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## 4170436721 : MAJOR ELECTRICAL ENGINEERING
KEY WORD : MEDIA ACCESS CONTROL PROTOCOL / MULTIPLE ACCESS CONTROL PROTOCOL /
MAC / WIRELESS COMMUNICATIONS / INTEGRATED VOICE AND DATA SERVICES
PADCHA SUWANPAKDEE : PERFORMANCE ANALYSIS OF MULTIPLE ACCESS CONTROL
FOR INTEGRATED VOICE AND DATA SERVICES IN WIRELESS COMMUNICATION. THESIS
ADVISOR: ASST. PROF. LUNCHAKORN WUTTISITTIKULKIJ. Ph.D. 213 pp. ISBN 974-03-0441-9

This thesis presents the design and development of an effective Multiple Access Control
protocol based on Packet Reservation Multiple Access protocol (PRMA) for integrated voice and data
services in wireless communications. In order to achieve high levels of channel utilization and guarantee
Quality of Service (QoS), key issues on the protocol design have been identified and extensively
investigated. In this thesis, the protocol design problem is divided into various design aspects as
follows. First, traffic characteristics are considered in order to understand their behavior and the
requirement of each traffic type. Next, the influence of system parameters on PRMA performance, i.e.,
Voice Permission Probability, Data Permission Probability, packet length and frame duration are
intensively studied. The main aspect of this research is how to find the operational mechanisms that can
reduce the frequency of collisions and serve each successful terminal effectively, thereby leading to

improvements in overall system performance.

Three distinct techniques have been proposed for developing the PRMA'’s performance.
They are as follows. 1. technique that varies the permission probability, namely, Variable Probability
PRMA (VP-PRMA) and Exponential Back-off 2. technique that reduces the number of requests in the
system, namely, Piggybacking (PGBK), Multiple packet assignment, Slot Stealing and Collision
Reduction PRMA (CR-PRMA) 3. technique that separates resources for contention and data
transmission. This< study aims/to  provide a comprehensive investigation of these schemes and
thereupon, we have put together some of these schemes to form a new Multiple Access Control protocol
that offers. very ‘desirable performance such as high throughput, low. data packet delay and QoS
guaranteed. The simulation results show that the combination between PGBK with Exponential Back-off
and VP-PRMA technique is suitable for integrated voice and data services in short message
environments whereas the combination between Multiple packet assignment with Exponential Back-off

and VP-PRMA technique is effective in long message environments.
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uananidslfuanemaalrauinaudndauzesaruinindadenluaniuzsing o)

T Anulndadennegluaniuzassnedddides (NV,) Auonndadennigldamnld
Tunnsdauinineamn (N,), [nwulndadesnagluaniuzanaiasan iy ldaulaga
(1 dl v < ° & dl 1 ! dl a o
wininaeiesaalndaden (N,), aunniadenfiagluaniuzdnaiiasaniianismui

(N,)seuwininsinaan PRMA uazinsinaas PRMA-Multiple packet assignment 713l

M =0 uaz 2 afen lWA13197 5.2 LAz 5.3

AN31eN 5.2 Wraumaudndauaasindadanluaniue N, uaz N, aadlnslnaas PRMA

wazlnslnAaa PRMA-Multiple packet assignment N M = 0 uaz 2 448/

RVUIUE LA N, N,

(A1) PRMA M=0 M=2 PRMA M=0 M=2
16 0.332922 | 0.332680 | 0.332577 | 0.128428 | 0.128278 | 0.128312
17 0.354260 | 0.353677 | 0.353935 | 0.136185 | 0.136211 | 0.136087
18 0.374711 | 0.374715 | 0.375358 | 0.144098 | 0.144258 | 0.144086
19 0.395690 | 0.396336 | 0.394867 | 0.152218 | 0.152121 | 0.152271
20 0.417341 | 0.416558 | 0.416908 | 0.160243 | 0.160215 | 0.160087
21 0.437377 | 0.437847 | 0.438365 | 0.168148 | 0.167935 | 0.168044
22 0458315 | 0.458273 | 0.459401 | 0.175917 | 0.176114 | 0.176029
23 0.477327 | 0.479109 | 0.477774 | 0.170342 | 0.184372 | 0.183877
24 0.498247 | 0.500010 | 0.500563 | 0.158224 | 0.192198 | 0.192158
25 0.516767 | 0.519425 | 0.520264 | 0.147053 | 0.199997 | 0.199907
26 0.535171 | 0.540930 | 0.540499 | 0.135763 | 0.208024 | 0.208277
27 0.553667 | '0.560288- | 10.560916- | 0.124699 | 0.216129 | 0.215911
28 0.572835- | -0.579226 | 0.577869-| 0.113318 |.0.224189 | 0.224270
29 0.589076 | 0.578412 | 0.577806 | 0.102709 | 0.228207 | 0.217137
30 0.605026 | 0.586806 | 0.590077 | 0.092280 | 0.206800 | 0.197309
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A1319% 5.3 iWrauaudndouaasindafanluaniue N, uar N, aadinsinaas PRMA

wazlnsinaaa PRMA-Multiple packet assignment il M = 0 uaz 2 44an

AU 1A N, N,

(A1) PRMA M=0 M=2 PRMA M=0 M=2
16 0.508372 | 0.527263 | 0.527264 | 0.019535 | 0.001026 | 0.001100
17 0.474007 | 0.497398 | 0.497193 | 0.024141 0.001291 0.001386
18 0.439238 | 0.467324 | 0.466722 | 0.029858 | 0.001610 | 0.001736
19 0.401519 | 0.436787 | 0.437891 | 0.037803 | 0.002008 | 0.002205
20 0.360655 | 0.407292 | 0.406750 | 0.048349 | 0.002527 | 0.002828
21 0.316994 | 0.376870 | 0.375796 | 0.063370 | 0.003232 | 0.003691
22 0.258576 | 0.346684 | 0.344904 | 0.092404 | 0.004187 | 0.004871
23 0.116046 | 0.315558 | 0.316557 | 0.220909 | 0.005491 | 0.006357
24 0.103321 | 0.284304 | 0.282263 | 0.224199 | 0.007400 | 0.008912
25 0.092052 | 0.253897 | 0.250689 | 0.227449 | 0.009911 | 0.012376
26 0.081833 | 0.219168 | 0.215706 | 0.229949 | 0.014441 | 0.018078
27 0.072309 | 0.184391 0.177437 | 0.231462 | 0.021117 | 0.027685
28 0.063280 | 0.143122 | 0.131716 | 0.232106 | 0.034794 | 0.047538
29 0.055487 | 0.037895 | 0.082327 | 0.233729 | 0.136851 | 0.154109
30 0.048155 | 0.024868 | 0.026657 | 0.235040 | 0.162597 | 0.166892

Tunsdpaziaautitaziilulunisgydauinina@asnudn  nsnuAnneaLdeNay

gnasivazifislaan 2 anmsAe

%

= on o = v R . & ) o y o Aa
1. naang apnvize 1A nnsedindadanilunaiunu MR lHAanEa

4 ] = 1 % i~ 9/dl 1= &
mmmi%mmemm"l,ummm%immﬂimm@m"Lmmmmnhu%mmmm

a

2. nmsnanuaunsfaspalusruiAnge  deasviniiianisruiuiiudodndn uas

Tl dpulaannsodnlgndadenls
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Wanansaanlsydsasuinina@aslugili 5.35 wudn Weanuaudldlussuus
Atee (Anuaug i luszuulu 16-20 Av) watlsziaasuinnadasaadinsinaea PRMA-
Multiple packet assignment aziAngeninlnsinaaa PRMA antias yiatsviuaziingn
UseAsnaauininadengangaiaauulniadendnses M =0 Hasanfian1azfiainanail
o v a 1 o ] 6 L @ ] 1 1 1 o
Anuunsiesaeluszuuarianldunntn dealilndadendoulugjegluaniuzdng feay

o ]

Wiuldanmsen 5.3 ddndourasiniadeniegluaniuedng . N, aziide 40-50% Aei
fliusazauazilanianaziosralnidadanlidniage 4 wmfuszuy Multiple packet
, > i = £ ) Ay - & vo o @ =
assignment W n1snanHgIueRa R W dnanniese lndadenlidialiannsotie
psavindadenliiiuszaznamile Az ligla@ssidaonudasnisazdeuininedasly

%

aunradnfasaalniiadants deonsldidsalda n1nieasaa ndadanuazdanining lenis

u
v P2

luszazinan 32 Radduwait Winnedesiazgnasicll dodulnstnaea PRVMA-Muttiple
packet assignment fidld1 M = 0 GeauaaliiEldanniizeselddSamunsndaufining
Hnnigademirfusauindadenidnluansiy axiaamianiulunisgoide
LLﬁﬂmmﬁmqmdqmtﬁ,ﬁ M=1,2uaz 3 yananinaiinalnaea PRMA-Multiple packet
assignment finvsiandulunisgduifininadesgandtinsinaea PRVA uuudains
ilasantnsinaea PRMA wusainlslauanalddldamaasniaden wnlidded

lannalunisFagaa lndfadenunnnda

Lﬁ'@fﬁﬂmu@ﬂmzuuﬁﬂ'ﬂmuﬂmq (A gl lusyanidlu 21-28 AW) [uIUNg
SnsreaziiAnifinay eluiNsAes PRVA GULASAN T@mmﬁ'@:lﬁmmmuﬁm:ﬁﬂ'ﬁ@;q
nlnanUssimsaiinnmidsazananasdilunisgaydouinnmdaaiisiuedne
790159 A suinslnmaa PRMA-Multiple packet assignment £ m@ﬁazuumm&nmiﬁsﬂ%
pmanunsnaediniadenliundanaziandausunisteseaindldnnn deanidunis
anlamaniszniu fasiidldannained 5.3 sdunlndadesdiianssuii N 193
nslnmaa PRMA-Multiple packet assignment azildmndnnsinaea PRMA LLLIAaAY
NN daunatedn1sinnse ndadentesy liananslnsinaaa PRMA-Multiple packet
assignment @zﬁm@quﬂfimqﬂmﬂmﬁ@mﬁ@%mmﬁmmm@%’ . N, lumnaned 5.2
azwudnAn N, 1a9insinaas PRMA-Multiple packet assignment aziiAngandninsinaas
PRMA wiuaadnlsanniin dsulnstnaea PRMA-Multiple packet assignment azimau

ihaziflulunisgodsuinina@asanndnyiaiiitiasarninaiin Multiple packet assignment



100

1 o v o b4 dl a o dl =2 s
AzdiaanaTUILNNTFasle NN lElantanazinan1sauiuanas sLu“lImtV]ﬂ’]ﬁ‘Elﬁﬁi‘ﬂﬂ1ﬂN-

v
aden1ay ldn1avesinsnaeaisassazian lndiAeiv

Lﬁﬂfiﬁmucﬁﬁm:uuﬁmmﬂ (Auoug I luszuuitly 29-30 AY) A1UIUNN9TRITD
ATHANGINN ﬁﬂﬁ‘ﬁﬂmmﬁ%lﬁmmﬂuﬁuﬁmrg_gqmn FaazidiulFainmead 5.3 dren N,
1a9insinAea PRMA-Mutliple packet assignment s Anfsanadn il EFaule fleniy
naifsmoudidlussunidy 21-28 Au ﬁﬂ%‘tﬂuﬂ’]iﬁ@’ﬁmﬂ@ﬂ'}@ﬁLlfﬁﬂmﬁlLaﬂﬂﬂzgﬂﬂzﬁﬂ
ATNANTUIANKALBINITU (N ) me@miﬁmm@ﬂmﬁ@ﬁ@mmﬁﬂ%mm (ND)ImﬂLﬁfa
gl Tuszuiniu 29 Au wudnTnslnaea PRMA aziidadouaas N, + N, winiu 0.3364 lu
anueiitnsTnaaa PRMA-Multiple packet assignment azilfin N+ N, Wiy 0.3651 Uas
03712 WaM = 0 war 2 PNAIFY  seduwininmdsdluinsnaes PRMA-Multiple
packet assignment ﬁqai"ﬂ@ﬂmﬁ%gﬂmﬁqmnﬂdw feaenpdesunarasnEtiaziiily

negeyrdauininadsslugiy 5.36

z%mﬁ*ummﬂ@ﬁwmLLﬁmﬂmmmﬂugﬂﬂ' 537 1 azilddnandses
wAnineasnzasinginAaa PRMA-Multiple packet assignment asflFnanadileieyuy
TnstnAea PRMA wuusalis Iheasiiulidmauiesuaud fussuudy 22-28 au Gadly
anaziiunansieseiirng ﬁqﬁumiwﬂpmlﬁtﬂ%mmﬁ?@w@hﬂaﬁﬂmiﬁzﬁqL%Iﬁ
aunsndeuinineldsuauviiazdosaaliunmnisfesrananiumadiialonialunis
Uszauarnuddalunisiesrevesy duannaalnsinaesa PRMA WULASANTRMaUnNg
Sspaiunnauiniianstuiusalidflaamnsadnldlniadenls  seilsruuiiien
M = 0 azinanlssieauininaamangn iesandldmmannsadainnaluusias

v ! i v
pTrasnisiesaa lfunngaminiudauouindadenidasluanieiu

WanansnnAdeainnnlugln 5.38 wudmeaiuoudluszumily 1622 au
Caa B T U g <L 3 Y o X
ARdEaNIInAsiRavetnuTEeduiuduondlE ) dlldesainiiedruaudldinna
ndadanazgnldauninay wsdaawiud i lussuuanauiy 23 Ay ARFuaN1I0T84
Twslneea PRMA uuudusnaziiinguwanies veililesarnaziianisguiuiniindaden
udausiasgryde i inauldnlsslond Asaziuldann An N, Adinauann 0.092404 1y
0.220909 aauaug i luszuininan 22 au 1w 23 Au Tunenduiu Adduainnsn

1 4
waalnsinAaa PRMA-Multiple packet assignment azglaaqiinueg1aiudaduiuanuau
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¥ dl o o o ISP 1 o ?z}/ di/ IS4 dl o
;ﬁmLu@\‘}mﬂmmummuﬂummumiumuﬂ MNUITUUATHANIRLUATNITOGIGALNDINUIY

u

gl lwszuinu 29 au uaranuonlniadendises M =0

dl = 1 | a < a a
p1eeh 5.4 whauieupshasivlunisgudauininmdes, waidseises
wAnINAAIENLATARduaNInaesszul MeliReulaadniiasflulunisgoy@auinng
@ealdiin 1 wefidusd asdinsinmea PRMA uazlnsinAea PRMA-Multiple packet

assignment Wa M =0, 1,2 uaz 3 aaen

R399 5.4 mﬂmm:‘mm@'ﬂu@mimummiwﬂwﬁma PRMA-Multiple packet assignment

Anaziiulunig BRI .
TEUL M,,, 2 1 = : ANYABAINNT
ARULAEILLANLNFILAEI LNNLABAIAT (MS)
PRMA 25 0.008143 12915639.492742 0.595780
M=0 28 0.007804 476.249219 0.719247
M= 28 0.008506 586.195943 0.720121
M=2 28 0.009401 789.298706 0.719443
M=3 27 0.004854 463.487709 0.696094

AnAad 5.4 aziivlgdntnalnees PRMA-Mutliple packet assignment @1:190)
saqfufldlfiiuduauninndiinsnaes PRMA usda TnefFnansziaeswinng
pmaziiranasatadiuldiadle fauiuinsinaen PRVMA buusuds  sieiiniseynm
1ﬁ;§1%mwmqmﬂuﬁiQZdQLLﬁﬂmmiﬁmwﬁﬂumﬁ@wﬂLeri@m%@u@nmn%ﬁqﬂﬁﬁﬂ%mm
annsadauininalfechesieiiasaefitinatssiweininaamanasuda feavdanal
sruunnsledaeanad Al dasuilleiiaiasieelvifafenlddnSainTuuas
FnlAnAduanansnressruLintuden  iefinnsanatniderlazesaananiazdulunis
gryReuRmnndeelindiu 1 Wefidu asshilddrssiuial M= 1 adldAfduanunsones

s2UU4940 taeazannsnsedudlalang 28 au

a q
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5222 ﬂ’]%"AJLﬂ%"]%ﬁﬂ@‘ﬂ’ﬂﬂﬂ'J’]NEI’]’J‘li’]’Jﬂ’]?ﬁﬁ[ﬁiﬂﬂs\l%‘%‘ﬂuxmﬂﬂi‘w%‘iﬂﬂﬂ@ PRMA-

Multiple packet assignment

Tulnsinaaa PRMA-Multiple packet assignment i Lag lia1A1aIun905a1e

Indadenlddnia Jliniaiufazarnisadn1ldndadamnadeuininaainnlagluisies

o

fasaalndadanaundiazdauininalugadioansunavseaundnazdeuining iy
AuugegANanitiguenn ids deiuludeuliaziiansannaresnanue g siise
anssnuzaedinsinaea PRMA-Multiple packet assignment IngiazNansungtin M = 1

Avazlinarasarntnaziiulunisgdauinnaided, LanlsdaasuininAAIRT LazAn

%

eannmnrasszunlugin 6.39-541 pwaiay  wananidelduansaaailzaumes

o

ndauressuulnadenluaniugsing o Rean e Ny, N,, N, uazr N, un191ed 5.5
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Twsinmas PRMA-Multiple packet assignment Lia L= 5, 20 WAz 50 WANLNA/IN2479
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10
—+— 5 packets/message
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i= 107 ¢ —o— 50 packets/message 3
=
=
c
(@
& 5
= 10"
s
=
(o
g, 4
c 10 +
[
v
z

3
10
<
= 2
(_ ZW
& 10% — D,

S

101 L L L L L L
16 18 20 22 24 26 28 30

g 11 (An)
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;1399 5.5 ulsumaudadiuaesindadanluaniuy N, uar N, 1asinslnaas PRMA-

Multiple packet assignment tia M = 1 @&am L= 5, 20 Waz 50 WNNNA/LIN94613

AU 1A N, N,

(AL) L.=5 L,=20 L,=50 L.=5 L.,=20 L, =50
16 0.333375 | 0.332792 0.33303 0.128010 | 0.127944 0.12828
17 0.354582 | 0.353369 | 0.354308 | 0.135820 | 0.136154 0.13567
18 0.375052 | 0.375297 | 0.375737 | 0.143904 | 0.143513 0.14331
19 0.395554 | 0.395811 0.395794 | 0.152255 | 0.151928 0.15175
20 0.415618 | 0.416758 | 0.416379 | 0.160303 | 0.160096 0.15917
21 0.437935 | 0.436363 | 0.437486 | 0.167858 | 0.168561 0.16860
22 0.458040 | 0.458542 | 0.458455 | 0.175835 | 0.175687 0.17674
23 0.479688 | 0.479311 0.479649 | 0.184221 | 0.184359 0.18383
24 0.499806 | 0.499875 | 0.500266 | 0.191891 | 0.192149 0.19202
25 0.519730 | 0.519421 0.520202 | 0.200510 | 0.199769 0.19990
26 0.540375 | 0.541426 | 0.541993 | 0.208425 | 0.207555 0.20818
27 0.560961 | 0.559967 | 0.561479 | 0.216297 | 0.216246 0.21662
28 0.578193 | 0.580902 | 0.581714 | 0.224419 | 0.223664 0.22348
29 0.576433 | 0.599641 0.600784 | 0.222961 | 0.231612 0.23284
30 0.589629 | 0.590485 | 0.617292 | 0.201720 | 0.232367 0.23960
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A1319% 5.6 Faunaudndiuaesindafanluaniuz N, uay N, aa3insinaas PRMA-

