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This thesis presents numerical method that is used to resolve the contention
in contention slots for DOCSIS  protocol. It is developed for enhanced DOCSIS
network

This method assigns each user access to each contention slot with different
persistent values that use the multinomial distribution to assign and analysis
contention slot access. It can resolve the contention in contention slots.
Furthermore, we also divided contention slot and user into group and assign each
group with different persistent value to access slots in a frame. Then user of each
group will access to the arbitrary contention slot with independent persistent values.
This method can reduce opportunity that many users access in same slot. In this
thesis, we analyze the performances of method with the value of successful
probability and the throughput of system. And the analysis results provide a
comparative TBEB algorithm that is widely studied algorithm for DOCSIS Cable
Modem network. The main results of the method are able to reduce the contention
in contentions slot thus the performance of system are better than the Random Slot
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luuldgnimuiuianvate 9 wmelulad waznisiesetierdaluiuazeglunainla
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WnsgINEmTUSEUULIATUELALUATTaRdLAY (Multimedia Cable Network System: MCNS)
YU L%Em’jﬂmmgm DOCSIS (Data-Over-Cable Service Interface Specifications) FatUu
Jornuaildiuedrsunsnarglugaamnssuwadaludy (de facto standard) [1-7]
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adenily “adendoya (Data Slot)” BslddwmSunisdateya uarursadandu “adentiad
(Contention Slot)” @dlddmiudinisiesveadionteyadmiunsdideya dsduidiifies
adenrstariniunduldunsnfanissuiuiu Fdmnddldunnd 1 seneienuiiozds
n1s5aseludiadentiBeadenfieaiu nissuiurenisdesetunasinau vinlag Ll

ausanzdiloyaluuupIaviala

v a a s o e Y1 2/ = =2 a L3 a 1

aelilldnerinusaduilddnjudulunnisfinyiesginseuaunsnaiunsayie
uilylagminisgastie uazanlentdlunisiianissuiuveansdese

1.2 Anusavianeguas IngUszasAvasnIsne

Inegninusatiulifmiaiiovnsinnauitiygmnstisdinadrdadentasda tae
91fgnIsuanuasuulianludisa (Multinomial Distribution) Tuniseenuiuuguuuunsidiig
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feanuidlunisiu - defoyaduaziuagugliiuinns seuuilld uazanitlnenssu
yoaaTes dduanwanuuaswdirnuilunssudeyainanazgeniianusalunis
detoyasenly udeeslsfin msndilumssu - defeyavzsissgnindveenlmudiuiu
vosfiiunldlumdotnovurdudae fudu WhmnedtddglunisesnuuuTslnnoauas
an1UngNTINVRITEUUAD N13TIUTINNISINUINSUAZNSEN UL ANAIEN A NATALIAND39
MUYLATRYaaT197 (Real-time traffic) WUUAN 9 efiaeldlduouanudivestosdayaian
Juilnaurauliiussansnmanniian

2.3 WUUIIaRINTsaeaNsveslUsInARa DOCSIS

Tuslnnea DOCSIS HulassasluslnreaiiininFosdouiuiuduiu q Flugud
2.2 Fuanssiuuvediuslnaea DOCSIS isufuuuusiaasnisaoans OSI (Open System
Interconnection (OS1) Model) Tnefisysutundn 2 $ufe Funmenm (Physical Layer) wag
Hudenloadoya (Data Link Layer) dumdriiazedunsinisdnguioyaledi (P) duileg
wietuluslanea DOCSIS MAC Fudinlie duniadne (Network Layer) dudusuiisanis
Aenfulusinroadumedidn (intemet Protocol : IP) uazduuuaadulusinroaunnsgwily
MslAuSNsBwmesids wu sanunedidnnselind (E-mail), ¥17 (News), 13U (Web) wagy
Wilareafllunsdanisszuuedette d9bdud  Wslareadmsuudmsdanisiedetie
(Simple Network Management Protocol: SNMP), Tuslapeaduimesiindmsunisaelou
witudfeya (Trivial File - Transfer Protocol: TFTP) uagluslameatignlilasinsesgnineiiie
\SeuUayaseuadsruuLAIety (Dynamic Host Configuration Protocol: DHCP)



Security .
SNMP || TFTP || DHCP Management E-mail || News | Web A il
Well-known protocols
that ride on DOCSIS UDP TCP et e
IP, ICMP Network layer
LLC/DIX
Link .
DOCSIS MAC Security Data link layer
MAC
__________ Transmission Convergent (TC) T
DOCSIS PHY (D°""”;‘;\;a|;” Only) Physical layer
(Physical Media Dependent)

DOCSIS protocol stack OSI reference model

JUN 2.2 sgautuvedlslnaea DOCSIS iiguiuuuudaeInisaeans OSl

n1sdasiedoma (Data Forwarding) #u CMTS e1adunisideusieiniotie 2
wietnevisesnnnIninmeiulagazuendeyadanuegivazay n3ee1aldlunisdeialy
Fuedotie 1wy nisidunadureneiodis uion1saing P Ludu daunisdsdedaya
siudufumadensainierny 2 efetneniasnnninddedulnsasusndoyadsiuogig
wangan dedeufvalunisawoiiudoufoRniadiaadsiu ISOAEC 10038 wananiinig
Usulgaudludsldesuneludeugiflunisdesionau CMTS uastaiTalufudadusesliinig
aduayulutuedotevansty

2.3.1 Wilamea MAC

Ty DOCSIS Fosdananiasiulifosnisnaln MAC (Medium Access Control)
Tuvugiivesdyminnatuninszaglununaty uiagmisvesiivafazgaimuniieg
lanngfvsusazaudizduselvinsasunsteyadilildsyuiioguesuaemadsdoyaniiu
yansdauinineludigninedanemufisnn3ediiier vaieindes u3e da1usieisnnsds
wininaludaesesgnanenn esesiteglusyuy mssnunanaasasdeiagnalnnisiiisiadu
yostoyadvagisiumisveluslaneanissnuinudasnfomufidimun anzdiudiuas
anutiewmaslunistesiunislasnssunaznisiaudnsiiuinng

MAC (Medium Access Control) ilufsiililumugunisdaassuauanuivessiinans

maw&imﬁmmmm%ﬂmmaww 51 MAC Lﬂwﬂwﬁugmmaqmimaiauiwdw%usjaa
MAC 71 CM wag CMTS gULLUULWimﬁ’ﬂULLamﬂugﬂﬁ 2.3

PMD Overhead
(upstream)

MAC Header Data PDU (optional)

J

v
MPEG PSI Header MAC Frame

(downstream)

Ul 2.3 JUnuureasy MAC haly



drutaves MAC dnligniiniiiae PMD Overhead (@wisunisdeansuntiu) faggn
thnthshedauives MPEG (Fmunsdeansviad) damives MAC agszyfeuuinvoansy
MAC Asfimnusiuvinanie duves Data PDU L3y

n3rUIUN13INNIsTslusinnaa MAC (Medium Access Control) laluauensening
CM ustazdn uazfmual CMTS inzdiusnnnsinassuauauiuagnszuIunnsinnis
fvuadifunisasasazgnaruaulag CMTS dsnnsmunaslusianea MAC (Medium access
control protocol) v83 CMTS Iagldn1ssaunquuuuasinvesadeniaduazadendoya
vane 9 adenludaumsy nauvesadendiiinistaedsluisainienin Contention Slot cluster
(CS cluster) [11] Gagfiiduisuduvoansy dauanslusui 2.4

CS Cluster

|<7 Frame —>|<— Frame —»|
(@)

Downstream Feed Back
Data Information

(b)
5UT 2.4 wisuved (a) Yosdnyey QITITY LA (b) YOI IUVIA

lusgninansguaunsdanisuns CMTS azdadngnsaauau (Control message ) 1
Fonin MAP Wlutesdanamandugag 9 sdatiaie CMTS ieimuadamnglunisds
Uuﬁaqﬁmwwmmwsﬁu Tu MAP  S1uaufiuysiuvesasdusenout19a1s (Information
Flements: IEs) lognimunliifutisvesfitiadenusazadoniignld Tnevialy usiay MAP 9y
U339 Request IE, Data Grant IEs, Null [E uag13a15n153ANITUNEIU Uiag MAP 9y
Muuas1wazidennsuaely Request IE 3gMuuat2958 218111592193 we s sunaly Data
Grant IE 9gadunetieszezaaiunisaid iy CM ferdadininauay Null IE Yavhesionns
Alsuneumaneg Taeil CM ynfagldudonna MAP uras q 290 CMTS Aeunisidudu
wisustaly §1 OV ynFazgnasymglumssinusddunuesdesdyauiuiiaygnds
TuourAn T1uEeN1sReUNdUNYlRnI1UIng ddonfitnistaedesulatieiidng, deldansa
waainnsuiuTy Ssnsneunduazintundniianiiasdayanaildsu Contention Slot
cluster ag1auysaind Tnsrnansemuauiandusimunsisazidoavesnisdnassuny
Audveedyailduiy 13 CM unsFidesnisiesne (Request) M3inassvsdoad
nstsdaiieigldiiavsluniadnie duasgnssyadiul MAP fae Fauanslugudl 2.5



transmitted on downstream channel by the CMTS

IO A )l @ Il @ &b @ ¢ t}: permitted use of the upstream channel

A slots=—p //\

GM tx opportunia request contention area C CM tx opportunity X maintenance

)
N /o
\

\ unmapped
previous map / current map // time

gﬂi’?‘i 2.5 MAP Al4luns3nass

lngnsguiunisiunisianiufsuiusenine CM uay CMTS 1e CM ddeyanazds
dwsuldslanaa DOCSIS Touanaladesud lauanslidssui 2.6

t, t, t. t, t, ti t,
CMTS 6,
\WAP] /equest \VIAPZ /ata PDU
CM £
tz t4 t7 t‘)

sUTl 2.6 nszuaunsdsteyaluluslnaea DOCSIS

mﬂgﬂﬁ 2.6 annsaesuEnsTUINANSIERaso Ul
1. fan t: Mt CMTS azda MAPT oenluifs M @slu MAPT dasdufinnanis
Ynassidadondviuriaan t, 89 t; S nduszdesiansands
- namhsnsunsnszateiigugenly CM a3y MAP
- hatlunsUszanadl CM (eyg Al CM Aiasazit MAP Tigndesniuman
naziasusUuuuibndulenalunisds)
- amnIinInszanEUntuiiBuseulvinisdwes M vastoyantudy
usnmsusulunafiunded CMTS fivan t
2. e ty e MAP1 gﬂdqmﬁaﬁwm t, CM agaTvgeulenianisuavdinisiowe
Wieftazdnameudulldfidosigainisiesveaziianisvuiu
3. fan t: CM denissesvednsuiidadensiuiuuinfidesniswinfiasdululafiay
U359 PDU luéa CMTS Tagsinunadifiadenililunisfosve lnsazeanain CM 7
181 t, Tne CM azdamnszuaunsutldgmnsvuiuiidadunavesnisdenisdes
vofiazadlise
4. 91781t NM5509%0 PDU 910 CM 98andedi CMTS fan ts nsyuaunisiunig
svundiuRazinaviliAndsieluiniumn CMTS avsinisadrs MAP2 Fuuniite



udeyananisdnassifadonlidmiuniutaenan t; & t,; Sdlunartu CMTS ag
a1 MAP2 snuvnadesdnyannenadhuds cM yndmegluszuy
5. #9a te CMTS @4 MAP2 fnaniSududidinaluiia t, nelu MAP2 4 Data Grant
dvsu CM 9z13uduiive ty
6. A t: e CM 1é%U MAP2 910 CMTS a0 t udn deanudazudslimenu
Mumiisves CM Aivhniseesadenvestoyadmiudoya POU vesiulay CMTS
7. #an ty: CM azdsdioya PDU (Data PDU) Tluadenvesdoyaiiimun nnsdadoya
Y93 CM azauysalfreiiledeya PDU el CMTS Anan t,
Tuszoranszuiumsildesuisludrediu msvufuasiatudiod cM uannd 1 da
1550970 Data Slot dwiuds Data PDU Tés CMTS Tuadendifinstiadaientu nanis
0ev09ziinnsvuiui MAC a2i5ainssuiumsuidammsuiuaild welafnud
wdalinduldsunsdnassuauanud | MAP sxiilenaiiarfesvenisdnassuauanudin
Tnemsldnissestel it ewevesnsinassutuindaluiutured Fsnsldnssesell
favedaziusesliiadalufiuduomeunuaudlfunntulaglifosdngnisuiunisdas
Janns¥esteiiugiudngeu

