req
PNCHandover
Request command
MLME-PNC-
| e~ HANDOVER.ind—| Imm-ACk >
(STARTED) PNClInformation Key
command req = request
| — MLME-PNC-__ |————Imm-ACt > ind =indication
-INFO.cfm rsp = response
cfm=confirm
C Optionalsecurity informationhandover )
PNCHandover
Informationcommand | |
| MLME-PNC- _»—Imm—AC: >
HANDOVER.rsp PSInformation
|———
Response command
Imm-ACk >
NewPNC MLME received
allPNCrelatedinformationand
MLME-PNC-HANDOVER.rg
PNCHandover o
Response command | |
——Imm-ACk

———————————— i —_—
OldPNCheacon with PNCHandover IE MLME-NEW
| -PNC.ind

[«—— Old PNCbeacon with PNCHandover |E—————————p

MLME-PNC-
HANDOVER.cfm

DEV-2 assumes
control,nowisPNCDME
andPNCMLME.

Original PNCrelinquishes
control, nowisDEV-1DME
andDEV-1MLME.

MLME-PNC- New PNC beacon NewP NC beacon ——————m
HANDOVER.in
(COMPLETED)

<19 4-9> PNC =901 HAIA] AlfEA IFE

M Z& DEVZE 71Eel EAste 3] el 1 #H(association) & 4 -9, 7]&
of £A13l= v zule] PNCE M 2% DEVZF PNC2A Ht}h 23] <F
4-1>9] 7|0l uet 24357 a4 A2 DEVE PNC Capability 2=
oF 8o HES ZAIEY vreF )28 DEVZF PNCZA Hul A
gtatar Hek Ao 2% PNC ;M=9 W7} 7hsstthd, PNC+ o] Al 2%
DEV| Al ¥ o] Ao AFS HAET F U= A8 dgE 7M. o

25 71Ed EA5tE Be Al 2H(CTAES A

PNC =2 4,
& FAAZ7] wZol v zdleAe] Holy dES FAHA gFeth vhef

i
Fo
o

R

)

Y

A

I«
gt

Emoza

rp

N
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PNC7} €8 sty v =mdlel A wutelal v, v =yl el & DEV

oA d e Al AZES dLsty] A PNC d=eH Z2ALs A
Pk s ek g FEHAQ PNCE PNC =W % ZheatA vt 5§
29l PNC =& H-5E PNCo| =W it thi B33t PNC =919
HAZ] AlE 2 AEE 29 <a¥ 4-9>9F 2

4-3-3 A4 (Child) 729 BA
Sz ohelel AR web 7] Ee] A
R ET e REEFERINE

=
A d9e @ 5 Al B= PNC7F 7Hs @k DEVel Al Altel da gk =4
W ALE 2

52 054 = Qth HE vmde s ol e x4

| Parent piconet superframe |

) o|cTA CTA2 CTA cTA | % olcTA
) <,
000 % 1 (private) 3 n 00/) % 1 CTA2
| Child piconet superframe |
I I
Reservedtime 6&‘9 CA|CTA CTA Reservedtime 60‘9
ooo P 1 k Oo/)
Communications rules
| None | C-P | None | Cc-C | C-P | None | C-P | None |

\Child network member communication

between: DEV & DEV, or PNC & DEV
Communication between child PNC & parent (DEV or PNC)

No peer to peer communication during beacon times

<Y 4-10> RE v mdsh 44 smdste] ez #A
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gl
e
N

§ 2] PNID(Piconet ID)& A}-8-3}aL

258 dawe & (Private)

SRE EN R R ER e

<Y 4-10>9AHE B

E g
KU
P
lo

CTA(Channel Time Allocation)& AF-& 'JE}% e AYsta &2 o
sylo R BATh A4 vsdle] Akt mek WS 22 g=myl Y
oA AgHi FE PNCE FutshA] v <2d 4-11>2 A4 3] 54l
& AgEe WA ARs FES e ol
22 A3l F 5 9393 & 879 PNID(Piconet ID)E AR-&-38}
<Y 4-10>d A8 BE yadorXE dduke A -8(Private)
CTA(Channel Time Allocation)& AF&3th= A& A9t &40 I
sylow Fasch A4 vade dgn wek WM A4 vad R
oA =i FE PNCE utshA] =t <18 4-11>2 A4 331yl
= AAste MIAIAl AlE 2 AES YE Zlojt
DEV DEV
DME MAC/MLME
4 DEVassociationprocesswith
parent PNCandifrequired,
\_ establishessecuremembership J
| |
4 DEVchanneltimerequestfora I
pseudo-staticCTAwithitselfas
\_ SrclDandDestID )
Key
| MLME-START- — reg=request
DEPENDENT-PNC.req cfm=confirm
PNC
initialization
procedure
MLME-START- Firstbeacon
DEP!ENDENT—PNC.cfm withchildPNCparameters
withResultCode=

SUCCESS

<Y 4-11> A2 g3y A wA A FE

A2 slmyle] PNCE H2 smule] gulolz 4] slmyle] guoln

2 & 3=yl 9 DEVS 542 & 5 A, £& A4 vz 9l

= DEVY = SA1& 8 4= vk 28y 802.15.3 F+ol A= #AF2] 3=l 9]
W ol B g Fule] win Alojo] 22l dolE Ao Wi WY FE
S AFsA F=t)
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4-3-4 ©]2(Neighbor) 3 Z Y A4

o)% W% A4 vzl vpA AR s Ee] WY = ofefef
FAH L, /2o AR T2 1 v mle] fd), shte] Madle] 3
L olde] ol vadls 7HE = da A4 Ja2ul o vAvls §
Aol 748 = ok Ed o] % 3yl obefo] EORA] o] i A4 Hm
W P4 FE Ak ol % Azle] B4 AgetA @ PHY 495
o] g uwl, NE T MadEe] g Foi 2HEPSL TR A
MAUES AFahe Aol
| Parent piconet superframe |
I I
- %. |cap|CTA CTA2 cral |cra %, |cap |CTA oA
9, 1 (private) 3 n 9, 1
| Neighbor piconet superframe |
I 'l
Neighbor network Neighbor network Neighbor network Neighbor
quiet communication quiet network comm.
Communications rules
"|None| N-P N-N | N-P |None| N-P | N-N

Neighbor network member communication
between: DEV and DEV, or PNC and DEV

Communication between neighbor PNC and parent PNC

No peer to peer communication during beacon times

<AE 4-12> FE 95Ul ol v slvke] sy Ll

ol IIYE A2 FJIPYAH FE IIUy & dIY
PNID(Piconet ID)E& AF&35}3, <18 4-12>0| A8 F 2 3349 o 2 HE
dgre A8 CTA(Channel Time Allocation)E AF&3ttE S A<l s}
P2 AA R F2 gt} o] Ao A HF W4 o]
9 FZYl WHo A A ¥ 5 PNCE 4R &= <219 4-13>
1% adls AAdste wAA Alf2 AEE YUE Zlolth

p

&

o ok

o
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o] % PNCE ¥& s zule] flm7} oju]7] wlie] %2 ¥ zue] gl o
W DEVOLE AuE wahd 4 gds fol A4 smulste] ojol,

DEV DEV
DME MAC/MLME

e N ] N
DEV association process with parent

piconet and requesting neighbor. PNC assigns neighbor

DEVID.
- Y
~
DEV channel time request for
pseudo-static CTA with itself
as SrclD and DestID
J
Key
MLME-START- v req = requgst
DEPENDENT-PNC.req cfm = confirm
PNC
initialization
procedure