Multiple packet assignment tia M = 1 @&am L= 5, 20 Waz 50 WNNINA/LN9479

AU 1A N, N,

(AL) L.=5 L,=20 L,=50 L.=5 L.,=20 L, =50
16 0.526839 | 0.527947 0.52738 0.001042 | 0.000578 0.00052
17 0.496844 | 0.498320 0.49797 0.001318 | 0.000736 0.00064
18 0.467325 | 0.468177 0.46803 0.001657 | 0.000924 0.00082
19 0.437348 | 0.438318 0.43866 0.002095 | 0.001169 0.00103
20 0.407986 | 0.408239 0.40973 0.002647 | 0.001499 0.00129
21 0.376678 | 0.379049 0.37816 0.003401 | 0.001933 0.00166
22 0.346989 | 0.348510 0.34792 0.004385 | 0.002481 0.00211
23 0.314799 | 0.317623 0.31838 0.005856 | 0.003246 0.00270
24 0.284379 | 0.287620 0.28807 0.007825 | 0.004240 0.00354
25 0.252099 | 0.258438 0.25852 0.010882 | 0.005618 0.00461
26 0.218384 | 0.225730 0.22614 0.015379 | 0.007876 0.00621
27 0.181118 | 0.194725 0.19532 0.023568 | 0.010955 0.00849
28 0.138949 | 0.160689 0.16401 0.039806 | 0.016045 0.01209
29 0.030552 | 0.123487 0.12823 0.1561452 | 0.025928 0.01880
30 0.025510 | 0.035128 0.08884 0.1641585 | 0.122971 0.03435

Tunigiansiuaarntiazilulunisgoudawininmdaslugiln 539 wuduie

Anuug I lussiufiAndastelunats (Auandldlussuuilu 16-23 aw) Arurunisiasae
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azdarnansrngnasinazsdn lindadenvinduswulndadengaananiigiuewnyis

Wildamdeldl  Geavdwaliflddasgnissianaineunanunsauniasue lndases 1
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6 uay 8 AABA T9ArlANANIINABITEULANNANTIA 5.10-5.13 WANANUIIUAAINATE
Aonthaziulunisgoi@auinina@ss, nanlsisesininaninn tazAdaaiunly

9117 5.62-5.64 HINANAL

AN9199 5.10 ITeunaudndouaadanuninsunssuuiatunuadansasaanie lumsuidly

ANNINIVUA LA N, (min)= 3 adas Waz N ,(max)= 6 afas

AU | dadoure9311UmIN
(AU) Nz=3 Np=4 Nz=5 Nz=6 Np=7 Nz=38
16 0.993658 | 0.005702 | 0.000097 | 0.000544 - -
17 0.992182 | 0.006994 | 0.000119 | 0.000706
18 0.990521 | 0.008420 | 0.000157 | 0.000904
19 0.988373 | 0.010257 | 0.000188 | 0.001184
20 0.985875 | 0.012366 | 0.000231 | 0.001529
21 0.982863 | 0.014864 | 0.000293 | 0.001981
22 0.979258 | 0.017789 | 0.000356 | 0.002600
23 0.974443 | 0.021737 | 0.000430 | 0.003391
24 0.967943 | 0.026821 | 0.000602 | 0.004635
25 0.958618 | 0.033893 | 0.000792 | 0.006698
26 0.941753 | 0.045826 | 0.001205 | 0.011217
27 0.91153 0.064739 | 0.001937 | 0.021795
28 0.830592 | 0.104693 | 0.003635 | 0.061081
29 0.776923- |-0.116525. |, 0.004620 .| 0.101933
30 0.793759 | 0102708 | 0.004254 | 0.099280




141

AN9199 5.11 LR udndouaaaanununsunssuuianuiuasansasaanie liunsuitly

ANANNYUA LHa N, (min)= 3 @fan WAz N, (max)= 8 afan

AU 1A APAIUURIRNUIUN T
(L) Nz=3 Nzx=4 Nz=5 Nz=6 Ne=7 Nz=8
16 0.993578 | 0.005729 | 0.000122 | 0.000508 | 0.000006 | 0.000059
17 0.992236 | 0.006897 | 0.000149 | 0.000642 | 0.000004 | 0.000074
18 0.990398 | 0.008508 | 0.000175 | 0.000797 | 0.000009 | 0.000115
19 0.988181 | 0.010314 | 0.000251 | 0.001097 | 0.000011 | 0.000148
20 0.985917 | 0.012252 | 0.000274 | 0.001339 | 0.000014 | 0.000207
21 0.982895 | 0.014753 | 0.000347 | 0.001687 | 0.000023 | 0.000297
22 0.978850 | 0.018132 | 0.000443 | 0.002184 | 0.000029 | 0.000363
23 0.974003 | 0.021970 | 0.000538 | 0.002880 | 0.000046 | 0.000565
24 0.967690 | 0.026859 | 0.000725 | 0.003833 | 0.000068 | 0.000826
25 0.957991 | 0.034155 | 0.000962 | 0.005390 | 0.000125 | 0.001378
26 0.942223 | 0.044971 | 0.001445 | 0.008522 | 0.000288 | 0.002552
27 0.914833 | 0.062298 | 0.002219 | 0.014261 | 0.000517 | 0.005874
28 0.840771 | 0.098438 | 0.004475 | 0.032938 | 0.001432 | 0.021948
29 0.808088 | 0.105096 | 0.005292 | 0.041977 | 0.002097 | 0.037453
30 0.827454 | 0.093552 | 0.004841 | 0.036896 | 0.002111 | 0.035147
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AN9199 5.12 e udndouaadanuounsunssuuianuiuasansasaanie luansuitly

ANANNYIUA LHa N, (min)= 4 @fan WAz N, (max)= 6 4fan

AU 1A APAIUURIRNUIUN T
(L) Ni = Nzx=4 Nz=5 Nz=6 Ni Nz=38
16 - 0.999402 | 0.000144 | 0.000456
17 - 0.999265 | 0.000167 | 0.000570
18 - 0.999095 | 0.000195 | 0.000712
19 - 0.998912 | 0.000208 | 0.000881
20 - 0.998652 | 0.000273 | 0.001077
21 - 0.998321 | 0.000325 | 0.001355
22 - 0.997879 | 0.000391 | 0.001732
23 - 0.997338 | 0.000440 | 0.002224
24 - 0.996366 | 0.000581 | 0.003055
25 - 0.994666 | 0.000736 | 0.004600
26 - 0.990496 | 0.001072 | 0.008433
27 - 0.976689 | 0.001905 | 0.021408
28 - 0.970205 | 0.002056 | 0.027741
29 ! 0.973242 | 0.001853 | 0.024907
30 : 0.976418 | 0.001622 | 0.021961
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AN9199 5.13 e udndouaadanuounsunssuuianuiuasansasaanie liansuitly

ANANNYUA LHa N, (min) = 4 48R LT N, (max)= 8 dfan

AU 1A APAIUURIRNUIUN T
(L) Ni = Nzx=4 Nz=5 Nz=6 Ne=7 Nz=8
16 - 0.999340 | 0.000180 | 0.000409 | 0.000006 | 0.000067
17 - 0.999261 | 0.000182 | 0.000482 | 0.000006 | 0.000072
18 - 0.999021 | 0.000236 | 0.000648 | 0.000012 | 0.000084
19 - 0.998773 | 0.000278 | 0.000810 | 0.000008 | 0.000132
20 - 0.998520 | 0.000329 | 0.000990 | 0.000011 | 0.000151
21 - 0.998218 | 0.000374 | 0.001205 | 0.000018 | 0.000186
22 - 0.997734 | 0.000455 | 0.001540 | 0.000019 | 0.000253
23 - 0.997076 | 0.000549 | 0.001980 | 0.000031 | 0.000366
24 - 0.996221 | 0.000679 | 0.002529 | 0.000056 | 0.000517
25 - 0.994392 | 0.000873 | 0.003736 | 0.000079 | 0.000921
26 - 0.990327 | 0.001327 | 0.006264 | 0.000129 | 0.001954
27 - 0.976376 | 0.002440 | 0.014044 | 0.000310 | 0.006832
28 - 0.972018 | 0.002583 | 0.015743 | 0.000374 | 0.009284
29 ! 0.976373 | 0.002144 | 0.013256 | 0.000381 | 0.007848
30 : 0.979451 | 0.001945 | 0.011274 | 0.000349 | 0.006983




144

10 ¢ : : : ;
[+ PRMA++ 3 R-Slot Type | P
+ PRMA++ 3 R-Slot Type Il +
o O PRMA++ 4 R-Slot Type |
= x PRMA++ 4 R-Slot Type Il *
& 107L| ¢ PRMA++5R-Slot Type | —,
5 " | % PRMA++5R-Slot Type Il ©
'E —— Dynamic Nr(min)=3 Nr(max)=6 « 1
2 —< Dynamic Nr(min)=3 Nr(max)=8 Jo%
_éb —o— Dynamic Nr(min)=4 Nr(max)=6 g
& 42| | = Dynamic Nr(min)=4 Nr(max)=8 :
g
=
= 3 582
3 R 2 P
£ .0 0 s g wig
=10 & v 0 o © E
S X S —
< Y
10-4 1 1 L 1 1 1
16 18 20 22 24 26 28 30

g I (Aw)

717 5.62 Aoudniusszudneaniiaziivlunisgaudswininmdesiuauaug g

nslnAaa PRMA++ NNN95UaunLadansasuanuunade

10 T T T

~+- PRMA++ 3 R-Slot Type | )
-~ e~ PRMA++ 3 R-Slot Type Il A
6 -E- PRMA++ 4 R-Slot Type |
10 - | =x- PRMA++ 4 R-Slot Type I }?f"
-&- PRMA++ 5 R-Slot Type |
~#- PRMA++ 5 R-Slot Type II g /
—¢— Dynamic Nr(min)=3 Nr(max)=6 ol
10°L | —<&4— Dynamic Nr(min)=3 Nr(max)=8 -
—&— Dynamic Nr(min)=4 Nr(max)=6 { /
—A— Dynamic Nr(min)=4 Nr(max)=8

)

a aa a
HARIUN

(

WUVBILNNNAAIRA

a
o
o

AL

30

g 14 (Aw)

91l7 5.63 ArNANRUSIEMINANLsEANasuAnInAAIAT LRI I TasTns Inaaa

PRMA++ NHN13U5URNUIUARDASA9UDLLLNATH



145

0.8
0.7+
0.6+
[y
Go
% 05¢
[ e o
ol +
% & + PRMA++ 3 R-Slot Type |
< 04F + PRMA++ 3 R-Slot Type Il 1
0O PRMA++ 4 R-Slot Type |
x  PRMA++ 4 R-Slot Type |l
0.3-| & PRMA++ 5 R-Slot Type | T
% PRMA++ 5 R-Slot Type Il
—— Dynamic Nr(min)=3 Nr(max)=6
0.2- | _q4— Dynamic Nr(min)=3 Nr(max)=8 A
—&— Dynamic Nr(min)=4 Nr(max)=6 +
—A— Dynamic Nr(min)=4 Nr(max)=8
01 I I L L L L
16 18 20 22 24 26 28 30

g 1f (An)

917 5.64 ANANTUSIEUdNIARREA NI AL WY [FeeTnsTnAas PRMA++ NlNNg

15URNUIUAADAFDIUD UL LINA P

WsmAaa PRMA++ NHN19U5URM LA R0R5a99a ML LNATRE axlin191l5uanuon
afenfesenmauineresn o win lngedananisfesreluadeniaste  Mielisvuud
£ dl QI o [~3 v @ 1 dl 1 al o/ a 49{ [~3 v
WU THNNALNNANUIUARDATRIIDTADLNDTZULNLINNNTTUAUNATLNY TUARDM5DIUD
Tunemseiudne  ssutazanauILAReniadTaadNaN A NI Savaa Indaden lHd15A
FTIUNNINANTUNINAZHNITNNTAAANLIUAADATATUD  AZNANTUNAINNATDINITTIUD

nafadannialuadaniaauanaiuARINANNITN 5.10

dl a o ! o dl a o 3 % J dl

\Hafa s §ndaur e uIwsnfissuu R i uafeniasrente lumsaduen
AualuAN397 5.10-5.13 Wuadn Weanuoug ki luszuuiantias Insnaaa PRMA++ 500

= o §uo @ % | Sy ; & o = A
azfiniadiuiauinadeniasee lUWFaNENEAWINAL IV, (min) aden viatlilesainnig
o S0y o A a o R T A =<y =
PR ldluszuuiiAntias vinlilanianaziianisnuniuasian lgain Amissuyaslus
o | dl 4 QI o [=3 % dl o i/dl a o V4

pNAduNarAeainauIudAonTesTaiNeseaf L LI AnsTuiY  denaldszuuaa
ANUIUARDRFRITD TN A ANgARAWINTL N, (min)

1
a o

1 dl o AI g dl al o =3 % a ] 2%
wsitiladnuoug I luszuuinsay nnsnszuuiauiuadeniastandeeinuliazyin1yi
1aNANAAANITTUAUTIANNINTY  TUNDNANIITUAY  FLULAALIANANUILARDMAFDIT

Wwainlanalunisfesselniadensedld  Aeazwinldainnngai 5.10-5.13 91 dndau



146

o dl = o < % 1 a o QI da( 1
m@qmmw,wa?sm@:uuummum@ﬂmmmmﬂumiuLﬂum@;q 7] ATHINUIRANNTY BEN

lafimuaznudndndonaesinuounsunszuuiauanafeniessanelumsnidudigs

1
=

Puardanuqutasnindamauiudndiu1a99 U UININA RN UIUARaAFRIR VI AL

v ¥ 1
N, (min)adan Wstmszdszuuianuauadianiasaanuininull  azildauiuaian

¥

fayanieluwsiazilsuanauas liesnenazsasiugliniesaalndaden g i

|
=

Wanansuanthaziilulunisgodauininmdslugly 562 aziulddnie
Anuug I luszuuiiAntas (Auoudldluszuiniy 16-24 Aw) Tnslnaaa PRMA++ filinng
fuanuruadeniasranuunadnazinouiaziililunisgdauininadsagendnngn-

dld o [3 v 1 1 [ % [~ i’/ dy
AR PRMA++ Nia uuadansasaanialunmasiisumingy 5 daam vailmwazinginaaa
PRMA++ NRNN9U5UR M LgAaRFa9aaLUUNATRasin19l5uanuuadaniasaaluLaay
WINWinL N, (min) A ldnanldudodnesiy dsiunisiszuuiaanldan N, (min)winiu
3 UaY 4 4R A9 lianssnuzaasnianineuaeslnsmaaatilanlndiaasiuinginaaa

PRMA++ NRANUIUARDAZA92802 IunsvingL 3 LAY 4 4R ANNATAL MNIenAURyY

unsneaa PRMA++ DA wnuadansasaanielusumingy 5 adan azn) e lda

a

=

Tannaias¥asneniasenldunnndy Asdanalfinonninag Wiulunisgoy@aninineidead
Adndn uananbazdunaldindiefiaisaningnaes PRVA+ finsauadeniasras
goidudnifeatugs nadenldsruuidiuenafoniasegegaiisaiuayliuafindiAes
fuan amasinsinaea PRMAE fhasiinistiulisnuauasentesaluusazimsud

AYINAL N, (min) 4486

iU M ussuANIY (Auaug M luszundy 25-30 Aw) Awaunnsiasne

- o = a o o X oo <
arfiFunoumnn nlElan1anasiiansauiuininniy naenizluszuun e uiuasen
spavafitesiAnlil a1aasinn1stui s udainanld fntnadi Tnslnaea PRMA++ #ifl
Suanafenieteninty 3 aden azfimnanianfhilunsgodeuininadefistuetng

@ A o a ' ' @ Py Al o @ ¥
soaialas Ul lussuuiiunds 26 A aealefisny fssuuianuInadaniasanly
wiazilsuanniiull  azinldszuuiafendayaninslidinaswanazsesiuldniasaals

¥
=)

A5 danaliifldniesaalndasenlddrsadecldnarsenisluaadunaiunuiu feaziiu

Iannuanisanaesszunlugilin 555 41 wanlsrdslunisdnassadendeyaaeadlddes

i 14
malu wslnaea PRMA++ ﬁfl RTUIUARAAFRITALYINTL 5 ARDH @Zﬁﬂqﬁﬁﬁuﬂﬂ’]\‘i?ﬁ]ﬂﬁ’)

WasnwIng I luszuuninngn 26 A smmiwvmmmLqmﬂﬁ‘yqﬂum@@mmm@@m@mu

o o

%Lﬂummmmmﬁﬁﬂﬁuﬁﬂmmmmgﬂmﬁq

Q



147

AmsuTnsinAas PRMA++ NRN191U5UAN1LAR AT RLLILINAT AT AR N9
o a 42( [~ Ql o [~ v dl Ql v L~ b2
AufnTy sruufaziidanuiuadeniasae atinlanialunisfasue indadenveedld
289 19APIN N NANUIUARaRSasata s IHAINANILNUAUNITAAAIIBIANWIURR AR
dayaunin wilmezdedldanimniaselndaionlddnsa nslnaaa PRMA++ Hfiaz
arnnratiuaniauinadenieseasiaiinatuouddandayald Fdulu Inslneea

A o o < o o = , = = @

PRMA++ Mxn1sdfuduinadanfessaununainimantiazsiulunisqoidauinine

RPN NI INARA PRMA++ NRANUNUARAATIURAIN

NMINANTUINALAIAT N, (max) Adsianisninusasingnaas PRMA++ luaning

il aziulddnlussuundal N, (min) viafds n2siinauaes N, (max)azyin g 143
TannanazFasaalndafenlaaniannau  InanianssuudanuiuasaniasaaiiuilFun
wntazlidanansznuiunasasasuesauauadandeyaninin mezingldaunniesae

ndadanlddnia szuufazandiuauaseniesteadiaiinanuuadendayald  uazide

U

Jlinlanianazfasaalndadanldunan azdsualiaruiiazilulunisgoidawining

a
'

Renanad Asaziiuldaangy 6.62 damnunaziulunisgoydauinnedeslunsiind

N, (max)= 8 ddan azllANAINIINIUAN N, (max)= 6 4606

\Heanssnatsrdgasuininaainlugln 563 audiulddndeduaudldly
sruviAnties Twslnepea PRMA++ Ndauuadenfeseasivinty 5 afen azlingn
Uszdaasuininaniniangs etlmwsicdldluszuutaziilannaniaziesuelniadonls