2.3.2 93AUTENOUI AT (IE)

wiag IE Usgnausme SID 14 bits S‘Viﬁ‘d‘i‘“Lﬂ‘V] (Type Code) 4 bits LLavmaaWmeﬁ
Sudu (Starting Offset) 14 bits e naminmmnazdssnnansa IE faus Sudsdinng
MSAINULA LY IE IugﬂLLuuwauLLazﬂaumNmnm IE ‘magmsﬂu MAP 2:9ninafuagia
WanndeateeniEanissud

£ Aynunagdosgnativayunmdosmusveaadaludiu G cMTS  onqlduns
psAUsEneuwed IE wahilunisadne MAP Aldlunisdnassuaueaud 1ng IE wanundiuus
flosussnausiselud

1. Request IE - ¥lunisfvuntasnanenaulunisiewenauanuadniunisds
foyautu Snvugves IE STuegiunnddsuulases SID lnsngudoyaiidsludisand
zfodldgUnuuvesNTY Request MAC fagudt 2.7

FC MAC_PARM SID HCS
(1 byte) (1 byte) (2 bytes) (2 bytes)
s SSeem
Vd ~
/ ~
FC TYPE | FC PARM | EHDR_ON
=11 =00010 =0

giJ N 2.7 gUnuuvaunTl Request MAC

2. Request/Data IE - Tsﬂumimmmmanmswuu‘lumiiawaLm‘ummamaﬂam
suauaau ‘) Vl@’]fﬂﬁluﬂﬂa\‘i ‘?i\‘i IE ‘UﬂﬂLLEJﬂﬁ]’]ﬂ Request IE 114‘1/1‘14?’1@



v

- JUAPUAIINITAIYNTEUIUNITINATTTIDIDIALATUUAINTUNITVTIT0L A

Y
v

TnemssuagAruaisnisfiondedamezdlunisiuiudoyadenisifondoya
\3eTneLia
- SID uvusTafiaas (Multicast) gnldfmunauenvesteyagianuazqaiiusiy
msduildsueygyinmelutisiat de1atu ID wuudadmadiidriaaniy
o1t muaRgIanveenguteyaliu 64 bytes uavazdslunn 9 adenil 4
Frfunguieyafidsmelutianaiiionasyutu CMTS afomeuiuusegeinlésuy
difaud naudeyadestvanludiuiives MAC ladasnismanauiudeya
3. Initial Maintenance IE - T#lunisimuatisnatluanilmifionsazidisuly
i3ty Frnafiendsdiswiniusiaminnisunsnszaslundugaanuaniuailuns
@A Ranging Request (RNG - REQ) %éfmgﬂﬁmumé'faamﬁimﬁléﬁ’%’uauimmﬁ'ﬂizﬁw
n13UsEAY Ranging ndudayatidslutaaniazdoddsuuuudaniudanis RNG - REQ
MAC fsguil 2.8

Bit 0 8 16 24 31

~ i ~4

MAC Management Message Header

~ N~

Downstream | Pending Till

& Channel ID Complete

g'th“/’i 2.8 3UUUUTaANNTANTT RNG = REQ MAC

4. Station Maintenance IE - Tdlunsdvustisiatluanidfignaiavisinae
wansUIIHYeINIsUrgesneasetsdudulnfivsedniu 1w nswAly Ranging wazids
U CMTS  919ardesaiadaludiufiddmamzdulinansunanissRafiduiusiunig
thssinunedetng 1y mswdladdsndsduany lunsdlil Station Maintenance IE Wyl
Ana (Unicast) Aifwmuauaunufiotuiivandunissiat ndudoyaiiddurasnaiasdes
Td5unuudemnudanis RNG - REQ MAC faguil 2.8

5. Short and Long Data Grant IEs - ¥lunisdmusdomnzdmsuedalufuiiay
a9 PDU 919 1 mhevdounni IE wididiUdeseenlunanisnevauainisioswoainaniil
viselifidennanuleviglunisuimsiidmunuissiuseawauanuiludeanilidide
g IE maissenaasgnlituanueniidndadu o Adadeniiduoninisieseldiu
\Seuesuaiwazinaendeg (Data Grant Pending)

Short Data Grants gnldfutasnandeiesnidewiiuruavesdsadgandmiu
Tdsmualu UCD dnslwdidsaduas Short Data gniisnulu UCD #sifu Long Data Grants
szfondudnnuvesiifiadonitlvgniidrgsandmiu Short Data AmNLANA1STENING Long
Data Grants uag Short Data Grants 9193zgnldusslenilunindrswa FEC Tuduniam
Sntenilefe sulilinssuiunisifinnudidalunisdnassuauainud
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£11E #Ju Data Grant Pending sfuazdesmundadae Null IE oyl
FufunnITRasIUauUANEATILTT LM I uUsENITLINABUN1SAIIARTIE MAP d191Su
Data Grant Pending kagnsnausutoya

6. Data Acknowledge IE - T¥lunsneusudeya POU l#5U eidaluifinazdes
I#sunsmeusuilmeludeya PDU (WUnAtusinaggnasrstudiniu PoU fidsnelugasnaniia
nstetlunisdadisuiinsandunisvuiiv)

E Haedesmumdsine Null IE Seeygelimiiunisdaassuaunnudiiuiaieiomn
oUN13N1ARTIA MAP d U Data Grant Pending uagn1smausudeya

7. Expansion IE - l4dmn3oudunsuanuaunsalunisfiazesss d1uannid
FUMUDIsIA 16 Fumia e 32 bits Fenzduiidosnisdmdu IE luewan

8. Null IE - Ll auannisdnassfiflogianunlusenis IE dugnlilunisdieds
ﬂ’;'mm'aﬁm%’ummmqmﬁw Data Acknowledge IE ﬁgwmuas Data Grant Pending IE
AzAoInmne Null IE

2.3.3 N19399UINIATUES

ns¥esedndednalnds am MHlunisuenluds cMmTs Hsfudesnsnisdnassuay
AR Matewwesasliunisdusutesweuuy Stand — Alone wiasuenaanluy
n5%89we Pisgyback 11 EHDR wasnsdsvisusnsunia damidlefinnsdnassitadoniio
dq Data PDU wesfuuaglifinnsdasweiuntedsanndl ffuananse Pisgyback nsdasveun
PDU fizdslunSeroluvesiu unuitszdenissesvelu POU fiiin1sdisds nalnifnuneany
Insdmedsadusnwintuiiiinististedmiunstetweiiladen

FoRvea Piggyback Aenisiesvadniu PDU i lselunaineeduaunsavily
Tnawadaluduifludinisvuiuivenseenlu Sufenis Piseyback tnawidaludiy dlu
Hagiuiinisdnass PDU fitheaansmilnuazanuinagiduvesnsvuiulufifadendiingg
$29%9 warsaisiwiliiadaladudy q Femdedintsosveluluaadiinisdidalasu
Useload

WU 5Eeessifiunisiesvenisadns SID wavduiuvesitadeniisesve Tne
Srunuesifadeniifeweinaziifivmedwsunsdarsuimualnesuniensussgdidi
Hauvdeeyiissliauysaliomavansy §1 indaludvaansadinnsdoseiigeineeg a na
nilagle 1 SID winiu inaluduanmsalédeasUagdaauimsieseasiudinsinaeg
\ilesan CMTS HesUdes Data Grant fifnsageenagiasioiiosluyn 4 MAP 9uns£ans
Sosoawgnlouvidognuiias lu MAP tu CMTS #aslaia¥e Data Grant #ilwgjndn 255 41
adonfiune SID

2.3.4 Ranging

Ranging Lﬁuﬂszmumisﬂaaﬂﬁlﬁmsﬁqﬂ'waawLszimsuaqmﬁﬂnmﬁgﬂéfaq ety g
dwonadalufuiignyiliussafedonnasiiuavesdifadeniigniosuaziiamiisesnisdn
nanftumennegdendusuuasditduiussutesniiuresresrlenvesnisdaandi
ussenefensdsunlasdnsinisasddnuaifiusulndaduiunisdiiunisve uaiasdu
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DOCSIS T4 Fannuiasuntasunsegislunavinmianienmazdeagnesuisaislu
szml,amﬂawaadauﬁa PMD 13
FuusnvesnszuIung Ranging Lm‘uaizummumaqmmmmwaaammmmmLLau
Lismiaﬂwmwuawaﬂammmmmumumammmifﬂmms UCD MAC fiqail | imDaludiuasdes
nanTatery MAP Aildlunisdaassuaunnuafinuludiuves Initial Maintenance Tng
CMTS 9zesadnadnees Initial Maintenance ilwgjifteanefiazesutedennuuisuntas
Tunamuaseniaadalaiu 2 /7
wdaluiiiuazdesdnnadoninu RNG - REQ fignaslidherungluguves Initial
Maintenance uazauiu SID asdoagnasaliiuiadaluifufisslaildimungaizud
dloflennafiagas Initial Maintenance (fsfle3urededoniny MAP) uuveadnyayod
917y wdaluiiiuasdesdetanant RNG - REQ U8 CMTS TnewmidaluiuaziSudunisas
foA11 RNG — REQ Tiwwnisusuludanizaen Initial Maintenance frensidndsmeinandild
AL ALDAYNITERUIB VDS MAP
elafimuil CMTS lé5udeninu RNG - REQ léidusa suazdwiunisiiogues
$am111 RNG - REQ navludanadalasiudu neludennu RNG - REQ azfasiinisadng
sID dapsmiuiiadalududiunseiaiuldfuaanssuaunsamadeu venainideny
RNG — REQ §3A84uU339911a15tunsuilaseduiasiuuasdygyin RF AswAloaud
oovlanuazAdinsuiludeenisavesnsdnnaiuimisligndesie
imdalufnasfossenoediunes Station Maintenance 71a$19 SID §aps17 faus
nouiiuasdadeonin RNG — REQ fissazuianiiiagld sib daasitllufirmaieniuiy
spAufdnusTERULarAsiteudludeenignvesnisianaifignies
duadaludullisudennu RNG - REQ 2 CMTS meluatuiian nildluaes
Usznseeluilonaasideduls Usznnsusn luiiledomsves Initial Maintenance fitauda
ImLﬁmmaéf’gﬁuuulﬂﬁqLﬂ%szi’ms"fﬂ’jfmasj Fan1u RNG — REQ o1azwuiu Usenisii 2 sau
mdeiimdalidulafmueisesiifdsdeiniuniifieznsaduldn oMTs dofudada
TaflalléSudenu RNG - REQ shineviafirddlumsdsuasaosntsdusiuiuresdame
Initial Maintenance faunsas RNG — REQ Bndumils
CMTS avduiindee W iiteldlun1sdasseadonant RNG - REQ
- AeenigAvetTEezATULATY RNG - REQ aingaisusuiiuviassveslontad
9za Initial Maintenance
- Anudifignieaveanisds
- szdurdsnuiidunsivesnisas
foyatiugrumaitiazgn CMTS dndunnugniesuarasdstoyamatindulusuada
Tududilddesveriteliinsusualiaenadasiunniuludonu RNG - REQ Sndunils
wndalufuarUsuamnafimesiuguresiulvigndesuardsdaru RNG - REQ Suil 2 1t
&9 CMTS mdsaniiu CMTS fezdsnanauaues Ranging dwzdiszezinan Armduasidsnu
figoesmsndunndnas Tnenszuaumsdosveuasaeuaues Ranging ﬁ]zﬁaqgﬂﬂizﬁ'}sg’muﬂ'jw
CMTS aguistemnudnsansoauivian



2.3.5 vigdanauazauduus
MAP Alflunisdaassuauanudldviienianamaneniievesidadondainaue
Byte - Time fiffoan1sdmiunsdsludunludidrin Seiidadengniiniinlyinaueidu 16
Byte — Time fausinenaaziiadu 9 gnideniny vuavesdidadeniiuansnisyinaudaugy
vane q Avesnsesdaaiindameduazgnussalu UCD lnedemmuiidindams fuasdy
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MUN15819803a1MgNTAluYsEEELIa1d 9 (Time Tick) 6.25 s Aegelunnsned 2.1

ussenetediiafenivaesveviiaay q Mndameiuy [1]

A15197 2.1 Medrelladenusseneieriessesiatdu 9 (Time Tick)

Parameter

Value

Time Tick

6.25 Microseconds

Bytes per Mini Slot

16 (nominal, when using QPSK Modulation)

Symbols/byte 4 (assuming QPSK)
Symbols/second 2,560,000

Mini Slot /second 40,000
Microseconds/ Mini Slot 25

Ticks/ Mini Slot 4

4 Symbols/byte 1unmdnvazyaInisandsnddiuss lilvvestosdayaia Tu
nsdlilanusaiiagtiaueiiiadon Wu 16 bytes wsalifl 32 bytes Favuagivindenlunis

UOATY




uni 3

1 1
= v o/

N NAgITaNUNITINY

Tuundl 3 fagndnfanquiuarsiuvuumaoy nszuaunsvesdanesy
Truncated Binary Exponential Back — off (TBEB) [8-17] fifinnsfnwfuegianiieung
danessunisiinfivadennaleniswuudy (Random Slot Multiple Access Algorithms) wae
nsuiledyninististcluadentieds lnsordoniswanuaswuuiadludfies dadu
nszurunsfisanAne

