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EOR

?.94
o
)
o,

h

T
=2

k
12

m13
o

(2 I i A AR F S .

2 8 A4 v 43 Zade CFP ol A dolg w3
I A o F CAPE extCFPE Algstth, 19 t}e Egy
oA Ak extCFP7} CAPE 82 TaCFPextd] WE 7} =t AuMAQ Zxhe HolZF
A oF 78 Zde] Chpel GISE 93 Fzto] Fw3bA] kil #aksty TaCFPext 52l %‘r*é
FPE 74+ 515} = 89 (a)ollAl Node Bi= DSME GTS &% HW#HE d53te] Node CoF 418 GTS &S A
Adst), == BE dA v 7y Zeldel (FPoll GTSE @9 ¥kl ficka 7Fg3tal 1)
} AP A8 2 2)extGTS &3] 7 7F4] HAZ 4% TaCFPext & A Pstcl, W7 7153 CAP A ¥
q = ext(FPE A}%éﬁﬁ sh=A gl }.ﬂ a8ohd g 97 Z oM ext(FPE WA T CAPE
. 2L extGTSE Y3 83 *EOl = dA 498 w78 Zglel o]n extCFP7F e BF =
& Axtz xlegste] dFiet. 134%1 ow _LLE% A WA T ZE Ao CAPE A|Lg CAP F sHUE
Bl&lo] extCFPE AFE3TEH. A WA 473 T Qe CAPE DME WMIEYAY ==d 3t 3% CAPE 2337 9
3 extCFPZ AFEH A &Z=th. = 89 (b)olA Node B= WA A HE 773 Zdo A2 extGISE 913
SR &3S 7H ext(FP7E A &3k T WA 7 ZH e CAPE WA 7153 CAPR M Ealy

[e]
=
extGTS &9 AAE 5 extGISE &9 4+ AT},

st Fell A, ==, CAP % extCFPYl &9 ARE xdA3L7] 98, taSAB(traffic-adaptive SAB)<]
& X33 DSME extGTS 2% (Request), DSME extGTS -5 (Response) 2 DSME extGTS &% (Notify)
s o2 wEste], AMEl®E "W 7153 CAP'(changeable CAP)OA] extGISE &9 weth, = 89
q B DSME extGTS &% W#H S Node C2 AF3sI] extGIS T AFE A|Zgth. DSME extGIS &
A WHE T oAy ZElelA AP 9 ARE qEs] 9% taSAB B EFS et DSME
HH& 4418 Node Ci= DME extGTS 8% WHolA st HHe} taSAB MH 555 :
| 3 2 g2 CAPol MZE extGISE H3 &Fo] FH3 A 83t & Node C& extGIS &%
S AAT M2 extGISE YERE taSAB B EFo] ¥3hd DSIE extGTS &F WHo=2 SRl DSHE
extGIS &9 WHES FAee =& Be MEZF extGISE AAsH7] Y8 taSAB 2 taACT(traffic-adaptive AT
k=2 OSH]O]E Sk Uh3 DSME extGTS €3 WHS Node CE H Wt DSME extGTS &4 WHol= AZE extGTS
£ Yehl= DME extGTS &9 WH 3 5U3 taSAB A B EFo] Lgheth, DSME extGTS ¢¥H HH& 5415
Node CE taSAB % taACTE HHlo]Edt}. 3, Node A9t DE DSME extGIS &% 2 DSME extGIS & ‘3333*%
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3] £ taSABE JHo|EStS] CAP 2 ext(FPe] &9 ARE HAl AElZ FX3c}, taACT ¥ taSABE 4
o]E 3 % Node A, B, C @ DE ulo]E® taACT 2 taSABE A}R3Ste] vF 3 ZHyg %=
Ado]Edl},

DSME M[EH 9] == TaCFPext s2te] A¥= tv& v 3 Zdd 725 7H & vk 3 o] =27}
EAR 5y ZH Ao CAPE ext(FPE AFEStE= 45 3ld 1-& 18 ==+ extCFP &¢F CAPE LOP(Listen Only
Period) &2 A AgTh. extCFPolA TFHE extGISE Alo] AEES AQde BE o AdS P ghrh. LOPA
HE(F, & 89 (d)9) Node A ¥ Node D)& T3] Xﬂ°1 AdS AFAS A o](F, = 89 (d)2] Node B %
Node C)¢] extCFP W] F&-Af(contention-free) H&E FQlgrtt. 183, thE& =o)X DSME extGTS &4
T DSME extGTS ¢ WHES FAsd, 3% iE% s w8 ZHY |l 2229 ¥ AHHE

g elo] Eghet,
A AFHEC] TaCFPext @A) t1F 3 Zelolel (FPo] %7} GISE aaat F7ho] 9l e Ed¥ g
27004 AAE. Hea) DIE YESDe] =l TaCFPext Bto] A% Aol WA old@ e e
5 '

4
o AEE A g om Nslof g,

o
o

Q AA o=, § e =7} DSME GTS &3 2 DSME GTS 29 H#HE wdlste] 1SS &3k uw SABE H| w3

FAHoRZ, $2A :=E(ex. node B)7}, CFP(Contention Free Period) wWoll GTS(Guaranteed Time Slot)& <t

) AT 23S S wE2 A5F ¢ Aok B edds, 9Y 493, LG IS F, HEshe
H9 melq), Aseht &%, U B AE 2% Fol did gut xgE 5 Ao

of A%, 84e AT FAR wE, qo] LI B A 25 FA7 wmEe] S8 A8 B3 vl
o, (MEFHE) CEPOl ¥ G159 B9 /b5 ol¥E 49T 5 Ak, Wep, $44 =59 S4B AB BB(HE
e Fel ZeQ)) ol olvl BYHe] gl thE GIsl tE gurt Al At F AR (15 BT &
% 7t FuEA e A9, A4 it 90 e (158 FFo] sbseA 2e Ao AT 5 At
73, #4074 =5 (ex. node O CFPl thet GIS9 B9 o}3-(FF 715 o)l tfd $HE& S04 o
A% & Ao,