° @ 1 P LA o - = a 3
Z\]']L‘J‘@Q\?ﬂﬂl’]ﬁ‘iﬂll'ﬂu LLﬁlemmué"lﬂmzuummu L']Z\]'Tﬂ’j‘t’N?l@\iLLWﬂLﬂE‘lmﬁﬁl’]‘ﬂ'ﬂ\ﬂWﬁ‘—

o

MARa PRMA++ NRAIUIUEAAATAIaAININGL 3 48R LAY 5 AAamariARNALasiNg

a o

Y ¥ 1
79ALTI VT\?ﬁLW?W?JIW?IVIﬂﬂ@ PRMA"++ ﬁ AUIUARAAFRIVALYNIL 3 ARDH %ﬁmmu

v
° ¥

[~ 1% A v a ° Y a o e = 1% 1% [%
adenfevsentenull AlinAnnissuiwiwdadignuazldngldaulaainisnFesanls

d15a Turnueinslnaaa PRMA ++ NHRNUIUARDATRNIAWINAL 5 4A0M 11 arlanuou

1
G ¥ =

=3 % ldl a o U = 1 = dl L yd‘ %
aaanFasanuIninuly ‘V]'ﬂﬁillll@@ﬂ[ﬂ‘ﬂﬂll@ﬁ/l’]'\\‘lLWEI\TW@VI’Q%‘@\‘]?UETL‘TW]@’]M’]@E]T'M‘H@

ndadanlsdnisa
o o A:IIQI o [ [~1 ¥ o i’, =
Ausuinsnaaa PRMA++ NHN17U5UANUIUARDAFRITDULLNATAUUAZHIIAN
1739 a9uRNINAANAIAININ N INAaa PRMA++ NRANUIUAREATA91aA9N TaglaLFell

a

PeUTEUINIZULNAN N, (min) #A19U azwud s2uufil N, (min)= 3 dden aziiog



148

1 v
o

U32390UANINAAIANAININTZULNA N, (min)= 4 460R TUNWINZIZULAN N, (min)=
3 aden arianuuadendeyainesesiugldniesaelndadenlddianinndn

1 1
A a

dlefiansnnAideanansnluguil 5.64 azdiulddninsineea PRMA++ fidnnssu
suauadeniasreumass taefile N, (min)= 3 afan Uz N, (max)= 8 afan azil
ANIREIAINNIOGIGA Feiliflasanszuilazil N, (max) fudnge vinlsldatannafiay
Saspnlndafenlfdnfage uwanileddamnsaferelniafenlddnda ssuufiazandiuan

afeniesreny tuavil N, (min) urintiasngn inedinauinadendasya i 14n

favralndadenlddnisa

Tudaudaliazuansnisilsauinauaimoudldnsruusasduls,  natseisaas
WANMNAATIAN LaTANNALd11190 T2l Ineea PRMA++ NRANuudfansasaatluan
A4 warinsnaaa PRMA++ MAN1315URNUNLAREATRNIALLLNASH B9QsldAINAnIg

RN eUAINITIN 5.14

P399 5.14 @gUuanianadeuaNssnuzaesingnaea PRMA++ AldAouuudnansumaig

[ %

Adny meldteulaauthaziivulunsgaudsuinina@eladiniu 1 nlefigusd

CIRRHESLRETN o
TEUU M,,, B ANIREIZINITD
WANLNRAANRAN (MS)
N,=3 s 484.304759 0.641881
N, =4 26 1306.748514 0.669096
N,=5 26 303262.7569 0.657182
N,(min) =3 N ,(max)=06 26 657.848567 0.667656
N,(min)=3" N, (max)=8 26 659.406905 0.669072
N, (min) =4 N, (max)=6 27 8574.323515 0.694345
N,(min)=4 N,(max)=38 27 10621.768674 0.693783

AINANINA 5.14 aziuldganisinauuasieniasaalulnginaes PRMA++ N3
o =3 v dl o v 4 o ] o 49{ ZI/ dQJ dl
Auuddeniesensh azvinliszuuainnsnsesfudlAduduounInTy  sistinaziile
Anuuadeniasaalundavinsndfiunmmnn §liusazauarilanianaziasualndasan s
o [~1 AI 49{ dl = o [ ¥ b4 1 v a 1 173
ANFaNngaau uazillesannaniiigauazdnassadendayaliuiflddaeneuldnnane

=® 1 v 6 ¥ a IS b4 s =3 ¥ o < ] < L = a
”’N@\‘]N@I‘MQI% L’&?;I\‘]‘V]?@Qﬂ@iﬂﬂ@@‘ﬂ[5]1@@’]L?@@’1N’]?ﬂ@\‘lLLWﬂLﬂﬁliﬂiﬁﬂmmﬂ’]ﬂﬁ‘iﬁq\ﬂlﬂ\‘]



149

=KX A ¥

wANNAAL9ARAY  AsiulanianuininmdesasgnasisasdAtanassnaduiy el
QI o <3 v dl a o L4 3 v ¥ o <
FIN NsNAauauddenFastenuniuhlasin Wi ldaandesldinasanisdnassaden

doyanelufafunauivay  wnssruuazdnassadendoyananuyianualiuny fided

v
(3 o o a =3 ¥

1 v
%ﬂ\‘m’ﬂiﬁ?\/@’u?@ muumm@ﬁmﬂmmummmﬂwﬂﬁmmmﬁﬂ A2TATNANTUNTINAD

fladusaniu danudnTnsnana PRMA++ Nda usuaienseaawiniy 4 afen azianu
winzanNInige Inatwsinaaatiazauimeasfudldls 26 A luanenaciinaiileis

gaaunninaaa ldguiullin GedenFauieuduinsinaea PRMA++ filinnslsy

v o/ %

ANnddanFastauuunadaLal wudinsinasa PRMA++ NRnsUfuanuiuddeniase
WUUWRIRNHAN N, (min) =4 @886 uaz N,(max)= 6 ddas ava1u1909995ug g 15

N9 Ingazaunnsasfulldle 27 A

54 @

Tuunitlfinauatuanslunisdivilgsanssouznisinauaasinginaes PRMA 3
ada [ % A o 1 . A - o £ o dl
Jauan AaN1sUFUAT Permission Probability, N13aARMILNN9TR9T8 LaznsUiulanu

Tassadeneansn SeazaanaieagUinanisainnismaseuiuisntiniawas 8 fasall

¥
=

U

1
2

38 VP-PRMA  szuuaznuus i idesnnndsetfludeanisldanuliaunsniesae

a
]

ndasenunadenlasondl p Nge iaaRaaiaslunsaunLI T9ann1sRanTun
AU sz udTesaunun azlAdnszuuazeuna i [idasaunsnfeaalnsiades
% 1 L~ dl 7% S| % 1 I 0% dl % L
goadn p,.. windasesngliradudnaedlugisaunuinawntn luanziaziesasng-

afemau 7 Aedn p,,,., MAnEanimagaunudngfidaeazanunmndilfindadentsd

FY

TnaflAnanissiaeaininamdesanay| waziagldacnimadnldindaienlfsmiaau

%

azasnaliantaziflulunisgdauininadasanasuazn A3 duaiu 02895

d’f dyu/ 1 dl o b2 v al % c < % 1
ANUU. UBNRINULINNLIAI m@mxum’mum%ﬁﬂmmmmmammmimmmmmﬂm P ax

u

Arge o azlidenansznuiugldamnintin Aslidlesandlfidevazamnmniesaelng-

afanldsaaar p s 1 aflulsazisnmingu vinlilantanazifanisauiuilias
1 o v 4 v a % L~ v 1 dl 1
nansnmua gl dasaunsnfasaalndadendoadn  p  Agadululnsinaas PRMA

LULAILAN

3% Exponential Back-off azdaaudiloyuiiiiaaululnsnaas S-Aloha Nrzunagla

PRI ~ 2o Ay @ \ P
HLADNUTAINLND mmqququﬂqﬂﬂqﬂlu?ZUUWﬂqﬂ’]NWQgﬁ‘ﬂﬂ?.lﬂblmll@@@meLqu\??ZHZLQQ']V]



150

Yo o

TnaAaety  wazarn IR AN T U UE LA T NLAZENNA T AN AU A1 N1TNUAITELL
1 ¥
anad mafina Exponential Back-off Hazlinnailfus p sunazesnisfasaelulndaian

1 A 14

neuntiludnwzasuendiniuuiiss na1pe dran1igiunudiiniadendng annfigiuf

aznaudnan p dagnielussuudAranfuliduiuaninemediinluaneiiu Aai
= al 1 o Y dl 1 a o 1 a

anilgnuaziinAzed p lunnamsaiudin Wenudninanissuiuansddsununsvin

Tuanisiugs Aaluaniigiuazandn p a9

WITASNA1ATY0938 Exponential Back-off @ liunAn » Seaziilufaseddns

v

nmslfuan p Teanisdenan r iuAgeazdntantesinaszndnedn p o Mdull e
wne vinldscuuiinisliuedn p etvdenfludesllisasdanalfsvuuiiaddoaisnsngs

' = P e | @ : = : e o | ° y
ndnisiden r AR adelafimunudInisaenal = 1/2 aziden luwdraanisinll 1
AMUAT INTIZNATATANITEVITAT p Bogl 2 eaDNHgIuRTanudn nsiadenniauntiy

1 1 A a o dl a oA v . . 1 ://
@giu@mummm@Lﬂmmﬂjuﬂu miumwﬂgumﬂmwmma Shift register iN1UU

N335 Exponential Back-off lililszensldniutnsinaaa PRMA azwudniile
a dld [ 1 72 1 G| { ndl i// -dl ¥ = dl
Ransaunszuundnslfuienzan p aelden ¢ Wudipsiitu nsigldaimilanianas
[ P v | A A = > A ° 2 dl P
favvalniadendaan ¢ Nesnnaeningliauivanitznamninazyinlileniandldnin
azfavrandadenlsddairgelaaanziagldlussuudBunnmininazaziinnisaw
AunialussuulaznaudaInnIsTui uiszuuazandn p a9 deaziflunindinlannalu
nsfesaalniadentesldninn  doussuuninasliuiesn  p uazAl ¢ T LHesaIn
a a ' a Y v 0 a =2 v 3 4 =
1ina@evazaunsanusiananilsydsladeandauinisainn  adldinnsiinuald p, §
1 1 % I o 2% v a = dl v L %
AYGNTIT ¢, IPEENSTLLARARY ¢, &9 Azl lReeilantanazFesrelnsiaden s
o < 49{ ! 4 ' = = (~1 = d” 1
AnFannau denaliaoniiazdulunisgidawininadesanas wenaIninisansan

° Y 1A o dgl Zj/ d’l dl v a dlﬂl L %
@ AN WIANAR AN NTD 10952 U LIRSS INE U TN L Reeh Fosae Indadenld
AFaazdauinina ludnenizaasnisaesisazin i nsdadangnldiuetaililss@nsnam
Tuanenfldnmassiosiastelniadennneisnasdewinng Aeiudassuuninua g4

y ca s d . 4 4 . s o

ppnatmnInieste lndadendondl ¢ Nge avinlilanianazfinnieruiuiAgauaziie
Aansruiuiarlififldaulaarunsnldindadenldgeasyinliminensdosgoidelling

a

wanilgeleemd

35 Piggybacking (PGBK) aszdqaufiloymnlulnsinaea PRMA uuuauhuigld

Y v c & o A v ' < ° £ =
MWWW@ZM@Q?@QﬁI@1VIM@@ﬂmnﬂﬂ’iﬂmﬂﬂ’ﬂmmﬂﬂﬂﬂﬁ‘@z@ﬂLL‘WﬂLﬂL‘] V]’]IM?J?N’]DA‘H@\WI?WWWT’]



151

o a

dl o 4 o % dl L% = o % a o Y a
AN ﬁl’W]?Z‘LI‘LI?@\‘I?‘Lﬂ@Qﬂ“’Wﬂ@ L‘W@ﬂﬂ\‘muulmwuummumﬁ@w@mﬂmuvLﬂ wasMliLAe

'
= R

o 20’ % 901 = a w6 v =3 o dewﬁ [~3 a
AnsrudugLand1an e luansnglddeuininaainldsaniisin  gldifazidnin

a a9 a
| 1

PGBK #agneluuAninausazuininaiievenaniigiudngiddsiinousianisiiazds
a ! A oA A — = & o - @ Y iwe Yy =
wininpneugatnansineaiuanviseld Banligufazdnassiniadeniungldnnin
intle PGBK fludnuou 1 Indadesn/sn aunseiafldaunsndaininanisnnielu
1 = o dl 9/2’/ [ ¥ c & 1 o o L3
fpananspeniunalaangliiulidesiesmendadenlngd  aanuannisdnassindadan
Tungldamsaens PGBK I avduadldnimaiunsadeuininaetineseiiiadldlnaiad

LRAERUIANU T TRIUANINAAIANAAA

v = aa Xy o y a a Y A o

doma0dnlAaszuLAzdAWINNNIFase TN AAIN T IH AR AARILATIHBAWIUNNS
v 3 L% k73 dl = dl % L~ v o [~3 4&‘ é( 1 <
Fasraanasarin W ldauau o dlenianaziasaelndadenliddanntean adslefinig
nanildanunsndniin PGBK iaauininanniliatiisseiiasauunagatnoansazinli
Tuunapiagfldnimntinnusadnisnazdetnaisauingntnases mdadeniiuszazioa
wunanesnauaain ildiindadenndnaiteswaniazsasiug 1 didey  nstianaaziilu

1 14
ang Wiuininedesit lanunandslanialuscazionn 32 8aatund ianisaziialyls

AMNHANTNARBLNLAN Lﬁmﬁ?mmmmvﬁlﬂ‘m@zuuﬁﬁiﬂﬁigﬂ\iﬁﬂ AUIUNNITDITD
arfithinntien  dougldusazauiilonafiazdeselnladenlddndage Feszuuiigng
"nen PGBK  anldasin i ldninlitinaseslndadenundon danaliffldidesassiog
UssAanansvuzvisneniiazanansniese inlfadenladnsa lunsiiilasinlirananinag
dulumsqoydeuininaidasaesinginaes PRMA fldmailn PGBK HrrgendnTnsinaas
PRMA wuusupsidndes  wsiiderSunamsniinlussuuiiady a1usunisieselu
TwslnAea PRMA uuLdRsnsiisdiuetnasnida dealiifinnsmuiuuasinldananiiag
LﬂuluﬂﬁﬁﬁtyLﬁ?;lLL‘ﬁﬂLﬂMLaﬂdLﬁN%uﬂﬂWQ?QMqu Tusnisinmningn PGBK wnldluanins
m"W\I?\Iﬂngwﬁ%sﬁfm@mﬁmqumﬁfawmmﬂwLﬁuiﬁsfm WAZNNTANANUIUNTTBIURANE
n1sld PGBK f‘:@:ﬁ'm@m'ﬂmmmum@wzuumﬂﬂdfmwﬁmm@ﬂmﬁmﬁ@mmsﬁ%mm ot

azdanaldainnisissuuntiie meatin PGBK N1l avilAiduaunsngendiinsinaes

PRMA LLLALAN

3% Multiple packet assignment avanAunannisian §ldusazauaznsuaIuam
ndadenndenelumlsulinaennainszaniigiuazingnszangnarednisiesaaniy

dl o QJdI v 4 ] c & o %4 ¥ dld %
sruv@enlenanas i linneuineseusiazindaden vinTigldanniansianisas



152

1
[=3 = o

deuAninagnnsnszyunindadenisesntslldianiigiuluanenddiudeselnd-
adenld TR usulndadennaniiigiuarainisodnassunfldninnluntsiesewsas
pfazgnain weilinatlesiuld iy ldamtinasasindadasuuniuliuazdenaligldou

Tadgnunsadn g nadan s

o & dl 26 ¥ Vo o = 1 caal/
mmuiwma@mwthmwﬂmummmi@@’mmmugmiuumxmwmm:‘

1% IS DU 1 1 % an/ = oA c & dln (P <3
@ﬂwmzumimuu@u Tmmﬂummzuummugmwm’m%mmmmﬂ\‘lme_l k daam

|
A

anfigaufiazdrsesindadenlidounilane M ades iellalenalifldseauniinoim

Fadni1zazdaining liigauisansesaalndasaniioe M 4dam N9 a1niuasdngasg
o

1 1
Tndadennaliflinmdainneliedasianiasinny & — M ades Inadiudsainiigld

o = o = P vo o - @ = e
ANBINENHANNABRINITAZAILNNNADN msﬂﬂqgm@\ﬂﬂﬁ"ﬂ\‘]mﬂimN@@ﬂmiﬁN@ﬂﬂ?\‘]Mu\?

Tunstinfsuamaainluszuuiidntdes  anwulndasennieluusazinsuaszd
Fnnnwnn g ldaannsesaelndadenlididanlanianazliiunisdnassindaden
| o dl ¥ v ¥ ! 1 z’/ 9/:// =3 ! (3
Wudnuounnn - Geinglifiaanusiasnisazdeinngisauiedy  Jldiuienaazdauininnan
unpgatnaslanelusraznaassiineg . MlieanilsisesininaaandAndes
nIN3anass Masenan8is PGBK NHldazaunsngduining e 1 winins/msu win
ZJ/ 1 < dl = o 6 @ 2% 173 1 < 1 1 dl 2’/
1w adelafinan nisaniligindnass indaden i ldnndeuininaestisediawiy az
MR ldandn 1 nadadeanansdowluniarelunsaziien Geavdenalidld@asla
anunsndnfasanlndafenlumsniuld  Asuwininadeasiilanianazgnazisliganda
Twslnaea PRMA tuussmnd llayeya g ldaimnaasindaden anunisniilaziani

5 X et - g X ¥ -
guuseNnnEaulussuINEAY M =0 aial laanTuszuutanunsaFeaalndadan
vo w = o I T Y iy o 8 v o 2 = =
1Fd13a anntlguasdnassindadaniidneiomaliungldnnn s lduininnidesiilenad
azgnazialage walaFanmmaninlussiinady aquaunisiassalulnsinaaa PRMA
LUUAANAINTIetNgnEe daaliiianisauiusazinliaonuuiazilulunisgode
(=1 al a (1 al -l% 1 [~1 [ :J/ £% £
WANLNRLAENLAZI0AN1TE DT UANINAAI R IRNTBAENITINET  AtlNIsayny 6 LA |
ANBNATNNINA8S InTaRan Husduazdatanaaunsasaauaranlantanismuiuin i

~ AaX
TEUUNANTTOUS AU

atnlafinnn aznudinisdnassindadeniungldnimnsoads Mulitple packet
. é’ 1 o -QIIQI a 1 %’/ é’ -dl Adl
assignment # azlimsnzaniuszuundiBuamamadndgann  vistifiasainianiog

o 1 a o & aiu 1 ' o o v o 6, & ai
ANNAN T:UU’WZN@’]H’JHVLVIMZQ@@ﬁW]'J’NIlALLﬁI@tLWﬁ‘NiNNWﬂUﬂ WWIM@WUQMVLV]N@@'QWV]



153

%

= o V% 1 k74 dl ! :j/ o zl/ o %
@mugmmmam AAIT LN ;ﬁﬁjmmmmmimuummmmmm NIRRT PR L TN K

~ i a

sruvazdipeiAngs wazvinlilennanazifianisruiuszudrsuininaess 1l Agamu

k1l
1

dal = = v 4 k7% =® L] Y d! < =1
wananinisnaniigiueunnliglinmaunsatansesiniafenlidounils Ay
nsanlanialunisfesaalniafenvesylfdesannianily Tadenansanain 2 dade
pananadnedy  azinliwinmnmdseresinsinaea PRMA #Aldwmatia Multiple packet

assignment lanianazgnazislauinnitinslnaas PRMA LuUAsn uazyinlia a4t

ANHITNUBANTELULUAAAN

3% Slot Stealing azanleNIANIIUALIZUINE IFNHANNFBINNFAZAIUANINALAEN

o U

2 Ddld ¥ ! (1 3;// &’ % o o o v d’
Auglniausesnisazdalininaninn  AedszuuaslviaondAnyiug lddesmady
a v , - ) o =~ o - @ %
13n1shsieantsnisduufiuiinlasnndngldnany Tneanligiuasdnassindadeniviun
o @ 1 A ~ = & ARLW . ~ = ve Y A =
Jldnmifseleaniiigaunidniindadeniieluaniusdrauilasan i ifidasnulad
¥ (=3 | :j/ dl a o = 1 o
AyNFaenIsAzdawinnawintl - Tehuned iR anaiguasliainisanauauIues
v a dld v 1 =3 ¥ % :’/ = o
Fiddeanianusiesnasazdauininaluanels o 16 Asiuaniigiuastsranntiuiuzes
v a ¢=II¢=I v ] (= a 1 1 o 1% ¢=ll a
i ReaNNANARIN13aTdSUANNg - IAENA1TUIAINHARNTEUI A UIBN S5 e IR
o U dl o < & @ dll 1 v éj dl [~3
nTuLayaTUaunsiasaeflszauandania lundadenndenaunind uazilalan
P = | o Y o aa o @ - = & )
ANNgaNTg LR Uy i ResnilpnnmAesn sazdeAninaugueg anntgiuAaas
o/ dl b4 73 dj < c & dl 1 =3
Ayanauwavan i ldanaaulaaunisdasininanianaesnunnlulndadennineaden

aalal

anuanisnagaLnudnTnalnaes PRMA-Slot Stealing azilaussousilndiAesu
nslnaea PRMA fisasfuusnisdoaiievesnaien uaadliiiuinmaisgdanandnli
szulldonansznuiuddidaenndn wenanniinasfiannilgiuazdaasindadenliud
Mdanmnfsedielminseniudulniadeaivaeanmildorreslfides vlilndaden

ngryidaliflulnsnaas PRMA NisesiuisniadeaiienatinamengnldtlesTamd danaliien

EANMNINTBITEUUGIT

Tunisiansaunazeenistlsziinauug el acnsiasnisasduininaLay

15UA1 p Mnedd APR-estimation aa4lnsinaaa PRMA-Slot Stealing Wi wudnnnsdl5uan

a 4

Iy = . . o g p~ Ao o o al =
p 8T APR-estimation @:Vﬂlﬂ?tuuuﬁuﬁﬂu:wmm’m’]ﬂﬂjm p Lﬂuﬂqﬂ\ﬁ’] I@FJNZ\W]

a

o X o o =~ aa ~ ° v o Ao >
bLﬂu@:ﬁllﬂqIﬂ@Lﬂﬂﬂﬂ‘]_m?m@‘ﬂllﬂﬁﬁ/]@ﬂquﬂqu@qﬂq?ﬂmﬁqﬂqququﬂ;ﬂmL@ﬂﬂmﬂﬂqqﬂm@\?ﬂq?