MLME-START-
DEPENDENT-PNC.cfm —
(w/ ResultCode =
v SUCCESS) ,

First beacon with
neighbor PNC parameters

<29 4-13> o] % ymul A HAIA AlEA IFE

4-3-5 ¥ IY F=

PNC7} &#& ®Fea 3t PNC 7Fs @k DEV7ZE gl sdlel] §l& 4,
PNC+ ¥ ZY WHEA 55 <87 98 v <29 14>9F &
PNC Shutdown IE(Information Element)E ¥ o] A A4 3k},

octets : 1 1 1

Remaining DEVID| Length(=1)| Element ID

<1¥ 4-14> PNC Shutdown
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Disassociation Request

-

T

DEVOl Al Aol A
dle] PNC

ATP(Association Timeout Period)”} =+
i

)

=
O =] 55
45, F5 T

L

-

T

°
RS

b

I DEV

s

o

-

5 2

T

=l PNC7} 7F
PNC7} #H#7] 911 =

)

v Zdlel A PNC7} 7}

H]

Mo
ol

PNC+= PNC

_cq

1

el

v 51

W

)

[e)
-

%
Shutdown IE¢] Remaining DEVID®l| 7]

)
i

o
NI

Ho

—_

=
I8
5

M
il

Yl PNC9¢ DEVIDE Y olA 1 PNC7} A

e

o
NI

Ho

—_

=

=y
u}]

A

2 A
=

=

YA

4 (private

Shutdown

%, CTRq(Channel Time Request) 71
Lo Al =}

T

o

%

Disassociation Request 7] %

T

H] A ol A Parent Piconet IE

T

-

1

°
Y

v syle] PNC

¥ syle] PNC

=

o

o
=

5] 3]

)

A2 7yl el PNC7F #H2] 5

CTA)S

3|
pul

A=

1l 1

5t ALY (CTA)E 5

<)

o &%

ul

19] PNC o] %=

|

¥ 51

M
il

A

)

o8

ol
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4-3-6 A#H(Association)d} ¥## 2 H (Disassociation)

i

g zdlel #elaty] SsAH, DEVE A% T2 A ~2 A}

OFO
ol

]_

o I =Zulof
Fojgit}, g Z o A#sto g2 DEVE 1 I ZYdA Fd3 2]EAil
DEVID(Device Identifier) & 4+t 158 Zole] DEVIDE 1&@@ B3t
5 Adokslr] 98 85l dolo] DEV TAUA AFEETH A3 Z2ZAIAE

f

E84 PNCE 229 DEVolA U F7tetes M= DEVID%— &I
. ZE DEVE 143 e DEVIDE 7FAA% PNCE F 719
DEVIDE 7}¥t}h PNC 7|59 EfgS A5 = PNCIDE A3t
PNC7} PNC 7]%5©°] ofd «Uukxel DEV 7|5z EifgS A4 v
PNCID7} o}, DEVZA] 7FA]&= DEVIDE AMg3t) <19 4-15>% A3
ZZAAE Yepd 2ottt Ad3S A=k A2 DEV-1°] PNCE &
& AdBS = A EAE e

T

.

DEVAL DEV-1 PNC PNC Associated DEVs
DME MAC/MLME MAC/MLME DME MAC/MLME

Associated DEVs
DME

Unassociated < Associated L
beacon -
MLME-
ASSOCIATE.req .
Association Request
AssocT imeout % commandwith
DEVID=UnassoclD, > o K_e{e -
DEVaddr =DEV-1 addr req = request
ind=indication
MLME- rsp = response
Imm-ACKnith ASSOCIATE.ind cfm=confirm
DestID = UnassoclD ——  DEVAddr= — addr = address
DEV-1Addr
DEVID=UnassocID
Association Response MLME-
commandwith [——ASSOCIATE.rsp:
l-¢—— DestID = UnassoclD, DEVID=0xzz
DEVID=0xzz,
DEVaddr =DEV-1 addr XATP
- beacon
Association Request
commandwith ~ ———|
SrcID=0xzz MLME-
ASSOCIATE.ind
ImmACKwith DEVAddr= ——m»
<— “ Dest|D=0xzz DEV-1Addr
MLME- DEVID=0xzz )L\/ISI:;;/ICE{AIJ_II_EI;/-
r——— ASSOCIATE.cfm——— f
WDEVID=0x2z INFO.ind
beacon with DEVAssociation IE, WithDEVID=0xzz
— ~— DEVID=0xzz, DEVAddr=DEV-1Addr, DEVAddr =
< Associated > Status = Assoc DEV-1Addr,
I~ N A - Status = Assoc
Y \ l 4 \/ '

<Y 4-15> AT ZZ A A HAA] A

i
[
>

iy
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DEV-12 Association Request 71 =S E3] PNColl] A3 242 )
o] wf DEVIDZ UnassocIDE A&ttt PNCE o AWEE wWhlts
Imm-ACKE H. Wi, Association Response 7]1W =9 &3k DEVID #t<
Bt FAlo] o8] DEVES A#S = 4% ©] Response AWMEE
wrow ks kel DEVELS EF ACKE 2 F 9l7] witd] &0
2 4 Jdoh A o) A4S A5 §8l Association Response 7151 =
14 += No-ACKZ &#+S 3sht}. DEV-12 Association Response 71
=2 $4184, DestID7}F UnassocIDE o] 9lo] A o)A o] DEV-1 #}4l
9= AME=X] EEX g DEV F47} DEV-12.2 5ol glojA 44l
o Al &= AWMERJAA ¢A Hrh 1 %, DEV-12 PNCEHH A= e
DEVID(0xzz)E A}F-83}o] Association Request 7" =5 thA| PNCol| Al A
F& ot A AAE vpHth oY AWMEELS CAP & I3 MCTA
£ F3A] o] Foxith A dA7F Eud PNCe v e <71 4-16>%
#e DEV 3 I[EE HojA & 3 DEVECA AMEA d#d
DEV-1el] tig AR5 ool

Iy

ol

A
°l
=

=2
=

X

octets:13 13 13 1 1
DEV-n DEV-2 DEV-1 _ -
associationinfo assocationinfo associationinfo Length=(13*n) ElementID

octets:3 1 1 8

DEVcapabilities | DEVstatus | DEVID | DEVaddress

bits : b7 ~bl b0

Reserved Associationstatus

<71¥ 4-16> DEV Association IE

A TEA A= MY Ao g DEVZE Al adks Au|28uk oy e} v
UM 7t Mu Lo ARE Aed B3 A3 EZ2AA= PNCO
A A 2E DEVE Capability ARE AFdozn A2 DEV A 374
o] Ao} AE HEeA PNC7F AAsA dot. A2 DEVZE 3] 34l 9]
W7t =W, PNC+ PNC Information W& Ab&ste] vzyl ARE B
zeAiER daddth 2o vde] 2% DEV tie 4RE ¥e

=
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DEV-1 DEV-1 PNC PNC
DME MAC/MLME MAC/MLME DME

DEV-1associationprocess, PiconetServices Inquiryfieldsettoone inthe
AssociationRequestcommandwiththe SrcldsettothenewlyassignedDEVID.
Associationissuccessful, DEV-1assignedDEVID=0xzz