FAHCR, DSNE GIS £7% Wl £gH SAB A
g Y mE(FAA w2, FAR =2
GTS &% wHol| ¥3¥ SAB HH 55
918, DSME GTS 2.3 &3} DSVE GTS 5%

AH oz maksor ahch. webd weob demoz 2" wulg o1s ahare] As)a
EY F37t w2 Aueta destal TaCFPext &2HS Al 2bghct.

lﬂl
lo
Z\l‘l‘—lv

TaCFPext F2to] A Z=W | Hol% slbe] CAP Wl extGTS(extended GTS)E & dslr] st d& o] Ao 213
2 5 .
#Hsto], & 2%, TaCFPext &2to] Al w2 Hoj she] =9 F2hg MAWstry] 98 s5 5w,

=X DSME UEYIY v 3 ZTdd oA Holx= s} CAP(Contention Access
Period)E& A8E 4 1Th(5210).

TAH o2 TaCFPext7} A ZE ™, w2 W7 7153 CAP A AaE S=3ste] tF 73 Zg YolA] extCFP
Z WA CAPE AATITL. AR extGISE Y3t =83 &£Fo] Jd&= xtCFPﬂ ]ul = AL = =7}

CAPE 93] ¢Fal 7]E ext(FPE AME38te] extGISE &ddte}. thgh, m8x] @ T3 extCFPRE W3}
71 918l o 7 ZEldell A 4 CAP = LOPE AdEsfoR dth. CAPS LOP T == 1-F ©]5-9] CAPoll ©f
g ARE WMAS Haskely] Ad WA LOPS AEeiof it mEs s @3 extGISE Ashe HIEWH

1-F oS Fxdt AZE ext(ISE 9% 83 &30 A= LoPE Ager 4= Qluh. extCFP 2 LOP ol Al

n rE
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AFE 7Hse €% FUF SRS 22 A =EE O uUF 79 T el extCFPR MAFH=(H HA 77

T CAPE A7) CAPE AEldhtl, TaCFPexti= W7 7Fadk CAP A8 Aol d A WA 773 L)

CAPE A9lste] DSME WEH A =Eo thgh 3-& CAPE R g3},

WA 7hss CAP A8 Axbe] A9 =t EY 433 SAB(taSAB) 2 EF AE3 ACT(taACT)e] F 7FA
= 5 ddd g% 58 Tl extGISe AEE AFsk= 23k

BE AAshs dHoly Fxoltl. E 9+ taSABY] HE

IR EXE UEdle 2309 HIEfoR ZAEE A%
xj.?l taSAB B —2— extCFP lH-Q] nE iﬁ‘é QA 3 extGTS TG HAHE A3, o] 3 taSAB2] 2
2H FE2E BT 1-F oo 2EE EE extGISE A4 & A st #4F WAoo 2 CAPE LOPE &3}
55 gty 7] DSMES] AE wFelA SAB AH EFS wtUt AMESkeE g Ald SZ Al gigh TS &9 A
By ¥aes 149 WERoR FASE W, taACTE 71% DIES] ACTS 593 A= T2E FA8HR
=7} extCFP WA extGISE #H&|e 4= ddh
W7 7hsgk CAP 8o At 522 dagls 19 veob ot

WY B U R R BEBYYRRYNREEER

Algorithm 1 Changeable CAP selections

IRITIALIZE gopfT to [0, .0, . ., € |, extCEP to eupty array, IOP to eipty array, CAP to enpty
L array, Gopdoray to eopty array, to enpty arrer, sloser to 0, semmsad to OF
2 fr——— investizate taf(] —=——=k/
s R cach guperfraie 1D in tafCT,sid, «id , i =[LN]
40 IF sid cextCFP+
B ExtCEP lenzth(gcFP)] — sid <
i+ EHIF
T EHIFOR
8o fr==—==— investizate fadif ==—=—=H+
g FOR each bit of taSiB, taSABLi1[A[&], i<[0.2 -1, j=[0.7], k=[O Numbs Qhamd:—1]«
1 IF 4aSABL) LT 1al_= 1
11+ IF sid sextCFP 3 zid sLOP+
12:¢ 10P(1ength{ )] +— sid
13 EHIIF
14+ IF k== chanmei0ifect % (Jmber(fChennels1) -
1o o] — ol] + 1
16 ERIF-
17 EIF
FHIFOR:
Bk each ayperfraie 10 in a imlti-syperfrage, ief0. 2™ =" -]
IF isexi(FP B (=LOP 3% ¢ = [F
CAPl length (CAPY] —
EHTF-
R
oy — concat enateed(FP. LOP. CAP)
fr=====select changsable Cifs ===/
PR each surerfrape 10 in confioray, confrrayli]. i =]0 sze(condrmy)—1] =
emnid — conrmali]

IF Tl som e < 8
STl eneth(SY] ~ gemp side
slgsee — slosat + (2ol samaid )
ERIF
TF sfosGas < sundloss”
R
ENIF
—
TF sioces < aumdlose
!
p—

#

FETUEH 51D
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7]

il
—
é

=, UF 79 ZH e 7€ extCFP & LOPY EAE #Rlsta, whek EAlste 45 AME 75

S #E1s] &, oA A 5 kR A4 (S, taACT, taSAB)I} Al 71X W4=(Z, channelOffset,
NumberOfChannels 2 numSlots)7} E3FEth, taACTY Hlo]E o= HE 73 Zde 9 Zd Y ID, F
¥ zPdde] &% D, A LZEA § extGISe] AR7} xFET. HolE 59 73 2 D= olal 84
29] MEE o]&ate] xAEAT.

