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A study on the slotted CSMA/CA for performance enhancement
of IEEE 802.15.4
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IEEE 802.154% Ad S $3]l MAC 7#lZol|4] Slotted CSMA/CA(Carrier Sense Multiple access with
Collision Avoidance) & ARMS-EHL Slotted CSMA/CA=  PANel| 7I91E= tulo]xe] 47} B&8 HAE =
ul e AZEe] W7} & 7o frElslas, PANe) 7jE= tiule] 2o 7t A&5E s Wz A7k |
7 2R 7ol freldltt. IEEE 802.15.4+= PANe| 7}3i== vjule]xe] 47) 2R3 A4 olyA] LnE Fol7]
sl BLE(battery life extension) ZEE AdAsle] Wl ox A7ke] WSS 2HA| AR tlule] 29| 7} W
730l B3 RS ] Yerl B =i &= WSN(wireless sensor network) TlR}o|~9] 47} whe 7-¢-
o PANel 7I9i%l tiufo]x~e] 7} w2 oA Wl A7ke] W7} AXEF- IPM(improve performance
mechanism) ZEE AdA3}lo] IEEE 802.15.442] Ad HZol| it A5 FAZHE IPM =S 12 5l
BE#k& macMaxBEE AdA3le] dlolelE AFsle= vulo]|a7te] $E58 U0 EHN X3lrgo] E= As
AlEHeld AE F3le] Falslsdnk

Key Words : |EEE 802.15.4, Slotted CSMA/CA
ABSTRACT

IEEE 802.15.4 uses Slotted CSMA/CA for a chanel access by MAC layer. Slotted CSMA/CA decides a
range of Backoff Time to use BE(Backoff Exponent). A performance is good a small Backoff Time by less
device more than many device. In case of few device, IEEE 802.15.4 sets BLE field for reduce a energy
consumption. But in case of many device isn’t special set. There are many devices that want to join into
PAN in U-Healthcare environment. In this paper we proposed chanel access using IPM field in IEEE 802.15.4
for improved performance. IPM Field to 1 by setting the BE value macMaxBE Device to transmit data by

reducing the conflict between the yield increases to be saturated throughout the simulation results were

confirmed.
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slotted CSMA/CAL‘— BEZkell o8] A== )
S A7ke] ghewm Apdel Al AESE
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PAN°ﬂ 7H4=9S v vlZel =2 BERLS A3t

= IPM Z=5 AA3I) viZlel IPM 2=5 A
Ago 7 PAN Fr]vlelE]7} BEZFS HER 7+ T
Hlo]zollAl AEdhe SHI=F Fola, PANel
7135l gnje]ae] ) @ el IPM HE9
Axog BERHE =4 FAIFSR PAN| 7}yi¥l
trjo]~8] 7F w2 79| slotted CSMA/CA7}
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II. IEEE 802.15.4 MAC

IEEE 802.15.4+% 8] AR §-5-l w2} Beacon
Enabled Mode®} None-Beacon Enabled Mode®
F21glt). Beacon Enabled Modet: M-S E3i
PAN Frjue]e]e} tlule|zalolef| 5715 W& &
eltk. Beacon Enabled Modeoll4] PAN Zrjdlo]g]
o} PANel| 7315l vjuje]zafele]] Fa1 vb= =i
o] =25 79 Z#H (superframe) ]zt gt

2.1 w7y =2
IEEE 802.15.4 ZollA 4p3 =Z#H|9)-> WPAN
9] Aol ue} Adgoz A8 = 4 gk o]
gk 4o =)o AEEQl A8~ PAN Frd|¢]
E]o] 7ol ofs) AAe] Flr} 4y Zele =A
v, &5 7K=SD, supterframe duration), H|Z

Ao 2 vk
5 FlAe Y =79 16719 &£FEoR
TA= 3, slotted CSMA/CAZ  E2}sl= CAP
(contention access period)®} GTSZ F=}3}= CFP
(contention free period)Z Ydtk CAPT7tellA] &
AlS 8R= rule] A= Slotted CSMA/CAS AHE-
'5}04 o tujelxe} FAEle] Ade] AHIsha,
CFP77h> GTSE 3k tiule]~o] 24 o
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Beacon Beacon
—— "
" cap P g

GIS | GIS Tnactive

of1T213T4TsT6l7 s o woll12[13]14]15

| SD=aBaseSuperfiameDuration*2*° symbols |
(Active)