MLME-
PICONET-
Key | SERVICES.ind
ind=indication Trgt|D=0xzz
rsp =response
cfm=confirm MLME-
PiconetServices PICONET-
————— commandwith ——— SERVICES.rsp
DestlD=0xzz Trgtl D=0xzz
ML ME- IMM-ACK———
l«——— PICONET-
SERVICES.cfm
A Y \) Y

<8 4-17> I 3ZY AH) A2 257 9 WA A A FE

i}

<Y 4-17> A8 AW T2 A A S E3] Association Request 7] H1
=2 B9 u Piconet Services Inquiry F|ES A A3o] PNCo A ¥ 34l
Aul 2 ARE QA 28 PNCE Y3y Apj2 AWMEE S v 5
Jlof 9= thE DEVel dish ArE A "t <19 4-18>2 F 3yl A
Hl 2~ A=z 9)s vehd Aol

DEV7} 9 =4S Wy PNC7} DEVE ¥ s ulo| A 2|74 v A3 &
5 ZZA2~7F AMEET 43 2EE DEVE DEVIDE PNC7F 71 DEVID
S AAHE B4 o= 9 | ol frEEkA etk PNCE 22 DEVIDE A
2~ 2 ATP(Association Time Period) ©]7% &<t A& ¢+

octets:Ln | ... L2 L1 2 2
PiconetServices PiconetServices PiconetServices Length Command
IEn | 77 1E-2 1E-1 (sumofL1~Ln) Type
octets:Ln 3 1 1

Vendorspecificinforamtion | VendorOUI Length(3+Ln) ElementID

<9 4-18> I ZY MH] A A=
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4-3-7 X ¢k (Security)
802.15.3 ¥+ AU F 7R HoF REE AlF S}

a) 2= 0 - 7B MAColA B Wi e dastx] i, oy F44
O]Ur OUL@f A ~]O]i‘:4 Ho%® AREehA] =t PNC+=
E

= }o Eig=

b) = 1 - oA Uﬂﬂ%ﬁﬂr ﬁﬂoliz B3 : DEVELS 3yl zd

PNCQ} obde WS AAIY vAl

He oy 44 9 =& doly d&s)
ARESit), ol FAA L Iyl A

A5 e oo 9yl st

Hoke] ojylo] £ F, I vlo] B BE 1S AMEstH ¥ vle]
o]3l7] & et DEVES PNCeF sk Wi & AA s okgtt), g <t
Ag FAS 93] U2 DEVESRE B #AAE AAdorat) et #AE
A #YIIE dojopdt HAG Wiv4] e Bl #AE AT F+ Uth
olg 3 Het Wi oy BAES HASE ZERAAE FFolH st
JA &k 712 AAEa EustE PNC E+ DEVE 7] AAA

(Originator)g}al St}

HolRE RS TREFS 7] AAAER
7] A A b gk v g == AAE A
vl gk

4-3-8 A Y #F

802.15.3 I A Ulo A RE dHo]E = peer-to-peer W] O ® FilHb=
vl sdle] A DEV %t "Holg S41& 8l v 22 Al 7FA] #2lo] &4
Ela=

e
.ﬂ

a) CAPel A Hl-&7] Holg AF
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b) CTAPoA SAA -~
c) CTAPoA ¥]&7] A

oz gell CAP7} 13, CAPOlA dolE F4le] 7hséltid, DEVE
A B @A @al CAPE B3 AL dolHE nd $ it

o' DEVel Ad Eldo] Fosthd, 21 DEVE PNCOlA A4 Ad
Bt 23 gk o f 24 1 9tk PNCE 2 DEVE $13] CTAC A7t

§ T U A6 A5 aRAYol WA DEVE IF 9IS
7% F Utk F4 DEVUr M DEV £+ PNC BE5Ft ~2EQS 85T
F

Ak el CTANA PNCE v 3] ZegJvbth CTAS AAE WA 5
Stk DEV7/E WA $24 9 o CTAZ A8 & ¢ Btk whebs
oA WAL A S, A% w42 A 9

pseudo-static CTAZ}+=

ek 74
Ed3 geo CTAE DEVE 87 & 9
DEVel pseudo-static CTA7} &%,
st
]
o

1 DEV+ mMaxLostBeacons 3!

FHrE B[S Al Het= CTAE A& AHEE 5 v PNCe
o] CTA® HAAES FA4Y F UAT, 7|E @dd CTAY AAE
mMaxLostBeacons ®H&-2 A3l oF it}

3157] g3 e Sk 31%7] A B 8= WHEEE g
AHE 87871 Bk dloly Aol dasgh dA AE a7t AQd

B 8 FAGES o @ﬂ_zﬂ o] 277} 7hs st} = ALE 2~
AZgch 544 Yt del, $4 DEV T PNC¥ro] 157 292
F2% & 9

4-3-9 DEVZt HolE &4l

MAC AlZ9NA dH s e ol ZHdsES Agstr] s
A 802.15.32 Fragmentation¥} Defragmentations A {3kt T3k H o]
Zg 9ol Fragmentation 7|s< XY A7|E =YozH HA9
FER(Frame Error Rate)S 74&Al7] = f&3HA AF8-¥ T Fragment =
AAdES MAC AFTHAA TEE AlFx HE MAC AToA
FragmentE &4 TFH Aldx HEE AREsto] HE7E mj AXIH H o]
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B Z# el F Fragment =% #o] AFsto] s418= DEVlA #4d3
A7) fF WEYE FEstEs g

F4 DEVAA  Z9 ]-4 Zﬂ*"o\—oﬂ gk s Fde=  d,
ACK(Acknowledgement) A& W2 & & AF-&3t) 802.15.32 o] =2
Aol el wel Al 7HA 51194 ACKE A&t No-ACK(No
Acknowledgement) W22 AA7to 2 A= HolHAY AdFHE =
Aol =2 Agho] gk ARG YR =AY MAC owiﬂ 7412— o ¢
2% ZrEFAM ACKe AdES A2st= 45, MACOAM dAEol thdt
Haol dFdg  glv zZddEe AFsih Imm—ACK(Immediate
Acknowledgement) Walo M= Zhzte]l ald Ty duitt jEH o g
ACKE #A%st= WA ot} Dly-ACK(Delayed Acknowledgement) H2] 2
s 75_%\—'% wjrbeh Zkzbe] ACKE EWA| &, o8 79 ZHdEs
AL AEsts Aotk il 7L7L94 zy o] B3k ACK= 133} ¥ o
A DEVZF &8 1 wfol] dhHe &g o® AHEFrh Diy-ACK 4]
< Imm-ACK 2o A1+ & “H‘jd A5 winpt}; Zyqlo] AR AF

HQEx selsted ARG owH =g FolE
3z = A

ARt ZAde AAF A, A1RA AAFE AL A5 dole/A
= EF, Zd9e AAET 5, Adssed delE Azl ueh mE
TE RAd T e Wi od A4

4-3-10 J=z:Ye AR =AM (Discovery)

802.15.3% Ad hoco. 21 F2+&l7] wZo|, DEVES 1 DEV7} 43l 3
Fdlo Q& tE DEVE AH| 2 Capabilityel] st AHE AA =X Eo }
9 4= glojof st} 802.15.32 ¥ Z Yl = tHE DEVY AHE &
&ste Ao = o d Jle ¥ES AFES