I~

=4

o
Pt

84 2

1aACT . sid=| sid . sid,...., sid .1 <i<N

sidix= taACTolA 1 WAl HolE &9 3 = IDojar, N2 X9 SdFE extGrSe o sjg3ict.
taSAB= [superframe ID][slot ID][channel offset]S 842 zt:= 3309 dvld=2 EdAFC. channelOffset,
NumberOfChannels % numSlotsi= & extGTSY Y Q. 2A, IEEE 802.15.4 E2|(PHY) ATNA AYst=
Y Ad F R AR extGISE Fste o B8 &% 5 2474 vEhdY. Ee dagES 4 ] F71
%74 (el: extCFP, LOP, CAP, conArray X o0cpSC)& AM&ste] ths 73 ZH A CAPS HHIE FA g},
extCFP, LOP @ CAP: 717} extCFP, LOP @ CAP7} %31 73] 2eole] Qldlxs Agali dolE Txo|t},

conArray:= W7 7153 CAPE AElsl= o AR5 3= extCFP, LOP % CAPY 14w wjdoltl. ocpSCE HA &

goee Wz, 2" g ar= oxtCFP 2 LOP Wlol A extGIS7H AGa 22 42 Uitk temp_sid 2

slotCnt+ conArrayol] A&E 73 Zel IDZ &lstar WA 7153k CAPOA ALE 713 &3 =5 712 A
A7) 918k Aol w2 SID= W 7hed CAPY w79 Zdld IDE X &sle Wk wjdolt),

ocpSC, extCFP, LOP, conArray, CAP, SID, slotCnt % temp_sid’} Z7]3hdl F == taACT R taSABE A%
How zAske] 71E extCFP, LOP i CAPS] o3 el9) IDE SeISh7vt W/HE extCFP 2 LOP vlol A A}
4 713 &3S st WA, wE=& taACT(F, taACT.sid)ol S+ EHlolE 59 3 =Z<d IDE =4}
ol 71E extCFP7l £ 73] Ze|de #1543 extCFPS 227} obd A§ extCRP

e 3 N AEA(E, ¥ 2 D i, X% 1D j, Ald eZA kR taSAB
taSABS] WEE 2Abste], 71E LOP7F &3z
taSABS] 54 H]EJ} 1o]W, ==& 4 191 1D i7} extCFP 2 LOPS] 94914 Solatt}t. 775 =gl ID i
7} extCRPe] £.47F obd 44 T SRE 1-F olfol FIH ext(IS2a F5E 5 Aok WA S LOP
o] @7t ol AC 7w Zgel ID iE LOPo| F7betth. 1w v QY 0 k7b 9 extGISe] A
8 exds) gen el web TR0, Y Hxe FYY ARE G FEIE NI enclsehn

Zoha}. mhRbA
iG] K2 EAEE
48 229 FAPY.

[
773 29, 2 extCFPZ LOP WollA A
]

342 4 At gEA wee ocpSC ile @S 18 S7HAA HE 5 43110‘01]*1 i HA 3 2l &
S extCFP & LOP WA Hfd €39 5 A4S, taACT 2 taSABE XA 3, ==s A WA 9

A 73 2L IDE AQlskal LOP ¥ extCFPol| X3 A 52 79 =< IDE CAPoﬂ F7hgt.

CAPE JHlolEdE & Al 7}# £49 extCFP, LOP % CAP7} ®3$tEo] conArrayol AFHY. 18 & =58
Z} extCFP, LOP X+ CAPA AFH &3 5 1y3te] W74 713k CAPE A"dlt). conArrayol A+
extCFP, LOP & CAP9] ¥ =¥ D7} =23 o2 v}, o] conArrays }%3}04 === HA extCFPY
39 ZY < IDE temp_sidoll A3 extCFP(Z, ocpSC [temp_sid])olA HAFH &% 5 ZAF3I}. extCFP
ol Af+ &3 F7F 8 /N mwrol¥ ext(FPol AHE 7Fsdt &30l d+s JH]@E}. mEba, o] A xtE
extCFP2] 73 =Y IDE SIDo| F71sta extCFPAlA AR 7hs3t £33 42(5, 8-ocpSC [temp_sid]))E
slotCntoll F7}3Fc}. extCFPolA] A}E 7153 €% 7F o3k &3 (5, numSlots)HE T} 2 2™ conArray©l
A o extCFPe] 773 =] ID7F 5Lk 2o 2 SIDof| F7Heth. 29 th, EE extCFPol A A8 7hsst
<% F7F numSlots®Et} A oW conArrayol] U+= LOPQ 79 =&l ID7} SIDo| F7lec). viz7ix|=, BE
extCFP % LOPo A A 7}‘:‘?5L £33 =7} numSlots "|Wo]™ conArrayell S+ CAPSl ¥ =#|<d ID7} SIDe
ZF719 . SIDE dHlolE 3 T slotCnt7} numSlots®tl =W SID7F W7 7453 CAPE wWkskgich, Z18x] ¢ko

W, a3 extGISE R3]0 AHS 7He @ &0l SwshA @7] wiel, Wl wjEo] nbghE

28 Fx3H, === MYg CAPE extCFP(extended Contention Free Period)® W7E 4 ¢Jvh(S220). 9+
ok, 7]EASHE extCFP7F A8lE A 2 A gkl 4 Qrh. T, v v|EA s LoP7F Aegld A ¢
LOP7} extCFPZ2 W74 E 4 t}.

)
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olZB%Z WA 7} CAP AE Axprl dEEW, o= HAE extCFP o Hoj% shte] extGISE T3d &
2 T}H(S230) .

