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macBeaconOrder~= FtiUlo]EH 7} 19| vl g qle] of= 3o HFE 71l
7be YERAY. macBeaconOrder?] % BO(Beacon Order)9} Bl(beacon
interval) = o2 Zo]  #-¥Ho gk (0 < BO < 14,
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A= dejoltt. weF BO = 15 ol macSuperframeOrder?] < A ® U
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el 7 el B35 Fito] WA @Eth wek BO - 15 o, 43 x4
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macRxOnWhenldlee &417] 5 713F &<t 21717 &4 2 ZAQA7E o
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%
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2) &4 AEE A% 72

Wep o4 A% A /b #A W 8E v #1827 99 Sosk BO

BI = SD = aBaseSuperframeDuration
o] ) o7]A
aBaseSuperframeDuration = aBaseSlotDuration * aNumSuperframeSlots
olty. MAC <ol A aNumSuperframeSlots 1622 A %] il SO7} 0
A of, Y] E5S FAHste A= 4 aBaseSlotDuration- 60 symbol
= o] St o] A%
aBaseSuperframeDuration = 60 symbol * 16 slot = 960 symbol
1 A8 4bit2 FAAHER
aBaseSuperframeDuration = 960 symbol * 4 bit = 3840 bit = 480 byte
7b fok dlolE d&Eo] 250 Kbps o Wl & v 73+ AzES
3.84 Kbit / 250 Kbps = 0.01536 sec = 15.36 ms
TFAAA 7 ¥ F7)od A CAPE FH A 440 symbols HAGdoF stz
A 1670 €% Tl 870 E CAPRE A& 3oF gttt
(440 symbol = 220 byte) < (240 byte = 3 * 8 slot)
A 1&5%S st dioly dFE&ow 7T/ &%l et
GTSolA 3o diAS AEstEw, PHY 235 (overhead)7} 6 byteo] i,
MAC 293 += 13 byteZ} B¢ =, 293571 19 byte©] t}.

Octets | 1 2 | 1| 4 | 4 variable 2

Pre- . Frame Frame .

amble SFD length FC SN DA 1 SA Payload FCS
PHR MHR MAC Payload MFR

a2 2 gl 7l eHdy

ok 64 Kbps 45 d43#l™, 64 Kbps * 15.36 ms = 983.04 bps = 122.88
byteZ 123 byteE HEdfok 3ttt oW E ¢stH 142 byte/} H L, ol

@@@11



aMaxPHYPacketSize = 127 byte® Z¥43&}A o] F dzlo 2 pFojof 3},
123 byteE 62 byte® Wro =z Y- i1, 2WHIE 19 byteE F7}35tH 81 byte”}
o] 3 slot (30 byte * 3 slot = 90 byte) & 3lve HH A4 753z F
H OBy 7hssit & o] %ol ACKE g 4 gla & Wkt Jbs 3

wkek 32 Kbps o4 S A$3stal®, 32 Kbps * 1536 ms = 491.52 bps = 61.44
byteZ 62 byteg HFaoF Itk ewHE tstd 81 bytert Hair, o=
aMaxPHYPacketSize = 127 byte ©]3t=2 3hvbe] sjzloz Bl 4 it} o|&

o[r

+ ACKE WA oW & o= HdF 7Hssirt
TheF 32 Kbps 45 HAEstwA ACKE FAlsteld g™, A3 17 byte
b F7hE a9l ol tw® ACKZF Z83k7] wiZelth =,

tack(12 symbol = 6 byte) + ACK(11 byte) = 17 byte

Total 98 byte < 4 slot (120 byte)

Octets: 4 1 1 2 1 2
Pre-amble | SFD | Lrame FC SN FCS
length
PHR MHR MFR

9 3. ACK #7l eHdH

GTSZ A48 & Q& T % FIA 448 AHesl 5o T 453

B7bsstth whebd ACKE e Agolls &dd dSw 7hesin
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2. GTS #¢

1) GTS 71 &
GTS(Guaranteed Time slot) = PANA| A& Adol A tulo] 2o A A¥ oz
AEHE FHZY A o= 3 FHA 2 ynle] 27t FAs RS 5835y