_132
ol
—‘~

n
S~

PNC Information Command
- Probe Request Command

- Announce Command

Piconet Services Command
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3l PNCE Remote Scan Request CommandZ AF-g3Fe] &) A3}
A S Ad B vE U AdY s #Ae7] 2l DEV A = o
B = 9tk wkd el ¥ 3yl e] DEVE Channel Status Request Command=
AHgstel the DEVOl Al @4 Abgsti Qi Ade]l dus 2ol% £ 9

Octets:20 2 2 2 2

DEV-m DEV-2 DEV-1 Length Commandtype
info info info (=m*20) (0x000B)

Octets:1 2 7 1 1 8
System wake i DEVinfo
beacon interval ATP | Overallcapabilities utility DEVID | DEV address

Octets:3 4 [ Bits: b7 ~ b1 ko )
DEVcapabilities PNCcapabilities Reserved Membership Status
" Bits:b23 ~bl1 b10 0 8 b7 ~ b5 b4~b0
Reserved Listento Listento Always Preferred Supported
Multicast Source AWAKE fragmentsize datarates
Octets:1 1 1 1
PNCrating Max T Xpower MaxCT RgBs Max associated DEVs
" Bits:b7 6 3 b4 b3~ b0
PNCcapable PNCDes-mode SEC PSRC Reserved

PNC Information CommandZ A}-$-3}]

EE DEVY

3t o2 PNC Information CommandZ

<1¥ 4-19> PNC Information Command

T

o = 54 DEV E+=

. PNC= °o] 2+ % &
dEsth, <29 4-19>00 A

ek dHE PNCEYEH 45

I

H=rkel o] PNC Information Commandol+ DEV E& 33yl Q&
DEVEel gk AxR7F =013

DEV+ Probe Request CommandE AF-g3te] ¥zl d+= t}E DEV
=oll el Bt GAg ARE A=t o] HES $48t= DEVE o] ¥d
S Fad vz e YsleE DEVEYEEH ©e #2& IE(nforamtoin
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Element) &< 4=t} o] [EE L Probe Response CommandZE E3i4 A&
=

ysdle| A AAstel= DEVEY 54 F stues AHA2ES T fste
Aolty, 2 AUl 2~ES Ffrat7] 984 DEVE 3 el A 7hs 3 A
255 S (discover) 3 4= Qlofof & Wk ofy e}l z2H4le] MU A5 S T

DEVEolAl <€ (advertise) Z 87} At} 802153914 = Piconet
Services IEE &3l A 7Fsotth Ae Ao R A Z2AAE T o] 1
o wEET 2y Bl A wet o] [EES oF B = 3l

PNCx= | 7ule A A3 s dEstr] a4 PNC7F 9] g kJ
A A E =AH 384 Remote Scan Request CommandZE AF-&381e] o} &
DEVEHH Ade JHE 873 F At vty o=z vmdld & o
DEVES A Al 9A7F 2% g=27] wol 247-¢] DEVeE dA 9
Al e ARy Foo HAAE tE Jaule] JEE PNCoA A3
t}. Remote Scan Request Command®l] W3+ S92 DEVE PNC7F &
3].% jﬂgp_ 74/\113].741} 7—1/\1161- T 9= oT‘C LTE 74%4?5]—1:}

g sdlel 9= 2 DEVE 7] 2413 v DEVZEY] |2 F4 9
A HZE Channel Status Request CommandE E3 &7 <+ ATt
& 7FA & xo) AEH T stvbe DEVIES HA AHE 7|Nte R
A, oy dE 5, a9 A gdS w4 ASET =

L& 93dle] DEVEe] AR&st= Alde £A417F =4 PNC7F 4
=4 AFgd. PNCe a1d 270, Romote Scan Requeste} $H7A o] A
AAl Zle A ARGt = A WA oFst=A PNC7F 4%

M =

Re)

°

oo O oL o o
Ir _?L (U ofy of

A %
PNC= AgAEe] AW Muj=go] W34 i, 4oz Qs
7 AE Vles ML %E}. A Adz o AdEse FHE
Kol

98] PNCE T3 2
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- Channel Status Request CommandE& A}-§3te] 3 374le] & DEVE =2
FH dA Ao g ARE s

- L5 5 =7 (Passive Scan)g A s}

- Remote Scan Request CommandE A}-&3te] tf& DEVEA Ad =7
< A s g

@) Adel AgsA ehrka PNC/H A48k, $4 Ad Ae LA A
g B ARe ALE oFWh ole@ A WA Wil H;ulel A
St vmyle] T AL e

250 FHHA FEE Ade] AAY =
o)1

dFE2 v A @t

IEEE 802.15.3 %9 583 545 st dA7F DEVel 3 A|7E

G otk AA o] AY TF M5 A
A9 a3 AAA FAY 413
=S Zolv Aot IEEE 802.15.3
71 o]ge] AZHESE DEVIE A9S B 4 gl

lM m\r o

- DSPS : Device Synchronized Power Save 2=
- PSPS : Piconet-Synchronized Power Save R =
- APS : Asynchronous Power Save =

JZY A DEVELS 4l 7] PM(Power Management) = =(ACTIVE
2= DSPS 2=, PSPS E= APS RE)F slvtz 23t}

PSPS X == DEVE©] PNC7F 493k 7|3tk SLEEP el = &=#ta}
Al 3tk DEV+E PSPS EEo] Sol71Z2 3dH PNColl &4 HeES 1
o} PNCE vl 7ol 9l PS Status [EC] DEV HIES Ao zn vz
of ¢dv. 1 %, PNCe= Al=Hl flol= Hldo] & H|Hg Add¥stal PSPS
Al PS Status IEC] oh5 ¥ S AAggth wepa] PSPS =0 Qe &

© DEVE2 o] Al=H gloj=a HZAES Sofofyt gt

DSPS EEoA DSPS Ale| 713t DEV 152 g 73 Zddst
SLEEP Hl2 s#sta, dA4% wozd st 1 25 719 Aok
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DSPS A& DEVE©] dulult} 7jojitop =% =7]& A3t} o] DSPS
Aol DEVE©] 7IYgsto 2 1 19 SLEEP #l8e] 7|5 YaEth &=
3 2o FHEZg el A 7HEse DEVES] 7o gloj A Hole & nsalA st

A A & F AEF g

APS = A DEVZF v 7S &5 wi7hA] d89S dekd 5 A g,
ASP  Ex=dx  DEVeE ¥3ddA #\H4ES
ATP(Association Timeout Period)”} £47] Ao PNCe #2418 3fofut
Elg=

PNC+= DEV7Z} PSPS R =0l DSPS =& 543tE 7o = 7y
g 713 ek ¥Er] CTAS 938 +u

DEV?] PM R} gaglo] mzde] s ZE DEVES #7332

@)

o) crol A HolHE &, FAA B Fore A

o

{1

2
O~
T2

-

O

’