FAYOR, A

= A D FA2)7F 3 JRe HE (S, DME extGTS £, DSME extGTS ¢ 2
DSME extGTS <F&l)e] m 3k 3

a3 daE I, extGTS e Azekr] A Sz 28

A, Asshe €% 9 WA Jbeg CAPY taSAB AB E5S X3k DSME extGIS

23S AFTrh. DME extGTS LS FAlsHA a2k #41% DSME extGTS £ 9] taSAB HH 555 99
taSABS} Wl HEsHE &3] AFE 7hed A AlZE extGISel tidl dEstsE €37 dHS £E& A
e, 284 2 A9, A2E extGTS°ﬂ tha] Alg 7153 o E &3] AMeEHn, o9 E‘rn FAAE A=
& extGISE YEHE taSAB M X E5S X F3tE DSME extGlS @22 SHech. DSVE extGIS €S 4

Sl A= taSAB 2 taACTS ﬁtﬂo]EO}_ﬂ A2 extGISE YEMHE DSME extGTS ¥4HS HEX JHAEF
t}. DME extGTS &3 WHS FAISH FAIR= taSAB 2 taACTE HJUlo]ESIth, $A1x9} =41} 9] 1-5 o] %
2 DSME extGTS Response i DSME extGTS ¥HS 93] £ taSABE Julo]ESIt}.

PR R extGTS 2 djAlE o] Al WHS wEete] FET. SR FAAE extGTS S ol 2
A3t ACK Z#go] A=A ¢kS wult} taACTol A HolE &9 7MeH s zHzh 14 z7}’\]7d‘4 o] 7k
E] %to] macDsmeGtsExpirationTime/2 ETF I extGIS7}F 9HEH AHo=R 7HFHo £A1x EE A7}
extGTS 93 &Al  HaE AFIT. 71E 0 DSMEOlME ACT  Hlo]lE &l FELE  Fhol
macDsmeGtsExpirationTime®.t} I GTS7}F WHREHAG. =, B A6 W& S22 B FAxE, EYY 1)

7h k4w CFPO] GTSHTE WA extGISE & AT & 3l

extGTS o e % A7 B v dd 1-F A FES WA 753 CAPE ext(FP X+ LOPE
= 2bE Wkl o2 o] 3k extCFP/LOP W3S FA3517] 98, ==+ os
£ CAPS] W13k AEl(5, CAP, LOP ¥ extCFP)E Yehle $4, ¥7 7153 CAP v EY
(CCB)& %le‘&t}. CCB= 1xH¢) HIEWio 2 ((BY 2 HIE AH E52& = 102 o] CAP, LOP, extCFPE 77}
00, 01, 102 mHI T},

rE

=

taSAB 2 taACTE HUlo|EZ & = DSME extGTS 59 T+ DSME extGTS & W&o ¥3hw taSAB 3¢
59 WA 7153k ZF CAPol thsf CCB YulolEE F=33ttt. (CB JHlo]|EQ] &AM 522 4 (o: CCB)H 3
Mol WMa(d: node_extGTS_presence, node_extGTS_cnt, all_extGTS_cnt)E XZ3slsE Ldual= 240 v 9o

=

o, dagF 1o AREEE £ 9 s Qfolle WA Thed CAPe] AdEiet WA 7He g CAPOl T extGTS
£ gelgit},

Algorithm 2 Changeable CAP hitmap update:

1 IBITTALIZE gds. saichiasasmss to FILEE, spds.entiians to 0, allcatdiieng to O

2 == ertOT% allocat i ==—=—=#/v

3 IF gspsaemmssmtims == OO

4 IF the destinatio address is the node itself:

5 COBl chisnsest lcCiP sid] — 10/ exbCED-

G HIE-

7 IF@%@G&Q&&&M’J =

8- 4P erd] — 01/} LOB

3

1

n Jr==—== gt [T% deallocation ==—==—=¢/+

12 HEE TF genssemsnt tips = 000F
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13 AR each giperfrsge index in talCTzid od , isLV] <
1 IF == shanmmsblebiieid

15 gode extGlS oresence + THIES

16+ node cxtGTS oot + pode eatGTS cor + 19

17+ EHIIE-

18- HRR-

HR cach bit of $aS08 sab-block for chengeshCATsid in kaSAB.  3aSHBlshsnsesblCAT sidl L (4],
Je[0.7] , k[0, NumberQfChmmals — 1] <

20 IF taSBlchenmasilelit sidl ] (] = 1-

i 1L ot OIS cnt = gl SxtCTS cor + 1

2 EHIE-

23w R

E IF gode.saseiipreasnss = THIE

B CCBlchenseshiocd? 55a] + 10}/ egt[TR:

5 EISE IF 2. catiieca. > aedoncitiincat:

77 OBl chememablolif sic] — 0L/ 1P =

a8 HSE

= OBl chensestlccie sid] ~ 00 /f CiP

20 I

L+ EHDTF

cege= 2" 2-°HE MB EES g4h7 ¥§sle 129 wldE FAIEY. node_extGTS_presences W74 7Hs
g CAPellA o S extGIS7F d=Al ol FE dEhiE F2 wWSolth. node_extGTS_ent %
all_extGTS_cent+ 742} =0 S9E extGIS < B174 7Fsdk CAPY F extGIS 5 242t YetdlE 7h8H 3k
o]tl. DME extGTS &% 5+ DSME extGIS 4¥ wH#HS —’F’dé}ﬂd ‘:_E—‘E W& o] 'Management Type' ZE=Z #9l
Shoh. 'extGIS W' (5, management_type == 001)& UERE A$ ==+ ¥4 7153 CAPE extCFPE W3t
gt ==7h 919 WHEHS JdEA HWAE extGIS7F 1-F o] %L%E]‘}i%% ojujste R WA 7hsgk CAPS] AH
7} CAPolH W7 7}%3k CAPE LOPE AT, 'extGTS 9 314 ' (2, management_type == 000)9] A9 ==
© taACT.side] BE 739 ZHd AYE(F, sid)E ARl WA 743 CAPoll @8 extGIS7F A=A &
olgtar  olE AT, EA 4y =Zgel <lYA sid;, 7} changeableCAP_sid®} #HowW ==
node_extGTS_presence= TRUEZ A A3}l node_extGTS_cntE 14 F7HA171t}. 28jd ==+ WA 7153 CAP
of X3E ME extGISe] & ALst7] 913 WA 753 CAP(S, taSAB [changeableCAP_sid] [j] [kD)el 3f