T y c o X P oda X = =
‘\lzﬁﬂLLWﬂLﬂﬁlllﬂ'ﬂﬁl’N@NHﬁ‘m ‘VN‘LLWNQJLLﬁlﬂEﬂ’N‘VILﬂ@I‘LI%@ZZNZ\Y]LWZ}M’W’mﬂ’]ﬁ‘Wﬁ‘ZUUﬂﬁ‘zu’]m



154

1
a =

Srunddidesiifiaougenisazdaininadugudluane g dudiwaauannaniug
REUNFADUTAUNUN ﬁﬂﬁ’@%ﬁﬁmf&lﬁmmﬂuﬁuﬁué"ﬁmmmzzﬁqmiﬁ%ﬂmﬁ@mﬁﬁm
qoudely wenanniifenudinnsfun p daedd 3-state APR-estimation azlsiuaiiing-
AENTAE APR-estimation l1anu7i33 3-state APR-estimation aziideilundzesanudie

1e99UnIndlasedng Aqumsnzaniaztinun lliulanisminnuaesinsinaes PRMA saldl

7% CR-PRMA aziazananuaunisiastaiiinainudnisansn naluaneidldas
winina@elldsaniisns fldainisoniandain PRF Megnieluwininadesivaten
annfigaulunisaesindafendmiunisdauininaninls seanifigauazdnassndadeny
dnanegndngaumsndaldlddlddeuininanian aanuanismeasuaziulddninsinaes
CR-PRMA aziianssnuziinnaninslnaaa PRMA fisluidzesnisanasaatadnniiaziiiuly

a4 a = = @ = a A
nsgryAuunRnInadeuaznaflssasesuininan1mn - Tneenizideliununsmandien
49 UAAIIN1INILULNAIUIUNN T2 U TN AN NAE AINANTEN U LAN IO UE D

' dl v a @ A dl & 4 ! ¥ o v o
FLUUNINNIININE LA A wnsndiatiaiaass mdasanliung ldanuazinliaiuou

INTAAAANINNARAA

Aansdiunlasulassainsueansn azendalaseaivaedinslnaes PRMA++ Tnad

1 L~ a dl‘ zg a 4 I < 1% (=3
svunaziivindadesnnluszundeniasmnaueandu 2 aila IHun adenfesue uazaden
daya Waflilanusesnianazdauininaiaziesse niafenluaseniesas wazdngld
aunsnfesue ndadenlidnga JldtuiacsgniiuldluAsnaseiunisdnassafendoyaann

anigusialyl

)

Wimasa Ay NNnansznuiuansTauyn1euaesinginaaa PRMA++ il

ﬂﬁhqmﬂié’LLﬁ@"mqumﬁ@m%’m‘nﬂ GINLﬁ'ﬂﬁ@’]ﬁ‘ﬂi’]@’]ﬂN@ﬂ’]ﬁ‘V]ﬂZﬁ@U@ZWUd’] Lﬁ'ﬂ‘iﬁ‘ll’]ﬁu

b

1
] s

nemAnTuszuudA ligain sruunauuadenFeaaliuauauNINazliANNmNNz AN
' :// dgj o 1 z 3 & ! 1 1 { o Z’/ 1% =
ndn Timeruannzinanil afendeyadaulunjavaguannuzdng dniudraniigou
anunsanlasussendeyaiiluaseniesaeiacdoaiiulanialunisiasaa lndadasn liiun
FLElS usidefFunmunsmAnluscuuiiAngeiu ssuumsazanaUIUARERTRITaAY LN 1

o o o ~ ~ a o yaly vo & , = Y
N@ququ@@@m‘ﬂ@&lﬂ@ﬂ/]mqﬂLW?J\?W@V]Q?J?@Q?Umﬂ]m?@Qﬂ@1ﬂ@qLﬁ‘@ 'ﬂﬁl’]\ﬂiﬂmm nTeULUANM

a

o < v nl/ a o [~ % 1 dl ¥ a o L%
mmmmmfawﬂmwﬂizmmmqmmm@am@mﬂuumuﬂ@mu@ﬂmuvl,ﬂ CPATRNbY

1A 9

a [ %’I ¥ 9(; a (3 % 4 o d” | ¥
Wnnsruiugudadnannisluadeniasaald nsruiutaziiluatvg lildagldaula

a

aunsniesanlniaden lid1Fauazafendoyaazgoidalinanlantselamd



155

=

dll = o 3 ¥ 4 1 V6 ¥ a | aa
LN@L‘ﬂﬁ‘ﬁl‘]_lL‘V]EI‘]_ILLuQVI’}\‘isL‘Hﬂ’]‘J‘"]ﬁ’&ﬁ‘ﬁ"&@@ﬁ]‘ﬂ@&lﬂ@l‘lﬁlLLﬂQIﬂﬂ’]EIMﬁQ?%V@W\‘I’)ﬁ

o o ¥

AAANPUANNAIATYTLAT FIFO Wudn szuufidndssadendayalnanisdpaisuminudiAny

al o

aziipntazilulunisgodsuinna@assnndnssuunanassadasdayauuy FIFO Tng
dl o < % a QI o =3 % 1 b4 ¥
lRNzIaauIuasenFasTe lusTLLRAEGY  InsznIsiiNawIuaRenFeaaadqe |14
1 = £ C~1 o =1 a' i al [ % =< o1
wiazaudlanialunisfasuelndaiendSanngeay luanzsnaaiunistinasedindases

19 idnmdndn PGBK Aazlidenansznuiuglfidedluszuuil Wesananiigiuay

1 1

Anassadendaya g fidasniasalniadenlddianauane Tunamsaiudan nedn

assadendayaliundldaioeds FIFO auilulszlamifudldanmn mezdldnmiazaiunsn

a

Fadn PGBK  wageuininalaatinesaiiies aeealicdainianusndauininmlalaad

a

= < dl o‘
108119£79RIUNNINAAIAINAN

1UN1INRTUINANFENLUBL AN LN IA9AFaRF AN 18 W AazWLINTzULN

N72ANEANLNUSIR9AA D M3 R9URN 8 T s Na TN AN T DU N AN FZULUN N A MU TDIE R DR

L4

% dl L% 901/ d” =3 % 2’/ 1 26 ¥
791D AAUFAUIDILNIN “VN‘HL‘W?’V.ﬁﬂqﬁ‘ﬂﬁ‘?.i"l'W;I{N@‘ﬂff]ﬁ"ﬂ\‘]"ll@ﬂ’?ﬂsluLW?NHMQ%‘H’JHSLM@FL‘H

]
=<

v & & % Q; 1 9/::4‘ Y o ! o 1o
@WN’]?E‘I?@G‘H@%/]NZQ@@MIM@@@M?ﬂﬂmﬂﬂﬂglﬂﬂﬂﬁﬂiﬂﬂuw T4z AAAATINITUATU L1

b

v 174 < % ! < % o Y dl = <
n1s¥esaevesd idn e luadensesraudazadenls  Tunemsaiudan nishssuuiiaden
% 1 % 1 %’/ ° 4 Dd‘d ¥ tﬂl ] 3 o 1 1
NS T S N[N P TR U AR 7 R O (NG A DT o N eV E A SR TR T TS KR TaT TGV PR

< v % % DI/ =2 v K % c & k4 vy
1e9afaniestalludn fesseaunssvianamlsnntinasazanniniesse niadenld wazdnd
glianuounnllievae luadenfesanmeusuraansy  azdealilanianazifinnisruiu
S X
NN

o o aa o o [~ v o ZJ/ = £ 4 dl QI
AUFLILUUNANTTUTUA IR AATA IR LLLUNAI AU sruuduullTunaziiy
Nudfenfesraffalesriunudninisruiuieliunaluafenfasan  lunianauiy
o (=3 % dl v v 6 < v o < o
srULAzanawINdaanfastandlafldanisnieaaindasenladnia Tnaszuuaziivun
AMUIUARDATEILEANGA N, (min) LaTaNUINGAnTeNgegn N, (max) Wifusn o wik
Feannnansnadauaznuainsineea . PRMA++ AfinsliuRiwinadeniesaiiaslian
Ruarunsngenininilnasa PRMA+H+ Ndauuafaniasnansd tnaanizieifunm
nemMANRAgs  nszdnszuunusfanssuiuneluadenieste  sruufazanisniiy
nuLadenfasrelAaunIziiauafeniaaiA gL N, (max) iNadaaanni i
< % [ % dIQJ ¥ % N~ ¥ o < <
neluadeniesan waznieudsanifldaiuisniesanndadenlddnia szuufiavan

o (3 1% dl Ql o < v 4 1 yay v o <
AMUIUARDATANYDRAIUNDLNNANUIURAAD ﬂﬂl'ﬂ&lﬂ@iﬁ bbN éﬂ,ﬁﬂﬁ"ﬂ\m’ﬂ‘lﬂﬁq bR



156

AINN1IRAITUININTINTB NI INARA  PRMA++ WUdIN191eszunAann1d

AmiuiugldnFespelidnfaaziiunisanauaunisfassenialuscuy Seazdonldiszuud
o dad o - o, kX o

aN9I0UENIINNUNATU InsanizilatFunnmaminluszuuiiAngs sistimanzlaniafiay

Aentsruiunialuinsineas PRMA BuRAg9uIn agnelafiony azdiulagdannsinees

k!l

1
¥

PRMA++  Haglianssnuznisvinauaesssuunseandninginaes PRMA  iatiunldlu
sruunEBaamaninuIng Weasangldlulnslnaes PRMA++ azgnaninlifasse
Indadenlfianizluadeniasreminty Mlidldgnisrdanaluntsfeselniadonine s

il



uUNN 6

N152anwULINSINABANITAILANNITIANDINAIENI

ANNSUNIFIINUINTLRLILALUTNITANA

anuanisaaauaztaszinainlunisfudlysanssnuzansinsinaaa PRMA lu

QII ' a ' a = o a Qll ] o o ZJ/ KX A

UNA 5 wudrmAtAwsazinAlAf sl INMN AN LAN NI NN LN AW AeiiRal
o @ I = = o a | AV o

prNAdlunazfauseuaudsanssouznasinueamaiiafdig o Aldtduauely

Tuwuni 5 Weduwwuanelunisesanuuywsinasanisaauannisdneananenamanngm

$R95UNNITINLENN TR s LazLFN13a AN IFatineTssAnsnan
6.1 NIsLFEULNAUANTITOUS ATV UTBILNARAN LAY AU

TudaullaziBatmgtanssnuznianiuzeanaiiasg o nelsianiaznaniin

1
=

weai TneenAuuuudnaesiiA I n1aHasFNg o] ANR13199 6.1

dl 1 a er-:ll o d’ % = a
R399 6.1 AR L hN19anaesszuLLive b Lﬂ?ﬂuwmummmummmmuﬂ

UAaTaLng
NITIHLARFURITELIL
a aa a

ANNNENINTH (NARRUITN) 16
R, (AladmAund) 720
unlndaden/imay 20
wpYeslniasen (Om) 576
uNaUedlanasian (1Um) 64

% =l

BYAIALN

R, (Alailm/Aunn) 32
1a113739994ATIRIUANNINARLY (HAATWNT) 32

dayanIm
R, (Aladn/Aund) 5.12
ANRALAINENIIRILARZAINIENT (WANLNR) 5 ey 50




158

Tunsulsauiieuanssauznisinnuaesusiazmaiian finaualuuni 5w as
£ = o = 1 a rdl o 1 a 1 a '8
faginIIiruAeazRaaLarANIHwa a4 luusazmeaiia TaarA Wi Rnes
dl Zj/ a all % o Y G o 1
MNNzaNty aziansunanniiszuuazfieannsnsesful i lamiuauauninuas e
Ruarnnmmaesszuugs wanani Jldananaosazarunsodnldndadenlslaeningn
UseAsraauininananlaigein anvislaseaianisinenuaedinsnaes PRMA Miaeanlden
a ¢ o { = = ! 1o Y < A a o %I/ ~ 14
W1aHwefAna1ArazinNGELsuas liduten Falanatsananiladesionnnils
' ¥ > = : a A o =
nananndesy  agldmmuaniaazitanvesusiazinaianaztinun ldunisnFaunay

ANITOUZNNINNULIBITZLILAIANINT 6.2

AN 6.2 TEATlAtALAZAINITIHInafIadATALAAzatinanaztindn 1 NN g

=
LN LA NI TN UL URIT LI

ULl W13 Hwes
PRMA p=04 ¢=0.06
VP-PRMA p=04 p .. =09 ¢g=0.06
PRMA Exponential Back-off Puax =1 Guax = 0.06 r=0.5
PRMA-PGBK p=04 ¢g=0.06

PRMA-Multiple packet assignment | p=04 ¢=0.06 M =1

PRMA-Slot Stealing 3-state APR-estimation
CR-PRMA p=04 ¢=0.06
PRMA++ N,=4

PRMA++ Dynamic N,(min)=4 N,(max)=6

TudoudnllaziansuanisilFaunauanssnuzaadnaiaLfazmalatesy  Ine
miﬂ@:l,ﬁummmumm@zumxﬁmimwfmmwmiwuﬂusl,umizgn;LﬁﬂLLﬁﬂmmﬁ'm, AN
1/9539909UANINAAIAT, ANIFEAINITDIAILENNTLALN, ANNFEAINITNUANLINITANAN LAY
I a o U dl 1% = % dl 1 ] ZJ/
ANRAIANNITNTINTBNTTUY  NelAanINE Nl AInIi A NABIN1TNAsdITN9a1sIuI A AL
(5 WRNLNA/INIEIT) WAZANIAITIUIALIT (50 WIRNNLNA/AIN9213) TaazlFuanisanaedszuL

FNgL7 6.1-6.10



5 WWNNA/UIENT

=

<

LARILLAALNALA LN

a
(7

ziflulunisgey

AHUNA

PRMA
VP-PRMA
Back-off

PGBK

Multiple packet
Slot Stealing
CR-PRMA
PRMA++
PRMA++ Dynamic

10_6 rv( 1 Z/ I | | |
22 24 26 28 30

o 26 ¥
MUIUE M (L)

34 36 38

40

159

dl v o & ! 1 a (5 a o o
gﬂ‘V] 6.1 mﬁmmwuﬁa‘zm’mmmm%tﬂﬂuma@lmszLmeﬂmmmﬂummwﬁ%ﬂum?