Bl=aBaseSuperfiameDuration*250 symbols

a2l 1. F=dY 729 o

o webr Adel A’ CFP= £55 7/W7HA
st 5 9lck
a3 12 78] ZH Y] Fxe] digk ¢lE RelEr)

2.2 d|A =) =oH

7|24 9] v Z#H ) E9H(beacon frame format)
2 33 29} 2y, B =ellx] e v =z
Eel Z3=]o] 3l= MAC Payload®] Superframe
Specification -2] 713 33} 2t}

Octets: 2 1 4/10 0/5/6/10/14 2 variable variable | variable 2

Frame | Sequence | Addressing | Auxiliary | Superfame | GIS Pending | Beacon | FCS
Control | Number | fields Sccurity | Specification | fields address | Payload
Header fields

MHR MAC Payload MFR

T3 2.\l zEe 29

Bits: (-3 47 8-11 1 13 14 15

Beacon Superfime | Fimal Battery Life Reserved PAN Associstion
Order Order CAPSlot | Extension (BLE) Coordinater | Permit
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2.3.1 72! =Z2|o|g|l2

tiujo] 27} PANS] 7181517] $lais &) 5241

= PAN®| AHIE #lshke Ad 2~z A
9 20 Foll Aol TRk F ] #E A
A tiulo] = PANS 7181l Eck

Devicenext Device Coordinator Coordinator
higher layer MIME MIME ‘nexthigherlayer
MLME ASSOCIATE request
Acknowledgement
[— MLME-ASSOCIATE indicat
macResponseWaitTime
MLME ASSOCTATE respon
I" Data request
Ackmowledgement
MLME-ASSOCTATE confim MLME-COMMSTATUS indication
— — — —

T2 4. 718 g 3 wAA] A AkE

Ad 2 PANC| RiEleE tulelaw
MLME-SCAN.request®} MLME-SCAN.confirm %
gulgus Ba A 2l e FE ~
70-& 3= tinle]2~e] POS(personal operating space)
ol vzl =ZHQle Afshs wE FrdelHE
zlo} A7k Fr]dlo]e]e] PANel 7Fsighcl.

Ad 7kl tutel oA A 20 AdE
gelate] 7}glsled = PANO| Frjulo|E o] MLME-
ASSOCIATE request, MLME-ASSOCIATE indication, MLME-
ASSOCIATE response, MLME-ASSOCIATE.confirm 2]
wE|HE o] 43t PANe| 7}qldc} a¥ 4% 7}
3l Ze|v|E| B vufe]27h PANe| oA 7ig]
el i ¢4 AEolch

2.3.2 vl EE =z|ojg|l2

vzl FH Ze|v]EEe tule]2r} 718i%l PAN
9] zZrjulo|el7} vjA-S ®Ruwl MLME-BEACON-
NOTIFY .indication Z|u]g]HZ t]ulo]~ MLME
oA Tirle]~ AR AFoR n|zle| FAESS
o=} o)zl a7 59} 2l

B =ollA vlFs FAIES o) vl Z# gl
Reserved®|o] 9l FEE o]8ste] FrjulolE el
A BAe] Alsixle HAnksle] wlA ZHYS o)
slo] o] ARME tule]~ MLME| A<l tju}
]2~ MLME MLME-BEACON-NOTIFY. indication
3 tiulo] o] ARIAEe o] ARS delA Fck

o]

Dravice next Device Coordinator
Higher layer MLME MLWME
<
i
Beacon Frame
>
MLME-BEACON-
NOTIFY indication

22 5. ¥zl el B’ A

2.4 CSMA/CA &112|1&
IEEE 802.15.4+ Beacon Enabled Mode<2} None-
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Beacon Enabled Mode® v¥ith E =A== H]
Zlol| BEZhS <A AAshs IPM =& AR
2o 7 H|#AS A83l= Beacon Enabled Mode®t
HA

Beacon Enabled Mode+= Slotted CSMA/CAE
AHggkc}. Slotted CSMA/CAE PANe|| 7}]]=]o]
U= BT tufelam nzlel siA T3t =i
7+ tinlo] = ml] A<=A]ell NB(number of backoff),
CW(contention window), BE(backoff exponent)2]
370e] WSl 93l Slotted CSMA/CAL] H}FAle] uw}
2t wijAlel sl dlelelE AHEgth NBe
CSMA/CA are]Fellx] A AF Ft A=
Wz g vl A2 Ado] Aztslr] Aol
028 Z73k¥ck cwWxE dlole] =#H Y3} ACK
ZH Y7k 58 w8191 CCA(clear channel
access) = F W 3314 &t} BE+ Backoff
Exponent® g tlule]~r} el HI3hr| ¢l
drht B2 AR TidEeAE AAEE W
o]th.