3= taSAB A B EBEE=9 E’_% HIEES ZALSITE. taSAB A HE EF9] 54 H|EZ} 101 W74 7153k CAPO
extGTS7F &S YeEERE === all_extGTS_cntE 14 Z7kA1 71T},

taACT.sid 2 taSAB XAMES 283 & == node_extGTS_presence, node_extGTS_cnt 2 all_extGTS_cntE 7]
Htog W7 7153k CAPY Ate] W3kS ZAA3c}h. node_extGTS_presence’} TRUE©]™ W7 7153 CAPY
FFE extGIS7F AFS HEhER s WA 7bsd CAPE extCFPE W8T, T34 oW s
all_extGTS_cnt 7} node_extGTS_cntRTh 2% elstir, achd WA 7153 CAPY 1-§ o]xd 3dgg
extGTS7F 94S YeerE w»==3= W7 7l53 CAPES LOPE W3k3t}. node_extGTS_presence’} FALSE®] il
all_extGTS_cnt 7} node_extGTS_cnt .o} 2o W7 7153+ CAPE= CAPE frX|Eofof s},

r oL [-
o |

i

CFP9] GTS9F & extGISE 71E 33 AA2GA Ao Ade]l AYHE FAHAE 33 AAXA(S,
HoppingSequenceList_ext)dl @z} AES 33}, extGIS(Z, Clext) B¢ ALEHE AY Fa5E L7
2ol fFrHr}.

#2143

C ext=HoppingSequencelist ext|m]

m=(i+j X I+macChannelOffset+macPanCoordinatorBsn) Yo(macHoppingSequencelLength-1)

o] 714 HoppingSequenceList_ext[m]< extGTSel ™3t +4E 53 AA2Y n HA AE FH+E e
= extCFPO] &% Q42 j& BIAA 73 Z#Hde] Jdd 25 YRl SD Qd2, 12 extCFP vle] %% ?
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(=, 8), macChannelOffsete Az} =9 APg QXA macPanCoordinatorBsne PAN FT]udjo]E7} B\l EB
o] A~ HZ o) | macHoppingSequencelengtht 715 3 Al@ =9 3 A2 Zolo|t},

MATLAB A E#olelE AFg3 A3 AlE#o]AdS E38] TaCFPextd A%S H71gvh. AlE#o)Ad AxES IEEE
802.15.4 ¥F2] 7] DSMES}F Wl 3le] TaCFPexto] &35 EQldict. the k9 MMM = AlEdold 44 Y
TAE AN B A EH el Axol tha] xpAls] w3,

i

>

Al &g ol Aol A Z+zF 20, 40, 60, 80, 100, 120, 140, 160, 180, 200 ==& FAH WEYI SlAElA7} 11¢
HA}. 7 AxEsoA wEE 15 X 150 A6 Eag R mA s A% WE 10 o]tk = 11 40 719
w7t Q= UEYI #iXY dF BRoFErh. 4 wmE g F o] F sl 3 £AA-FAA A4S A4
sk, FAAE v w7 Zdd 9 54 9 diolH s FAIAA A, 7)ol -8 GIS7F CFpol
dErh. CAPY =& A3 & (PP F3F FFo= Q3 dasgh BE (ISE @98 + flv A ==+ 4
A G ] ZEdeA JETE gl voly HFE Attt vk EF gk TaCFPext o] #-&4&
8] Q8 A4 2 T4 EYF Avg e 7 7 EF AvEert nEEQv. A4 EdY AldUE L
oA FAAE BE vE ¥ ZEdelA Fde o (S, 7 A HZ)E ALt vidHe F24 EY
Avg oA WEHA] »Ev F IAgo® yym 7 Of5e FYe o =22 FAHEY. §9% 1Fl
43 == 8 Jje vE Ao R Y3 Wde T3 EgES AT, 3 aFo »==f 33 2 43 v &
oA tF 7 Zdd & 21 A9 HFE AFIA(F, 2 EYT), UHH HZ FAE tF 7
ZH9 7 e AR AFS(S, $2 EGY). 39 tE 159 =Ev 4y HA 9 o5 WA b
HFo A e EYFS AAIT. 573 EFE Ayged diE o] AL vokd Eg sl 7oA GTS
g g e 89 Ao 54 Hs FAss Yotk TaCFPext®] s @9 GIS &, 7] =5 Hl&,
GIS &9 A, At A, T AEF 2 A A5 SHANA 7]1E DMES] A5 HwEGTE. 7]& DSMES]

79 CAP reduction &4o] @43 HAY =Hx &= DM WEYA 348 =% 1elgrt. TaCFPexte} 7]1&
DSMEOA] BE 2= S0, MO, BOZ} zHz} 3, 5, 602 HAAW Fd3 DSME HE] 779 ZTHd 1+%
7. AlEd oA 100 ¥ WEEE Y. AAISE AlEH oA 7] WSE os F 1o YEE

#£ 1
Parameters Values
PHY IEEE 802.15.4
Modulation 0-QPSK (4bits/symbol)
Bit rate 250 kbps
Number of channels 16
SO, MO, BO 3,5, 6
AIFS 12 symbols
LIFS 40 symbols
allni tBackoffPeriod 20 symbols
aBaseSlotDurat ion 60 symbols
PHY header 6 bytes
MAC header 10 bytes
Payload size 127 bytes
ACK size 11 bytes
Multi-superframe duration 491.52 ms
Slot length 7.96 ms
Superframe duration 112.88 ms