3.1 wqwﬁmaaizummfmaﬂ

TudagdutisUseiniuvesuyuwdinazdemuiussuumaidiuninegluguuuunig
fu \u nsdeda nadaunafiesesieiuluiaassndud nssesuuinislusuiais nng
vssqrandusilulsson Wudu dwsulussuunisdeansiiinisuszgndldauszuuunines
fueg19ndwINuduiu- enfegiiunisAulIumysyansawlunisdinguiayauy
w3 etngnauianes Jatlymsiag é’fﬂ‘ﬁ'ﬂa'nmﬁgmmﬁmﬁwqwf]LLmﬂawﬁwmmﬂu
nsfnykavlaszilaegnliussdnsnn

¥ 5
3.1.1 WUFIUVBINH B UDIABY
a &, aa o £ v °
nauiuniney [29-33]  Jungquiimuiduslgsiiuunisdtaesdymninig
AtRAERS LialeiinsIzian iz vesumneslaegsluszansamioniiludanududou
wntin Inen1sfnwagerfieanuazsuiuumamguanudululivemiedisuuinisuas
MSIAUENS uammaansidua1eng o ALansan1IzvesLnney Jwaadnsaenanaztiglu
nsanaulasnidunisineadunisluusnnsnavy
I ) . & a a
FTUULNIABYLUUTLUUNAINT (Dynamic System) A seUUITUNISUALULUAS
anTurANIaT Funansaliilaintuardmaliinnisiuisuulaaniugvessyuu uniney
gL AnTulonUARINTIUN SIS UUINIsHIINNTIANKEINSa U IRUTNT Ballanme)
119710 NLULIUYDIERTINITS VU NI THaZ NS TAUI AT
s & o a 1Y | &
2IAUTENOUNUTIUVEITEUURAIABEAandlUFUT 3.1 Usenausie 3 diufe
1. Jldu3n1susegnen (Customer)
2. 40Py (Queue)
3. weliuInig (Service Channel %38 Server) #491331 1 ¥ERIBUINNT

~ Queue Departure
Customer
Customer
N — —p —
Arrival /

UM 3.1 23AUTENBUNUTIUTDITEUULAIARE
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aﬂ‘tymkuﬁmﬁuaai VULIABYAEANW ALY Alduinag, nieliusnisuasnis

Ao w

Tusmslussuuwmaes FasUsenausednuaziidify 6 dnuazie

3.1.1.1 guwuumsidrunveslduinis (Arrival Pattern of Customers)
Iuuglduinsvsedae1aaslidnuiudiin (Finite) “seen3vzddiuiulidndie
(Infinite) Faduagfutiaderne 4 neuen AudnuudnUsynisfiddyesuuuurasniady
fuuinmsvesiliuinadefisuiunat wadu 2 uuude
1. nsihfuuInnsuuuAsil (Deterministic) na1afe smsinsiduifuusnisves
Aausnnsiidnuazatnaue 1w fgnAdunluszuuviedunn 9 5 w7 ied
and 10 Aunn 9 1 s 1Jusu
2. mad1uuInisuuugdy (Random) nd1fie n1sdgldusnisiinunsuusnisiu
dnwarilitdueu ldavnane Liawisansavldaramin uaznsidiunves
Aéusnsusiazedudaszdetu 1wy gniunigsnssuiiailnesvessuians
Jusiu
Tun1sesuenssuIunIsMiogUuUTeINS T uUENsTesnEuAL1Ta0s UL
leieen 2 Anfe
1. Sammsdhiuuinisiasiads (Average Arrival Rate) Aodaugldusnnsiidun
Tneradsdevimihsna 1wy Sanduvhgsnssuiinvives 10 audedalus
2. 92391900 1I8132WIN15L M TUUSnslaeLade (Average Arrival  Time
Interval) Aanawiilagiadeseniedliuinisudazsne 1wu gndusazauidian
Vigsnssuseiunn 4 6 Wil WWudy
Tuszvuummestudussuudadflduininduinasiduninesiiiosolduing
Aiusnsazseauniesiamvesnitaziuuinisluiige vasnldsuuinsudalduinnsd
SERRIRRGEANTIA

3.1.1.2 sUnuunsiiusnisvemagliusnig (Service Pattern of Servers)

Togadfysmmmieliuinsisuiufevszansnmlunisvinuvesnieliuinng

Fsazoduremenn 2 Ao

1. $asmsliuinislneiade (Average Service Rate) @0 S1uugldusnisfianung
Tusnslelunidsiiona wu annsauinsgléuinnsld 10 audedalus G
dasnslviuinisdl 2 dnwaizdo Snsnislvuinsuuuaedl wuneaudy Tunns
usnisgldusnisudagsigldiaaiii 9 du ﬁaﬁ?uiuvm q nilaniieiianfiae
Trusnsgldusnsialudiuiumii o duaue wagdnsinishiusnisuuugy
vinoauin Tumsliuinmsglivinmsusaseldnalivindu Fsenvazannuie
tasTuogfunudosnisvesgnéd

2. naﬂumﬂmimﬂmmaaa (Average Service Time) e vaafildlunisTwusnis
fausdnsuaunssiaatafunsruiunis Srenmasannvidedesiusgifuyiinmey
ffowhuazrutngveseliuing aililunstiusmsanaasinfy
videlaiiviiudmsuusiagmienldzuuing
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3.1.1.3  31udugasdyyaviieliuinas (Number of Service Channel)
nsliuinsanunsadnlavanuaeguiuusie Ul
1. MheuInsedien Ao Aknree 1 wad waziindielnusnig 1 wihe

Queue Departure
Customer
Customer
X —_— —»
Arrival

g‘ﬂ n 3.2 S‘ULL‘U‘U“UG\TS‘”‘U‘ULLﬂ’Jﬂ@EJ%U’JEJUiﬂWi“U?NLﬂEJ’J

2. BUIBUSNITNA8%D9 AD LLDIABLTANULDT kazdlnlieliusSNTale U8 TILe
ANV NTNNLRYINUY

Customer Queue Server Departure
Arrival Customer

—_—

|
OO

5U# 3.3 SULUUYRIITUULIARENNEUSNNSUa8YRN

3. MIBUIANSNANETDLLUUIUIUL AD Ta7AY 1 W7 kedniiglAusn1salenule
A5 IAUS NS HTURB LAY

Server Departure

Q Customer

5UT 3.4 SULUUDIITUULDIARENILUINTVANEYBUU UL

Queue

Customer.
Arrival

4. mheguInisvatedeaiuuaynsy Aslliadney 1 uad uallmieliuinisvane
vy Msliuinsiivaneduneuseiilesiu

Customer Queue Server Queue Server Queue Server Departure
Arrival Customer
—_—
Departure/ Departure/
Arrival Arrival

5U# 3.5 JULUUYD953UULDIABEVUIBUIN TNANEYRIUUURYNTY
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3.1.1.4 2 08UN5LAUSNNT (Service Discipline)
sufpunisliuinsidundninasilumsidenglivinsiinesegluninesiiioseii
$uusnIs Bedidwsianeluil
1. 3oy - eenfew (First In First Out: FIFO) nunedsgliuinisiiingssuuumany
rou wlFsuuinsuazgniheenansruuLmeesnou Megrutu maduaafiosedosh
2. 1wids - ponfiou (Last In First Out: LIFO) vanefegfldusnsidrguainoaiu

duanvne aglasuuimsuazgniheenannunireaidududiuusn degiatu n1suntures

Uuladuazeenarniantule

3. MsluU3n1suULEN (Service In Random Order: SIRO) vanedis ldusnisfiiing
JEUULNIAREAYLATUUTNMTLUUEN Megiatu n1swanluldmisesegnsdum

a. Tiavslunisldusnasnou (Priority) mimeds nasiSeedndunisliusnisfidud
Aliuinnsesiingszvuuninesdou uidlduinnsiiaimudrdyuinniasldesnneu
Aredragu gUaganidululsmeiviavslasuusnisnoudUisanly winglduinasd
awddiniu flivimsndandeusslfeendeusuiediu FIFO

3.1.1.5 YAANUAINIINVDITZUU (System Capacity)

InpannsnvessEuy e Snudlduinsdesanieimaudiitesuuins
oguayiiiidsnessuuinislulninosiszuuamisfuls Ssunszuuenvasiunnesd
ansnsasuilduinsleisade (Finite Queue) 1 Tudrudaruiiivivssadiususain (Jusy
LazUN9sTUURIREIaIRRETia TS udlHuIn151AlIE AR (nfinite Queue) 19y wnaABY
vossafTad AU sy

TUNTRAITUNTAANNAIUITOVBITFUVITNIITUNINENTIN TNV ITUITNIS
uazdnsMsliuIng Bvenansauudlandu 3 dnvazde

- Smsnaidsiiusasnsliuing ludnsasl mihuinisasgnldussloud
othslarles uarliflunimesifndu

- Shrmmduninnnidasnsiuing ludnvaed ssfiunresiintudesnnnd
Aldusnisdudauauinnndmmieliuinis

- Shnsdntosdrmnisliuinns ludnvaed meuinnsesgrliusslondll
St 100 % warlsifumnesifniy

3.1.1.6 UnANUFIN1I0VBELTUINTT (Customer Capacity)
Iamuanansavesgliuinng mneds Suaudliuinsidesnisithiuuinng uwuald
Ju 2 nsdl
- dnnulduinsiidesnislivimsiiduaudide 1wy Sunuveain@nufidihaoy
Feazidrnuliiruduuvesindnuiameitou 1ud
- Fruugliuinsidoanislduinisiisiuanlisndn wu Sunuvesgnéndlidanie
yosluisassndun udu
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3.1.2 nszuaun1sUadeas (Poisson Process)

nszuaunsthdseadunszuiunisalnaiadin (Stochastic) dsfimgnisaifliindy
Saszanniu Vosasaiinndunvesdliuinisannsneuisldmenssuiunisthdens fa
nszurumsthdvesdauguuvuvilsiddaiigaildlunguiuanes

nszurumsthdseadunsmusm {(N@):t>0} vesfuusdu lasfl N(t) Aeduau
gaen1sidunlutiniar (0.t) ety sruauvesnsidrunludinaan (t,t,) wildann
N(t,,t,)=N(t,) - N(t,) Iﬂam%ﬂ’wLauamiﬁmmwmwﬁwmLLUUlaj@iaLﬁaqoﬁ’QLLaﬂﬂugﬂﬁ
3.6

RIS
0 N‘(’t) t

U1 3.6 nsyuunslideesniinisdunuuulisellles

dlefansanlutiiandiiauasminiswanusaseuinvziuresdrwuglduinisiidiands
Tugharian (0,t) uazsudsdu N(t) dmsuanuasuuihdses (i) azldanunzdu fe

P[N(t)zn]z(%)n—e“‘ EEN PY - (3.1)

Toef e = 2.7182818
ALade (Mean): E[N(t)]= At
AANIUSUTIU (Variance): Var[N(t)]= At

\losaniasorne DOCSIS Innsutstesdaneandutag 4 Sendn fifaden Tevi
Tanlumad$uuinsesilduinisudagmofudassantu fdussuuunaosly
\30718 DOCSIS Ffinszurunsiiniadunszuiunisthdees (Poisson Process) §318031
wAsnsdndie 4 Geanusedifadeon) [18-22)

3.2 danassuiltlunisudlatyminisdasdsluafondaeds

s

Tunsinsgisuuuumaddessadontasds dwiuingrinusatiuiazudaguuuy
mainidsadentdeeandu 2 gUuuue madntsadentiadevegldusassiemegliuy
Fiwiloutu FearlddanessuiifinsAnwuazldifueganisnsdmsunisudlatamnisea
Fadonvredwarnisudlatymnissuiuife dane3su Truncated Binary Exponential
Back - off (TBEB) uagdanaisunisiirfeaiennateniswvuguunldlunisiemegy
nszvIumMsuAlalayninistastieadonyaeds warnsinfediaiontstave sl dudazsadae
sUnuuTiuandnafu lngerdenisuanuasuuusiailudeaulilunsiesginssuiunsudle

Yaymnstasdeadondada
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3.2.1 mywszimadfadentsivesfldusiazsefesuuuuiiviioudy

3.2.1.1 9ana35u Truncated Binary Exponential Back - off (TBEB)

Fane3su TBEB [8-17] JudaneTuiugruililunisudlatgministaedena
Jornun DOCSIS Inednguszasdved TBEB Aonisvitlianuiazdulunissuiusening
nauteyanisiesvetidsluunaninitiddiantesas Tasiinszurunisieu fe yn 9
adsl M dioamsfiardsnisfeseludiafiontands asfeatrgnisuunmsudlatlgmnistis
B9