WsuauaNs Uz IadLAasnAtla 1Wa L = 5 WAnns/Aas

50 WANNG/ANIE1T

10°

-
O|
T

=

<

LARILLANLNALA LN

a
(7

a

iflulunnsany

AYNHNUNA

PRMA

VP-PRMA
Back-off

PGBK

Multiple packet
Slot Stealing
CR-PRMA
PRMA++
PRMA++ Dynamic

10_ o | B'/ | |

16 18 20 22 24 26 28 30
ung 14 (Aw)

34 36 38

40

7N 6.2 Anndniusszudpnutandulunisgodawininadasiudiuaug i lunng

Wrauiauanssnuzasusiazmaila 1Wa L, = 50 WANNA/ANI49



5 WWNNA/UIENT

10
6
i 10°¢
&
=
({5
‘S
. 10°}
P
=
(e
S
S 10'
[
u§ o) PRMA
g ~A- VP-PRMA
s 10 -© Back-off E
2 —— PGBK
2 —+— Multiple packet
g 1% -+ Slot Stealing 1
- . s+~ CR-PRMA ]
— == & PRMA++ ]
; —+— PRMA++ Dynamic [
10 L L L L L L I T T T
16 18 20 22 26 28 30 32 34 36 38

uoug 1 (Aw)

40

160

U 6.3 AnudNRugITUINRaIsziseswininan I ALS wILE I unsFaudnay

ANTIOUSIDIUARZINATIA LA L, = 5 WANINA/AN479

10

50 WNNNF/U1IET

10

(HARIWDN)

10°

AUBILN AR AR

a
o
o

nanls

4’7
S TEis
47;%
%
ke

PRMA
VP-PRMA
Back-off
PGBK

Multiple packet

Slot Stealing
CR-PRMA
PRMA++

PRMA++ Dynamic |]

18

20

22

26 28 30
g 1 (An)

32

34 36

38

40

7N 6.4 Anduiusszudnaidesisesininaniniusuaug 4 lwnisulsauiey

ansInUzaIRNUAazMALlA Lia L, = 50 WANNA/AINIENS



=

a

AR EATNTOUANLTNNTLA L

0.8

5 WWNNBYUNI41T

0.7 -

0.5+

0.2+

0.1+

tehdttor.|

PRMA

VP-PRMA
Back-off

PGBK

Multiple packet
Slot Stealing
CR-PRMA
PRMA++
PRMA++ Dynamic

0
16

18

20 22 24

26 28 30 32 34 36 38 40
g 1 (An)

161

dl o o o 1 I A o a a o o =
gﬂ‘V] 6.5 ﬂ’)’ﬁ\l@ﬂ‘wuﬁ??&ﬁ’ﬂ\‘iﬂ’]’)@EI'&’]N’]?O?.I@\TLI?H’]?L@ﬂﬂﬂﬂ@’]uqu@muﬂ’]ﬂﬂ?ﬂuL‘V]?;I‘LI

ANTINUSIDIUARZINATIA LA L, = 5 WANINA/AN419

=

a

ANMALANNIINVRILTNITAEN

a

0.8

50 WNNNF/U1IET

0.7 -

0.5+

@t o b

PRMA
VP-PRMA
Back-off

PGBK

Multiple packet
Slot Stealing
CR-PRMA
PRMA++

0.2+

0.1

PRMA++ Dynamic

16

18

20 22 24

26 28 30 32 34 36 38 40
g 1 (An)

U7 6.6 ANNANRUTITUINAIREANN90TR9LENN AR WL I lun e uney

ansInUzaIRNWAazmALlA 1ia L, = 50 WANNA/AINIENS



a

ANMALANNTDIRILTNNTAIRN

UM 6.7 AauANTUEITINANIR A NN RILTNTRNAIT LA U lunng

0.25

5 WWNNA/UIENT

0.2+

o
-
)]

o
N
T

0.05

PRMA
VP-PRMA
Back-off

PGBK

Multiple packet
Slot Stealing
CR-PRMA
PRMA++

PRMA++ Dynamic

20 22 24

26 28 30 32 34
o 26 ¥
MUIUE M (L)

= 1 a dl (1 1
Wit LNauaNsInUz1adLFaznAtia e L, = 5 WANLAA/NIE1T

a

ANMALATNTDIDILTNNIANR

U7 6.8 ANNANRUTTIUNINANIREAINNI0T09LFN IR AN LA MINE M lunng

Weunauansnuzaasusazmaila 1a L, = 50 WANNA/ANIE1S

50 WNNNF/U1IET

0.25
0.2+ Sﬁ\ \D i
0.15+ é’ﬁ N 1
]
L d -e- PRMA \
044 | ~A—VP-PRMA \ ]
—© Back-off
~ PGBK f\
—— Multiple packet Al
0:05{ | == Slot Stealing 8 x
% CR-PRMA | <
14 PRMA++ “ y
% PRMA++ Dynamic AR
0 L L L L L L L L L L =
16 18 20 22 24 26 28 30 32 34 36 38 40

g 1 (An)

162



0.9

163

5 WWNNA/UIENT

0.8

0.7

AN

0.6
0.5

0.

AR EIAINITOUDGT

PRMA
VP-PRMA
Back-off

PGBK

Multiple packet
Slot Stealing
CR-PRMA
PRMA++
PRMA++ Dynamic

20 22 24

26 28 30 32
o 26 ¥
MUIUE M (L)

34

UM 6.9 AauANRUFITUINNANIA AR edssLUALS N I TunsnFauiay

ANTIOUSIDIUARZINATIA LA L, = 5 WANINA/AN479

0.9

50 WRNLNF/UNIEIT

0.8
0.7
0.6
0.5

0.

ANMAYANNTNIRITZ UL

PRMA
VP-PRMA
Back-off

PGBK

Multiple packet
Slot Stealing
CR-PRMA
PRMA++
PRMA++ Dynamic

20 22 24

26 28 30 32 34 36
g 14 (Aw)

U7 6.10  PomANRUTIENIe AN Aa N snTessT UL LA uau I lunsusaudiay

ANTINUZIBIUARZINATA LH8 L, = 50 WANNA/AINIEANS



164

6.1.1  NI5AIASIERANTTAULLIRANARANIFUTLAT Permission Probability

WANANILUSUAN Permission Probability Nlduiniaue luinaniinusaiul taud 35
VP-PRMA uaz 2% Exponential Back-off ~ H9annuan1sanaeaszuuazifiuladnnisingenis
aasnlszgna i lunsinaea PRMA Ay ianssnuyaesisnisidenay Asazmiuls
A1n3Ll7 6.1 uaz 6.2 31 nslnAaa PRMA 71in191i135 VP-PRMA uay Exponential Back-off
wnldazdimnuiaziilulunisgydawininadasiindninsnasa PRMA wuusauss lng
N3e1s VP-PRMA anldasinlissniudinanuiiiazilulunisgodauininadasanas
[~ £ dl o aa ! 13 o % = 1 |
Wniday Tuaniennsienas Exponential Back-off unldasnnliseuuiinanunazitulu

= & = | & Yye A p—— s ) =
nagryidauininadssanadasnaiulidn Nidwmnut wsnz3s Exponential Back-off azil

o 1 % 1 G &5 dl dd‘ a [
n3liuAn p uar g AaRRala9NIsTeste uusay ndasen dlunsiinifianisruiu szuy
azilfuanieAn p uag ¢ WazliesaInIzuLNnIsAnatAuANd Ay IFunLTn@eeunn

! a o v ! 1 17 o 2 dl o
N9UIN13AAN TAUNAINUNA. p,. WIRAEINTT g, ABRI1eNIN P liiesyuLLiuan

A1 g a9 azdanalildnmilenianaziavaalndadenlddsatoann Aniudldideds
= dl % L -3 Y o < da( 3 v %4 1 3| a =3
flanianazfesrae ndadenlidfaninauuszinlinaaiiasdulunisgodauinng

=
LARNAAAN

Tungpsaiudng 38 VP-PRMA 1iu szuniaznuua iy i5esaalndafensoas p

waz g Neshnaen Tnangldiidasaslssuaynanlifesae ndadanduen p, . Ngeauly
ndadesmnnnuaeiludraasld Gsnisngldaeainigniesse iniafenusadon sy
1 dl ‘L’ 1 24 ¥ al v L ¥ o (3 (-3 49{ ]
A p gl avdaaliilfidasainnsnievaelndadanlad1sasoau udananismasay
aznudn Wediinamawinlussuudeen arwsunisfasseasiiFunosligain inligld

1 = dl v T & ¥ o [~3 o ?:/ V4 ¥ al v
wiazaullanianariasralndafanlidnfage Asiuniseuna i lddasaiunsniasas
ndasenunddenlacogd p . Avdeadiuilgsangsouzrasiianisdeainaadntiasivi
i’/ d’j v a v L L4 1 v a :// 1
1 wananiflfidevavaunsnfesaalndadenlasaeen p, . 1Sies 1 afluwsazin
"t o g o @ Ay | i v = 9 - &
winti, | lwaneiasiasselniadennmaesen p. uaaednglfideeaziasaalniaden
daulunidaedn p vnldszuufinneinaunlndiAssiuinsinaea PRMA LWULAWAN WA
Fnnaumainluszuuianisay lenanusiasindadenusazadanaziidvesindades
Bn 2 Au azilAngeau Mnldnisnua i lddasaunsnfesaalndasen s p,

azdenalilanianaziian1smuiuiA1gandnszuy PRMA  uuuduiung ideqasiase

v
v o

Indfafansaedn p NiAsnaan auannthaziflulunisgoydauininaidesaes

KX a I

TwsTnmaa VP-PRMA NannaznsmingsasiiAngandninslnaaa PRMA



165

atnglafinnn  nisematiaieaestindsendldlulnsinaas PRMA aginli
srUUAINNTUSUeNIZAY  Permission  Probability mnan1azns wAdnl@mndu  welyd
ansnsaufitlogminisfesaeindadenesdldamnls satinazgldnnidensazsiasiasan
N~ 3'/ dld ¥ ! (~1 dl o EX dl a o !
Insfadennnaiandanudesnisazdawining  deinlilanianaziianisruiusendng

uwininaaes i A geuardaa W ldna1dnld ndadenlflaandnalszisaasuining
1 ¥ d’ a (=3 dgl | ¥ o o o v 4 a
pIRAeLdege Tananlsydsaesuininanintasiudedninesssuy vnlinasiansan
o ¥ dl o ¥ v o dll a (<1 a
Auang lgeganszuusesiuldasfasinteulurenanlssdaesuinnaniniuinaisun

\ o A \ o = o a | a c s &
?']NﬂuL\‘]ﬂiﬂ:‘ﬂﬂqqﬂuqqzlﬂuluﬂq?@fyL@ﬂLLWﬂLﬂG]L@El\ﬂllLﬂu 1 Lﬂﬂﬁ‘mum

anuanisanaasszullugilin 6.3 uaz 6.4 Wuda 35 VP-PRMA azilinanilsydenes
winnas i inaaesiunginaes PRMA Luusasn Meiine e lfideqarainnmiedas
ndadensand p.. e 1 adaaansy Wit vinlinsfesaandadensoadn p Ng
w09¢ 1A e dansenuAugliaiminnnin lunianauiu n1911e135 Exponential Back-
off unUlszansldlulnglnees PRMA waiiunumsaninluszuudanluigein azinliscuy
= a = A d’g ?.’/ dy ~ )] o | o I =
{198719739209UANINARNANTI AT L AIBILEIAINTNANIIEAINGIY  ATUIUN1ITa9T8aH
Bunoudes duiutrscuuliuanml ¢ aslaiianisauiu aziflunisanlannalunisiesas
ndasemvasdldann Mnlidldamignisgiananlaeliandu widleliunmumaniinlu

é’ v v s % 'y < v 1 dl 1 dl
ST N9y WK lamdensiesanlniaiensondn ¢ Nge azdenaliloniaias
WAANNTTIRTAANT N TaN1937187178 Exponential Back-off daldazdaelfszuuanunsnilsy
anA p uar ¢ Al M ldusazauileniaaziesaalndasen lddFannau uavgld

ﬂqﬁ]’]@Z@’m’]?ﬂ@'\iLLﬁﬂLﬂl}ﬂﬁIﬂﬂﬁL’JZ\]’Wﬂﬁ‘zaQ“ll’ﬂ\‘iLLﬁﬂLﬂﬁ]ﬂ’W]’]@ﬁﬁW@\‘i

WaNansnnAdeaunsnuesscuu gl 6.9 uay 6.10 wudn nsnasa PRMA

1493 Exponential Back-off azdAnidaannnsnaasszuugenintnglnaea PRMA uazingn-

poa PRMA 11498 VP-PRMA atiaiuladn sistinerzdldideluszuutiazilania¥esas

S

niadenladnsags tnaennzidealinomnsminlussuuiiAigeissuuazaunsnliuan

al

A g ae deifinlennalunistszauanudnsalunisteseresdIdly uasiled 4@
anansnfesrelndadenlddinga flddectiazdauininaludnenizaesnisaes snlnnsld
InsfadendluletaiuszAvsnmanndddu dads VP-PRMA i mseuaslidlfides
Yaspalndafensane p_ %mm@iﬁ‘ﬂ@m@ﬁ@:ﬁmmﬁuﬁuﬁzqus:m’]‘;/\l?\lmﬁhzgaﬁmﬂ
ndnlnsinaea PRMA uwLuaadn Sennssuiuiiasdmalidddeasnsogsainisdouas

a 1

1IFEANNNTNLRILINNTAANANAARIRE 9T wasnn AT

1%

HRAINITDURITLULN AN



166

anaudaauiLwsnaas PRMA wUuAAN Aeaziiiuldangi 6.5 uay 6.6 91 1ia

uauldluszuunnnndt 32 Au AFEAIN1I0209LENNTAN NS VP-PRMA AziiFn

|
o

anadatiaaau uazedldluszuunInngn 38 AR AIAEAINNIOTBILENNTRENATHAFN

| = D @ = | ' X
N1 0.1 BILAAIAITLLNN LﬂmL’&ﬂﬂ@quslﬁﬁnggﬂﬂgcl’l\ﬂﬂiu?gﬂu

= = . e o

WafFauiauNansznuYeInNetnaN I iseanssnuensinauaesing in-
Aaad limAllAN13USuAN Permission Probability azwudn waildaziuualinlillufidnig
a [ %'/ é’ ¥ s ¥ % -3 ?.'/ ¢=II¢=I ¥
weaiu etz ldaningTussuazdaasdieciasnelndadenynaianiaainsiesnis
azgauAning M liBunainisfesae lussuunfldnn1daandesnishazdeinoans

ZJ/ dlsz ¥ = ¥ d‘ ! 1 IS ¥ o
mmm@mmmzzuuw;_Jhmmum’mm\‘]mimmwmmwmmmfmmimmmnu LA

'
0 o a o o

Bununisfasaailaviiluiadudragnazainaussnuzaasininaas PRMA ludqudaldl

Ayl FNANTUND9ANIINUENIIN LT TN TNABA PRMA NRNNTUNMATIANIIARRIUILANT

v 73
Saauann i
6.1.2 NISILATITUANSTDULUDUVIANANISARAIUIUNISSRIUD

Tulwsnaaa PRMA BLLIASIAN s¥iLasnIvua WiE lianazfasiasanlniadan
NNAFNAAMNABINITALAIUANNAUAAZUANNA 911 lHAwInn1sFesaen e lusz Ul
UFnnasmnnuazasua i Sunumaminaanmszuuannssesdulignanta  Aeriuaslés
nsiematiansansuIunssesten Uil gsanssouzaeinslneea PRMA dlu
InentinuteriuilfetdtimAliAN1sanAIHINN S eNTaYINAN 4 wmalla lAun walla PGBK,
WAA Multiple packet assignment, 1nAHA Slot Stealing WazinAlA Collision Reduction
v o a o % dl 1 ¥ %
fanresnistinenaianIsanataunsiasrannatanntsuandszgndld luinsnaea

PRMA Ra waAtaiazdesanlanianisauiuszudeuininaaesdld vinTidldusiazaud

|
A

1 1 v 1 1
Tananazdastelndadan lfdFanngean domnmuunnazfasinuinansaniae (i

sruuAndss mdasendamts Wungldnanniaseelidnda azvinliaunlniafenndis

b

1 1 v !
iNaNasess g Al Tuuanas Aty lAnsasgnilssisnandussazinamilaneui

gl Aevazarnnsnfesanlndadenls  Tedndldduegnilsrdanaiaunseisliaiunsods

a
v

(3 1% dl o a < a ] L4 a =
LLWﬂLﬂﬁ]VL@ﬂ’]EIGLuLQ@WVIﬂWMuﬂ ?$UU@5@$WQLLWﬂLﬂmL@ﬂ\‘]1ﬂ ’&QN@I“@MQ’]W?J@QU?TW?L@E\?

AI2IAN

1 dl a a ol o v =l
AINUANINARALAZWLGN WalFunmawinlussuutAIaT anuaunnFasuaasi

Psunutdas Mg ldusazauilanianazfesaalniadenlidifage  Auiunsinenis



167

PGBK, 38 Multiple packet assignment Wwazas Collision Reduction s1lfanaiuaunis
Fosaanoluszuuas sz Taminnndn lwanzinaiunisdnassindadenliungldnimnn
poeasnnanaNtaz i I I fdeagnilsydnanlunisfesaendaden Asdenaliiszuumiin
a o v v 1 a < a 1
waAANITaAANUINNNTFasTenn A rasidulunsgaydauininm@eagandnngin-
:I/ a [~3 v dl zﬂl a v [~3 7 tﬂld o
AR PRMA WLUSAANIANTRE Taiafaisninlaasonuanaziiuledn ssuuninisdnass
ndadenliungldanmnnsaeds Multiple packet assignment azdmonuitazifulunig
- & = ~ > X o - @ o8 o o Y
ATUIAUUANINARLIANER  TIHINIzazULAyanass Indaden W danndedeyaliadig
DA a e 4 N L. . Y 4 . 4
sattlasintuiuscazinamiamsn Sifldidasiaausasnisiazaauinine luaned
sruuAnass ndaden liundldain  Jlddevarfasgnisziananliatneiaantiansy
v uAnnadeaiilanianazgnaziiags 49u3s PGBK uazdd Collision Reduction 1w
sruLAzdnass ndadan g ldaiaunes 1 adanasnwingy ashideuansenuiunng
dszdenanaedlfidasunnin atnlafinin nrednasslndadenliundldnindoeds
. . & =~ o PRy = v = |
Multiple packet assignment & azdlAIHINNZANTUTZUUNE [AAHANNFBIN1TNAE
d0819aundu Nz ldalennanasdsuinnaaunnagatnansline lussazinanives
wanaen  Geazdana i ldamainnsadasinne lalaedinanilseiaaasuininaninigmn

'
asd

dl dl = o
Vl’&ﬂLN'ﬂLVIEI‘LIﬂU'Jﬁ@u”]

q

dl a QI 25 o a o v ¥
WatBunamamAnTussuuminay st maiianisanaiuaunisiesaannlday
] ¥ o %; 2 %; a [ % dl % dl al 49{
doauiiloyuinisruiudiudadiandwtesiiainiBunnnisiaseniinaululnsinaes
v Y v
PRMA LLILIASAN YBNIEAARIHINNS5891989H AZa98anlan14an19auiussnanauining
1095 Ifuazyin i lfiaa sl lannanaziesaelndaden idFasngean  duiuauuiay
Wulunisgoudauininadesaasinginaas PRMA ndnsldinatianisanatuaunisiesae

arilA1A NI g nAaa PRMA LU IANetiNgwiuladmia

<

dgl dl = o L8 d} % | v dlil ¥ o <
UNINL mimmuﬂm@mmﬂmm@ﬂmmuuuﬂuLm;ﬂsnmmmﬂwﬂimmm Y

v
o

WA Il destevne InsTaganmn aXandne afedn sazdauininaudazuiinng
azdaelffldmmannsndauinneldlaefifinandssiaewinnannfianas Ieaanng
luszuuiildinaiia PGBK 1 fldpnmanunsniiandnin PGBK ieduininaldating
siarlasaundngldpmazdauininalfaunuegadnians  deasinlidldanmaiunngs
uwininaresmdllnefinaaiesininaemifigaidediaufussuuay 4 s
pa Efldenendadn PGBK iedwinaasuunmeng @%mmﬁ@ﬂﬂ%m@ﬁmﬂmﬁ@m

WIUTE a2 A 1N WA AN N TN waranaganaliiaruulniadanidnalunAazinsnanag



168

| P o o o = | = = < =
@u1NLWﬂﬂWﬂwfﬂ:?ﬂﬂ?uﬁﬂ°ﬁL@Hd ﬁquuﬂqqﬂuqquﬂuluﬂqﬁ\émL@ﬂLLWﬂLﬂmL@ﬂQT@Q?tUU

a !