A 4-44 IEEE802.11e$} IEEE802.15.3¢9] H] L

F 4-2>0 4 A F7HA A [EEES02.11e2t IEEES02.15.3¢1 th &k v x
= veliglch. IEEES02.11e9} IEEES02.15.3 2% zHZzF QAP, PNC7F A A
HEY IS #Agss 988 3t [EEES02.15.39 & CAP 73+
A, IEEE802.11ex= EDCAE &34 27 AA7|vto g HolH & A$E +
AA 7+ IEEES02.15.38 CAPZ %3 dolg A HTt CTAS 53 SAA
o8 Ao $4& FArh. IEEES02.11ed A %= HCCAZ %3+ Polling &
2 o] 3 MU AE AT % At} IEEES02.1191 4 DCFe] 4ol )k
SHAIE HCFE Sl Hoista 4= . 802.15.32 Peer—to—Peer 7]HFO 2
EA4S sA % [EEES02.1ledlA+= DLP 7/IES Fo] DLPE %A
Peer-to-Peer &410] 7}&3tA gtk 121} o] 23t Peer-to-Peer ™2 <
Ab-g3tol] 9lo] 4] Hidden Node Problem #Z-& o}% o}l EAE 0] ot}
IEEES02.11e+= IEEE802.15.3° H|al B]u A &H3gatar, o}z Fojofd A
Ex o] ywolgu wEld AAE [EEES02.11eE T+ 3o oA
[EEER02.15.3R.Th= Eo| 533 Aolt}. =3 [EEES02.11e¢} IEEES02.15.3
B5 Zv7+e] STA T+ DEVZE 838t AH| A5 o9 A F5st=7)o] w
2}, = 2 AloJ(Admission Control)¢} A= ] #Ao uz} EY=A
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o Ao AA WM = 7] fZel FUEHNILE 7Tl Aol o]t
Rio) ge A77) Basi,
<3} 4-2> IEEE802.11e%} IEEE802.15.3 H] XL
802.11e 802.15.3
Hidden Node .
Problem RTS/CTS mechanism Every DEV should hear the PNC
Prioritized QoS EDCA mechanism

Parameterized

Implementation dependent (PNC could
allocate more CTA to higher priority traffic)

QoS
Peer to Peer

HCCA mechanism

PNC grants CTA using Channel Time
Request Command

DLP but adding complexity

communication to AP

Yes if the other DEV is reachable directly

CSMA/CA, complex IFS

Max. Effective Max theoretical limit for

Centralized scheduling will give higher
throughput : 325 Mbps

throughput DCF : 75Mbps Much higher throgggpllg ;c; be expected with
HCF/PCF maximizes the o
throughput
. Normal ACK, No ACK,
ACK policy Block ACK Imm ACK, Delayed ACK, no ACK
Complexity | High if full implementation Low
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A 4 [EEE 1394 Developer’s Conferenceol A+ & H 27} IEEE 1394.19]
2-Portal 28122 7} B 2E o] L3l DTVS PVRS 4 1394 7|&S
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ll

TAAE WA FJEHE FASIAE Algte] Bo] Hasorn R [EEE
1394-1995 142 Axdsta FAHESE %o tf& FAo=E Wkl W
215 @ttt IEEE 1394a, IEEE 1394b, IEEE 1394.1& IEEE 1394-1995
TAS B F4o|t)

IEEE 13%4a°l A= IEEE 1394-199591 4 A e]g 693} A A =2 @o] Al
st 49 AolEE EF AHUsA st o, sto] A F] o Qe o]~
Ao T A vtEed IS T, TAALY] dE g9Es
dditE 4 =95 7hsetAl skalth o] 9= IEEE 1394av IEEE
1394-199501 4] &&= uf L 2 s gEetA Aelste] [EEE
1394 71715 wte+d =S T+ qfAgolth. @Al [EEE 1394-19959}
1394aS IEEE 13943 ¥-2t}. [EEE 1394b= 9 Z S IEEE 1394-1995¢]
400Mbpsel Al 7] 7HE S A U3l7] flste] Tholo a9 IHHo|A~E T
Al Adelstden, 45me] 717132 A”lE 800m7kA] &getr] fske] A%
AolE miAlE MASATH ==t R FAHHY AFoR o] E Fho}
Wlo] sidst= 7S qrACNA AFeostddth. [EEE 1394-1995%-H IEEE
1394b7HA = 7]1717F W2~ 3k FAlE sk }dtthe %’;xﬂe o] 73] 74A| AL
AN IEEE 1345 & HES A ##H 77150 vhEofxon & 4
EQAd A& 717159 M 1 FAlol a7 H ok w}aw IEEE 1394
oA A hetA &= B2 7 B21S [EEE 139417748 A Yste] s 2d3ats)
t}. 1394TAE IEEE 1394.1¢ 2-Portal 2.8 A ¢} IEEE 802.15.32 o] &3t
Protocol Adaptation Layer(PAL) for IEEE 1394 over IEEE 802.15.3(5F 4
1394) 74 H&stal ok, 2 F4 1394%= 2-Portal B8 A] 7]k
W M aE ALESa 9k whEkA 637] ol e WMas st BAE
7FA 3 glom, 71Ed et 9l IEEE 1394 717 ¢ke] SA% QA &
I Aol A gl

2 A= 0 1394 oAl F7FAl 1394 71719 B2~ 3E
A3t7] Yste] 7 LE JIE S =Yt thE W Qe
= Proxyel 23] PHY #7 & 7oz AlFste] vkx] #}

AE AAT T 1394 7|71 & SGol& W o

ol t}.

O
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A 5-22 QoSE A Y= A/VE IEEE 13947

IEEE 1394 7]& < 400Mbps®] &2 %5 Alests 24 T4 HHol
th IEEE 1394 W E9 39 =& ofoly= WA7F FAHUAN A4 5,

O

o
=

G TN SEE VP Y agar she] o)t 45me] FlolEE ol
&sto] 167019 =7t 3 22 A4, EY F22+ 63719 71717 &
7] &

Aol B2lo] F5ath dolE el B4 wela 544 £ v E4
o= ygHn vEs] BAL o}FdA o 1E1 A%l olFolAA g 4

O

(Gap)= °ol&3ste] &5 9 A= @92 dFo] 7hsstH, SAIA w79

Aee Adn ddFe v Fgels xdzgsm.

bus # 0 node # 0 initial CSR Architecture 512 <
memor - <
bus # 1 node # 1 spacey Serial Bus 1024
L] L] L] ROM

. . . (1st 1K) 2048 .
bus # 1022 node # 62 private '“'t_'tal =
units o
bus # 1023 node # 63 K=}
register space =
(local bus) (local bus) L L o
— > > 256M 2
2
g
[11]
bus # node # initial memory space address (0 to FFF FFFFE ;) =
o b b D
bus # node # private space (FFFFE ) private address (0 to FFF FFFF ) d
I e e o i v S
bus # node # | register space (FFFFE,) register address (0 to FFF FFFF ;) =

1 T 1 I e e e e e s I e e e e e e s e o A I |

“local bus”  “broadcast” “register space” “CYCLE_TIME”
Example: 0x3FF 0x3F OXFFFFF 0x0000200
10 bits 6 bits 20 bits 28 bits

<29 5-1> IEEE 1394 ¥} =9 F4 A7
IEEE 1394 7]7]+&= <29 5-1>3 22 F4& 722 7FA3 Yu) o A&
CSRY] 64H|E S 1A H F = AOE 49 16HE= 7]7]9 ofo]
& YetdH, o] 5 A9 108 Ex= ‘B2 ofolt’e]al 19 GHIEE ‘==
ololt] ID'o|t}. 18 =2 IEEE 13949] 4%+ ZHz 1023712 W 2ol ZF W
2utth 63719 =5 7HE itk 24 HAE YEde dgde ‘W
olelt] = 3FF'& A&t YUm ] 48H]E= CSRAEE EAISHH, A&
20484}o] Euto] ‘Initial Units Space’ & AF-& % T},
[EEE1394¢] dlolH A HA=Z+ 57 §43 A4 Talo=z 24
o} W5 7] BAS IEEE 13949] S84 o2 dolHE By ¢ IEEE
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1394 Transaction AlZ& AHA b7t A4 A 45+ IEEE
1394 = Zo|A vl 2&A =02 BttE xto] 7t gt} HE 7] Holg
£ HuU7] A8 dgFe @I FEVF 2435, S48 A IRM
(Isochronous Resource Manager)e] &% 2 xdS ?ﬂrﬂ Eia=
5] AlZo A+ ‘Fair Arbitration’s 3te] do]HE A3t} & 34