18191NN1589N15929%9 CM Q¥ 58ABE Data Grant n3edeyanisneundulu MAP 7
masn tulduteyasedlaegnmiauansinmsudldgmnnstsdaldiasaauysel Tume
ndufiudn CM lainu Data Grant 3atayanaundulu MAP fuagasuinnsdenisnedla
aymevioinnisvuiuli

Fathy O usegdasdiniadeunisdmn q Sufidvldvssanadnialasnisdudng
SEEIAT F9ANNE1DITIAT 13UNT1 F290a7 Back = off Fakansiuauvosnisdsdill
vssaradufafiadeduiidiundy lneflruenvesiaaaad Back - off EENNGIIGLARERN
athuanelutae [o,w; —1] dle W; fle wreves Contention Window (CW ) Ssaziianiintu
B0y 9 onusuauasiiinssuinisty mdudaerilinsuiunureinsteddeniatias
A48 QM Aedosedeamunisdinaunth CM agfinnsannistisdslenmaiiazasdiniunisasd
Wiy Famsdstionadidndfiasgnividen luderimuaves DOCSIS iadinsyutufindy
$1uumed Contention Window wfisiuiuuiandlmuuisalasrniusuges Contention
Window (CWpin) ARe1i3udiun1s Back - off vesdeya uagergianves Contention
Window (CWyax) AER1GUAANTS Back - off wasdeyatignimusludiuvesdannu MAP
flgninassdarumanilargnetuaulag CMTS uag W; dandu 2' e i Aedruaunsivesnis
yufuwasternunisiesve Savitumunsudmiumsdinsiiell wagdh cw dads
Agsgaitimunliaimiilag CMTS suaggnusudmniidnsan wazisuseudely Tnaunus
mMhauLansiagUR 3.7

()

Get CWmin and CWmax from
MAP generated by CMTS

y
CW=CWhin < CW = CWmax| [«
Random from || i
[0 CW] < CW=2"-1
* Yes
Perform MAC
Process and @ No
Send the Frame

@» NO izi+1

Yes

UM 3.7 UHuRaN13v9UYesdaneity TBEB
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MniildeBurandradiuaziiiuléin sane3su TBEB agiiniaiiindiuru Contention
Window 1fu 2! ilefinssutuiiotu Ssagiuvudiasursddlildldnuioiliannmanis
andsuunfinslaausslond dafu linerdnusatudivldinauedaneiBuniadnis
adomvansynanuugudmsultlunsuiltgministisdeadentaada deldeduesvaziden
Tuidednly

3.2.1.2 dana3sumsidnisadonnanennawuugy

daneTsunsiindisadesmanemisuuudu [23-32] \udane3sudiliussloviainnis
ejummmm%lﬂu piuﬂmﬁlﬁuﬂmmmﬁm%a Tnenszuiunsvesdanessuiine agly v
WAALFIE519A7 p Juun 1 A1 dlorn p Aemuiandudl O udagidosnisfiazdenis
$oep B p Havgnadstunuudalunag 0 8 1 8 am Flafenudien p andtgaviedn
cM alafnudfian p aliivintu cM fdufeglisuanslunisdifsadentasdeiud uiddl
M faust 2 fatuldiidn p ieaiy adendaedeadoniu q fezdinnsvuiwiaty Felu
Inegninusatiuilfiaussuuuulunisidonadentasdefiunndetu 3 suuuu dleluil

sUuuuil 1 unseurunisdndsieadontisdssensguainnuiandy psening
0 4 1 4usn 1 e Gan p Aidulfazndudildimuelunisdhisdiadontistaudaraden
fegagu aimvunliadenyisdagnudsesntluliaion 10 aden A1 pAIvgNUUs
panidu 10 Yrauiu Ao 0 - 0.1, 0.1 = 0.2, 0.2 — 0.3,.., 0.8 — 0.9, 0.9 - 1 ImglsiAn p
Tuthed 1 Mdmsunsindeadentae®ed 1 e plutaedi 2 Wdmsunisiindedsadontdas
il 2 BusudliFes 4 sunsziisiadentadeadengriineduanduzuil 3.8 upgdnil cm
faust 2 diaullden p endeatufasfnmssuiulu Tasnszuauntsvossuuuud 1 lduaneds
wUdeluguil 3.9

p<0.l p<0.2 p<0.3 p<04 p<05 p<0.6 p<0.7 p<0.8 p<09 p<l

T S S !
L] € NVD 8NN K7 D o] o e |

SUN 3.8 N1sinfedeaaon Y TsdmsusULUUA 1

Back-off to
Access to Next Cycle
Mini Slot A

Send request
to HE

End

5UN 3.9 UHuRIN13YIUYRIdaNeITUIULUUA 1
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sULuUTl 2 Wusuuuuitinssuiunsinfediadentaedenvuifienfusunuudl 1 us
winefunssiilusuuuudt 2 fasdinsutueninsaves CM sonidulennsafuazuennsad
Fstueniasaves CM 1unemmsarazidunisiinfsdiadontaadeanadonil 1 ludadon
aave widwennsares CM uuennsagzilunisidnisadentisianadenanvingluds
adonil 1 fauandlusud 3.10 LarnszUIUNTYRIULUUT 2 uansfaunurdslugud 3.11 Tag
fluemasavas CM Aovanetaugunsal (Device Number) 993 CM usiagsin

Odd addresses P<0.1 p<02 p<03 p<04 p<05 p<06 p<0.7 p<08 p<09 p<1

1 2 3 4 5 6 7 8 9 10

Even addresses p<l p<0.9 p<08 p<07 p<06 p<05 p<04 p<03 p<02 p<01

UM 3.10 N5 adeny19TadmiugUuuun 2

A

Odd or Even
Addresses?

Back-off to
Access to WA Next‘CycIe
Mini Slot Mini Slot Y
(1>10) (10~>1)

The collision A

occur?

Send request
to HE

End

5UM 3.11 wnudansvinuvesdana3duguuuun 2

wagluguuud 3 agriinisuiaweninsares CM eenuneninsafuasieninsas
Wdeaiuguuuu 2 uasiinssuiunsidniediadiondisuduifeaiuiuiuuun 1 wive
! - = = & ! [ ! a &
WANANIINFURUUN 1 Uagguuuuil 2 asanlugluuuilaguuasuvesaiondiele ianun
soniluesamilasag lnetuennsaves CM Wuueninsaf wsidntediaiontiadefioglunis
wsn Tunmenduiu duenwsaves CM Wuneninsag azdniedsadontaedefiogludiunis
wad Aandluun 3.12 uagnszuiunisvessuuuuil 3 lakansiaunuislugun 3.13
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p<02 p<04 p<0.6 p<0.8 p<l<=w— Oddaddresses

| A B B |

1 2 3 4 5 6 7 8 9 10

Even addresses—» p<0.2 p<04 p<06 p<08 p<1

JUN 3.12 NsiniadadenyisTadmiuguuuun 3

‘l Start |}:

A 4

Generate p

dd dor Eve?n Back-off to

J' TCSREE: ‘L Next Cycle

Access to first 5 Access to last 5 1
Mini Slot Mini Slot

Yes

Send request
to HE

v

End

5UM 3.13 unuian1svinnuresdanessuguuuui 3

3.2:2 mﬁ,ﬂiqzﬁmil,%'qﬁqaﬁamhﬁwaag’ﬂ%'uﬁiaziqae’\"aﬂgml,uuﬁl,mnﬁmﬁu
TaganAan1stantatuuulanluliea
Tumslinsgsinazeanuuusuuuunsiinfsadentisdsesglfusazsefoguuuud
wanseiil avendnsruaunisuaniasuuianludlon [2527) uiasei Insazimuali
usiazannilguidendn persistent lunsiindeadontasdmefiunninetu Faazdioudly
Jaymni59193an1si 9 ieadentredeiienaianissuiuvesnisiesveld uonaniilu
Igndnusasuidiainsfnvguuuunisdifatentdddaensulalduazadontasd
sonlungumane 9 gukuusieiu ?zfqﬂizmuﬂ155@zmamaamiamamiﬁuuﬁuﬁum%’amﬂaaa
ImaL?EJéfua]zama"lﬁizwﬁﬁﬁmwﬁ%ﬁgﬂmm"luizwL‘flu N 518, §91UUve9adnI9

Faluusazisundu M adenuwasdifld K s1efiamnsadinisieweluaiontisdalidiie e
Tugdond 1 Seadenil K sefidwudlindtsadenas 1 ewazdinnuveldluadoni

= < =i v v = =i a i o & A & ¥
K+1 feadenil M fesldviniu 1 damamnsaivsdougueuunussauanudisanduldls

Nanualaraguin 3.14
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Slot Slot Slot Slot Slot Slot Slot
1 2 s K K+1 K+2 K+3 s M
2 2 2 2 2 2 2
Patt
& 1ern 1 1 T 1 ag k+1 ag k+2 ag k+3 T aim
Patt
azern il a T al A+l | Bpke2 | A2ke3 s am
Patt
a3ern i a T a A3+l | Azke2 | A3ke3 T azm
Patt
& iem 1 1 =g 1 Qi k+1 Qi k+2 Qi k+3 T ajm

JUM 3.14 sUnvuiivszaumnudnsanidululd

NN 3.14 wglinddediationd K+1 dmsusuuuun 1 (@1 g, ) sediandu

LK+1

N - K wagduaud [Gluadond k+2 Taadonanl M (A1 a, ., B4 g, ,) TATU 0 druduauglin

LK+2

e

DS Ia8eRN K+1 dmuguuuui 2 fie i 9sdAndu N—K -k Wlo k=23, wazduiu

va v = o & =

ddnfedadenit k+2 8 M aglanlu v - Swngldluaiennountinmue] e

=s

el idadendl K+2 1 M azsesdiniesnimieiiniuadenteuniiuas

Ao @

Y S & [ < = = Ao va v o oo & I I |
indladionla q Aenaluadenn k+2 fe M 3nnudlinfediadondy 1 sUuvutiuaylign
fiarsan e Bnrsminuudlinhtdadenluwiazsuwuundululadmiuguuuul uang
fagui 3.15

Slot Slot Slot Slot Slot Slot Slot
1 2 Poy K K+1 K+2 K+3 i M
2 2 ¥ ¥ 2 ¥ 2
Pattern N=-K-=
1 1 1 it 1 0 0 0 0
Pattern N-K-[N-K-
2 1 1 1 1 Nicos 0 0
N-K-
pattern 4 1 1 N-K-[N-K- Niss — 0
3 2 | Nga
Nk+2
Pattern N-K [N-K-|N=K- N-K-
i 1 1 st 1 _ (l—l) N NK+1_ s NK+1—...
K+1 Nice — N1

JUN 3.15 sUnuuIBMamawuanindnisdusiazadon
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FINTLUIUNITOBNLUUNITIN AR DRTITI AL DIFHEN1TWANLA LU AR LTl oty
FusunisaunaaautnziduNvzUssauanudSakasARasUeIsIuILRUT Ay
Aud S lulsazYeNin1stIe 8 wanadaunuislugun 31.6

Define :
Number of user = N
Number of contention slot = M
Value inside pattern ith, slot number j = a;;

'

Pattern i
k=i-1

v

Assign
aiptoak=1
Ak =N-K=k

No

Go to next slot

j-1
a;=N->a,
E

A

Decrease
Qij = Qij-1

Check last slot
a;j<2

Check last slot
ai,j =1

\

Delete
this pattern Value in the rest
of contention slot is 0

Calculate successful
probability and average
successful probability

v

Go to next pattern
i=i+l

:{ Stop )

= Y Y = @ 1 a
E‘U‘VI 3.16 WNUNINITRDALUUNITLYINIEDAYINUY
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Mg auuAliszuUiTIuElIMIn 15 $18WasNIIeR0IN1SALdIN1TIeINe

IWéradondaet, Tdwuadentisdsluwsazivsy 10 adonuaziifldnaunsodinissesely
adenieladnsa 5 519 deugluuuidululiiaueiisdaldfisanasuanslangy

7 3.16

Pattern1 |1 |1]1|1|1/10/ 0|0 /0|0

This pattern
isn’t consider

patiem2 [1]1]1]1]1]9]1]0]0]0]

Pattern3\1\1\1\1\1\_18@\0\0\0\

Pattern4\1\1\1\1\1\_17\3@\0\0\

Pattern 5 |4 | 1441 |1 7|2]1/0]0

This pattern
isn’t consider

patiern's | 1] 2] 2| 4/] 6] 4]0 074
T

This pattern
isn’t consider

Pattern7\1\1\1\1\1\6\3{1\0\0

Pattern8 | 1|11 1 ]1]6/2]2|0]0]