PGBK 7§{linmdannusiainisiazdeinnansauningntasiaigandissuuii matiannsan

Ell

ANUNUNITFRITANATIADL

dwsunaila Slot Stealing & azilAvnauansneaninaiansansWILN1sSee
Feanumaiiadnasi %ﬂﬁmmz@%mm@ﬂﬂﬁ@mLLﬁnLﬂmiﬂLﬁ@%’@w@iﬁnﬂmﬁﬂm waig LA
pmnazsefunnsdnassinlagenfiviaeannnisldenesdldides sinldnnsiiendsnas
pmunldan sy lddsnansznuiusinandes feannuanimmegenlugl 6.1 uas 6.2

azwiul@d1 n1sieas Slot Stealing 1 ldiulwsInasa PRMA aznnlissuuiaanuiinag

dulunisgouidawininaldesanngadeneuiuisen o wasiaddaeaiuaunin
annsniesze nidadenlidsauazidnldIndaden azyinldsruuiiAadeainnsngenin @
IS o

ANNan13aNaesr gl 6.5-6.10 azwudn szuLNldis Slot Stealing ¥ ariAI4E

e A4 & o dll
ANHTDAINQALNDNELNUITULAY 1

De

atelafignd 38 Slot Stealing # azddedeluiinasnisdanassindadenliunyld
a 1 ° 9;/ dgl dl [ { = v

arentuantenanilnAAn s zidanazAnans aridiununisiestanialuszuy
1 o dJ dl k7% a [ e, & dl v ¥ k% L
Tgarin datnslneeanldinafinnsdnassndasesnewn a1 ldamaiunsaFesaalngd-
aaamlé U 35 PGBK, A5 Multiple packet assignment waz33 Collision Reduction az1qgl
Wildarndnlglniadenliiiondids Slot Stealing Mg ldnA1nazfiassaiunisdnassing-
adenananifiguintiy dsiulnsinasa PRMA firlmailea Slot Stealing wnyszensfld
arfinantsyireduiininaninigengaiameuiuinsinaea PRMA fldinatianisan

A1UIUNNTFDIRBU
6.1.3 NISAASIZRANSTUsARNNATANNSUSUAsuTATIEs 9IRS Y

lunisiewmaiinnisdiuilasulaseaieseansuunldlfutlgsanssouznis
nagasinglnaea PRMA 1u szutasdiunlaaniaseaiisaansulailngandelnssa¥

v 1 v
fuguzedinsnaen PRMA++ naape szuuazutitindadenminlusruuideniaenaueen

[

fu 2 aile MHun sdenfesaeuazafendeya Wedldlausiasnisacdauininadeys §14

% %

azfiasiasne ndadenlaanisdswininadayalifasmelndasenluafeniasaanag Indnga
fefngldarunsaFesaendadenlidnsa Fldazliarnsndwinnaldiundumafugly
Tuwstneea PRMA s liuasgniivlinnalumaiiasaiunisdnassadondeyaainaniil

771 MellazinisthiemeatiansdnanAuaNd1Ayesisnig (Priority) 1014 Tneaniil



169

guazdpassafendeyaliuiflfidusainisofeselniadenldd1fanen aniuasazdn
assadendeyanaaliunglinmndials PGBK uazflinnniasueniafenlsdnsa

ANHANAL

Tunnsapiaussouzaasmatan1slfuidasulasaai e s lud naninus
o 1;/ R v 1 tﬂldc [~3 v 1 lﬂl 1 o/
afuil AN 2 svuy oA sruuidenuwiuadaniasranialulAazsNAsAIwinGL 4
[~1 dld o o [~ % 1 % <
ARAA  LATITUUNNNITUTUANUILE AR 50978 TLWAA NI NATNNATRIN1T5 09D LUAA D R
Faere Metlaznuua auIuafe nfesaen1ge lusasnsiwinGy 4 aden LaTAIUILARER

F091049g0 LA TNINWINTL 6 aden

Wanansanantasdvlunsg@auwinnadeslugin 6.1 waz 6.2 aywud
WatBunnaminluszuianligedn  nisliulasulassa¥rsveamlsn e luglaes
afoniastauaradandagaiy Az iszuudauazivlunisgoydaunninaideangs
é’ -dl = o %’/ a i'/ -é/ ndl o 1 & ] 1
TdanuiuinginAea PRMA winsead ieimsizianinziainan ndadendouluny
azaguaniuzdn MFEldlulnsnaea PRMA wuusanndlanianaziasualndadan s
AFaga lunamsaiudn Flilulnslnaea PRMA++ azarunsniasaalndadonlsnsiaiia
adanfasrandowintu Mg lagniszdsnanlaglianiu wananililenFauimey
Anuiaziilulunsgrydauininadssszngnainsinaas PRMA++ Nlauiuaianiasas
asdl funsinaas PRMA++ fidinnsiliudiuandaeniasaauuunads azwiuldininsnaes
PRMA++ 7idinnsuitiarusuadeniaspsuuunadnaziaauiiaviilulunisgo@auinng

1 1 1 ¥
Aeeganinlnslneen PRMA++ Ailausuadeniestensiianies Miduduiiinerznng
NuuAAIUIBAdanfasae e une luWen Az IiszuuaINI IR MUARILNLEE
[=3 % dl o/ v 3 1 [~3 % dl
adanfesanadald tnuszuuaznszanauisaesafeniasaalinialumsuinean
o % < % 1 =3 :’/ da/ 173 ! 3 dl 4
[uunisiesraluafeniarausiayaden Neiwszdldazasnsnasuininaive¥asas

nsfadenluadoniesnanagindngnld wid uiuszuuninisliuanuuadeniasaauy

v
o

NATATY  FZULRENNULAAILALIIDI4ADM 30972 1 ALAZNANTUIAN N AR ARNINNFI LA 1
wlsnaunszislianuIuadeniasnennnsesns  Aunliadeniasredeulnnjavegndousu

AJ v v v 1 [~3 [ 1 1 [~3 v é/ v v
20aWsN TedgFANFaINsaz g ninAnAsanEuTwaesasenFasatilludn 14
ALARITDAUN TN DU TN ENRIazdNnTavaandadanls B lduinnmdesdlanian

ALYNALINNINTY



170

wiatBununawinluscuugean  nisdfuilasulaseaisaeamsnludnm o
1 dql o L4 dé’ ZJ/ dy dl =3 Qldlﬂl L] ¥ o (=3
iutazyinTianssouzaesruLAaY Metlilesannszuuaziug ldnFeaalniaden|fdi5a
nmeluAauazaya i ldaiananisadain PGBK iwadedayaliatinsiaiiias Seazyin
Tisununisfesaanieluszuuanas  Asiugldusazauacilanianaziesanlndadanls
o [~ tal é’ ‘;/ < A 3 tﬂl ! (=3 1 1
AFanngaan  wanainiiniadain PGBK a0 ldananiiadsunning lugatnnansas s
dsnansznunugldeduimaaiunisldineatia PGBK Tuindan 6.1.2 waznisldmatia
n3dnaIAuAINEIAY Az lisruuainisofiardnassafendeyaliundldidaenendld
pednisn PGBK ane Ineiewlsaumeuanssouzszudnginglnaea PRMA++ 713
o =3 % dl dld o o =3 % s
uafeniasaemi uazinalnaaa PRMA++ fiinnstliuanuiuafanfastaiuunadn ag
1 dld o o (3 2% o a 1 al (=3
Wudn sruuiinisfudnuiuasensasrauuunadnazianiiaziiulunisgoydauining
RLNANNGITTULNRNTININBARIUIBARDATEITOULUAEFL  FI9TNgIZNN9NIUIUNIS

b4 '

1 1 14
?'ﬂ\?‘ﬂ@ﬂ"]ﬁliﬂ?ﬁﬂﬂﬁﬂqﬂﬂ LAY N@im@ﬂ’mﬁ@:ﬁlﬁ ﬁﬂqﬁ‘sﬂUﬁuﬂ’]ﬂluﬂ@’ﬂm%@\ﬂIﬂLﬁﬁdﬂxﬂﬂ%u

U

£
o o a %

TINEUAIANNNIITUAUT 22U UNRN9UTUANUIUARD AFBITAULLNATAALLANANUILAA AR

Do

% é’ dl o v = 49( -11/ = o QI é/ o [~3
?@Q‘ll‘ﬂ"lluLW‘ﬂ?ﬂﬂ?Uﬂ?‘quﬂ’]i‘?@\W‘ﬂV}@\iﬂuu Tz R g3 RN TN T LRI UI UG R 5
% [} o o |3 b4 o dl k74
@@qm@@ﬂmmm@m‘:‘wun‘um'mmwmmuqum@mmﬂ@mﬂuﬂ bNTITLND m‘ﬁ@qmqiﬂ
U v o [~ [~3 o [~3 % dl QI o [~3 ¥ % o iznll
?'ﬂ\‘]‘ll‘ﬂiﬂ@’nﬁ‘@ TEULNAZAAINUIUARDATDIUB A LW@LWN@’]MQM’&@@mﬂlﬂﬂu@iﬁ?@ﬁ?um‘ﬁﬂ

fae1alidni5a

lunnanauiu szuuniawanadeniasaaluusaziannsd azdszautiyminaaiu

A o =3 73 dl o a Z’/ Al% ¥ 3 L4

n17IRaNaUINAdeRSasTaNINAZANA LRI s NAn - Aelinszdnszuuninua1d
o I3 ¥ Y] a ° v A o & v 5= <

nunafaniawanalunsudddesnuld ez lFinanissuiuswdatnannialuaden

v ] b4 1 26 ¥ v s < ¥ o [~3 1Y o 2%

Faspaunzdenali il ldanlaarnnsnfesaalndadenlidnia widnszuuninunly

o =3 v IS a o 4 = o < b 1 dl
@Wu’]u@@@ﬁliﬂdﬂﬂﬂ’]ﬂluLWﬁ‘NNﬂ’llﬂﬂLﬂuiﬂ @:wﬂmzuummqumammmﬂ@”l,umewmn

o 9/dli/ v o < é U dl a) =
Azsasiufliniesanlidnsa GsanuantmeagauaznudnielTuunsmdinlussuuiiAngs

[
a a

A o @ v ~ o > L ) o 1y
NIINICUUNINUIURAAAATANUDLNEN 4  RADFALU ’Q:ﬁillLWEQW@@’I’Jﬂ'ﬂ’]ﬂm@ﬂﬂq?ﬂ@\?ﬂzﬁl‘ﬁVILW

Auateganizy M liiRansmuiun e luadeniesasuazdanaliuininadasilanianazgn

(% 1
a =

X N a X A om o = o A
NASYNINNNINUL ANTUNTULATN ﬂqqﬂﬁguLLﬁ‘QNqﬂﬂ\?mqu?:ﬁUuw tﬁ‘ﬁmmu AIMURABAINITN

AANINNANTIUNAFY  INFIZTTULAINAHAr NN N5 agra luLAA TN A NN
dl U al £ 1 1 o dl a o 1
72N IEAIAINAIINABINITATAIT10819IUIALNT TN ldlannaNaziiANI9TUILENgINN

peaziiuldainuanimaaaulugli 6.1 91 Weduaugldluszuuninndi 28 au slnaes



171

PRMA++ Aidauauadaniasaawiniu 4 aden azilauiiazdulunisgodauininmides

A9TUBEINNTIALEY

Lﬁ@ﬁm@mmLqmﬂizﬁwmLLﬁﬂmmmmﬂugﬂ‘ﬁ' 6.3 uaz 6.4 azwudn 1eiiunn
nemAnTuszuuiAnties walsrdsaeuininaniavesinsmaas PRMA++ aziiAngandn
Twalnaea PRVA 7ldnaila PGBK intlen sililesanninsinaea PRMA++ aziiniminien
szuusadiuANddInd R daenfdindn PGBK #Funnsdnassadendeya
mwﬁwqﬂmmﬁgm%mmﬁﬂm%’mﬂ@iﬁuﬁ@%Lamm%éuué’q ﬁﬁ&%@%ﬂ’]ﬂ’]@:ﬁgﬂﬂ?:ﬁd
waraufiazanansndldaiendeyald  AnauAnstsszudaaAasuininnamn

aaalnwsTnaaa PRMA++ wazinsinaaa PRMA Aldmalian PGBK aziiulddniauiiuiie

1
a =

PsuamaninlussuuiAnge  menzidninziinaiaiianuiuaiendeyandneasiliunn

¥

anasatenn  avdnwslnAea PRMA++ Anassddandayaliuny dessaunsyislidd
adendayandremdeagnialuszuy  avdaua i ldnandaln PGBK uazfldnmnid
fovanndadenlsdnifasadlfesaalniadenlud duaziluavnlfioalsydsmasuwining

psnaadinsinaas PRVMA++ HANEININsELIL PGBK azingdaiau

HaNansanAndoainnsn gl 6.56.10 wuda Tnslneea PRMA++ Alnsiiu
° (<3 1% [ A 1 Ao ! dld o [
AuuFfeaFesTaLILINAdRAslARAA 11190499 s nAea PRMA++ NIHAMIuAASS
faqaamsh TaaidetBunumsmdnlussuniinay. wstnaaa PRMA++ Ainsdiuaiuou
ARDATANTAULLINAGAAZAINITDANATUIUARDAFBIUBLNDIDISLIAINNFBIN19D9E [F LN

v 1 1 (-7 1
Auls lTuanzninginAaa PRMA++ NRANUILARAATNIAANTITIY AL AN UILARDMAFDITAT

& a o Y a o %; ¥ 90/ N (3 ¥ ! Y a o
‘LA@EILﬂ‘Lﬂﬂ MlAanstuiudLatinanne luadansasratacdana AN a1u1Inanas

'
a o

:j/ d’l A o (=3 Y o dl o <3
MNUNITAARIUBIANIALUAINITD "ﬂﬁL‘VILﬂWﬁ@L“’QMLN@M’]IW?IVW’]@@ PRMA++ NUARNUIUARDE

% dldy o 26 ¥ aa 4 ] 1 o A =
?@Q?J@ﬁﬁﬂl&lﬂﬁ‘@ﬂﬁ_l@Iﬂjﬂ’]lﬂ’mmﬂ’)'ﬂ\lﬁlﬂﬂﬂ%‘@t@ﬂ‘ﬂ’]'}@’]ﬁ“ﬂu’]ﬂ@u IANRINTSLUARTH

1
=

Prununisfeselurnela < gendrssuungldnnalaanusean1sardetnngsauinens

u

M lilannanaziianisauAulgandn  asainuaniamegen lunsiingldamnidaAean e
ANNENITNNAWINAL 5 wAnine/Aeans lugiln 6.5 uaz 6.7 azwudn wasanuaug gl

SLULNINATT 30 AW ANNFEAINITDIANLINTRLNUAZANI AL AN TDURILTNITANANUA

P o

nsnAaa PRMA++ NNANUIUARAATANUDAN AZHANIAAAdRENNTIALE) TeazdanalFAnnde

1
= a 1

ansnrasseuulugiln 6.9 Hevanasen  wanandazdanaladn ANdduainnsnaeg

'
A o

! 1Y ! 1
wslnana PRMA++ NdAuuadenfestaasitaziaranganisldaniocngldnimnid



172

v v 1

¥ dl ] 1 ?1// v a A a o < % dl L2 a !
AANNABNNITNAZANTNVIANTVUIAAU mmummn’@:uummqu@mm‘@w@mu@ﬂLmﬂﬂ a3

naliifiansruiudwdadanetneguussuazlanianuininmdesasgnasialAg

k1l

6.1.4 NIFAIASIZALS UL UANTTOUSUDILARZLNATIA

TudnuiiazdmazfiFaunauanssousaadLsasmala  Ingaziansnnainieaidla

, = & - { = s o = =~
puthanflulunisgoydawinna@asiny 1 alefifud Tvazuansmsafzouiay
o 3 dl % v = [~3 1 Aa o =
AU geganszuusesiuld, anlssisesuininaani, ANAdEAINIINUBILTNNT
AN, ANARHANNNTDUBILETNITANAT LAZAINALANNITNIINUIBNTELL LHAAINNLIUNENT

WiINTU 5 Uay 50 WWNINA/ANIEIT ATNAN9199 6.3 AT 6.4 ANNATAL



173

dl = o a 1 1 svdi
71919 6.3 Zﬁﬁgﬂﬁmﬂ'ﬁlf]ﬁ‘ﬂuLV]?LI‘]J@N?@‘E]MZHW?V]’NWN“II@\‘IL‘V]ﬁuﬁLLW@Z@EI'N ﬂ’]ﬂsLﬁlL\‘]ﬂull“ll

pRazidulunisgrydeuininadeslainiu 1 wefidwsd e L, = 5 winins/dnagns

walssderes | L L
M B ANIREAINNID | ANAEANNITD | ATIRRIANNID
XU %0 wAnnAANAN - . _
(A1) BILTNTALN | TBILINNIAIAY | 1BNTTUL
(ms)

PRMA 24 848309.29 0.446752 0.141258 0.588010
VP-PRMA 26 1708269.36 0.483551 0.120062 0.603614
Back-off 33 3219889.83 0.613683 0.079748 0.693430
PGBK 28 318.92 0.521475 0.199384 0.720859
Multiple packet 28 594.22 0.521283 0.199455 0.720737
Slot Stealing 37 1738672.03 0.687711 0.169245 0.856956
CR-PRMA 28 780.82 0.521637 0.198889 0.720526
PRMA++ 26 1285.37 0.484862 0.185181 0.670043
PRMA++ Dynamic 27 9744.84 0.501870 0.192179 0.694050

a ~ o a . . o
A19NN 6.4 ﬂé‘ﬂmﬂﬂqﬂlﬁ‘ﬂﬂLV]HU@N??ﬂuZﬂW?VHQWH‘I@QL‘VlﬂuﬁLLC‘I@&@EH\? ﬂqﬂimLﬁﬂuiﬁl

Astnaziiulunsgoyidawinnaidesladifiu 1 wefidusd Wa L, = 50 winins/ainaans

nandseieres | _ L .
M 3 ANRABAINNT | ANdEaINNTn | ANIRRANNNTD
TTUU S0 uAnInAAIAI — _
G PBILINNTAEN | 1B9UTNTANAT | UB9TTLY
(ms)

PRMA 25 1293551.73 0.465645 0.130588 0.596233
VP-PRMA 26 1682294.42 0.482641 0.120350 0.602991
Back-off 33 3207546.17 0.613640 0.079737 0.693378
PGBK 27 1080.03 0.502149 0.191829 0.693978
Multiple packet 29 1800.58 0.540907 0.205470 0.746377
Slot Stealing 37 1754429.88 0.688757 0.168319 0.857076
CR-PRMA 29 4193.08 0.539637 0.206570 0.746207
PRMA++ 28 469177.79 0.520341 0.180789 0.701130
PRMA++ Dynamic 28 455155.94 0.521391 0.180115 0.701506




174

~ & Vv, A o = | @ =
AMNANTNN 6.3 AT 6.4 "WLWLJ,VLWJ’] Lu@wmﬁmmmmm%mﬂumaﬁ@msz

o

(5 a a -] & o a ! dl v o 17 ¥ Y o
LL‘WﬂLﬂIﬂL@ENLLNLﬂu 1 wWafidus  n1sueImAlARIg | 1/11@‘1,4’1L@u@ﬂ’]ﬁlﬂuﬂ’]ﬂﬁ‘ﬁiﬂ‘ﬂﬁﬂ‘ﬁﬂu
X
gl

Twsnepea PRMA azinldiscundanssauzinau  tasnszuuazainianseadug 4l

ANUIUNINVULATH AN A AINITDIINTRITZULN AU WY whatelsAnIn  wAtALIg

a

walaNtunddw walla VP-PRMA, wAflA Exponential Back-off wsamailm Slot

Stealing 11 azlfpudAyduuEnia@asunniiull dewalfinandsydsaswininanism

v '
a o o A

Apnge AsriuiedunisiutlszAugnuninaesidniain Tnadldainiaasazainnsnidnlg
L 1% IS a (=3 4 o =K = ) py
nidadenldlaadinanlseivaasuininanianligein  AsaziinisineiReulazesaan
dsrdsreauininanininiiatsaunsaniutenlaresaonutirazflulunisgadauining
Reelaifin 1 wefidus  luniaziuua i lininniaanusesnisazdeiingsauwndu
(ANNENRTNNENT 5 WANNAEAINAEIT)  AYTRZAINTAILANINA LA IAE N AR AR
dseAsneauininann)laiiiy 1000 Had@dudl dougldnimniaausiesnisazasdnagns