T 12+ 100 N ==(F, 50 /B9 FAA-7AA )7 e A EE Avg oA A7lel] wE g
GIS 79 ®igtE HoFEh. & 129 AF A ofgE I F AlEd oM XIS, 60 =) &t AlEdH ]
AZRE 5 27MA 9 (IS & 47 BoE. e £RddA she #iFle] WEET] wiEdd WES
o] 7} w=&= shte] HE 7y ZelA 7 e HRE "] s 7 N GISE ZHsior vt whEkA
50 7He] w=& Ao g AA ET FaE 58317 A8 st vs 79 Zalglel 350 /o] GISE &
o gt} dukAow L 1204+ FFE IS 71 F7ke vh 54 @& AT, &3 1S9 7t dA s}
A FAFHE 34 e w TaCFPext 2 CAP reduction 43 DSME(Z, 350)] g GISe & 7|&

=
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WO o] (IS s - gl =

! CAP

I Zw TS ioﬂ 4= glom | 7]E DSME: TaCFPext & CAP reduction <°
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CAP reduction 43 DSMEX.T} © o # A s Y ZeEdeY RE Y Zd Y
= CAP7} X3HH o] Qlo] wr7 GISE f;}%@ T 91% 1 B2 7188 /b ¢ Aok e da
3 GIS 47} S7lstelel e CAPE extCFPZ WZA3te] GIS €938 3 83 30S A, a9y 71&
DSMES A= == 471 60 NS =I5l CFP 27F £Fo2 3] =& 3] 718t} CAP reduction 4°
& DSMECNA e 773 2ol e 3 Xy el FEe CFP &7to]l dgolx BEatal shte] CAPYE 2§
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139] A3 Fzx). AgHolMoA == F7F 60 olA 200 A7HA TF & u) w=rt AFEs Fo F e
TaCFPextoll A 853.23014] 789.25=, 7]1&<] DSMESIA 850.40°14 599.302.%, CAP reduction <=3 DSMESHA]

847.714 681.260% rAagch. wEkA TaCFPext =27F HHd oz ¢ B2 9 H7E A5s7] wEol

02 49Ed 9 & F AES Uy, AFHor ) 7]E DSME 2 CAP reduction 4=3) DSMES] W& z+z)
16.20% B! 6.03% Y =& & AYFS 24Tt

T 15+ A4 EYY AN tdd w5 o digk TS 8% AdS HolErh. AlEd o)A GTS &3
AL ==7F AlEdeold AIARE dad GISH g S dnste b dge Ha AS YERdTh gk
Hog (IS 89 A == 71 S718H WFE} CAPOl =2 ZAe= s F7tskeh. Z®lollA TaCFPext %
7] DSME+= CAP reduction 43 DSMEXR.T} #H #2 (IS &9 AdS eERdTh. o] TaCFPext ¥ 7] DSME
ol A st g% w7y Tl o] CAP7E ixﬂ 8l WA, CAP reduction <*3 DSMEClA &= sluhe] thg 79
zZyY ol &ite] CAPY E3E7] wjitolth. &3, 7]F DSMEC] H]8] TaCFPext =% 47} 80 7Hel A Ho)A ok
7o 71 GIS &9 AdS Bk, == F7F 60 /HE 2™ 7] DSMES] 4F =EE 37 RHoE (IS &
Dol Asfgicl, Wb TaCFPextoll & o] 4% HE 7 ZdlYe] CAPZ} ext(FPE W7 Ho] =7} extGISE
e 42 duk. A extGTSY ol d Fr} Yo 8 TaCFPext: 7] DSMEO] Hlal <z o 71 GTS
g AAS JeRdY

T 162 AA EgE Ay oA gt == o] gtk Hi AAS HoFEr, AlE#HolAddA Hi AAES
=7 AR & AFste d ZdEle Ha ARS YeRdY, dAdrE o R TaCFPext 2] Ht A1 CAP reduction

3 DSME % 7]F DSMES] A Alzbxt} #th. CFPel F7to], K3 GISE d9sdlrld FEeA & 2
TaCFPext = w=Z7} CAPE ext(FPE WAE 4 Q== 3tvp. 28} 7|& DSMEIAM = == 7F 60 W& X33}

W OCFP &3k o m Qs 4F ==t dad (158 @b Reta W w79 2 delM dfs=

A F7F Ao wek 7 =57 s #ZlS dAgete Wt Azl 5438 SUbsn. @, & 159
Aol A TaCFPextoll A& X7} GISE &33tal CAP reduction 43 DSMES] :tHul WA RS AF
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o714 ne FAA =E F, it AR wE D, xiE T W AR 74 A% w2 AFss 93

FE oujgtt. AlEHANA B Ue 78 ZHd Bt kA
o weEbA, A 404, 3HE AFE 4
aoA FAHA AFE =& 71 7SS A%, TaCFPext9F CAP reduction 423 DSMEE 2 459
d AFE FAEE, o =& 00 7 o] wRe HAHog zHAadc. W == 7} 60
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g wujt EH oz GIS I 2 dY A AAE Fds] wiEelt. &, 54 EE AU oA AE GIS

o] A wxrh vk ow dAEth, HdubAH o R TaCFPexti= 7]¥ DSME 2 CAP reduction Tsﬂ DSMEoﬂ
EH\

=4 9.
Hls] w7 =F Hl&o] W}, TaCFPextolld w=ti= EH
$-o] wzHt WA B3 (1SS & A5t e =
gteh. mEbA] TaCFPext = CFP«] T FHor A3 (IS Y Ay s a‘ﬂii}fﬂﬂr. W 7)E DSMEoﬂ Me ==
F7t TS CFP T EEow Qe GIS ol g
DSME®] 7Z-%- ths 779 Z#del= CAP7} shupbwh 3kt w}aw CFPelA iid ez o & F7Hs A8
2} CAP %‘fo& 13l GIS el Asfjst == 47} TaCFPext Bt} U] Hr}.