Attt 717159 83 g Root 71719 FAE OH tlol8 & .
[EEE 1394¢] B& Y5 7] 5412 A& AFEsith a7t ‘A B dd e
o & Aol LAt Idle’ FEel dv Ao=E dAHste 77| EE
‘Arbitration Reset Gap'elgtar <1215 3stt}. ‘Arbitration Reset Gap' @}
'Arbitration Reset Gap’ AFe]Z= ‘Fairness Interval’e]2tal s} o] =3+ 7]
7NE2 Al FAE st dHolHE Xtk agla Zbzbel e A=
Arbitration Reset Gap, A E.2]4 Gap, Isochronous Gap <©¢|™ wpx|ato
2 Ack Gapo| 7} Zt}.

il
=
EY
au ot

Al 5-32 IEEE1394 ¥ 2= 7t BAS ¢3% IEEE 1394.1 B ¥

A<
A e
Cycle Cycle
Timer Timer
:i Isochronous FIFO i >
< i Isochronous FIFO i:
:i Isochronous FIFO i >
Q py)
> X Z le | Isochronous FIFO | o -l o
B 5 I ' =1 =
“1-12|o :i Isochronous FIFO i SEIEIEA B
rlx olz
= < ! Isochronous FIFO !: >
Route Route
Maps Maps
Protal - - - - Protal
confﬁguratlon confﬁguratlon
Control oM oM Control

<% 5-2> IEEE 1394.1 2-Portal .8l %] ==
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IEEE 1394.1 A0l Aot Bylx e 2709 L&z o] Fo A
<a¥ 5-2>0 ®Hl A o] 7 2.
A ES UR AT Jgo HRE wdsta 7 WA ko] 5715 g
A XYL EUI-645 o] &3lo] A= F& 4 =
el HolHE ME Ffetal At AFEET B E WS do
EA Ao Bu7] 9l3ste] ARE-H T
IEEE 1394 W2 BElA] 5745 Adosts ol dosh Ao 228 ==
ofojfjolt}, SR & oot W2 ofolt] 10H]Ee} 713 ofolt] 6
EZ o]Fojx] gl 7 otoltjE 2 ¥ 2o g 3
atA] ¢k ofoltjoln ¥ o] 27 Hlx 7] 7oA %
= S2E =& olo]t 7} AFEEHM, M2 ofojt= Tyl XYool xY
%‘rb‘

A &Fe

Moz o
(R )

4

I
>

42 914 17
Rq Rsp

<71¥ 5-3> IEEE 1394.1¢] =d

Destination ID Source 1D
subaction | bus
upper 10 bit Lower 6bit upper 10 bit Lower 6bit
42 17 Virtual ID . Physical ID
Request | 914 17 Virtual ID 416 Virtual ID
17 gy Physical ID 42 Virtual ID
17 2 Virtual ID i Physical ID
Response 914 42 Virtual 1D ffri6 Virtual ID
42 Physical ID 17 Virtual ID
36
<3} 5-1> F4 W3I Hol&

BEA g G2 & ofoltE o] &3A M IF T4l Al W of
ol e} == ololtE Zfrsle W o gbA WHEksie] FAlgt <19
5-3>€ M T @ dojth M FAL Aste] AZe] FEW wE
stoltle] MakS < 5-1>0]A W 428 2ol A 233 sZio] 7 1]~
2 AfeEA GID F271 Bats B4 e ol 7o) B
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fohed gL,

transmitted first

0] Fhwip  foJu) oeecnt fspfdeljc] Bwr jROfpfe2jijm
I00|cal mverse ?f first quadlet
1 1 1 1 1 1 1 I 1 1 1 1 1 I 1 1 1 1 1 1 1
self ID packet #0 transmitted last
transmitted first
locical inverse ?f f|rst quadlet
1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1
self-1D packet #1, #2, #3 transmitted last
n pa pb pc pd pe pf pg ph
pkt #1 0 p3 p4 p5 p6 p7 p8 p9 p10
pkt #2 1 pll pl2 p13 pl4 pl5 pl6 pl7 pl8
pkt #3 2 p19 p20 p21 p22 p23 p24 p25 p26

for n = 3 through 7, fields pa through ph are reserver

<% 5-4> Self-ID #Z =9l

<29 5-4>& IEEE 13949 4 A}g-3l= Ax ofoly w7l iy} Al
ofolt] sjzle] z+ B =5 sl tl IEEE 139412 IEEE 1394 7+ 4 °] &
of Ael¥ 7t4 o2 IEEE 1394914 Al&H del2= 2H|ES Brg 2== W
7date] ALg-3ith Brg 2o thd AW e <E 5-2>9F )

7 LEE S| Skl ZEhA] 7] 7]o B R e LEY #
00S WA ZEtAo] X EVF 9o o] EEJ] 71717P AZHN ==
2 Legacy IEEE 1394 7]7]o] A B HAHS 7153 A 3o}
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<% 5-2> Brg 2=

Field Comment

Bridge capabilities of the node

00 : Not a bridge portal

01 : Reserved for future
standardization

10 : Bridge portal(unchanged
net topology)

11 : Bridge portal(changed net
topology)

A 5-42 IEEE1394.1 7]¥ FX 13948 PAL (Protocol
Adaptation Layer)

<719 5-5>2 [EEE 1394¢] Al=% =2 H|%7] s§71¢] A% IEEE 1394=
S&AZFo® dolHE BHuU7] 98] IEEE 1394 EdA A A= o] &34

S8
A AL IEEE 1394 J 2 FollA vtz &84S o2 Rt = Aol 7}
UTH <2¥ 5-6>% F41 13949 AlFE=E F 13949 dHeoly HdF] 4
< IEEE 13942 %3 41 2413 [EEES02.153% o] &3 4 Exlo] 7}
ot Al V7R FAlel JhestEs Wi 2vE Aok drh
IEEE 1394 549 ez EddAS st B8y YET+2E #Agsie

BE2S PAL (Protocol Adaptation Layer)gtal 3ot x| W E L Ao A o)

JEE ST Wt FE 7|70 olaA ddEe FPeAw e
ol e xaa A49 779 BA8W FE /7] 9 53y 3oy
of SalA Bl Z e was] Hof doly A%l Ao WA Hol
Beol Aol g Ael WAX7 Basth 7 AFEz Folg w e
3} 2,

IEEE 1394%+& Al ddt= 71719 &8A1F2
X Transaction A=< E8A AZo] HA|wk A 13949 A9 SR Ao

HolH = PALS FaiA A4 gt
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Application
1394 Application
1394.1 Management and Internal Fabric
1394 i
Transaction 1394.1 1394.1
Transaction Transaction
‘ Isoch.
. 4 4
Asvnch. : : Isoch. Asynch, :
v : :
Asynch. e Isoch. ' Y
L
1394 LINK H 1394.1 CL
* \ J
1394 PHY 1394.1 LINK 802.15.3 MAC
<19 5-5> IEEE 1394 1394.1 PHY 802.15.3 PHY