GTSE PAN mrjdlo]glel] osiAnt stgdso] Am, PAN Frjdlelele] <3
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A 3y, GTSE A YA A2 (first-come-first-served) ©A 2 x| ojof &}
W, & GTSt A Zd Y] mbA2el, Z2jar CAP $-o AZs)A 9]A]aloF
goh. 2t GTS®= o ol desA g5 wols &3S siAlsioF sk GTS=
PAN ztidlolE o] Aol oJsfiA AAEA o] siAld + Jon, =
GTSE A& a7 tiuto]zol ofsix &do] siAld 4 Utk GTSE 7
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GTS<9 #2l= PAN Zodlo]gel s ut o] Fojxof st} GTSE #elsh7]
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AQe 718 BAFaoF B wd dolg meldo] 4 GTS B 441
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ZulH S TRUEZ AA3 MLME-SYNC.request ZUE|HE Byozn H
Aes FAES A et v fule] 27k PAN AdulolE ¢ke] &7

et BE Aol GTS @9 £AHolof #th GTSe) A g0t

2) GTS &3
tulel 2 GTS  EAe]l  Jxd  $89  a7AEe  wel A"
MLME-GTS.request ZFHEHE E3lo] A2 GTSY IPFS QTR

M2E GTSe &894 2737 9ste] MLMEE PAN ZtuudlolEdl Al GTS
8% WHos Bulof stk 1 a9 GTS 54 Z=9 EAFH ANBEId=s
1 (GTS &)= A= ofof gtar, Aojo} W NEHI=EL 245 = GTSY
Ak S0l webd AdAgsojof k. GTS &% WHol= ACKZF 2757
T =3
GTS &89 835 AAste= GTS &% WHoE 4 stxtvkal, PAN st o]
Bl WA CAPY o] Aol 2 a7H = GTSY st Aole 7|x3de &
TFHZ A THEe &Fo] AwilA A AR gtk 7y ZH QS GTS
oorh E=gEA Fa sk AHolel GTSe @@l CAPe el

u

iy

R
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aMinCAPLength®) 3t 72X 71A 52 7183 8% 715 oF 3t} GTSE
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Device next Device PAN coordinator PAN coordinator
higher layer MLME MLME next bagher layer

MLME-GTS request
» GTSrequest

‘Acimcwi edgement

MLME-GTS. indicati on

Beacom (with GT3 descriptor)

MLME-3TS. confirm

9 4. dukelxo) M9 GTS &9 2%

MLME-GTS request

MLME-GTS.confirm

Beacon (with GIS descriptor)

MLME-GTS.indication

1% 5. AYUlolEel A o] GTS &9 8.7

GTS &4 W&Eold gk ACKE 4l axbnbal tinfe] 2= vHHASS
A FA8) ok star A e aGTSDescPersistenceTime 13X F<t ol 7] 3}
ofof st} wkd Culo]~E 9$ GTS Y2=aAHETF o] Ak o]y H]ZlofA]
HolA ¢gow tuto]~e] MLME:= &9 7S A& Sraof 3t} o &
X+ MLMEZF NO_DATA JHIE 7F MLME-GTS.confirm ZE|HE|EE H
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PAN #tjdlolE7} a4¥ GTSE 98l &3] 7H&3AE 24 uf, PAN =
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o
4
=Oé

N

,10,

@@@15
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MLME+ GTS &8 3o] AFHo)Ae=A AFE 49 ATl Sk gl
°] FXiE MLMEZF SUCCESS (9t GTS tlazafEAM e Al &30 0

Bt ZithW) E=E DENIED (%Y A1z &3] 0% TdstdAY o7t &
e dolef I HA gkdrid)e] AHE 7H MLMEGTS.confirm 2] v E]
HE 3w AFHE

3) GTS Al&H

PAN Zuudelg7} ofd tule]xe] MAC HAZ°l GTS A$S Yeuls
TxOptions I B2 7}2 MCPS-DATA.request T 1 EBE FA8 o T
Hho] o] MAC #AZS AAlo] Fa3 $41 GTSE 7ML de=AE AA
of gttt Wkl & GTS7F HAEW, MAC HAF2 GTS & 5, 19 A
AEFa AAEFAA A ZHolE Tgh Alelo A HelHE FAls|oF Frt