o T
ol
il
:L
:I:Q
o
*j
v,
=2
>
nj
E
1‘
0
of
Y
o
fot
e

mz
K=
rot
r
[
¥
N
N
ol
d
> ol
olN
N
N
rsﬂ
.ﬂ
(@]
=
)
-
[¢))
o,
=
o
=1
ot
=
o2



[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

SIHS31 10-2022-0158353

T 202 54 EY AU A gttt == o dist F AHEES BAFY. T 20004 == F7F s
of wa} F EE Rl o] FTUIet F A ®e] F7Fett}. TaCFPext, 7]1&2] DSME 2 CAP reduction 43§
DSMEE X 2o BAQO] MZE g2 & Azks RojZFd. ot %3 By Ay oo wr 27} Aget

= TaCFPext, 7]1%¢] DSME 2 CAP reduction 48 DSME Ztell =49 7 47} tt=27] w&olt}, E3] = &
7F 20 Aol 120 /M2 F7kshd 2} w27t AFste Hd 97 5 TaCFPextoll A 388.720014 265,772, 7]<&
o] DSMEol A 277.42¢14 130.74%, CAP reduction 573§ DSMElA] 344.200A 214.272 ZrAgic), AiHo=
TaCFPext: U2 ASnwol o] 2 = AHgzS vebith, AEH o2 TaCFPext:= 7% DSME 2 CAP reduction
48 DSMEo] &) zHz} 71.03% 2 20.50% © %S F A dAsith.

T 212 T4 EYY AU oA bgge == S dig IS ¥ Ads
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Al w2 EdY FIE WAEE A 8 6Isel digh s g5 o 743]% Hd NS e
o = 2104 CAPS) e AFoR flE wE U SUbgel wE GIS @ A9l L
TaCFPext: 7]& DSME % CAP reduction 3] DSMEHX.T} GIS &% A¢do] ©r] wtt}. TaCFPextolx =t t}
799l =EHT 1A (IS 5 dAsty] Al&gt. o] AS & 5o &3 e UE g & =
GTS -8 AlzFslr] o GIS a9 dAS d5dtch. 28y 7] DSME 2 CAP reduction =3 DSMEO| A& 3k
gl &3 == GISE d9ety] ol tE gl £3 =271 61 89 dAE gueA X 5 Slvk. o]
AS F a9 == (IS g3y 3T AES FAlel A=, uebA TaCFPext= 715 DSME 2 CAP
reduction 53§ DSMEO H]3l] CAPS] Z3teo] A7] wiitol GIS &9 AAe] ¢ #vt. s 7]& DSMEE o2 4+
Hoh GTS &9 Ade] o Ao}, 7]& DMEN A= CFPe] F3F BFo= Q3] 3 g £33 =7 o il
%3 wrvt GS &9 SAE 45T uzhx] (1S5 &9 4 §ivh. webA 71 DSMEAN A& =E=7) GIS e
AAZ 7kl E Ao R Q8] GTS S A o] A Z7Feth. CAP reduction 3 DSMEE =7} GIS &do)
oA AZE7E 7IgE s Ao R Qd TaCFPext Btl GIS &3 A<do] ©f At}. CAP reduction $=3 DSMESI] A
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)
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e 73 ZEge el CAPRF ¥EslE R w7 CAPO] FEE 8 GIS o] Au)s W (TaCFPextE AME
e =Ed H3)]) =7 GIS ¢3S AAEskE o o 3 g7 7hsde] =

T 228 A EYY AU ol gekdt wr o g3 Ho A9S HoFErh, & 204 == St e
FE SEgHEe 7 7 S48kl g Aol %7}?&3} 44 Ede Auge(x 16 F=x)e Axtel g
GIS a3 2 s &g FzAte] ol <lg) a3 IS o] WUt Aubd o g TalFPext: 7]&

DSME @ CAP reduction <=3) DSME®l] H]3} 3§+ X]‘EO] o k. = 199 Ay A TaCFPextE& Alg3sls =t
g2 7499 m==rt WA (ISE &9sta dHolg RS AEdrl. w3k = 199 Ao A TaCFPext+ T
ZAg-ol vls] s =5 ulgo] wgo] gdEct, wEbA] TaCFPext® tE 9o Hl3] 2} w7} shue] sjl&
ALt o Z29E Hd A0S 9 #A A, JHFEH O R TaCFPext:E 7] DSME % CAP reduction <=3
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Edg A eod g ws fo
5 Relsh wAd wekch (P B3 R E
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] %Xé"é A4S BHAFErh. 54 EY AU LA
s A3 GISE ER3hA Xahs w&= 77t F7he.
Aglel 2 EF Avhe] Q9 Xé*é A A4 EdF Ao nt Atk gl A
AAA o2 TaCFPext Y& A9-HY T84 A7 o =9, = 187 198 #=xsH, TalFPext H2 EY
Fotel A= ddE GTS *E B FFow X8I, =T F7t F7hEhe] web wre Fie] 97
FARL o 5 vk Z, TaCFPextol A Edjs Hol7h &S v (FP 31k $E02 (T8 &gl
F7F 2 A2 xqoq ABRHOZ v I+ HE Jﬂ7] g Apol7t thE AS-Bu Zr)h. Zrefvt 7]E DSMESNA
=& F7b FUhstel wiel EfY Rt S o FP 33t 522 GIS &9 Asjgt == F7} F7hgit).
3l CAP reduction 473 DSMEo|A = HE] 73 Jﬂﬂ o CAP7} shubet EgtE]o] Q7] wliEol CAPS] & A3t
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qm ol
O r_?l',

Mo
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NS
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2 Q3] w==7) GIS 9ol fA A}, A=A o= TaCFPexty 7]& DSME 2 CAP reduction 53] DSMEC]
N Z+7; 25.60% 2 8.96% =& FAAN A+ES GA o).