I3 62 Slotted CSMA/CA Lwz]&e] <=3
A5 el Aot} Slotted CSMA/CA LwE|=
2 NBE 022, CW+ 22 %7|3} 3}a 14 BLE
Z¥o] O(false)2l#] 1(true)l*] #lste] BLEZ] 1
o]l BE#tZ 29} macMinBER T w|asle] 2k
74 BEZFe® 3la, BLEZfe] 0°]W BEZS
macMinBEZ} 2.2 3},

vk Wl vzke] AAE 2 A)ell 9
3 AAE wle= s|zke vl PHY A
CCAST3E 24t

Backoff Time = Random(0~2%%-1) X aSlotTime (1)

Ado] ARgFolAl 3o CWRkellA 15 wilE
o} Z2E|a CWRte] 0”17 Eelste] oo wiAlE
Al =i, cwte] 0°] ehdwl PHY A
CCAF3S thA] 243t} Ado] AREFold CW
s 2% 3kaL, NB#kell 12 a3, BERRS A

@& A5l e goleh
BE=min(BE+1, macMaxBE) 2)

NBZ}=} MAC PIB <4J29] macMaxBackoffZ}=}
v wsle] NBgto] ] =% Slotted CSMA/CA &L
25 thA] Falsta, 3R] doH Aol wE
e 77k obA] ke 19 69 ARl =
Slotted CSMA/CA ¥a72]&8 =33t}
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Slotted CSMA/CA

Battery Life
Extension?

N
BE=macMinBE
Locate backoff
Perlod boundary

Dhelay Tor
Random{25 -1 unit
Backoff periodes
-
Parform CCA on

Backoff period
boundary

Chanrel idie?
N
Cw=2, NB=NB+1 i
BE=min(BE+1, macMaxBE] H CW=CW-1 |
NB>
machkiaxCSMABackoff
7
¥

( Faes )( Success )

% 6. Slotted CSMA/CA &2

BE = lesser of
(2, macMinBE)

¥ 1. Range and Default of the BE

Attribute Range Default
macMinBE O~macMaxBE 3
macMaxBE 3~8 5

macMaxCSMA Backoff 0~5 4

X 1€ MAC PIB <Adx BE#IH
MaxCSMABackoffe] 9]¢} =7|3+8 viehdc)
BEgte] 2 =4 dlelels ®ul7] Slsl HAst
bl e WMoz AZRS A At
o] FEo] WAE FELS ZvlsiA|ut wle= A7k
gk g A|d2 FolAAl =i, BEZke] =
A dlelelg Bul7] fl8 AAsRs tule]x~
o]
7

=

7} A we s AzkE VM Ego] Ao FE &

| ZasiAeE wle sz Azke 2 qlgh A 24l

Zo|A|A] €}, 28|22 PANC| 713]¥ tinle]

} A2 BERS 2 AAsh= Aol ¥ &

$A-o]3, HlE PANC| 71lEl tiulelxr) ws

TE BE#S A A Folof o] 2 AT A
[e}
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. Mioket etnz|E

3.1 H|A =2 m=shel ot

v]7  Z#3)e] Superframe Specificationol| 4] 2]
12W1#] F=1= BLE(battery life extension) ZE=Z
Frjvle|e]e] PANe| 719)El tiuje]xe] Aot A
vl BLES 12 A#3}. BLEgle] 12 A4
A BEZFS 29} macMinBEZ}} H)ase] =ke 3t
4 BEjle® Ao R BEFS A #A3
o] ¢ Zp7e] tule|2t wlex A7kS- ZH|
ggo] A7] wjitel]l BEZFRS A fAIgeE W
Z Akl o AFAAE dEAFIch sHH
PAN©]| 7}3]5l tjulo]zr} wWol w2 tinle]v}
AT =W FEo] F7IEHAl Hol FEE g
e ze] ZtR Adse] "elxlis wde] gick