o, £¥HE =AM GTSS] £4el @ud & gdvd MAC $A%e
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CSMA-CA AF& glo] A MPDUMMAC Protocol Data Unit)E 4lsfof 3t
ok W a9 EE EdMA] @ GTSe 24 ¢=" 5 glvbd MAC 77
T2 s mHEZY Y A" GTS7HA AES AAA Ak gk MACS ©]
AL o] oA PHY LB =S d&aof 3ol FEajoF 3t}
T tupo] ~7F oW gk Al GTSE 7FA AL ithd tufo] 2~ MAC FAF
< Ao A ARERI ZLle] dolel o AAlE dE, FA7]7F GTSS A%
A ol= Al 9 GTSO 713F st &3t w=A BAaol gt
PAN zZtjdle]E e MAC HAF S A% & A A3+ TxOptions dH2HA] €
2 7}W MCPS-DATA.request ZZ W EEZE 443 o PAN FUjd|o]E 9
MAC HAISE 875+ H54AF2E 7HAE Hulolzo /| sdsls F2
T2 GTSE 7HA L A=A oF-5 AAsoF ot vl F32% GTS7F 2
A, PAN stdleld = 4 GTSY A& wi7hA] dAE& A7]sfoF b o] 4
o, GTS dA&ES a73ats vAAE 7H futel29 FAas v Z gl A
2] gkotof gtk G721 GTSE Al &tell A, 875

rlo
,%

deolgE FAlsor gt vt a7H= Eddde]l d GTSY
T dvd, MAC #ASS ts o Zdded 48" GTS7HA

A1 GTS (Huto]ze] #HE=E)E 9aiA PAN Ztjulo]E 9
MAC HAIZE A2l FA1717F A2 A o= Al 2 7F GTSY 713F &<t

GTSelAM dEES Alzket7] dol b tupol 2= dHolE A, avdrd ACK

o doly Zg e Zrlel] A3k IFS(Interframe Space)’} GTSS £

Faels NAe As FA% WK AN GTSE ol a7 selof @i,

Wl E7] EAdol uze] £Ad st MAFE tutel st A9 GTS
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4) GTS 33~

tulol2& @ddiAlE H3ls GTSe 5A4S o] &3ted MLME-GTS.request
ZYMEEE St 7IE GTSY &FajAls &gstes AA WA € o
HAol A ddeAl He= GTSE tiuto]lzel ofa] ARE&¥A] gFofof dfar tinfol

= o 35
o AE 54 A Hojof gk,
Device Device PAN Coordinator PAN Coordinator
next higher layer MLME MLME next higher layer

a)
MLME-GTS request

GTS request

Acknowledgement

MLME-GTS.confirm MLME-GTS .indication

b)
MLME-GTS request
MLME-GTS confinm
Beacon (with GTS descriptor)
MIME-GTS indication
L] I I L]
¥ 6. GTS &3 adlAl(a= Hulo] 2ol A, b AT ulolEf o A)
71E GTSS] &dsfiAl= 3t7] 913t MLME+= PAN ZtjulolHol| Al GTS

8 WHoE HuloF gt a9 GTS 54 =9 SA4YH Ard=+=
(5, GTS gdaiA)oz dAsolof star ZHolop W3 HBAd=S L T4
at7] 915k GTSS 5S4l weba dAHojof gth. GTS &3 W7l ACK
24& ¥338l7] witel, PAN ZudlolE = ACK ZdS $AgozH 2l
o FAE AT GTS 83 WHold tigt ACKeY s shAwka
MLME+= &@sfiAlel tjal] &9 AZolAl FEoF gt} o] &

SUCCESS  “JHl 2 02 A" EAYH AMEd=s THAE
GTSCharacteristics 3e}vHE 2Fs= MLME-GTS.confirm 2|V EHE

HE= MLMEZ}
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B o AFET. v GTS &% wWHolrt A8 PAN Ztdlolg o] <3|
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olst® z1le] CAPS #HAA7I=S 385 ooF gt}
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MLMEGTS.indication Z# v EBEE Bd u A3 H},
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of, g 7% Y H GISER 749 39 ¥ Zddes BoFrh 19
A, 370 GTS7F 29 =™ 14, 10, 8 E%A 712t Al&tekt), vhd GTS 271 A
v ZEEiAZE Ha QaA), oW 2X7F dojuA] oy glel] 7ol
A Aotk o] AL dAsy] 8l GTS 32 1 S A7) 98] ol 55 o)A
CAPe] A7]E Z7MA71=% dfok & Zlejn (3dA)
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a9 7. GTS &9 slAlelA CFP =238t WA
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gddafA HALS dER] 98 GTS U2aHEE Aale] mAZ Yo 3
Zysfor gtk vk @geA7E tulo] e o] AlFEW, PAN FZUdolE &=
gl vetdlz] fls) Al widEZ el GTS tAaHEE F716HA
grotop ghtt EdaiAl HE GTS Btk W AAERS 7HAe 39 GTSE
7HAE 2 dupol~E 98, PAN ZUUlolEH & AZe ALERES 7HAE
GTS= 7Z2&ta o] 248 GTSel &&3sh= Aol HZle] GTS H=aHE
Z F7bslof @) o] GTSS CFPO el GTS7F vehdud CFPe £ T
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Ao, izl Aol A dA F7HE F8317] 913 PAN IAtuvlolH = A
Ae] CAPS aMinCAPLength °l3t=® ZtaAl7lE 3lo] 3 &ojof g}
aGTSDescPersistenceTime 32X # Q] o]Fo] PAN Ztjdlole= 1 vjHo