YUIALIT (ANNENRTNNEIT 50 LINAR/AINIANT) ALTAZ@N1IDEILANINRA LA LA N ANLRAs

=l

1a91a11svA9aanAninAAAN il 10000 Aaaduh fRdsazlfuandmnseiLTauiie L

u

Anuougldnszuuseiuld, asnviazdulunisgrudauininmdas, ARAEAINI0T8Y

13N191AEN, ANNFEAINITNUANLINITANAN LATANIALATNITNITINUBTLUL 1A A0

11ANIWINTL 5 WAY 50 WANLNE/AINATS l?]’]lllﬂ’]'a"]ﬂﬁ 6.5 UAY 6.6 ANNAAL



175

dl al o a 1 I Q/dll
199N 6.5 @ﬁ;ﬂﬂ@ﬂ’]ﬁ‘l,ﬂ?‘il‘]_lLWEU@N??GM%T]’]?V]’N'\M?I@\‘IL‘V]ﬂuﬂLLﬁ]@Z‘ﬂﬂ'N mﬂmmu%

1 | = (3 a 1 a < o a (=3
ﬂ')’n\m’]“wmusluﬂ’]ﬁ‘@ﬂ&lL@EILL‘WﬂLﬂﬁlmﬂﬂi&lmu 1 afiius Lazinanlssiauasunning

AN 1AW 1000 AadduN? 1Wa L, = 5 WANINA/AN941s

o | Avdhandu | . .
A5 L | AAfeannn | ANdeannn | ANAdua NN
AT Tunnsgoyiae . _
(L) _ | veuinndss | 1e9UTnNeenmn | 3edssuy
WANINALAEN

PRMA 22 0.000701 0.412459 0.156660 0.569119
VP-PRMA 22 0.000551 0.412477 0.156617 0.569094
Back-off 21 0.000020 0.393328 0.149400 0.542729
PGBK 28 0.007316 0.521475 0.199384 0.720859
Multiple packet 28 0.008606 0.521283 0.199455 0.720737
Slot Stealing 28 0.000091 0.526436 0.199365 0.725801
CR-PRMA 28 0.006838 0.521637 0.198889 0.720526
PRMA++ 25 0.004154 0.467895 0.177792 0.645687
PRMA++ Dynamic 25 0.004785 0.467456 0.178006 0.645462




176

F19°99 6.6 AgLluanisulsauiauansInuznIuIeImAtiaLsAazating nalfReula

Arnazilulunisgry@auinnadedlainiu 1 wefidud uazianilsydeuinng

AenLaiin 10000 HaA3WIN Wa L, = 50 winine/anaans

.| Avwdhandu | L L
G L | Aduaimngn | ANAuaImngn | AAdEaNne
EEANY, Tunnsgeyide . _
(A1) U | 1eeUinaiden | 1e91En1eenmn | edssuy
WRNINALAEN

PRMA 22 0.000427 0.412511 0.155607 0.568117
VP-PRMA 22 0.000328 0.412678 0.156196 0.568874
Back-off 21 0.000011 0.394308 0.149203 0.543511
PGBK 27 0.008854 0.502149 0.191829 0.693978
Multiple packet 29 0.006255 0.540907 0.205470 0.746377
Slot Stealing 29 0.000177 0.543522 0.206144 0.749666
CR-PRMA 29 0.008732 0.538391 0.206106 0.744497
PRMA++ 26 0.003356 0.485657 0.184429 0.670085
PRMA++ Dynamic 26 0.004117 0.486377 0.184666 0.671044

=

ANl 6.5 waz 6.6 axdiulidn dehdewlsresauhasniulunnsgoyde
wininmdssuazdawlaressanlssmewinnaamnaniiaisansaaiuugs elnaes
PRMA #l4maliannsansuiunnsiesae suldud malla PGBK, wmadia Multiple packet
assignment, 1NATIA Slot Stealing UAT WMATA Collision Reduction azfiapssasiulld sy
ANUIUNIN Lﬁj"ﬂLﬁﬂuﬁum@ﬂé’uﬂqmmmummiwﬂwm@a PRMA  gnginaliansliuen
Permission Probability LAz ATAN s AU lAT AR t0ee TatidiasannTnsnaea
PRMA #ifin1s1lfuen Permission Probability #2833 VP-PRMA uas 33 Exponential
Back-off 1 wiidnaziniglimanudiAny linuinisdengandntisnisaand Tnanisiivue
I ddusannnsntecnelniadendanrn Permission Probability figandngidanm usnng
Lﬁlu%ummﬁmquﬂﬁﬁmm@ﬁmmqw@W\I?\lﬂﬂ"@q Az@HA INANNTUIUITNINWANNG
v0afllF  Awsunisdfinlsanssouzaasinatnaea PRVA asnisdfulasulpseaiing
m@\‘iLV\I@uIﬁmﬂugﬂmﬂmﬁ@m%@w@l,mmz“i@mimﬂaﬁu widnaziinszununislunisanauay

n1sfesaunedan tneniseuna g ldnimnanisniesaelndadenladialiaiunsm

< a dl ] 3 % 1 1 dl 1 o o o [ o s 124
ipUm PGBK LW@@\‘]LLWﬂLﬂM@’][ﬁHi@ﬂH’]\‘]W@Lu‘ﬂ\‘] LL[F]ﬂWﬁ‘u’]?Z‘LI‘LI"]ﬂ@ﬂﬂUﬂQWN@Wﬂﬁy‘N’ﬂﬁ



177

o Y% = o < v b4 ! v = ! ?:/ ° 2] =3
avinWanigudnassadendaya iundlfidesnewanes auluueafsenanliliiaden

u

1
a

foyaaaiieaneiazdnassiungldainniadn PGBK uwazfldaianiazsialiliesae
ndadenlua Mnldauaunisfastalussuuiady wananinsnldusasAuazaInns
% L~ % [=3 % 1 :j/ o % QI 49{ o % ] 2%
Fasnelniaden lfaniylusfenfosaawindiy MnliniainausesaiuIunisiestodena i

Tannanazifan sruiuEAIge

anldnanaundesii aziulddnauaunisfamanialussuuazifuiladadAnyn

deuansenulngnraragnssnuzaadinsnAea PRMA dadnanuaunisdananieluseuul

= °

Arganull azinlilantanazifianisauiuiagauazinlininanssesgoydellinawlan

a

dszTamiimac i ldaulagainnsniesselniadonlidnia Awlunistiieimaiianisan

Anuunsiasaann s lnaas PRVA azadaanliuilssanssnuzansinsmasaatinaiiule

a

FLAU TIRNNANIINARDLIUAT197 6.5 LAY 6.6 aziulgdnlnsineaaa PRMA #ldimnaila

D

Slot Stealing aranunInIasiuf i lsiduauauninngauazliAdduansnuesruLgan
4n MtNIzAE Slot Stealing # srvuazdnassinsdadenliunglinnifseiedulng-
< A I v 2 = v ' 21/ o £ =l c < i

adesnwaaaInNsldneedlianudaminte. Minliniegodendadeniasainnismy

U 3 v a v i
?ZM'J’NLLWﬂLﬂWH‘N@‘ﬁL@ﬂQLL@%E;TL‘IJ@’]W]@@@Q@EI’NN’WW

Iudquﬁmiﬂ@:ﬁﬂmu@‘ﬁwﬂmﬂ@@m‘mfm@mm@Lsﬁqﬁwmﬂmamé’ﬁmmﬁuiu
InenfinusariiiiesesiunssauBnisdeuaziBnaana Ingasiinistiimaianisliy
A1 Permission Probability {7l aunumAANITaARILINNNIFANTaLASINATIANITLT
Waeulaseaisreaan sainnsimatianisLfAl Permission Probability 1nlfaz e
Iw:ﬂlmﬂmmimu@mmiﬁﬁﬁwmﬂmqﬁﬁqLzm@ﬁmmmﬂi”uﬂ'q Permission Probability
pnanIensinldegneinanzax lurnsnaaiunisiie nAtAN1aAANUILNNT5R 918
LazmAfiAnLiiaeulasaisaaasadn e astag i uiunnstesaelussnana o

azdana Wi i lantanazfesaalndaden lid1Faninteay

6.2 n1saaNLUUINSINARANISAILANNISIININUAIANNAIUTLNITIIN

USNIFLRLILALUINITANA

annsianssmAtialunsUiuleanssouzaesinsnaea PRMA ldtinaualyl
panatnediu wudmellausazineiinaclqasuuazqaseanuansneiull  Faetiedu
nsiemAllAN1sUiLAY Permission Probability 8nuszgnsliriuinsinasa PRMA ag

dqal¥szuudnnsnliuml Permission Probability THRAMumanzauiudsunoumnsninls



178

% a

win1sliuilgeanssouzaasinginaas PRMA faamatinlazdsasilszautioyminissuiugu

1 ! v
1 == o o A

HesnanniBunmnisfesmenielussuufinngs famavdeannnismuiuil ssuuazand
Permission Probability a1 ¥lilanafigldnimasieselndadenlédiaanasatinenn
dounisihienmaiianisansuaunisfesteuazmaiianisUiudeulnsaieseasnmn
Uszensldiuinsnaaa PRMA S wlidnazansnsnanssuaunsiesteiiinanndldnanlé
TG Lu;iLﬁ@ﬂ?mmwmvxl'ﬂﬂlmzuuﬁngﬁu nsfiszunlden Permission Probability 7

-dl o -dl a o 1 < ¥ QI d?
A9 azyi lElan1anasiinn1auiusenINuRnINATes m‘ﬁ PANNINTU

v
o o K

Faludeazlffluuapsuanfiazinendasseunailansfudn Permission
Probability axdsnnunsnilnundszensldfunumeaiianisaninuiunisiesze Ine
wATiAegLI3uAY  Permission  Probability Azdagilfiilieanssnuzaasidnisidas e
szunazinue W @ esannnan fase lnalafanldfasdn Permission Probability figandd
g ldmmn daumpAliAnsARsIILN 1SR el Q813U 298N TINULURILTNITANAN
mazannfigardnastinfadendoumilfundldaniifaselniafenlddnsa vinld
ﬂﬁ%ﬂﬁmi:u'f?f@\‘l%’mmiwﬁmﬁ@mlmiv;nﬂ%\‘]ﬁ'ﬁmm[ﬁ”lmmmzzdaLLﬁﬂLﬂmLﬁimLLﬁﬂmm uan
ANt nmstiszuuil§uumsiesteiianas azdazantanialunsmuiuuazdaeiialenialy

ns¥esanlniadendiavedy I Husazauansas

v 1
Tudneninusaiull aznedauanssnuzaadiniimaaa PRMA #lgainnisunien
A Al vo %) 1% Y v v o e | A a o
watiaf lFinaualddnsuandseynsdldidndeaiu Tuntlazuisinsnaeaniinainnisi

wwmaliasing o) sntlazgnaldidndeaiueand 4 ssuu Thun

1. wslnAea PRMA-PGBK  #1in1s15uAn Permission Probability #2875

Exponential Back-off 394135 VP-PRMA

2. TwstnAea PRMA-Multiple packet assignment RRNN3USUAN Permission

Probability #22R5 Exponential Back-off #9811A5 VP-PRMA

3. nslnAea CR-PRMA 78n131/5uAN Permission Probability fa8idd Exponential

Back-off $au/ L35 VP-PRMA

4. Twstnaaa PRMA++ NHN13U5USUUAREM5R91a IULAAZININULLNASH Tael

azfin1315uAN Permission Probability luaaen3esaafaeaa Exponential Back-off



179

Tun1medauaNII0 Uz N nAaa PRMA AWM UIAWAT 4 s2uusananndnas
aziFauauanssnuznlanuingmaaa PRMA wuusaas uazinsinaaa PRMA 8nisld
a [ 1 = a a dl -ﬁl k% a 1 1
manAsIna1qaanaialamaianile  dazlfuanuanisilzauineylugiuaasaun
azilulunisgoydauininades, LaNUsEaereauRniNAAINT LATANIARAINIINUBITELIL

IHBANNENAENIANIWINTL 5 Uay 50 WANING /9813 Tugilh 6.11-6.16



180

5 WNNNA/ANE1T

Z 10
s
=
S
c ., 2
' 10
3
s
aa
10
< PRMA
= PGBK
é ) Multiple packet
5 10 Slot Stealing i
& CR-PRMA
§ PRMA++ Dynamic
c 10 PGBK-+Back-off+VP
& Multiple+Back-off+VP
CR-PRMA+Back-off+VP
. —%— PRMA++ Dynamic+Back-off
10' T I T T T

16 18 20 22 24 26 28 30 32 34 36 38 40
Quaug 14 (Aw)

dl @ o & ' 1 G| a (=3 a o O 173
g‘]J‘I/] 6.1 ﬂ')’]N@N‘WMﬁ??&M’J’Nﬂ')’n\lu’]"'\]uﬂuﬁluﬂ’ﬁ‘@ﬂ&lL@‘F;ILLWﬂLﬂmL@HQﬂUW’IuQum‘Hﬂ@\?

o

wslnepaaNWmuNau e L, = 5 uinine/dnaa1s

50 WANLNG/AIZ1T

10 e
s i

z 10"k 4
<
=
S
vg 107
3
s
aa
P ) -

1 =3
g 0 PRMA
= -A- PGBK
— 3 ;
é - ~-©- Multiple packet
5310 -% - Slot Stealing E
£ -+- CR-PRMA
= ->- PRMA++ Dynamic
&3 10° -3~ PGBK+Back-off+VP 1
& 4 ~&— Multiple+Back-off+VP

—e— CR-PRMA+Back-off+VP
eg —+— PRMA++ Dynamic+Back-off
10’ I I I I I

16 18 20 22 24 26 28 30 32 34 36 38 40
uaug 14 (Aw)

717 6.12 Avndniusszudepnuthaniulunisgoydawininadasiudiuong e

1%

Twslnanaimunau e L, = 50 WiAnNe/AN9461s



181

5 WWNNA/ANENT

10 T T
— - PRMA
-A- PGBK L

6|l ~©- Multiple packet
vf(sj 107§ _&_ slot Stealing
= -+~ CR-PRMA i
(@ ->- PRMA++ Dynamic )
& 10°| -5 PGBK+Back-off+VP / ]
= —— Multiple+Back-off+VP K
g —«— CR-PRMA+Back-off+VP /
€ .| -+ PRMA++ Dynamic+Back-off /
g 10 // |
u% /ﬁ
E
@
= 10 ,
(s
99
(o
&
'
& 10% 4

101 1 1 1 I 1 L 1 L L L L
16 18 20 22 24 26 28 30 32 34 36 38 40

Quaug 14 (Aw)

317 6.13  AnNANRUSIz I NnaNUsEAsasuRnnAn AL WL [Faans naaadn

o daf dl < 1
WENUNAU LA L, = 5 WANINA/ANNENT

50 WANLNA/ANIE13

10 . :

— - PRMA

~A- PGBK -

-o- Multiple packet S
1= 1080 —% - Slot Stealing
g -+- CR-PRMA L7
i ~p>= PRMA++ Dynamic -
& ~£}- PGBK+Back-off+VP L)
Z 5|l —o— Multiple+Back-off+VP . ‘
s 1074, CR-PRMA+Back-off+VP il 3
= %~ PRMA++ Dynamic+Back-off ]
g ]
i= ’
g 4 L
< 10 :
@
[
74
(o

o
o

anLs
=
o
w

22 24 26 28 30 32 34 36 38 40
g (A)

717 6.14 A ndnRuiIzdnadssivesininanimiusuaulduesinsnaean

WaNWNTU Lda L, = 50 winine/anaans



ANNFLAINITN

3171 6.15 Ao NANRUEITUd WARABA NS ALA IR LT Tnaaad

0.9

5 WANNG/ANIET

B SRR R

0.8}
0.7}
0.6
05F
@& —~ PRMA \ \ N
04% | A pGBK éﬁ\
-©- Multiple packet N }
0.3} | -&- Slot Stealing
-4~ CR-PRMA AN
02| | "B~ PRMA++ Dynamic Wy
“!' | -5~ PGBK+Back-off+VP \é
—<&— Multiple+Back-off+VP
0.1 |+ CR-PRMA+Back-off+VP Ny
—— PRMA++ Dynamic+Back-off %
0 L L L L 1 L | L L L L
16 18 20 22 24 26 28 30 32 34 36 38 40

Quaug 14 (Aw)

dl (=1 !
Wa L= 5 WAnna/A141e

ANNNTD

G
<

AN

50 WANLNGYUIZIT

1%

X
FNUNULE

0.9
0.8-
0.7
0.6
0.5-
). Vi
& ~ PRVA WE
047 A~ pGBK V' 1
IR\
~O-"Multiple packet Q
0.3 | ==~ Slot Stealing N
~+- CR-PRMA \
0.2L| ~>- PRMA++ Dynamic |
2| | -2 PGBK+Back-off+VP b
~&— Multiple+Back-off+VP NS
0.1F "o CR-PRMA+Back-off+VP ot
4 PRMA++ Dynamic+Back-off b
O | | | L | L | | | | L
16 18 20 22 24 26 28 30 32 34 36 38 40
g 14 (Aw)
P o o & ) | Ao o o o A o X
gﬂ‘ﬂ 6.16 ﬂ')qﬂﬁuwuﬁﬁ‘zﬁqq\‘}ﬂ'VJZ\'IﬂZQ'TM'TTE]T]U@']U']U@%‘H@QIW?IV]ﬂ@ﬂﬂ‘WﬁNu’ﬂlu

\Wa L, = 50 wAnna/naans

182



183

6.2.1 NISIATIZNANTTAUSUDIINSINADAN LAN MUY

Wanansananuasfulunisgo@auininadeslugili 6.1 uaz 6.12 wud
n13emAtANTUSUAY  Permission Probability w1 ldfniumAlANITanaNuaunng
¥aranazimatianisdfuilasulaseairsaaansuluinsinaean iwmunauil  azdas 1
sruvuiauiazdulunisgoauininaidasaininnsinaas PRMA AildFunisu3uiles
anssnuzlneandaiiaamaiinlamaiinnilsagradiulddaay  detlillasanninatinnisdsu
A1 Permission Probability # azldAudiAnyuitdnindesuinnditdnigaian  lng
uanaINszuLazLl3uAT Permission Probability faeRa Exponential Back-off AdAY p,,,

1 1 b2 ¥ al o Yo VY L3 dl [ b2 vy
GINTNAT O A0 HldAsefsar liiuanynnlidesas lndadeannumaifludnaeqlssoe
1 Qi a v ?.’/ -13’ dl v a 2 T ¥ 1 dl dﬁl 1 o Y a
A1 p Ngaansng visunnsiy Lidssannsndesaalndadensansn p Agellazliinliiie
toyunnisaududuwininaaaduaganuinainaaa PRMA Aldinaiianisliusn