B =Folxe ool tigh nskdo® [pM H=
E AdAste] @2 tinle]2l PANe| 7lsisle]
olelE AFd ) FEE QT 1H=E E9o
2 HolE A$S v 880 R sl sk

IPM Z=3= PAN| 71915l tlnjolvr) we
$- 12 A4 IPM F=r) 12 A=W BE
°] macMaxBE7} o] 7} tiulo] i wjo s A
= Y el Adel ks e R 7|
glEnc} 58 Z<Qlth J=ER IPM =S
AFOE PANe| 713il tule]~o] S5t
5ol BFERT o £ A5s 43 & 5
= 3joch

712 w7 =#]  EWoA  Superframe
Specification Z=2] 13W4] H]ELE Reserved =]
ol 17 78 Reserved Eo] 9J= 1394 Fxof
IPM ZE=ZE F713F Aokt vl =49) o)},

o
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MHR MAC Payload MFR
Qotets'2 1 410 | 0/5/6/10/14 2 vaviable variable variable 2

Addressin | Auxiliary
] Securly
Fields Header

Pending
Address B | e
felds ioa

Superframe aTS
Specification fields

Frame | Sequence
Control | Number

Bits:0-3 47 811 12 13 14 15
TRBTOve
Beacon Superframe Final Battery Life || Performance AN
Order Order CAP Siot | Extension(BLE] | Mechanism || Coordinator

Associatio

n
Permit

17| 7. Agket ¥l Frame Format

3.2 BEZiT} HHRI A[ZRO| ZEAH| Of|A|

BEZtell gk o= A7k} Zell whgh <oA=
ofel 17l 83} Zrh 17 8% MW BEFte] 2011
e AZEE 0~3 Ale] FtellA aslottimes F-3ll5-

Al =3, BEZre] 8o]wl Wi A|7k2 0~2554}¢]

K

BE =2

backoff time = rand(0~2>-1) * aslottime
backoff time 0~3 Alo]e] zh * aslottime
backoff time 47}%] Z+& 714

BE = 8

backoff time = rand(0~2°-1) * aslottime
backoff time = (0~255 Alo]9] %b * aslottime
backoff time 256714 2 714

T2 8. BEfell @& ez A7t gl el

ZollA aslottimeS F3ll5-A ¥l Z2]=2 PAN
of 7}l tnlelzr)l @2 749 BEZe| ZholA
22 W9ellA Mex k& AdAsH= A Hrl, BE
ol A 2 WHSlelA] Wlex ks A= Zlo]
2wl o= A7ks 71 Ege] AA "ok

3A"F BERte] AAA =W $EF FES EolE
ZvE Wl x| 7te] A z|AAZre] FrtElA
Hed ol FEE Qg AQAkEe 2wl
o BEFLS A 3l F5& £l Aol % &
FHolt}. 12|ER PANe| 7IiEl tiulo]e] |
71 @& o IPM Z=F AAsle] BEZS BE#
o] gkl macMaxBE# O E A3l 58 &
ol HS Aot gl

3.3 H|A E& =Zz|ojg|=of| ofst IPM EEZL
o| Mt
AlQkgt dme]Eeld vlzl BR Z|n|EBEE o
A ARKEE vl =z Eule] IPM HEo| ZhS
PAN Frjule|eel4] PANel| 7I3]=]e] 9l tiulo]
22 sl WS Aolgek
S Bopl ¥l 5= tule]zelld wlzl =)
< PAES wle] Zejm|e|Bolr) I3 7& w9l
713 WA Zr]uvje]e] MLMESA] t]rle]2~ MLME
2 87 ZH s AEge) ol HPE= vzl =
#%e] F9-S IEEE 80 1154 F&Fol WAE 1
2 29} 3 29} 3 SA|RE AR duE|EeAE
Adw)= vA =Zdq) 29 25 v =Y £
HellA IMP =g F71gF 78 7 29F 3 o] 5]
tlrje]2~ MLME®l4] MLME-BEACON-NOTIFY.indication
E 53 IPML15.44 B71A] tiufe]o] ARRIAIZTT
1KGsA =k

3.4 Slotted CSMA/CA «12[&2| ot
I3 9+ E =ol|A] AlgkslE Slotted CSMA/
CA daElEe] $3) HAS yelich  Slotted
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[§1]

Y BE = lesser of
(2, macMinBE)
| mproved
(2 BE = macMaxBE

Performance
Mechanism’