2HE O GTS HEAHES A7 s of g

6) GTS =&

PAN zitjdlelE o] MLME<= tjule]l 27} ok el & Ab&ete] GTS AR

sad W& A= AEE dfof gtk
— &2 GTSE 918, PAN ZtjvlolH e MLMEE dlolH 2Zgglo] Aojx

| 2+n 79 Z#| ol Al GTSoIA tnpo] ~25E 252 Fow t]nto]
2 ARle] GTSE 9 ol AbgstkAl fevs 2AS 7Fgsfof gt o
714 n & ofefell Al el

— F41 GTSE §l@ll, PAN atulelE o]MLME= ACK Z#¢o] 2oj= wuj
2¢en A Ze oA GTSOIA tlupo]l 22 KE FAE A ¢gow tjnfo]
= AAle] GTSE ol o] AMgakA f¥ethe 3S 7Fd ok dhr) o7
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o] F4l GTSE AbgsteAl AFE AAT F s slelth. 28y PAN
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3. HA = oA GTS AR

HZ 2 vs el A E o] vk

(?Ctegs 1 yio | Y 5/310/ 2 varidHle | variable | variatle | 2
Frame Sequence | Addressing gumh.zzry Superframe GTS ngfmg Beacon FCS
Control | Number | fields COUY 1 Specification | fields | oo o> | Payload
Header fields
MHR MAC Payload MFR
Oy 8 W ZYYd E
Octets: 1 0/1 variable
GTS Specification GTS Directions GTS List
a4 9. GTS field =9
Bits:0-2 3-6 7
GTS Descriptor Count Reserved GTS Permit

19 10. GTS Specification 38

GTS Descriptor Counter A/ EZ =% 38|E¢9 Zolo]a H|A =Z# e GTS
List 2= Z3d 3-58°] GTS Descriptor®] & '3

g9 gol 0nh Athy, CAPS| 27): Audce gz o

Aghe qkef o] MR
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z

HjA
dd Adole AN F7HE 8317 8l aMinCAPLength Rt} #olA =

AL #gaTh wep o] AnAES gho] 0o]W, GTS Wa Ak w7l Zeg)
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GTS Directions Mask Reserved

219 11. GTS Directions field 3™

12, 54 4§ GTSelw 005 MRk GTS Wae tule]ze] oy e

GTS List field®] =71 Bl Z# o] GTS Specification F =0 ®HAlE o
2 ZoHa, AL = GTSE YEl= GTS Descriptord] #5& X33k
t}. GTS 71&xe] Hzke 72 AgtAnt. Z2be] GTS Descriptors 24 bite]
2t

Zololx, 1 F2E 1Y

’

o

Bits:0-15 16-19 20-23

Device Short Address | GTS Starting Slot GTS Length

1% 12. GTS List field 2%

gufo] 2~ G&F4 ABEI == 16 bite] Zeolo]al, GTS Descriptor7b AH-&-2 T
Hlol A~ 9] YEFAZ E33tl. GTS Starting Slot A BZ == 4 HES Zo)
oli, GTS7F A&td ¥ Zd 9l &£%S ¥tk GTS Length ABI=+= 4
HIE 9] Zolo]al, GTSE AHETS A&AQ ozl &% & E3drh
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Free Period)ell Hd 771¢] GTSE @3 + Atk GTS+= g 71 oo Az
sxom " Aan ZFeA fEEZeede] F7]= 15636 ms x 2n
(n=0,1,2,---) o2 WAL 5 AR, =] F715 AA & 45 =4
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CAP CFP
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9 15, ARG A el wE ez e AEE