= o m rr

‘{51—,\“11, o| Ao A A E theksk /\1/\] o:]]F

=

S AT EY o) (software), dF=99] (hardware) E& o]59 =xgd A
S o] &3lo] HFE (computer) FE o|9} FAFE A

A2 9%+ At /1= A Wl TEE 5 ek

st=goldel 3ol oshH, . AN MduE= AA] o 52 ASICs(Application Specific Integrated
Circuits), DSPs(digital signal processors), DSPDs(digital signal processing devices),
PLDs(programmable logic devices), FPGAs(field programmable gate arrays), X =A|A(processors), #|o]7]
(controllers), mlo]A 2 AEZ2 (micro-controllers), wFo]a®E Z &AM A (microprocessors), 71E 7% <3
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AR Aol B FANANA HBEE A dEol ZeAM AAZ FEY 5 Arh. REZECIH FHo|
oJstE, ¥ BAMeA HEEE A3 % /%3 gL U4 dEe WEe] AxEde]

stH | et 2 Al goFst AA] o s w2 A FX(100) oA Hels2ts 5] gk HTH
o] (computer instructions) W FAFE ZEIHE H|YAAH AFEH FE= s ufA| (non-
z

transitory

computer-readable medium)ol] 7= 4 Uk, ol HYAIA FAFE HE Ths wiAe] A HFE WHo

T AFH ZRIHS 5A 778 ZaAA o5 HAHIS u et tadt AA o wE ==/dzt
7]

FAeNM e A2 wae et 54

717v s =S g},

HAAE AFEH #F=5 T A @A2=H, A4, UﬂEEl S Zo] FH £ s HolHE AAst= A
7} olet Wk A oz dolgE AFst, 7]7]e] 93 BE(reading)o] 7Fs8t mjAE ojw st H] YA A
AFH 5 7l wiAe FAZFQA 2=, D, DV, 3= ﬂii, B 2yo] t]jA=, USB, #Wl=g 7=, ROM &

o 9& 4 Atk

ol Foll M= B JIAIY ulgA g HAl o diste] XAt AEEAINE, B JIA e AdEst 5 AAl 49
S A] ofY s, AL HFshe 2 NAIY 8AE "ojdo] flo] Bl Aol &3k 7]E okl A
Y AAE T Aol o3 E}%h‘a HYHAAZL 71 A2 EE0la, olgdt HPHAES & A9 7&
A Ao Ao RY /EAo R olgEoj e tE Folt).
2o 4
100: A]2=® 100-1, 2, 3, 4, - k&&=
=y
=97
DSME WIE®3(10)
node D
ns&%fif\ F://lg‘; 3
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DSME WELR3AS UE A =Ty
LHHIA 20 < 3FLES] CAP — S210
(Contention Access Period)E & &4

/
S EHEl CAPE extCFP(extended
Contention Free Period)2 2 &

#

HAE extCFP WOl & H & GHLES
extGTS(extended Guaranteed - S230
Time Slot)E &%

i

N

=,

— 35220

EH3
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|
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e
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Mo

T
T
P ]| CAP [ CFP ]| CAP [ CFP CAP
T |
I imi

TT
RN
FH =
FH o

1D

T T TT 1T

i I T I

CAP [ CFP ]| CAP [ CFP ]| CAP [ CFP ]| CAP [ CFP CAP [ CF.
t NN INE NN T

I TT11 TTT1 Tl ]

Superframe

Multi-superframe

Beacon Interval (BI)

Er4

Superframe ID: 0 Superframe ID: 1 Superframe ID: 2 Superframe ID: 3 Superframe ID: 0 Superframe ID: 1 Superframe ID: 2 Superframe ID: 3
HHH HHH HHH HHH HHH HHH HHH HHH
CAP [ CFP ] CFP i HT CFP 140 0T CFP 1 CAP [ CFP ]HHT CFP I HHHF CFP I HH- CFP 10
i EEEN] EEE R R A T T T
Tt Tt TITTTT Tt Tt LT Tt Tt
Superframe
Multi-superframe
Beacon Interval (BI)
EH5
SD index: 0 SD index: 1 SD index: 2 SD index: 3 SD index:4 SDindex: 5 SD index: 6 SD index: 7
Node 1
SD index: 0 SD index: 1 SD index: 2 SD index: 3 SD index: 4 SDindex: 5 SD index: 6 SD index: 7
Node 2
Superframe
Multi-supertrame
Beacon Interval (BI)
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EH6

SAB sub-block SAB sub-block SAB sub-block
index: 0 index: 1 index: 2

SAB sub-block
index; 230-50)—]

0000000 | 0OO0O0O000 | 0000000 “ 0000000

Length of SAB sub-block: (CAP reduction option disabled) 7 slots
(CAP reduction option enabled) 15 slots

EH7

| Node A ‘ | Node B | | Node C | Node D

DSME GTS Request |
[] Schedule GTS
| DSME GTS Response
Update SAB/ACT(] Update SAB[]
DSME GTS Notify
< >
[‘] Update SAB [‘] Update SAB/ACT
=498
[ Nodea Node B Node C Node D
@ DSME GTS Request 1
TaCFPext 2 1 t
e DSME GTS Resp Disapp lack of availabil
DSME GTS Request 2
DSME GTS Response: Disapproved-lack of availability
DSME GTS Request 3
»
DSME GTS Respanse: Disapproved-lack of availabilit;
®) .
Changeable Check available slots in extCFP
CAP Selection
Select changeable CAP
© DSME extGTS Request
extGTS
Allocation DSME extGTS Response: Approved
Update taACT taSAB UpdatetaSAB
Update rulti-superframe Update multi-superframe
DSME extGTS Notify
Update taSAB Update taA CT/taSAB
Update multi-superframe Update multi-superframe
T T
(@ Multi BO=5MO=4 S0=3
superframe
Structure Node & CAP LOP
HHHHH
Node B CAP [ extCFP
+
|
I

iliiitis!

-t
Node C CAP extCFP
riorin
I
1T

Node D CAP LOP

3 DSME GTS

B DSME extGTS

Control channel

— DSME GTS Request/Response/Notify
~» DSME extGTS Request/R esponse/Notify
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