Ay = g
EEEZ 28 <19 56> A 1394

TREFE ~H

IEEE 13949 ERAA AFS Hl57] 4l& Hddts ASoz A9 o
2ukS 318 8he] Local_Split_Transaction_Timeouts 733}, &2 Read,
Write, Lock E#AAAvto] 7hsalt)h, F4 1394+ ¥ 23] Read, Write,
Lockes 7Fs38tA 371 ¥l A Remote_Split_Transaction_Timeout % 2%
I} ool E & AYsks o] Basty 54 7]7]9 o]l Fow FHe ok
ol = Al S5 & ¢ A= ZF A9 Local_Split_ Transaction_Timeout
T A7t 7ol gk HlE 7] B4l HtEA] EWAA ASS AA oL
Eia=3

Legacy 1394 7]71= = Alo]& wlay S 5ol 57|51 EX“—SLE}. 1
54 1394 W2 3] gAlo] Thssiof stEE A9 Alo]F& 125
secol| Bt5m FAsiy M2 7He] FU)E UES| A Aol & ‘j}iELJ v
'2147] of B30 A 57]&3}

o F oM TA R AA dolHE Hula W A%s 73
FAlo] 7t

?ﬂ‘jr Y A 1394+ fAS R FAlEE 13949 w2 3H
sHAl sk PALS] &8 Fo] BEERE ZF 583 HAls
U= PAL AlF9 Bo7F Hasioh

T4 13945 st HelHE AFstels 77 <2 57> 3o
IEEE 802.15.3 MAC<2] MSDU¢| 1394 A B AH 7S Hdojx HAF3s)
shibe] MSDU (MAC Service Data Unit)oll = 22 X282 7l o8 7)<
1394 B AHA sfA & sAlo AdET & Arh 2t st 1394 A B A
A gZ1S o8] el MSDU yro] Bl ke t),

]
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e | 394 5D e

MAC header | LLC |SNAP | PAL header | Subaction data MAC trailer

- 802.15.3 MSDU B

<719 5-7> IEEE 1394 A B.o8A <l

=

o141

LLC/SNAPE #4  #E 4 @A Fls7] A wyoe=
IEEER02.15.3¢] MSDU+ IEEE 802.2 14l A A <3 LLC(Logical Link
ControDE wEt} LLCY A 3 Bytes: ‘AA'Z Z+Zt 124 %F DSAP
(Destination Service Access Point) ¥ SSAP(Source Service Access Point)
=, 23 Control Field 1 ByteE 7[A3 9t} o] AEE Az
SNAP(Sub- Network Access Protocol: IETF RFC 1042) o]} st}
M XZ] 5 Bytes & 24-biti= OUI (Organizationally Unique Iden- tifier)©] il
16-bit= Protocol Identifier® A}-& ¥t}

reserved EXDIratiOﬂ_tlme
I I T O I | ] T | B I Y O | [ [ 1 |
Tcode— X eoda
Destination_ID tcode |Jdepend
dependent ik
L1 1 1 1 1 1 I Y T OO O QTN 11 1 1 1 1 L1 1 | 1 1

Tcode—dependent

IIIIlllIIIIIIIIIIIIIIIIIIIIIIII

<719 5-8> PAL 3|t

<29 5-7>e yEhd PAL sltjel ek Bol= <19 5-8>3
Protocol Adaptation Layer(PAL) for IEEE 1394 over IEEER02.15.39 A 2]
Expiration_Time Z =% #9 BUS_TIME ¥ CYCLE_ TIME #A~H=Z
B o] AZkd vlalste] #izle] FEAS AA T MSB 4HE=
'Second’E  YERHY Isb 13F]EE 125psec+7] S yERdIth vk
Expiration_ Time©] 7 33t s 7lo] Eo] W PAL 3d|tjolA 7S B},
Destination_ID #E=+= F4lstaa k= 7]71¢] GIDolth. Tcode B+

— 1
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0

(o]

<FE 53> Zo] 4B e YHE AAs T otk AA 8,
S 2EY 3 AEE d7lor FES 4= Q) tl, pri, source_ID, Rcode,
Ext_Rcode, Proxy_ID, Destination_Offset, Extended_Tcode, Tag, Channel,
Sy =+ IEEE 13949} IEEE 1394.10014 33 d=9} FAsic)

<3t 5-3> PAL 3l¢]

tcode Description

0 Write request for data quadlet

1 Write request for data block

2 Write response

4 Read request for data quadlet

5 Read request for data block

6 Read response for data quadlet

7 Read response for data block

9 Lock request

Ajs | Stream subaction

Bis | Lock response

Eis | PAL control subaction

A 5-54 Legacy 1394 71719 W2 7 B4< 93 7}

o,

¥XE

>

]
IEEE 1394 7|71 Al dlolBl & a3 4 Aok 2efut @7k 1394 7171+
=24 W2 AR o9 HH = Tt ]ﬂ WA o B ® thE B9 7] 7] A
HolHE 834 4 gtk 28l @A 3531 = Protocol Adaptation
Layer (PAL) for IEEE 1394 over IEEE 802.15.3 4o A & @ 7FA 1394
71718 Aldeks Wetel dsto] =ou i QA ¥tk 2 FolA= w7RA
IEEE 1394 71719 W2 b SA1& 7FestA st 7Hd R E ] #eto] A<
sk AT

IEEE 1394.1 745 +&3t= 54 13947171+ & W 2o s+ 7t
7]
]
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<18 5-9>% F 719 IEEE 1394 W27} A8 E3le] 945 o]
A B == Aotk g3 44 Has AR BV 24 WA
of & H%* g Adlo] WAyst), <18 5-9>¢ B2~ Ax IEEE 1394.1
T 71719} @l 7FA] IEEE 1394 7]17]17F 22 27 B2 glon,
# 2~ B+ IEEE 1394.1 712 <& 2% 7|7|vko] EA3c} 182 E B~ B
o] A= #7FA] 139471 717F glom 2 A X E AR ST By
o}

A~

CH 2 AR #U7FA] 139471719 B8 1 717} o] A ] QJor
7 BAE fste MEA] M XEE FEE|oF g
BUS A BUS B
Alpha
Portal Alpha
(Proxy) Portal
o 1 A ;
| L
| - L ——
Legacy Bridge .
I%evice aware Bridge Brld.ge
Doeviﬁ:e Device %ev'?e
Bridge
Device | | Legacy Legacy
0 1 Device Device
0 1 0 1
First Bus Reset
Alpha
Portal
o ] (Prox%) 5 5
Legacy Virtual Virtual Virtual
Device Port Port Port
0 Device Device Device
0 1 4] 1 4] 1
Bridge
Device Legacy | | Legacy
o Device | | Device Second Bus
g £ Reset