Pattern9‘1‘1‘1‘1‘1‘-15‘5L0‘0‘0‘
=

This pattern
isn’t consider

Patternlo\l\1\1\1\1\5\4[1\0\0\

Patternn\1\1\1\1\1\5\_1312“\0\

Pattern12 1 |1 | 1|2 1|5 |2]2} 1|0

This pattern
isn’t consider

This pattern
isn’t consider

Patternls\1\1\1\1\1\_14\412\0\0
ol

Pattern14 | 1|11 /1]1]413/3]0]0
-1

This pattern
isn’t consider

Pattern15| 1|11 1{1/4|3/2|1]0]
=1

Pattern16|1 |1 |1 1|14 ,2 2|20

This pattern
isn’t consider

Patternl?\l\1\1\1\1\_13\3\3“\0\
YN

Pattern18| 111 1133 [2|2,0
1

Pattern 192 | 1 ]2 [a [ 1|32 ]2 [2] 1 |Thispatem

isn’t consider

patiem20[1 [ 1 [1]1]1]2]2]2]2]2]

JUN 3.17 fegnavesgluuuntsinadendldiesan
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N15LASIZILAZNANITILATIEH

Tuunflagnaniansiesizaussauglunmsunladymnistiadsluadons93s ves
1A39918 DOCSIS Maesideuisnisideiiasuaryinnisimszsanudiagiulunisdiba
adonggdladnsanlinnnisudladymuesmugluuuiisvinnisineaus

4.1 N15AATITRANEUTTOULVDIDAND35o1 TBEB

4.1.1 anuthazidulunmsdnisiesvalddnsa

Fadane3Tuves TBEB fldnduiudrluiidef 3.21.1 ts19zutsnisfiansan
ponilu 2 dawfe dauusnazfunsinwinginssuvesanidifemegiuvunnaendaagls
Aasshazdufiannidinsiewslutinanlaeluiignidenuuudy < luaniuzedsn G
A fuililituegfunalnnanddeiildou fadulunsfnwinnnisaideannse
Aatuniglugisai 9 lUazuanstarIduanunsa (Throughput) 9990352 UMUNITLTDS
Dudleiduesaildduan 7 Tasazfansangnltunsaen (Markov Chain) wuuliseios 2-
1@ ﬁmamiugﬂﬁ 4.1 7lduwansda b(t) uaz s(t) FefresiuiaIns Back — off WaZY9NS
Back —off 71787 t sLddu

(- p)Wo

- DD

._"
=
=
I
) [ ]
Y [ ]
°

). p/Wi

° o o p/Wp,

oz

P/ Wi

JUT 4.1 sUnuugnlgunsmendmsuunn Cw

Tugnlgansmen anuiandulunisdsduneui 1 fie

Pfi,k|ik+1f=1 ke(OW, —2) ie(0,m)
PL.k|i0}=(-p)/W, ke(OW,-1) ie(0,m) @1
Pfi,k|i-10}=p/W, ke(OW, -1) ie(m) '

P{m,k| m0}=p/W, ke(©OW, —1)
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aundlyidnnuvesaniiiindida n aonil Fafleszuvegluaniuzedi uraganild
sﬁammmi%fawaw%fauﬁ%dqaguimaamam Lﬁanﬂﬁbw = lim P{s(t) =i,b(t) =k} Lile
ie(0,m)iay ke (OW; -1) L‘TJumiLLaﬂl,mﬁluamuzaguiﬁaﬁuaﬂqﬂiszi L‘ﬁa b;  WNUADIUS VDY
amilftegluszun Taefl i Ao Back - off State funuduiuadiveamsdsitlaidngadadian
Fausi (0—m) uag k ADALIAT Back — off Faflendaus oW, —1)Taedien k Jzanandiay 1
K Fnaivesdyaiaing Imamﬂgﬂﬁ a.1.5le piuanuinandulunisvudusuud

Rouly nuneanud freanuunzilvvesnissuiuinulungudeyandsliuudesdyayiu
Fawsaznquioyadzsuiumennuinasduniivasdudasy Jaglai

by = Wp_bH 0o iy
S ”Wp“_bi-l,o 8 Wg"bi—l,o +D0; 4
= Wyp_biAl,o =3 W?—bi—l,o + va_—bi—l,o +10; 43
W, —k
b; Z‘“'W— pPb;_1 (4.2)
dleRasandien0<i<m, k = 0azlei
bio=bi10-P
i=2: b, o =by.p
=(byo-P)-P= bo,o-p2
23 Dy =0y0.p
: :(bo,o-pz)-p:bo,o-ps
i=m: Brmo =Bm-10-P
= (bo,o-pmil)-p = bo,o-pm
2.bio = p'byg (4.3)
dloRarsandt i=m, k =09l
b o :V\Z]bml,o + WF:nbm,o +bps

p p p p
=——bp 10+ W_bm,o + (W_ Dygo + W_bm,o J +bp

m m m

Wm
p p p p
= W_bm—l,O + W—bmvo + [W_ bm—l,O + W—bmvo J +...+ bm,Wm—l
bm,O :{ p

m m m

p
W_bm—l,o + mbm,o }Wm
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_ Pby 10
m,0 1_ p
o)
by =20 (a.0)
y 1_ p

WoRasai i =0,k =0 9gl@a

1_ m
Do, Z(W—p)zbi,o +by,
0o 0

1-p~ 1-p <
=—=>Db,+—> b, +..+D
Wo g}: i,0 Wo .Z_o: i,0 0W,-1

Byo =(1— D)Z bio (4.5)
i=0
MNEuNTA (4.3), (4.9) ua (4.5) anansnagulsn

@- p)zbj,o i=0
0

= 4.6
bi’k—_—Wl—k’ p'bi-l,O 0<i<m ( )

P-(Byso+byo) i=m

INANUFUNUSVRIAUNTN (4.3) @wnsasleuannasi (4.2) Talvailu

A Lkbi’O ie(Om) ke(OW -1) (4.7)

AU INANFNNUSVOIAINTTN (4.3), (4.4) uaz (4.7) A1 by, Izgnuandlusy
anduvosa by swarauasdulunissudu p laeil by, gnivualegReuluuinsgiu

Fawananapolud

H

Il
=~ =
i =
o iR
I
o
=~
f
o

I
Nie TV 1M
o
o

=
|
- =
=31
x~
I
L=
o =
o
7\
=
NI
H
N—

[
‘9
- I:
M-
o
S —
N +
2 I
+ k=
M=
° [
1N

l{z pibO,OWi + z pibo,o}
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NEUNNSN (4.8) azlen

_ 2(1_2[3)(1— p) (49)
1-2p)W +1)+ pW(L-(2p)")

0,0

wansawansaunisauanly « Nanidazadutiannladenagisdu deiu
UNsdsiinuilafiiuian Back - off windugud liinegalsfiniu Back - off Stage
YouiuNAe
by 2(1-2p)

_ - (4.10)
I-p @-2p)W +D)+pW(@A-(2p)™)

T =

bio

m
i=0
Tneialy 7 ez dudaszdmSunisiansananuiras Buluniswudu p 3adaadlyl
ns1uA lunmsneves p siumediazdunaliinaaniazdu pinguieyalddsluinisy
fu vizeArom ez duiluiae 1 Yaadlegetios 1 lu n-1a01idnsdang lasazyi
maihgsruuiianiusientu dufeanugasi deflanugdudaraniiaednsdingudoya
ey - uadildfe
pel=(1=7)"" (4.11)
aunns7 (4.10) way @.11) Wunsduauelusyuuldidadu (Non - linear System)
Tusuvessulsiilinsudl 2 fire «waz p Jannsoutaunsidlagnisldinaiadeioiae
(Numerical Techniques) Inefidunduvesaunis (4.11) fie
T *¥(p) L=~ py'TY
drofledduiifiutuegsdeibowmazdsssuiiuatuludas peODFaduan

'
| =

7% (0) =03uldauds > =1 Tngaun1sves =(p) nIkeanaunIsi (4.10) Feroiilos

a L4

Tuga9 p e (0,) Areguiu Mssderiiaanulupinunlouiuroininga p=1/21gniaal

Y

pgeielagazdunalain (p) amisaleulasneg1euiiansd

2
7(p) = i
1+W +pW " (2p)'

i=0
Aatuagla
2
t(112) =
1+W + mw

2

'
% = U =€

F3 7(p) Ngnuanslaeyialliduilsiduaniseiuifediudaiuain 7(0) = GE

2
+1)

= 2 A o cay va ¢ v v
anaslUauia r(1):m Tngfidanzroinaansnlaiaatuaiaglain «(0)>*(0)
+

wag 7)) <z*()
4.1.2 M5ATERAIFEE115a (Throughput)

1 s Wuaduaiunsavedssuuuni d9esutedeusuianuiaiunsaddladsase
waildlunisds TunsAuame S wagdiesgiideglsnaunsainvulatndunisdy



29

dongawan wagli P, uenuhendunfiegndes 1aanindsluiladenfidenuuudgy
el n anfifvadeuudesdyaauasusazaniazdsmneanuiiazidu  faluaiuise
uanalaeadl
Pr=1-(1-7)" (4.12)
g | o o v | % A1 vve g 4 o
wenantu ANudRsly P, gnAmualiduanuiiasdundsladiiagaiiausly
n3tindl 1 aonfldsuuresdyauliogauiuou Tuife

n n-1
(Jr 1-17) -
p_ _nzd-7) (4.13)
IDtr 1- (1_ 2-)n

[

ANIFYAIUNT0VDITLUVANNITALEANILARITS

_ E[Data PDU in a mini - slot time]
E[total mini - slot time of channel]

— Ptr PSE[P]
(1-P,)o +P,PT, + P, (1-P)T,

tr's

(4.14)

Toeft T,=E[P]+4 way T,=6

o E[P] Aevurnves Data PDU w@dewas § Arvualiiluszoziaivesiidaden
Tnefivnasfidsiddidanmelutieat fe P, P.E[P] weanuiazduresnisdfivszay
mnudLSaTiAntuseinediladen Ao PP, uazAaieves Data PDU fidsladnsaszning
fifiadennlaan PP (E[P]+6) lnedl E[P]+5Qﬂﬁmumlﬁtﬁunmm%mmlﬂﬁumi
Aufiunisaeivszauarudnie dlifinisdefinememfizdsuutosdayain amnunasdu
yosmsdsTiUszaummdsaaznanadu (1-P,) uazgaving ErnnsvufuARTUAILLINDE
Juveanisasiiusyavanudniassmléann P, 1 - P,) 3952U099509907744387 mini -
slot 1 gaiButhuiadeulal]

4.2 MIVATITARIENTTOULVDIBANDIFUNSNIERDNNAIBNI U UUFY

4.2.1 anuandulumsdinisiosveladnsa
Tunsidfsadennarsmanuvudy wilshumanisaifiugiuide § canfifivszay
audnsalunisdinisiesentsinassuouanuidmsuldlunisds Data POU Tuadendas
Fefignuuseaniduadendes o MFend1 fladen $1umm v aden el wuandfidesnns
dinsdesveluadontisdarianun maond lnefinuiiasduvennnnisaidunude
P, (c|mV) damldlasanndly A \Duvansaiifandvszaunnudisalunisidifededa
adonil i wazly B(m,V)Lﬁum@miajﬁﬁamﬁﬂu’a maaifesnisiintedilifiadonV aden
- a

aglganutazduniland ¢ aodanandviavua mandl Wwidediitaden c aden 210
Nfadenianus V adonladnsa sail
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Q(AI’AJ ,...,Ah |m,V) = Prob{ Ai,Aj,...,Ah |B(m,V)}

[m]-c!-(V—c)m_C
c

= o (4.15)

Toe VM AedSvianunlunisiaeniiiadenV adenvesandisasandaeiiaiun m
a0l

waztasanlunisindsvesandiavun ¢ andnuszavanudnsalunisngedsia

adeninissesduilisuadeniandntelluediue p Nasvuluusasseuidosnasiie cl

W s, Wunasumesenuindunmuaiusyauanudiialunadfedfitadonlu
dnonv9Bale cadon azlean
SC :ZQ(AI ; Aj AW Ah | m,V)

Jejac-o-
= &A 8 X (1<c<Min(m,V)) (4.16)

vudeulenil manfdmisseselu V aden anuunasdu Py(m,V) Allegneoy 1
aniluszauanudnsamlalae
Vv
P,(m,V) = Prob{ | JA}
k=1
=S5, =5, +S; _---_(—1)Min(m'V)SMin(m.V) (4.17)

duhiuvesmgnIsaiisdufemgsalnlid mandussaunnudnsa deany
unagiduresdudiunume Py (m,V)
P, (m,V) =1-P,(m,V)
Mi A%
=1-S; +S, =S, +...+ (=M™ L vy (4.18)

iUl S,ifu 1 9s@guaunisi (4.18) Talmidu

Min(m,V)

P (mV)=" > (-D's, (4.19)
i=0

anvne Anuandu P (c|m,V) mladsaunistneansi

P.(c/m,V) = Prob{ # ¢ aniifiuszauanudnia}
=S, -Ps(m—-c,V —c)
VMM (v -
vier = (-0t m- IV - j)!