Locate backoff

13) Period boundary

Delay for
Random{286—1junit
Backoff periodes

Perfom on
Backaff peried
boundary

CWs2, NE=NE+1 W=CY—
\BE=mm(BE+1. machaxBE} ’l CW=Ciw=1 |

( Faiure )( Sucoess )

2! 9. Alg¥sR= Slotted CSMA/CA Z32]Z&

CSMA/CA7} AZF =W NBe} CW3ES 03 2=

Z718} sar Az (1)ellAl BLEZke] 091A] 1914
Elgit}l. BLE & &)l sk v kA Adnsh
2 Fe|dlolelellA] tinje]lam 43| Zqle] W]
7l ZH9E Aol AEE= vzl Zede x
wl9] Specification Z=¢] 12##] =9l BLE 2
=7} 0o} 12 AYA Adoe] =W, tiulele
A ARt vzl FHE Ze|vlE|ue] Aije] ule} o]

ARg vialo] 2] ARSIAIZ) atelA] =

BLE #=e] fo] 10]% BE#E 29} macMinBE
4t mlazste] 22 3hS BEghe® 3k, HAk (3)
= —’F?‘f}}’c‘?}ﬂ] Ed\:]— ’3]—7(]?1- BE%}(O] Oo]u‘i H]—i z‘_:_];‘(]_
@)= s ek

Azl )% £ =19 7]E Slotted CSMA/CA
dmelEal FleEe AR xS thed) R,
A okA Awdk BLES &elshs wbal ke )
Ho [PM FrEe] ghe i) 1PM 29| 3}
o] 1011 BE#tS macMaxBEZLSZ AAgo =z A
@l Y& S gl Mo A7k 7ke] WYE v
3] 202 PANC| 7IQ1¥ wry) 7-e wlo s A7)

232

< 71 FEe] s == #EE 954 ¥
k. IMP Zx9] Fe] ool Az )& S
Elch Az (3) o]F] e kA Adwdt 7|Ee
IEEE 802.15.4°14¢] Slotted CSMA/CA®] %2} A4
zle} Fdsich

T3k Algksh= Slotted CSMA/CA &arz]Eof|A]
Alo¥sh= 1IPMo] Bz I3 99 A (1), (@)l
gk A == 18 103 Zo)

if(BLE=1)
BE=lesser of (2, macMinBE)

else if(BLE=0 & IPM=1)
BE=macMaxBE

else if(BLE=0 & IPM=0)
BE=macMinBE

2! 10. Aleksk= Slotted CSMA/CA Gare]& Aap 7=

V. Al=2olM

B EReld ARk ehvelse] A%e dasat
? dolds slal chet e e 3

N
o
ol
>,
it

H|ZS AME3HA] 9= unSlotted CSMA/CA%TL
2|Z2 wiAlsla, HlAL ARE3H= Slotted CSMA/CA
ofare|EnhE ARSSte] PANe 1]l tiule]~r)
Ao Aol ATghe} ek o] tule|2r) A
Fola, g ZHE AF s o, o AFS
Zysle] s EAlslH, 9] Z#9] HAE CAP
ez AMgghly el =gk 3
250Kbps(=R)2] EEZ Isymbol® 4bit(=r)S A&
slgiek U] AlEEHelA IEbrlE= vk & 29
Z},

E 2. AlEelA sietrle

Parameter Value (sec)
Ttor Slot time (20symbol*1)/R
PHY Header +
Th MAC Header (15*8)/R

A5 AR

MAC Payload

AEA7E (5*8)R

Tits IFS duration (40symbol*r)/R
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A¥els WA B84S 53] flstd A
deprel e 2383 APATES ol8skich
a8l 113 125 daElgel W3 E£23E (S
saturation throughput)& epdic). =3le8§-2 A
Ag AZE F oA delelE: Addhe W &8
AR mlgE Ao, o]F Alo® vehiw
A (3) Ak

g N rx X Frame Payload

Toars % AlEHIA AZte] Nxe 3 A$
A3g-3] 5ol et

3 11> PANel 71315l tjuto]=o] sl A
gle] #E IPMS A8A170 a3leloh a9 11
o4 tnje]ze] Jhrt 2~8702 A& w, IPMe]
AR 2F dae|Erct E3l580] zhAadich
S 16~128702 Tiule]xe] it W o,
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