<9 5-9> FAM 1394 A A~ FF

W2 Aol 71717 A B gAle] wAEY. a8W BE V)7E

<2F 5-10>% e AX ofoly] AL Hulth PP =i AX ofolt
WIS Buls 77l £EO 4 FHE vEhle I g2 <E 5-4>9 #
o
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transmitted first

locical inverse ?f first quadlet
| I I Y T I I | I Ll 1 1 1 | I T | I | I T T I I
self-1D packet #0 transmitted last
transmitted first
0] Bhww i) n Jrvieajebjecjrdjreferjrajenyrim

locical inverse ?f first quadlet
[ [l [ [ [ 1 ] I ] ] ] ] ] 1 1 1 1 1 1 I 1 1 1 ] 1 1 1

self-1D packet #1, #2, #3 transmitted last

<% 5-10> Self ID 7 =9

<3 54> Self ID #A ] P H=

Field Comment

11| Ad= =7F 29 3

10 2z w7t Bo 39l

01 | ZEO =27} £ A e},
00 | $l= XECT

7 EE= ZEA7)E Ao Al ofoly wjFle] P HE9 e £
sle] | AS By @ 7HA] 1394 7] 77 7ge] X EE QA TrEE Ao
U uE M2 T XE AAsH] 9o Bl AX ool 3l
gl 7FA] 139471 717F Bll= A ofelr] 7] BE A=+ Fdeth 1Y
U Frlste TEO 'P'IAEwls HASIER P HEE (K 5-5>9 &

<¥ 55H5>PpHE=

PO | PL | P2 | Pa|Pb|Pc|Pd|Pe|Pf| Pg|Ph
01000 - |- -|-|-]-|-]-
10| 10 | 10 | 10 | 10 | 00 | 00 | 00 | 00 | 00 | 00

2 WA Self ID
T WA Self ID

£
)

£
)

<9 5-9>9 WA AE ZEATE B A XE 2E A A 9len=
A HA W gAoAE d e Self ID siAS BUH <F 5-5>¢ 2
o] 'P2 =002 XEV} glaos dEat TEA = HE w22 RH e

A== 3} T |

(o2
HA
AL ololt] WAL ‘brg’ I Al @7kl IEEE 1394 7
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A 5-64

e S

=2

ol o 2

S
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2

Lodo

N
T DY Ve T

O
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>
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rlo

[
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<9 5-11> Add Argd 7]17]
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A= W22 ZAS A AT W2 AS] ZEgAl = Al
W oo <3 5-5>9 7 HAel o] 37le] XTE ARE F
EE 1394 717]¢] XE+= EFAH R FH o J7] v
HAL FAE 717]= o] AR o&EdtY] AL Bl
= AA%}. 1 7kA] IEEE 1394 7175 A X ololt] 7l
H2mo] e =9 CSRE ¢lojA] Z7te == HHE
et 71X IEEE 13947] 7] A B o] 7hsa) A,
e BE ARAHe 27t il Fesio
9SS EE 7171 % Self ID HA S 71 ZEQ]
A 2o Y Ao <Asta 24 s A &3}
K317 delA | Zolth 24 wae] Byl A#HAS
A7 Bl A ololt] #jFle] HHE WMo n R JHA) X
E 72T F stk 7P 2EC gig o AE7E flvkd
28 717 7Y ZE 2o e 7744 2 ERA
th o] & F3l7] 98ty BEA ~9E mEE U7 b
of A Wzo & 7|7l AT 2H EWAAAE st 7}
171 A HEAAS 26 A] e
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e
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Networks) Z=Z A E<9 NSF(National Science Foundation) CONSER
(Collaborative Simulation for Education and Research) ZZ A EE 33
ICIR(ICSI Center for Internet Research)®] o1& AFUEH &7 35 7
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GHdE Qo <a1d" 6-1>2 NS-2
o] olefst #+xE YEra Utk

Network Components
Event Scheduler

TclCL

OTcl

Tcl

C C++

<1¥ 6-1> NS-2 7%

A NS-29] WL 2267HA4 wheb dar, LefA dukd o2 NS-22HaL
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6-3-1 MobileNodeE At&3 F4H EE2=X A4
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A NS-204 t}&3 28 Ad-hoc &+98 ZZEFS A st ¢}

DSDV (Destination Sequence Distance Vector)

DSR(Dynamic Source Routing)
- TORA(Temporally Ordered Routing Algorithm)
(AODV)Adhoc On-demand Distance Vector

i) wEe] AR Pk AHe okdls 2t

$ns_ node-config - —adhocRouting  $opt(adhocRouting)
~1IIType $opt(ll)
-macType $opt(mac)
-ifqType $opt(ifq)
-ifqLeng Sopt(ifglen)
—antType $opt(ant)
—proplnstance [new $otp(prop)]
-phyType $opt(netif)
~channel [new $opt(chan)]
~topolnstance $topo
-wiredRouting OFF
—agentTrace ON
-routerTrace OFF
-macTrace OFF

Ad-hoc 298 Z2EZ] VEHYT 2" AQd, EZ2X dupdd 2
T4 g8 ARE of ¥ ZHZbo] gl (2F5-E, MAC, ol o] A E)o 2] Eg o]
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IEEE 802.11 MAC

“«---»

Physical Channel

<_Fiadio

Propagation
Model

<19 6-4> MobileNode A 7+e] A4

port
de
entry_ target_
C ————> DSR \V4
LI(0)_
uptarget_ arptable_
LL » ARP
downtarget_ \I/
IFq
downtarget_ \I/
MAC uptarget_
downtarget_ uptarget_
Radio propagation_
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6-3-3 MobileNoded F+A484%

MobileNode®] HIE9 = 281 LL(Link Layer), LLol 1Z2% ARP =
5, gy Hol A 4L FIFq), MAC, VMEY A ¢lE o] ~(netlF), 212
2 o]FoA Qu} o] YEYA FAHRAELS OTclz AL Add

- Link Layer(LL)

MobileNodeol| A At-&3l= LLE Aol A AL&31=
o] AthH MobileNodeo| 4 LLo| <1 4% ARP E%%
=9 ol (MAC) F48 WEsitte= ol 2 =) =
S8 g 9H oo]HE 9 LLE LHE# By L %Eiﬁﬂo]-/: el o
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- Address Resolution Protocol(ARP)

ARP 252 LLZ45E QueryE 84S W=t wref ARPVF &4 %] 9 s}
E"ﬂC’i FA2E 7HA A v Ae MAC dgo] 7193t 284 &t
™ ARP QueryE B REJfAESIe] Sdollr), o] 7AE s F9o s

E9o] F4E W ARAL Aol x Fol 4w

- Interface Queue(IFq)

PriQueue FH 2~ 49 72 7N, &8 dgAAEANA A
95 Fa, o GHEo AYdett T HHE Fo] EAH EHFAR
7t HAES FoA AAT 2 Ak
- MAC

CMU9l A IEEE 802.11¢) DCF MAC =ZzgZ3$S d3FA D}

RTS/CTS/DATA/ACKE A}&3le] fFUNAER HEstaL Hici'ﬂ
= b3 DATARE AL83Fe] Ao, =3 58 A5 Virtual Carrier
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- Network Interface(netIF)

netlF= A2 AL S AR&37] 913 MobileNode®] st=4lo] 1E ]
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1 YA NAE Two ray Ground(1/r)S AFgsht}
- Antenna

MobileNode+ Unit Gaing 7FA]+ Omni-Directional ¢HE|Y S A}-&-3kc}

6-3-4 Ad hoc ¢8 ©o]HE

A NS-24oA FddA Ad hoc @$+¥ ZEEZS DSDV, DSR,
TORA, AODV7} F& = o] 9l

- DSDV (Destination Sequenced Distance Vector)
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Ct2RY 9" ARE 2
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ns/dsdv 9@ E 2] ¢} ns/tcl/mobility/dsdv.tcloll Fd & o] At}
- DSR(Dynamic Source Routing)

ol A3l 5o] SRNoder MobileNode®t tEt}h SRNode2
entry_ & DSR #-§-8 co]dER 3sl7] wjifel, ==X Fid BE
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