P,(c|mV) = (0<c < Min(m,V)) (4.20)
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4.2.2 M5ATEHAIFEE1U158 (Throughput)

Tunsiaseyt Sunsnisagasamanuduiudseninesuiuvesnisdan1siosei
Uszauanudisauaznsmliindunm wielilsundadoulvdmiunisuisuenifiagauasnns
YSnTIEILTITEN

NINANBUNNILUIUBN AN BULYDINTLUIUNITUIAIVES Data PDU wazn1s
LANKIIANE1IYB4 Data PDU Fdluiadetns DOCSIS axdintsuuesdnyaaeanidudag q
Sond Trenadilasendwilinisdifuuinsvesaniudazandidudaszantu fau
syuunaneglulAIov1e DOCSIS Fsinszuaunisiindadunsyuiunisideess (Poisson
Process) daflnsnadonindis 4 @ernudefiiaden) uazausnvesdonugnuanias
wuurhlufeAtads J (ngudeya Data PDU) uazaueiwasusasivisuiiifusuiuges
ifladon L afon Jsusznaulsoadentisduazadontoyalasiirruniezduiitant c
anrflan m anfindsngudeyaieseluiadentrsdeamnsomlfainaunisluluiloads
wandluaunsd 4.21 Wnefiranuiezduiiniazaniazyseavarudnialunisdadeds

[ 1 a [ & V 1% gj U
ROATINT V dden Ao — At azladn
m

P,(m) = Prob{ caanfinn mamdfidinaguieyaiealuadonted }

(R

P,(c|m,V) = Prob{ camifidingudeyanisiasvaladnial meaanfidnfads v adon)
P (k|c) = Probf{ afiendeua k adengnieselil ¢ ToAdy }

ol man1iindede V aden iiefzdan15509v0d1nsunsde Data PDU 1agd
Azl Py(k|m,V) Nliadendayanianun k ddengnieve fe

Min(k,m,V)

Pk [mV) =" > P(c|mV)-P,(k|c) (c<k) (4.22)

Nt W S(m,V) wnudnnuvesadendeyaniaanfignieve Jamildain

S(MV) =) k-Py(k|m,V)
k=1
Min(k,m,V)
P(cIm,V)-P,(k|c)
k=1 c=1
0 Min(m,V)

=Y k-P,(klc) D P.(c|mV)- (4.23)
k=1 =1

adenvsdeiignieavelasudazaniiidusuusduifinisuanuasesisdassuas
wilaununnUsens (Independently and Identically Distributed: IID) fuAnady 1 lned
Ao dunasimvesuusdu 1D Ta q Anuazinfunasinvesd uausuysds ID wiaz
¢ Beazihlugaunseeluil



32

Min(m,V)
smV)= >c-J-P(cImV)
c=1
Min(m,V)

=J- Y c-P(cImV) (4.24)
=1

AITLAINANNTTTN (4.20) wae (4.28) L51azldkaansuosduiuaionvianualagnidif
Tu 1 wsudmsuwsias susuudssialuil
sUBUUR 1:

5, =Y P, (m)-S(mV)
~3. 3 Mmj[ljc(l—(ln 3 (Min(féy -)Ps (c|m,V)ﬂ (4.25)
m=1| ¢ /A M m c=1

SULUUR 2:

SZ :ipin(m)’s(me Umo’v)

© in(m,\V)
£ -Z{Pm (m)[M D c:(P.(cIm,,V) +P.(c|m,.V) —(P.(c|m, mO,V))H (4.26)
m=1 c=1

o m, Aednnuvasandiiiuionnsag uag m, fediwiuvesdnilniluneninsan

way gmmuﬁ 3:
S3 :ZPin(m)'S(me Umo’v)
=1

P in(m\V)
=] .Z{Pm (m)[M D¢ (P(cm, .V /2)+Py(c|m,,V /2))H (4.27)
m=1

c=1

W9 V A9IuIuad onameiavnle

1 a

e
Tt

Faunsnvesszuy T Feduieiidiviueisvengudeyanissesendadladnsa
R FIRTA NG N B Tok by

_ Prob{Average number of total Data Slots successfully transmitted in one frame)

Totel Time Slot

S
=T (4.28)

T
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4.3 ANSIATISHANEUTIOUSVRINTSLVN DGR DN TINTILAYDIFHNITLINLDS
LUULAR lULNea

4.3.1 anutazdulunisdanisdesvelddnsa

a [

iUl flussuu N an1iidndedi@donaiala M aden anuulazidunaniil

£
v a

N anflazdeaulaidonadanniunnunelaaiuisouanslesadl

!
Prob(N users access to arbitrary slot) = _ N (4.29)
ala,l.ay!

110 a,,....a,, = VMUIVIIININ T sazadenRwAadondl 1,.,M

a

wagaudaslunadenynds M adenssgnaseunsadlaer lindaduladenusas

< Y 4:11’
AdonLanslanatl

Prob(M slots have been occupied by arbitrary user) = (4.30)

b,!b,!..by!

110 by,.....by = IMWIUTBIEAOATW IR LI TaiiY FMegrutu dradend 1,

2, 3 @ uglandndedasiazadendu 1 daiu b, aslu 3
Inendldusiassnevzdundenaruiianduniasdduniansumennuinzsdulunis
LaNULAIAImD UL
N! M1
agta, oAy bl bt A

P{a;,a,,..,ay} R, (4.31)

FasnazfiansanemzgUnuuivszaunnudnse dufonsdifisnuglindfsadond
1 feadendl K Wiy 1 (hufoa =a, =..=a, =1) LLasﬁwuau;ﬂ%ﬁLsﬁﬁaé’aaﬁam?ju 9 iy
1 (ufea,, =a,, =a, #1)

anutguiasdszaumnuduie (P, witunasavesmusuveusiay

sUnvunduldlanasUseauanudusavianun (Pla, a,....a,})

Psuc = > P{a,,a,,....,ay} (4.32)

ap=as=...=aK :1,(aK+l ..... am ?ﬁl)

naanfislsvihnisesnuuumsdaguuuunsitndssusazadenuds ildvinnisus
adentrdeeanidunguy q lnefisldeenuuulfusaznguila Persistent Aumnsinafuly
wlsutdy o warldaunisit (6.29) s (4.32) lumsdamimnisdufiasdszavan
ANUANTIVOIMABLNGYN Py (Ng, M) Foazmlasadu

P(N,M)=[P,(N,;,M,)...- P, (Ng,M)]- P,P,...P, (4.38)

e N fadrwiuveadliluwsazngu uaz Mg fediuiuvesadonyediluusazngy
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4.3.2 NM5IATITHAAFEE1U150 (Throughput)
AFIATILNANIFEANNNTOVDINTLUIUNNTUIL O WNDIINFUNTN (4.28) AIUU 1S19LI

[y

ANFYa1UN50v895EUULARN

_ Prob{Average number of total Data Slots successfully transmitted in one frame)
Totel Time Slot

T

_ Psuc
=L (4.39)

o L Aednuiuadentiads + Sunuadendeya

4.4 NANTSAATICHAENTIOULVDITZUY

Tunmshesgildfinistvunaivemnsimesie q fims19f 4.1 Faemnsdwesi
THuanamanilfansdetudammuanisnionin (Physical Layer) Y83119557U DOCSIS Tnglu
melneiiddenldnuegandetauuy QPSK dmsutesdygy iy way 2560AM
dniuresdayg v

3

A1519% 4.1 AN ILABSNIBLUNITIATIZI

Parameter Value

Arrival Rate (A1) 32 Packets/Mini Slot
CW,, 16

CW__ 1024

Size of Mini Slot 16 byte or 6.25 us

TumsiiasgsiUssavsamaesssunlunsdingldusazseiinsindedsadendiede
shegunuuiiwiioudu dimualiszuuiladentistady 10 aden uazadondeyaiisnuou
40 adem CM ogluszuuilduau 50 dandl WlevinnsiUSeuiisuseninsdanessunisidngs
afonnaneyauuuguiios sUlvuiusane3su TBEB auuldidaneisunsidndanans
afonuuudusUuuuil 3 thinelviadduannisngean fuandluzudl 4.2 Turasfisuuuud 1
uargULUUTl 2 vesdaneIsumaitndsadenanemeuuuguliiaideannsaiisniude e
fudana3su TBEB uaranguil 4.2 ashildhludasdisiuuanifartios q duazdsnare
Afdeanse uidleaoiiisnouiiuntudes q auiarmilianideanunsofildnszuuas
fiAnma
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4 a o < I a & < o ace Y o @
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NN3UT 4.9 Weifinsandedsrmanesduiianiandifsadentaedsladusa
guiulein Basvhmsudengulyingud 2 snnningud 110 9 lemaflaanflazitndsaden
Pradslidnsaazdadunamuluse

ndusldvhnsuieudisudidoannsovesia 3 Sane3tu uazisdaldien
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5.1 a3UNANITATIZH

Tutlagiu insetnaimdalunudinisldinunueimstnuseuiuegaunsvate i
Thusominanuazgliuinmsiesedoimdalufusuiloduiionmunadetnelannsald
nusiildegnfivszansam Faldfinnsfnundaisnisudletiymnissutuvesdoniny
Sosvedmiunsdsdeyantnsninarne lnssnidodlvgas funuideifmuigiuuy
veansruIunsuilalamfiisenia Binary Exponential Back-off (TBEB) Falusane3sy
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Abstract

Data—Over—Cable Service Interface Specifications (DOCSIS) permit the addition of high-
speed data transfer to an existing Cable TV (CATV) system. In this paper, simple transmission
protocol is considered. We propose random slot multiple access algorithm for contentions
resolution. In this algorithm, p-persistence value for each user is prepared for mini-slot selection,
and also, mini-slot in each slot and users are divided into groups. The user in each group will access
to the allocated mini-slot with the designed persistence value. Then, the algorithm can reduce the
collision problem when two or more users access to the same mini-slots. The system performances
are analyzed and the result is shown in throughput and time delay of system.

Keywords: DOCSIS HFC network Cable modem Multiple access Groups division

1. Introduction

Data-Over-Cable Service Interface Specifications (DOCSIS) is de facto standard developed
to define communication and operation support interface requirement a data-over-cable system.
Fig. 1 is shows DOCSIS architecture;

Downstream=——3

CMTS
at Head End [~

<4——Upstream

Figure 1: DOCSIS architecture.

In Hybrid Fiber-Coax (HFC) cable network, each branch is composed of downstream
channel and an upstream channel. Cable Modem Terminal System (CMTS) at the Head End (HE)
is the only transmitter on the downstream channel. The upstream channel is divided into fixed
length time slot called mini-slots. Each frame of mini-slots consists of contention mini-slot (CS),
are used for Cable Modem (CM) transmit a request, and data mini-slots (DS), are used to transmit
data. The detailed mini-slot allocation of each frame is specified via a control message, called MAP,
which is periodically transmitted by the CMTS on the downstream channel.

When any CM that wants to transmit data on the upstream channel, it first sends a request
via the CS on upstream channel to the CMTS. After the CMTS has completely received CS, it uses
the downstream channel to send feedback on CS to the station. The feedback indicates whether a CS
was empty, successful, or contained a collision. If a request is successful, the CMTS will allocate an
upstream bandwidth for the station in a future allocation MAP. If the request results in a collision,
MAC will initiate a collision resolution process.

Random access schemes for packet networks require contention resolution algorithms and
protocol for resolving packet collisions due to contention by the uncoordinated terminal. In this
paper, we proposed simple contention resolution algorithm, called random slot multiple access
algorithm, as explained in Section 2.



2. System Models

2.1 The Random Slot Multiple Access Algorithms
DOCSIS has a central control, called CMTS, and multiple users. Each user has a unique ID
after registering into network. The CMTS schedules random access of all users to mini-slot. In order
to reduce request packet collisions, access CS is designed. In the beginning of each frame, the
CMTS broadcast a MAP massage to all users asking for access request. Every user then sends a
request packet to CMTS during the CS
In this paper assume as all users have a ready data packet to send into CS, the CS slot is V
slots, the number of user is N users and a user transmits only one request message in only one CS.
The random slot multiple access algorithm is algorithm that uses a p-persistence value
resolves contention, when p is transmission require probability of each user which random in range
[0,1]. Each user is sent a request packet in CS that designed for each p value. If there are two or
more users selected same p value, the collision occurs.
Example, we assume that in one slot have 10 CSs. Then, we define user who selected p is
0.1 will be access in the 1* CS and other CS as same before .1t illustrated in Fig. 2.
p<01 p<02 p<03 p<04 p<05 p<0.6 p<0.7 p<08 p<0.9 p<l

AN S S S S N S Sy S
AT TR NS sHl €T R T |

Figure 2: The random slot multiple access algorithms.