a% 15014 ®ze], CFP 3tel st AAzE Auj=E 98 GTS1 ~
GTS3(401~403) 74HA] A ZF&ER(EE Al ArEFele vho] g E
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A2 AZFEFolet drholth. & AHA A= dE 5o GTSI AHE 5 dle]
B oz gl oz B, @A oz vtE v pEZd oA GTS4
Abgsle] A HE doleE FAalshAl Tk b FE slwelA Kok,
T 539 FEEFE AL dlF E Zadol A 22 Azl dA&EA A
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A(7HE, 1536 ms)ol A7IA "rh. 2y o] Are] AAAL A AH| 2
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WG S 2E AT wRZAde] AREE FE M AFna 1Y
16> & Ashd2Ae] w& IEEE 802.15.4°014 ACKE Al&3tHAl 32 Kbps &
TG SN AE G An] e AEE Fxe) dejolth 1
16914 BFol, @ 32 Kbps &4 Aul22 A8/ fsiMe ACKE
daltete bt 2ol 4719 Az &£ GTSIS FYHW frh BE
ACKE AH43t4 tthd 3719 Azt& g 2as

’

- Data 62 byte + W3] 19 byte = 81 byte
- tack(12 symbol = 6 byte) + ACK(11 byte) = 17 byte

Total 98 byte < 4 slot (120 byte)
- No ACK A A% 3 slot (90 byte)

Beacon Beacon
- - —-
. CAP . CFP
GTRL
Skt 1] 1 2 3 4 H) [ T ] 9 m 11 12 K 13 14 15
Beacon E01 Beacon
- M- —
CAP CFP |
T 52 CTR1
Slot 1] 1 2 3 4 - ] T 3 9 K mw 1 1z 13 14\ 15
602 603

19 16. 32 Kbps @8 % SR AE 93 vz AtER 7=
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1A A W I a9 184 o], 2 ARMEAdA= Fdd

GTS(GTS1~GTS3)ol A ol e7F Astd o y7h A GTS whaE AdE

GTSE st FA wHu, dA oz delA] sAldl 271 o]l GTS(H

g, GTS13 GTS2)lA dEd dlole ZH ol A o7t A, AHdE AIE

EHEoR T Jhse AHdE GTSES 38 7Iss He7A ddsiA #rh.

%, W =z Q] o grp HAe GTS FRY &9 7Fed AdE GTS 71 2
*

g GTSE(GTS1~GTS3 & o= &

I CAP 32 |1 Inactive

Error

I CAP 32 |1 Inactive

GT51 Error'gts

I CAP 302 |1 Inactive

GTS51,GTS3Emor 248

2
o

CAP 3|2 |1 Inactive I
CAP 3 |2 1 Inactive I
CAP 3|2 1 Inactive I

a9 18 AlhEA e mE AHE GTS o8 UH

g FAEE SAXA0)Q ZYdlolE oAl AAste] tha vlZ GTS listell
A tulol A5 A BRE FA ®rh A LR-WPAN 72& stibe] tiulo)
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A Study on Transfer Method of Becon-enabled Mode in
LR_WPAN

Lee Se Jin

Department of Computer and Electronic Engineering
The Graduate School
Gyeongju University

(Supervised by Professor Cho, Moo Ho)

(Abstract)

IEEE 802.15.4 systems are basically designed for both sparsely generating
events in order to keep a low duty-cycle and dedicated bandwidth to
guarantee message latency. In order to achieve better energy-efficiency and
lower data rate, IEEE 802.15.4 can operate in a so called beacon—enabled
mode. As the energy saving in the beacon—enabled mode depends on the
periodic sleep managed by beacons, it is important to control the ratio of the
active period to the inactive period called the duty-cycle. For the special
case in LR_WPAN, a streaming data like voice transmission is required. At
the 2.4 GHz band, only one way 32 Kbps voice data can be transferred with
the retransmission allowed. But in IEEE 802.15.4a, the user data rate is
supported up to 850 Kbps, the voice streaming data can be transferred more
easily. In this paper, we study the possibility and limitations of voice
transmission in the beacon—enabled mode over IEEE 802.154 LR_WPAN
standard. And we propose a scheme for real-time service based on
retransmission slot in LR-WPAN and analyze the performance to show the

advantage of the proposed scheme. Analytical results show that the proposed
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scheme achieves a much higher throughput than the previous schemes. With
90 % success rate in a voice transmission requirement, the previous scheme
with common slots can support QoS in an average error rate upto 12 %.
But the proposed scheme can support QoS even in the rate upto 18 %.
Thus with the proposed scheme, voice streaming data can be transferred
more efficiently in the time varying channel degradation such as interference,

flat-fading, and frequency-selective fading.
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