2.2 Groups Division

In this paper proposed groups division method two methods. The first method, number of
CS and users are divided into two equivalent groups. The 1% group of users is accessed in the 1%
group of CS as shown in Fig. 3.

p<02 p<04 p<0.6 p<08 p<1I1 <«— The first group

TV 3 7 A
1|2|3|4|5|6|78910|

A7 QAN

The second group —> p <02 p<04 p<0.6 P<08 p<l1

Figure 3: The division mini-slot two equivalent groups.

The other method liked above method but number of CS and users are divided into two
unequal groups. It is shown in Fig. 4.

p<0.125p<0.25p<0.375 p<0.5 p<0.625 p<0.75 p<0.875 p<1 <—The first group

I NS SN S SN SN S
l|2|3 4 5|6|7|8|9|10|

i 1

The second group=—> p<0.5 p<l1

Figure 4: The division mini-slot two unequal groups.

3. Performance Analysis

3.1 Analysis of random slot multiple access
Let’s consider that nusers can get kK CS for transmission can be expressed as below;

Rn(n) = [E]pka— Pt (1)

In this expression, each user persists to transmit with probability p. Let’s S, define the
summation of all success probabilities in K given CS. It is

Vn



On the condition that n users transmit packets in V slots, the probability P,(k|n,V)that k
users get success is given by
Rk V) = S[I=§ + 8-S s (- kg L]
(=DM minV) gty — )t
VA = (RS TG R Y

Therefore, equations (1) and (4), the result that the expected value of total CS accessed in
one slot Sis as follow:

; 0<k<min(V,n) 3)

0 min(n,V)
S=J. % {P.n(n)- Zk Ps(k|n,V)} 4)

n=1

When, Jis message length that is generally distributed with mean data packets.

3.2 Analysisof groupsdivision

Let’s V, is number of CS of the 1* group and V, is number of CS of the 2™ group. Let’s n, is number
of users of the 1% group and n, is number of users of the 2™ group. Therefore the probability of k, users in 1%
group and the probability of k, users in 1* group getting success may be directly obtained from equation (3).

DRy min VD iy =it 6
Ky | V) = ST : \ (6)
Ada TV == i G kDing = DIV = )!
k i \. i Ny —i
DV, Iyt min Vo) (1) (v, —i)™ 7
Py(ky [Ny, Vy) =2 2720 SR : : @)
PRI Mgl itk (—ka)l DIV, D!

Let’s S, is the expected value of total CS accessed in one for group division. Then, S, is given by

0 min(n,V) 8
S1=3 2| Ao 2K [AG M)+ Py 11 Vo)) (8)
n= =

3.3 Throughput and Delay
Normalize throughput is define as

T=% ; L =Size of CS + size of DS &)

And, normalized delay is given by

D:$+%+1 ; Aisarrival rate (10)

3.4 Theanalysisresult

In this paper, we define number of CS to 10 slots and 50 active users. In the unequal groups division,
number of CS and active users are divided into 4/5 and 1/5.

From analysis of the success probability of random slot multiple access and groups
division, the equivalent groups division has the most value as shown in Fig. 5.
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Figure 5: Ps VS number of stations
Because, it is the summation of success probabilities of each groups. In other hands, the unequal
groups division has a great number of contentions in minority group. Then, the summation of success



probability of each group has the least value. So the equivalent groups division has the best throughput and
the best delay. And the unequal groups division has the least throughput and the least delay. They are shown
in Fig. 6 (a) and (b).

—&A— multiple access
—&— equivalent groups division
—#— unequal groups division

T T T T

. . .
—— multiple access E
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—+— unequal groups division
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I I
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| |

Throughput

Throughput

Number of Stations Number of Stations

Figure 6: (a)Throughput VS number of stations (b)Delay VS number of stations

From Fig. 6 (a) and (b), we can see that the efficiency of system is increased when number
of active user have equal to number of the CS. Because one user can access in one CS then it hasn’t
the collision happen. When, numbers of user have more than number of the CS the efficiency of
system is reduced. Because it has the contention and the collision happened.

4. Conclusion

In this paper, the simple contention resolution algorithm is proposed by used p-persistence
value resolves contention and randomly selected mini-slots processes are analyzed. From analysis
of the probability P,(k|n,V)that k users get success in CS, we are learned that when the CS are
divided into equivalent groups, it make for the system have increased efficiency. But, when the CS
are divided into unequal groups, it make for the system have reduced efficiency.
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Abstract- This paper proposes the analysis of random slot
multiple access algorithms for DOCSIS (Data-Over-Cable
Service Interface Specifications) protocol. These algorithms
are the contention mini — slots resolution algorithms that
uniformly generate probability p of each user need to send
a request. They can increase an efficiency of mini-slot
access. In this paper, we analyze efficiency of these
algorithms by consideration of throughput and delay of
system. And, the analysis results provide a comparative
evaluation of the Truncated Binary Exponential Back — off
(TBEB) that is widely studied algorithm for DOCSIS
protocol.

I.  INTRODUCTION

The de facto standard for delivering broadband services over
Hybrid Fiber Coax (HFC) cable TV networks is Data-Over-
Cable Service Interface Specifications (DOCSIS) protocol
[1]. Cable operators are interested in deploying high-speed
packet-based communication system on Cable TV (CATV)
system.

The intended service will allows transparent bi-directional
transfer of Internet Protocol (IP) between the Cable Modem
Terminal System (CMTS) at head-end and Cable Mode at each
customer location as shown in Fig. 1.

‘ <% Equipment
r Cable Interface
CMTS
Network side Cable Modem

Interface CMTS (M) Customer
| | Premises

| Equipment

Transparent IP Traffic Through the System

CM
Customer
Premises

Fig. 1 Transparent IP Traffic Trough the Data-Over-Cable System.

The typical architecture of HFC network is a tree-and-branch
network topology. Each branch consists of downstream
channel and upstream channel as shown in Fig.2. Downstream
channel is a point-to-multipoint broadcast channel. The CMTS
at the Head end (HE) is the only transmitter on the downstream
channel; no downstream MAC mechanism is needed. While
upstream channel is a multipoint-to-point shared channel

978-1-4577-0255-6/11/$26.00 ©2011 IEEE
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which is shared by number of CMs and MAC mechanism is

required.
Wide Area
Network

Sorer
| > ] Head end |2 1
ISeNer - Sohver]
=) a cMTS
: :
2 Fiber o
g node *g.
5 HFC -
‘ Cable ‘
Network

ok s oK A o] Cable
PO PO DL D D vouem
%@%@%@%@ @ @ @ @ Customer

Fig. 2 The HFC network architecture.

The upstream channel is divided into multiple slots with all
slots equal to one time unit. Each slot is comprised of
contention mini-slot (CS), are used for CM transmit a request,
and data mini-slots (DS), are used to transmit Data PDU. The
DOCSIS frame structure is shown in Fig. 3. The detailed mini-
slot allocation of each frame is specified via a control message,
called MAP, which is periodically transmitted by the CMTS on
the downstream channel. In each MAP contains a Request IE,
some Data Grant IEs, Null IE and some management
information. The Request IE specified the contention interval
of the next frame; a Data Grant IE describes the transmission
interval for a CM to transmit packets, and the Null IE
terminates the assignment list. If more than one CM attempts
to transmit a request in the same mini-slot of CS at the same
time, a collision occurs. If the request results in a collision,
MAC will initiate a collision resolution process.

TENCON 2011
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Fig. 3 DOCSIS frame

When any CM that wants to transmit data, it first sends a
request via the CS on upstream channel to the CMTS. After the
CMTS has completely received CS, if a request is successful,
CMTS will sent Data Grant Information Elements (IEs) via a
MAP that described the usage of the DS in the next frame to
CM that successfully request DS.

The Truncated Binary Exponential Back-off (TBEB)
algorithm [2-5] has been widely studied for DOCSIS. The aim
of the TBEB is to minimize the collision probability between
the requests packets transmitted in the contention region.
Therefore, each CM has to postpone every transmission
attempt by a random time interval. The length of this time
interval, called the back-off interval, indicates the number of
consecutive unsuccessful transmission increases. This is, at
each attempt to transmit a request packet. The length of the
back-off interval is uniformly chosen in the range [0, CW — 1],
where CW is the current contention window size. In the
DOCSIS standard, when channel collision happens, the
colliding nodes exponentially increase the back-off window
and the CW is set to 2', where i is the number of collision that
the CM has experienced for the request message it is
attempting to transmit, with equal probability for the next
transmission. If 7 reaches a predetermined maximum value,
then I is set to a minimum value and the next cycle begin.

Although that algorithm can reduce the collisions in the next
request but the station increases its back-off window size is
doubled when a collision occur. So in this paper, we proposed
the random slot multiple access algorithms that can solve this
problem, as explained both algorithms in Section II.

II. THE RANDOM SLOT MULTIPLE ACCESS ALGORITHMS

The random slot multiple access algorithms are algorithm
that uses a p value resolves contention. By process of this
algorithm will random p value in range pe (0,1), when p is
transmission require probability of each station. If there are 2
stations which are selected same p, the collision occurs.

Probability of event that ¢ stations get success in
transmission when m stations transmit a request in ¥ mini-slot
of the CS is given by:

(_l)c V1 ) Min(m,V) (_1)./ (V_j)mii
v = (Gl m= NIV =]

(1

P clmV)=

Where 0<c¢ < Min(m,V)

Let’s P, (m)is probability that m stations from Flstations

transmit data request in Mini-slot cluster. We consider the case
User

Cluster

of uniform distribution, then , =

P, (m)=("jp’" (a=py™ @
m
Moreover, let’s denote by S(m,n) the expected value of
aggregate data slots (DS) requested. We obtains

Min(m,V')
Smyy=J- Y c-Plc|mV)

c=1

3

Where J assume to be message length that is generally
distributed with mean Data PDU packets.

Therefore, formulae (1) and (2), the expected value of total
CS accessed in one frame S of each model of these algorithms
are as follow:

A. The first model

The first model, each user will choose p value. They access to
mini-slot that each mini-slot is defined for each p value.
Example, if user random p is 0.1, it will send in mini-slot in the
1*" slot as illustrated in Fig. 4 and flow chart of this model
shown in Fig 5.

p<0.1  p<02 p<0.3 p<0.4 p<0.5 p<0.6 p<0.7 p<0.8 p<0.9 p<I
Y vV ¥ vy ¥ v ¥ ¥V ¥ ¥

1|2|3|4|5|6|7|8|9|10

Fig. 4 The arrival mini-slots for the first model.

Back-off to
Access to Next Cycle
Mini Slot y'y

Send request
to HE

Fig.5 Flow chart of the first model

The result that the expected value of total CS accessed in one
frame S of this model is given by:

oo Min(m,V)
S=J- 2 |:Pm(m)[ ZC'Ps(CmsV)Il

m=1 c=1

“4)

B. The second model.

In the second model, frames are divided which have 10 mini-slots
become to 5 mini-slots. And assign that, if the stations are odd
addresses, it will randomly select in the 1% - 5™ mini-slot. On the other
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hand, if the stations are event addresses, it will randomly select in the
6™ - 10™ mini-slot as shown in Fig. 6 and flow chart of this model
shown in Fig. 7.

p<02 p<04 p<0.6 p<08 p<Il-w— Odd addresses

1 2 3 4 S 6 7 8 9 10

I

Even addresses—p p<0.2 p<04 p<06 p<08 p<l1

Fig. 6 The arrival mini-slots for the third model.

Back-off to
Next Cycle
[y

Access to first 5 Access to last 5
Mini Slot Mini Slot

L

The collision
occur?

Send request
to HE

End

Fig.7 Flow chart of the third mode

In analytical process, we will consider 2 events. The first
event is stations that are odd address can successfully access to
the 1°-5™ mini-slot. Let P, (¢, |m,, V) denote probability of
this event. The second event is stations that are even address
can successfully access to the 6 - 10™ mini-slot.

Letp, (c, |m,,V) denote probability of this event.

When ¢, and ¢, are number of stations that are odd address

can successfully transmit a request to the 19-5" mini-slot and

number of stations that are even address can successfully
transmit a request to the 6" — 10™ mini-slot, respectively, and

Cp=Cp.
The result that the expected value of total CS accessed in one
frame S of this model is given by:

oo { [Min(m,V) H )
Sy =J X | By(m)|  Xe(Blee [ me,V/2)+ Py(c, | my,V /2))
m=1 c=1

When m, =m, =m/2

C.  Throughput and delay.
Normalized throughput is define as [6]

T S ; L =size of CS + size of DS
L

And, normalized delay is given by [6]
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_Y .15 A is Arrival rate

D. Analysis results.

From the analysis, we compare the random slot multiple
access algorithms with TBEB algorithm that is studied in
[2-5]. This follows is the result that get from analysis and
comparing the random slot multiple access algorithms with
TBEB algorithm.

Fig. 8 shows throughput versus number of stations of the
random slot multiple access algorithms compare TBEB where
the system has 50 stations.

10*

10°

L

Throughput
S

10

10

TV 5

-2
10 ‘ ‘
0 5 10 15 20 25 30 35 40 45 50

Number of Stations

Fig. 8 Throughput VS number of stations

From Fig. 8, the throughput of the random slot multiple access
algorithms have increase up to 10 because the system is defined that
all stations have a request to sent, thus throughput is increase up to
number of CS. After that, the throughput is gradually decreased
because number of stations is more than number of CS; the collision
is occurred, so throughput is decrease.

Fig. 9 shows delay versus number of stations of the random
slot multiple access algorithms compare TBEB algorithm.

I = ——E=—==T===4
Bl - - =
3 P EZCZOC
e Too T
e e e At

oy
Al

Number of Stations

Fig. 9 Delay VS number of stations



From Fig. 9, the delay of the random slot multiple access
algorithms have increase up to number of CS. After that, the
delay is gradually decreased.

From Fig. 8 and Fig. 9, we see that an efficiency of the
random slot multiple access algorithms are better than TBEB
algorithm. Furthermore, we also see that the second model of
the random slot multiple access algorithms have efficiency
better than the first model because the second model has
successfully transmission probability (Ps) more than the first
model as shown in Fig. 10.

i i i i i i i ! !
0 y I N | | | | —4— Model 1
10 A VN | 1 —o— Model 2
|
|
|
-5 |
10 Fr-——-1—---
|
|
|
|
0 1070 -~ —- -
o |
|
|
|
. |
[ ] S——
|
|
|
|
g |
102 -~ - -
| |
| I
I |
0 5 10 15 20 25 30 35 40 45 50

Number of Stations

Fig. 10 Ps VS number of stations

III. CONCLUSION

In this paper propose new contention resolution algorithms
for DOCSIS protocol, called the random slot multiple access
algorithms. By it is proposed 2 models.

From analysis result, we learn that the random slot multiple
access algorithms can resolve contention and collision problem
and increase efficiency of system. Furthermore, we also know
that when the CS are divided into half, it make for the system
have increased efficiency. In addition, it also decreases
contention window that unnecessary loss same TBEB
algorithm because it hasn’t double the contention window
when the collision happen.
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Contention Slots of Wireless DOCSIS
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Wireless DOCSIS was developed for an enhanced version of DOCSIS by a group of cable operators. It is
used in broadband wireless applications on CATV network. In this paper presents a numerical analysis that is
used to resolve the contention in contention slots of Wireless DOCSIS. This method assigns each user access
to the each contention slot with difference persistent value. It can resolve the contention in contention slots.
Furthermore, we also separate user and contention slot into many groups and assign the user in each group
access to contention slot in each group with different persistent value. This method can reduce opportunity that
many users access in same arbitrary contention slot. In this paper, we analyze the performances of method

with the value of successful probability of system.

KeyWOI’dS: Wireless LAN, Broadband communication, Multi-access communication, Access protocols,

Cable TV.

1. INTRODUCTION

Wireless DOCSIS was modified by a group of cable operators
for used in broadband wireless applications on CATV. network.
It was developed for an enhanced version of DOCSIS.*?

The architecture of Wireless DOCSIS consists of the Base
Transceiver Station (BTS) which is the central control system, the
Customer Premises Equipment (CPE) Modem at each user
location (Following we will call CPE Modem that “user”) and
BWA Radio Over—the—air Interface, each branch is composed of
downstream channel® which is used to transmit a control mes-
sage that described the detailed mini-slot allocation of each frame
and upstream channel® which is divided into multiple mini-slots
that is composed of contention slots which are used to transmit a
request and data slots which are used to transmit data.

When any user wants to transmit data, they will send a request
via contention slots on upstream channel to BTS. After the BTS
has completely received a request, it will send mini-slot alloca-
tion via control message to users which sent a request. If more
than one user send a request in the same contention slot at the
same time, that contention slot will have a collision. Then MAC
will start the collision resolution process.®’

Because the contention only occurs at contention slots, then
we only consider on contention slots.

In this paper, we propose a numerical analysis that each user
access to each contention slot with different persistent for resolve
contention, as explained in Section 2. Furthermore, we also

*Author to whom correspondence should be addressed.
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separate each user into many access groups and assign each
group that access slots in a frame with different persistent value.
It can reduce opportunity that many users access to the same
slot. The performances of our method are analyzed and result is
shown in the value of successful probability of system.®*?

2. NUMERICAL MODEL

In our model, we assign each slot has a different persistent. When
a user wants to send a request to the contention slot, a user will
persist to send out a request into the arbitrary contention slot with
persistent probability Py. If more than one user chooses to send
out a request with same Py, the collision will occur as shown in
Figure 1.

The existing numerical analysis®’ considered two events that
are successfully access event and unsuccessfully access event.
In this paper, we will consider three events of contention slot
which include Success event refers to contention slot which has
only one user access to that slot, Collision event refers to con-
tention slot which has more than one user access to that slot and
Idle Event which had no user access to that slot.

Thus in numerical analysis, we used the multinomial distribu-
tion to assign contention slot access.

Let the number of users is N, the number of contention
slots is M.

We define j = slot number j, i = possible pattern i", ajj =
value inside slot j and have K users can successfully access in
arbitrary contention slot.

1936-6612/2016/22/3076/004 doi:10.1166/as1.2016.7978
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Fig.1. The behavior of users in our model.

Slot Slot Slot Slot Slot Slot Slot
1 2 cee K K+1 K+2 K+3 M
2 v 12 v 2 v 2
Pattern N-K-—
1 1 1 coo 1 0 0 0 0
Pattern N-K-[N-K-
2 1 1 1 1 Niws 0 0
N-K-=
Pattern| 1 1 N-K-[N-K- Nios — 0
3 2 NK+1
N2
Pattern| N-K NwK—N_K' K —
i 1 1 L 1 —(-1)| N Nks1— ~r o [Ngsr—...
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Fig. 2. Successful patterns.

In order to simply calculate, we assign a value to each slot

following:
—a;toa;  is 1.
—a; kIS N—K -k, wherek=0,1,2,...,i-1.

j-1
ZaiyJ , respectively.
J=1

If &1, ..., & have wvalue is 1, that pattern isn’t
considered.

From Figure 2, an assignment slot access step of our algorithm
which is used to assign the access slot and calculate successful
probability in each contention period is as shown in Figure 3.

For Example, we assume that the system has 10 contention
slots, 15 users which ready to send a request and 5 users can
successfully transmit a request into contention slots. The assign-
ment slot access step of our algorithm and total possible pattern
for this example is illustrated in Figure 4.

The probability of each successful pattern and successful prob-
ability of system can be calculated in next section.

—j ks2,---, w18 N —

3. ANALYSIS MODEL
The probability that N users persist to send out request into the
arbitrary contention slot can be expressed as

N! (1)

F.(N) = 1a,! !
ala,tl.ay!

where: a,,..., ay = A value in each contention slot.
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Define :
Number of user =N
Number of contention slot =M
Value inside pattern ith, slot number j = a;;

v

Patterni |
k=i-1 |
Assign
aiptoaix=1
a1 =N-K=k

No

Go to next slot

j-1
ai,] =N _Zal..]
J=1

A

Check last slot
aij <2

Check last slot
ai‘,- F 1

L\
Delete
this pattern

Value in the rest
of contention slot is 0

v

Calculate successful
probability and average |«
successful probability

v

_ | Go to next pattern
i=i+1

>< Stop )

Fig. 3. Flowchart of assignment slot access

The probability that M slots have been occupied by arbitrary
user is expressed as
M!
PM)=—— @)
b,!b,!..b,!
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Fig.4. Example Successful Patterns

where: by,...,by = the number of slot which has same the num-
ber of users. For example, a;,a, have same value is 1 then
b, =2.

From Egs. (1) and (2), the distribution probability that each
user persists to send a request in frame is as follow:

P(NvM):[Pa(N)'Pb(M)]'Plpz---PN (3)

Now, we consider each successful pattern, namely a; = a, =
. = a =1 and ay,...,aw # 1. Successful probability (Psyc)
is given by

Psuc = Summation of successful patterns

- > P(N,M) @)

ay=ap=..=ak =1,(aK 41,-.apm )=l

Furthermore, we also divided contention slots and users into
many groups and assign each group with different persistent
value that access to the arbitrary contention slot in a frame. Then
user of each group will access to contention slot with indepen-
dent persistent value. This method can reduce an opportunity that
more than one user access to same contention slots.
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The probability that each user persists to send each group
Ps (Ng,Mg) inaframe is directly obtained from Eq. ( 3):

P(N,M)=[R,(N;,M,)-...- P, (N5 ,M;)]-PR,..P, (5
where: Ng is number of user in each group, Mg is number of
contention slot in each group.

After that we calculate the average successful probability in
each contention period.

4. ANALYSIS RESULT

In this paper, we define the number of slots are 18 in a frame
and the number of users is 20, 30, and 40, respectively. From
Figure 5, the successful probability has the highest value when
the number of users is 40, followed by 30 and 20, respectively,
until number of slots has any value. After that the successful
probability has the highest value when number of users are 20,
followed by 30 and 40 respectively. Because an opportunity that
many users will access to same slot is increase, so the number of
success decreases when the system has number of user or number
of slot increase.

We want to fine the probability value that each user persists to
send each group that makes the system has the highest successful
probability value. Thus, we divide number of user and number of
contention slot into groups with many patterns. In each pattern,
that we consider, the probability that each user persists to send
each group is difference. In this paper, we divide the probability
that each user persists to send each group is P(1) and group?2 is
P(2). After that, we divide P(2) equal to P(1) [namely, P(1) =
P(2)], P(2) more than P(1) twofold [namely, P(2) = 2P(1)], P(2)
more than P(1) three fold [namely, P(2) = 3P(1)], and P(2) more
than P(2) fivefold [namely, P(2) = 5P(1)], respectively.

When P(1) is probability that each user persists to send in
groupl and P(2) is probability that each user persists to send in
group2.

The result in Figure 6 the number of user equals 30 and num-
ber of contention slot equals 12. From figure, when we divide
number of users and number of contention slot into equal group,
it shows highest successful probability value. After that the suc-
cessful probability of divided P(2) more than P(1) fivefold has
the highest value.

0.25 :
—6— N=20
—*— N=30
S/K —&A— N=40
0.2 ( 4
2 o015 \
Q
o
o
=l
2
¢ 01 /
(8]
>
0.05 Z// i
0 Aé'// S—A—A

0 2 4 6 8 10 12 14 16 18
Number of Slot

Fig.5. N=20, 30, 40, respectively.
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2 groups.

We define the number of contention slots is 12. From Figure 7,
when the number of users in system increases, the average suc-
cessful probability decreases. Moreover, we also see that the
successful probability of divided P(2) = 5P(1) has the highest
value, followed by divided P(2) = 3P(1), divided P(2) = 2P(1),
and divided equal 2 groups respectively.

5. CONCLUSIONS

In this paper, we propose assignment slot access method for
BWA based on DOCSIS that each user access to each con-
tention slot with different persistent. The existing numerical anal-
ysis considered two events that are successfully access event and
unsuccessfully access event. In this paper, we will consider three
events of contention slot which include Success event refers to
contention slot which has only one user access to a contention
slot, Collision event refers to contention slot which has more than
one user access to same slot and Idle event which had no user
access to that slot.

RESEARCH ARTICLE

Thus in numerical analysis, we used the multinomial distribution
to assign contention slot access. Furthermore, we also divided
contention slot and user into many groups and assign each group
that access to contention slots in a frame with different persistent
value.

In our algorithm, we only consider possible patterns that number
of user in K slots, namely slot 1 to K is 1, other slots aren’t 1.

From analysis result, it is shown that our model can reduce
an opportunity that many users access to same contention slot.
Thus the efficiency of system is increased. Moreover, our model
can resolve contention and collision problems. From Figure 5, we
have found that when the system has increased number of user, the
successful probability decreases because opportunity that many
users will access to same slot increase and the number of success
decreases. From Figure 6, we have found that when we divide
number of users and number of slot into 1/5, the system has the
highest successful opportunity, followed by divide 1/3, divide 1/2,
and divide equal 2 groups, respectively. From this, we know that
if the ratio of number of users and number of slot in groupl to
number of users and number of slot in group2 has less value, the
opportunities that successful access will increase. The successful
probabilities have value less than 0.5 because there are more than
half of request that users send to same contention slot.

The future works, we will also analysis throughput and delay
of system.
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