. . o1 = ] a dl o é’ dﬁl v ) a
Permission Probability iNeegiaaimen snzlnsinaean a1 auitliinisiemainnig
anaNUINNII e MTansag  BamAlatazdtanlan1an s IUAUI I WRNINAT A

o o o b AT Yo R A PR - @ Yo @
glf@asuazuininpaesldanan  seugldidasasilanianaziesanlniadenlidiag

wazadsnalinuinasfulunisga@auininadesa nrnas

WanFaunauaiiniiazilulunisga@euininadesaasins inaeai Ewamwn Y
2// o dl Vo o % a o v
4 4 syuu fuTnsneeanliunisliulssanssnus lnsandamainnisananuaunisiase

neluszuunglipimdanNseanIsazdeansauIndulugly 6.1 wudn szuunld

i
=

mATA Multiple packet assignment ardlagintiaziilulunisgoy@auininmdeagenign

u Q

1%

A o~ o o LA Ao a o L . P
Weweuiusruuan 9 widlednsminmaiianisUiuan Permission Probability #agda
Exponential Back-off wasas VP-PRMA snldsaudiinaiia Multiple packet assignment
sz lszuudaniniaviilulunisgo@awininadevanaseenaiiuladn  mdwduil
WegannnisinemAtia Multiple packet assignment 10111 azdqgana1uILn1ISes1e
anngldnmlaliaandnlensuiumeia PGBK ingizaniignuazdnassindadenliun
}24 dly v o < a o 6 [~3 dl 1 :J/ dJ v al
glinpnFaspalddsalaanisiarsunainauaulndafanidneluaniedy Sedhszuud
IndadanndegiluEuuien  lininnFesuelidniaacldfunisdnassnidadenain
an1iguneslinadeanyinty antdufldazsdedifecaelndadenlulinedeuiininei
wine lugadaans aaualidiuunisfeselusruudsniiAngs avinlilanianaziianig
o . ) A o g Yy o a4 = P
g lussuy Multiple packet assignment ungaLmzm‘lmmﬂmmmmuiﬂmmngﬂm

fananndiszundy ) wiiednisiieamatianisliuAn Permission Probability 314



184

v ¥

seutazlfuan p war q aulalnsruiuAaTL iln1TanAn q 1esszuuaziiiunisan
Tanalunisfessalndadenvesdldninn inlddldidesdlannanazioanlndadonls
AN1FaNN e

'
v =

Awiuszuungldainiiaainsednisardetinoansauinnaiy azi|aiuouns
% 1 o o ?:/ ai (3 2 ng a -dl ¥ =
Fasraluaniele o lduntin Aniunisiuininaidasazgnazivaziinainniefig denanen
psasnsiademilunaiuunazdua i fidsselszdsnaineunaziesaandadon s
AiFa Feainuanisnaaanlugiln 6.12 azwinlidninsinaas PRMA fldinatln PGBK azil
Arnthazfulunisgoydauiininmidesgenansztiuau o Wesanglinniniesaalng-

adonlAdFaazaunsndaln PGBK adeuininglaatnseLiasaunungntnnans

e unaIlsEismaauinneaalugln 6.13 uay 6.14 wudn leiFunn
neANlusZULNANAY  N3eMATANNTLSUAY  Permission Probability anldsanriu
a o 1% ° 2 = a (=3 49( <3 & dl
WAlANIIAAAIWIUNNIFBNTRAEYIN sz uLH AN azT9neuAininAAANgeTAn s Lie
= o dl }7% a o Vv = 1 a ?:/ d” dl o 1
WeuiuszuunlfmatAnfsana LN 1siesTaINeNatinsimg  Hellngnzian1nzAangan
o % = 1 o o ?;/ % s ' -dl a o |
AuunsiasraaslBunaldannin Auiuihszuuilfuanan g sullafianisruiuaziiy
nsantenialunisfesaalndafesvesldain wazdlininazsiasgniseiananlagly
Ay wiieFuaumaniinluszuugeau wslnpes PRMA #lden g luaiash azaena
TilannanaziiansruiuilAnge @an1911187198 Exponential Back-off dnldazyinldszuud
nsdfuanen p waz g ae Mlidldalentanaziaspendasenlsddannay  Aiugld

G’Y][5]’1"\3?31’1&]’1?0“&'\‘1LLﬁﬂLﬂ(;‘]m’W]qimﬂﬂﬁLQ@Wﬂ?ZGQ“H@QLL‘ﬁﬂLﬂ[?]@’]ﬁﬂ@@@\‘i

agll o PN dl a) IS ] a

uananiazdunmlaon watFununaminluszuudiAigsnin nsienmaiianig
U5upn Permission Probability ¥1ldsaniumaiian PGBK azyialiszuuingldniniaaiy
Fean1sardatinanstunealinalsziaaesuininaaaanasetnaiivlidn  wesainly

o | A = o ¥ | = a o ¥

NgfNg1ti aziianugunsfesaaiflufininsnn mweliansandwaunisiesteas
AMN90aANNIFasTeTesy ldanAn lauedouminil Tusnengdldanmauasglddeazdin
% L2 4 1 . . . dl 1 d} o v a o 901 % 901 a
Fovaalniiafensanmn Permission Probability #1490t @azinliifian snuiududadnan
wazinszuuiauiaviiulunisgodawininadeuazioalsy3eesauininanmge
Auatneganidy  ASIUNI9TGNAE Exponential Back-off dnldacdae g ldilan1aias

Favue ndadenlfdnianinau waziledldninilussuy PGBK annmiestelniadenls



185

1
I !

d5a flifazannsndindsn PGBK iadeuwinine liatingsioiios M ligldaiaaiunsnds

' '
o a

(~1 = a -Qll
LL‘WﬂLﬂﬁlﬂqﬁlq1mﬂﬂﬂLQ@"Iﬂ?Sﬁ’NVIM’W]@@

q

AmiuARdaannnuesrLLlugi 6.15 uaz 6.16 i wudnleFununawWing

ANNNTUINAUTN ANdduaInnInaedinsinaea PRMA ldinatianisananuiunisfesas
= P A ¢ XA = = a X o §
WegetiNAnaziAIanas MellillesannnisndiuiameWinlussuuiiaay  azsinly

% 1
=

AMWIUNI9FBIVBNANGITURIN TINTRINATAGINAINTszgna E luinsnasa PRMA Az
ﬁqaiﬁﬁwuquﬂﬁi§@qmﬂm@qﬁiﬁmmmmﬁﬁmmrsmmﬁu Tuanuzihgaiug danauazld
deaneluszuuasionddaselndadandanna Permission Probability figeas] vinliianas
guiuinudatnanuar il daulaanasniesselndadenlddnia lufitdazdenaliind
afansavgodellnelades el feunasiiennafinnisuiudn Permission

Probability w1ldazdesaanisruinunannenaninadgelsd §ldudazanasiilanianas

! ¥
o = =

v L3 v o [~ é’ KX A a
imm@iwmmmimmmmmu FEUUNNANRLATNITONGNY

annsdAszianssauzaesins maean iimunauna 4 ssuy nldnanalldnasiu
azluansmsanfsauineuauouldnszunsasiuls, wanlsriaesuininaninn uazen
o/ dl

doawnsn Weamnuhandulunizgn@awinina@esliny 1 wWefidusd uazaauag

4NANTNAL 5 LAz 50 WANLNA/AINE1T TAPNRANTI99 6.7 LAY 6.8 ANNANAL



186

:zll al o all o yd‘
FN9°99 6.7 agiluanisiFeuinauansnuznisiuaesdnsmasaniauanalfiReula

1 | a (=3 a 1a o @ o dll (=3 1
V’]')’WNHW’QZZLﬂHELuﬂ’]?QQ_JL@ﬂLLWﬂLﬂﬂL@HQiMLﬂu1 wafidus e Lrn = 5 WWNLNRA/NIENT

. M, ., BRI ESBRETN ANIREAINI3D
(m14) WANLNAAAN (MS) SINEFATN
PRMA 24 848309.29 0.588010
VP-PRMA 26 1708269.36 0.603614
Back-off 33 3219889.83 0.693430
PGBK 28 318.92 0.720859
Multiple packet 28 594.22 0.720737
Slot Stealing 37 1738672.03 0.856956
CR-PRMA 28 780.82 0.720526
PRMA++ 26 1285.37 0.670043
PRMA++ Dynamic 27 9744.84 0.694050
PGBK+Back-off+VP-PRMA 30 1213.53 0.771659
Multiple+Back-off+VP-PRMA 31 822958.16 0.759995
CR-PRMA+Back-off+VP-PRMA 30 5756.08 0.773009
PRMA++ Dynamic+Back-off 28 530800.10 0.698424




187

:zll al o all o yd‘
F19°9% 6.8 agiluanisiFeuinauansnuznsiuassnsmasaniauanalfiaula

anthazidulunisgrydswinina@declaifiu 1 wefidus e L, = 50 uAnwne/dnagans

. M, ., BRI ESBRETN ANIREAINI3D
(m14) WANLNAAAN (MS) SINEFATN
PRMA 25 1293551.73 0.596233
VP-PRMA 26 1682294.42 0.602991
Back-off 33 3207546.17 0.693378
PGBK 27 1080.03 0.693978
Multiple packet 29 1800.58 0.746377
Slot Stealing 37 1754429.88 0.857076
CR-PRMA 29 4193.08 0.746207
PRMA++ 28 469177.79 0.701130
PRMA++ Dynamic 28 455155.94 0.701506
PGBK+Back-off+VP-PRMA 28 1148.80 0.719612
Multiple+Back-off+VP-PRMA 30 6041.02 0.775096
CR-PRMA+Back-off+VP-PRMA 30 8333.47 0.771305
PRMA++ Dynamic+Back-off 29 1041775.21 0.701075

ANANTIT 6.7 AT 6.8 WLINTTHIeIMARANIILTUAY Permission Probability
1 E 9N ATANITARRIUNNT B9z 1IN AR PRMA HANIIOUENATN FI9ay
(=3 % dl o M v @ [ dgg v a1 Aa e
winldannnisfisyuuansaseasiudld IS duiuunanauna el Aniduannsnaessy iy

%
KX A ¥

ﬁqwu@ﬂmfm 2819 l9fnINAZNLIINITNTLIE NI ATALIIMATIALTL N1sieImATiA
n1315UAN Permission Probability fia8Rs Exponential Back-off wazaa VP-PRMA w1 ldgau
AUARA Multiple packet assignment #3an131utaNmARANNIUSLAY  Permission
Probability #2¢R3 Exponential Back-off 1unldiuinsinaaa PRMA++ azinlsiszuuilngn
13739789 NINAAIAADUE1944 ﬁqﬁuLﬁlﬂLﬂumiﬁ*‘uﬂ?zﬁu@mmwmamm?mimm a9
aginmninerdewlaressandssisresuininanmaniarsansaaiudenlazesanu

s v o

aziilulunisgryidauininadeelainiu 1 wefidud  fHdelduaninisiiaumanaiuay

u

gldnszuusasiuld, avntazniulunisgaudswininmdey uazAddeaInns0099T LY

IHAANNNENITNNENTWINAL 5 LAY 50 WRNNA/ANNZEIT ATNANTI9 6.9 LAY 6.10



:zll al o .zll o %
138N 6.9 Zﬁ;ﬂN@ﬂ’?’i‘l,ﬂ?‘?_l‘]_lWlﬂ‘]_lZQN??DM&‘ZH"I‘?V]N’]M?I@\?IW?HIﬂ'ﬂm’lu'ﬁLﬁu‘ﬂ nels

188

dll 1 a (53 a a T @ & a
L\?ﬂuiﬂﬂ’ﬂmuqqmﬂuiuﬂ’ﬁ@jﬁyLZQEILL‘WﬂLﬂI?]LZQEI\?ilILﬂLL 1 wefidud  uaziianisrisaas

wiAninAAAT 1AW 1000 FafauwA Wa L, = 5 wiwnine/anaans

5 gld | avnsshazidlulunng | Andduaninem
T (AW) | qrudauwiAninedes YBITTUIL
PRMA 22 0.000701 0.569119
VP-PRMA 22 0.000551 0.569094
Back-off 21 0.000020 0.542729
PGBK 28 0.007316 0.720859
Multiple packet 28 0.008606 0.720737
Slot Stealing 28 0.000091 0.725801
CR-PRMA 28 0.006838 0.720526
PRMA++ 25 0.004154 0.645687
PRMA++ Dynamic 25 0.004785 0.645462
PGBK+Back-off+VP-PRMA 29 0.004316 0.748962
Multiple+Back-off+VP-PRMA 28 0.001316 0.722682
CR-PRMA+Back-off+VP-PRMA 28 0.004459 0.747810
PRMA++ Dynamic+Back-off 25 0.002390 0.645984




189

F19°9% 6.10 AgLluanaufsauimauanssnuznimevaesins inaaaninaue nnals
dll 1 a (3 a a o < o a
Reulaaruihaziilulunsgadawininmdesldinu 1 Wefidus uaznanilsziaaes

uwinNAAAN AW 10000 FaRIuA e L, = 50 WANNe/AN9E8Is

5 gld | avnsshazidlulunng | Andduaninem
T (A1) zga&u,%mﬁnmmam PRITLL
PRMA 22 0.000427 0.569119
VP-PRMA 22 0.000328 0.569094
Back-off 21 0.000011 0.542729
PGBK 27 0.008854 0.693978
Multiple packet 242 0.006255 0.720737
Slot Stealing 29 0.000177 0.725801
CR-PRMA 29 0.008732 0.720526
PRMA++ 26 0.003356 0.645687
PRMA++ Dynamic 26 0.004117 0.645462
PGBK+Back-off+VP-PRMA 28 0.009418 0.719612
Multiple+Back-off+VP-PRMA 30 0.003091 0.775096
CR-PRMA+Back-off+VP-PRMA 30 0.006526 0.771305
PRMA++ Dynamic+Back-off 26 0.002855 0.670229

=

AINA997 6.9 waz 6.10 aziinledn WethReularesnnuiiazilulunisgode
(~1 L= &l a (53 a 1 o ¥ dl
uininadeuarReulaaegnanlsydsaesuininaniaNiatsndaniuugs  wslnaaad
Wanwnautazfasianssnusanannsinaea PRMA nlniunisiliuilpanssouslngandy
= a a 4’ d’ a dlaz ¥ = ¥ dl ! 1
Weamatialamatianiie InaleNansanszuungldniniiaonnseanisnazdainaans
2WNAFUIUAITINN 6.9 WG AsTnenATANTUTUAT Permission Probability fneidd
Exponential Back-off a3 VP-PRMA wnldsauiumnaiin PGBK azinldiszuuanuis
saafug 1 lAfluauaunnigalamauiuszunay Inaszunazanimnsasiullflane 29
AL UATHANIAUANNIOWNGL 0.748962 TNt mAlla PGBK # 11 ldsesiusyuum
glinmiaansiasnisazdeinoansaunduasianumanzan fetliilasainnisld PGBK
AzaMNTnanaannIsiesrea g lMaanlfidusuouunnnga  Inadgldainaiunsn

foaaalniadenlddniaude  Jldamllazannsndnln PGBK iWedswining liasing



190

] dl I 226 ¥ ] < 1% ] dJ % ¥ zd v
saiiasaundngldazdwininalduuagadioans  dedngldnimiiaausiesnisazas
dnaansawinenaivll flifaziiansasindadeniluszaznaruunanasn uazdsnali
Y = ) Yy @ = Xy X ~
glddasgnilsrdananauanaiiluaun Wwininadesgnazield  wananiinnsiszuy
PGBK dnassinsiadenliungldninuies 1 aden/vsn azinliuininpaesdldanmnng

1% ] 1 gﬁ/ 1 o o G U dl 14
ANSBINITardeinnansauinenifiassaetnis luiimefiduscaznauunaunas s
Fun19dnass ns-adenainanitiguteazdanalifinanlsrdeesuininaninidaigs Aariy
nsile) PGBK wnldasdmnnumnnzaniuszuungldniniainseanisnazdstinoansh

%

Temawiull Tnefldananiassandadenlidsaazaunsodasininaliaunssianun

1 =2 c & k74 dgj (] o v a o
TALIIANT memiﬂmm@ﬂmmmmmsﬁmmmmﬂummm:wunu@mmmmrmﬂ

4 o A, 4 B— -
WHaNA1TUNILULNE LEAIAIHANNFBNNITNAEEI11981521R8 19 TWAI9N 6.10
WL NTUNRNNATRANITLUSUAY Permission Probability #2¢R3 Exponential Back-off L
3% VP-PRMA anldsaunumaiin Multiple packet assignment aznin sz uudnunsnsaasy

glElAdudnuaunnigaiemeuiuszuueay  Insszuuazainimsasfugldling 30 Au

[ % 1

v ¥
wardARduatnnsnianiy  0.775096 79iNN3anass maladanliunildanisaeimnaiia
) ) X = o = oe o = v = .
Multiple packet assignment U %ummmmmmmzuumﬁﬂﬁmmummmmmﬁn%m
1198199UAE9 INTszularARassindaden iy ldanmndsuininalfetinsaiiasnisty
d’ o £ [ % L] o 1 d”d v o o
reznauilamsn nlinnsdnassindadenludnenziuilinugaenadesiuanEEnig
a a dl [ a & [ ?:/ v ! (=3 =
599NTAUeSLETN IR0 ATRTuIDsas AUl lEaiaazacnnsndauining llaadina

119239209 AN N AR AR A

ar

Tudaudnll azfansanaussnusnsmeaanwmunauluan1oznisldauasy  ag

dl k74 = % dl ! 1 2’/ (=3 1 dl k74
?:mmiﬂmmm’mmmmmmimmwmmﬂmmu (5 WANLNRA/ANIENT) meixuumﬂm

o o 1

ANANNANNFABINITNALAIL1941391IAEN3 (50 WRALNA/AN9413) aspnatna liNAa0

u
4

1srFarauininaninTlding 300 Raau N way 3000 HAAIUNN AN HnaelALana

a

~ o o o Uy " = = o a
2FN L‘].l?ﬂ'uLWHU@WHQN@%W?%UU?@Q?UI@, ﬂ’)’]ﬂuq@gﬁl,ﬂuﬁluﬂ’]?@ﬂal LARILLNNILNBILARIN LAY

|
o =

ANNFEANNITNUBNTZUL HAAINLNINANIAITVINAL 5 WAL 50 WANLNA/ANIENT ATNANTISN

6.11 a8y 6.12



:zll al o all o %
;13799 6.1 agiluanaufsauimauanssauzniminevaesing inaaaniaue nelé

dll 1 a (3 a a o < o a
L\?ﬂuvlﬂﬁfﬁmu’wmﬂusluﬂ’]?@]ﬂalL'&EILL‘WﬂLﬂlﬁ]L@ﬂﬂiNLﬂu 1 1afidus taznanuszisuas

uwinNAAAN 1AW 300 AadduW Wa L, = 5 uininm/anaans

191

5 gld | avnsshazidlulunng | Andduaninem
T (AW) | qrudauwiAninedes YBITTUIL
PRMA 18 0.000025 0.465651
VP-PRMA 18 0.000016 0.465857
Back-off 18 0.000001 0.466188
PGBK 27 0.004371 0.696110
Multiple packet 26 0.002435 0.671373
Slot Stealing 22 0.000001 0.568851
CR-PRMA 23 0.000500 0.594608
PRMA++ 22 0.002811 0.567376
PRMA++ Dynamic 22 0.002774 0.568074
PGBK+Back-off+VP-PRMA 27 0.001331 0.698717
Multiple+Back-off+VP-PRMA 26 0.000294 0.672372
CR-PRMA+Back-off+VP-PRMA 23 0.000116 0.595005
PRMA++ Dynamic+Back-off 22 0.000881 0.568470




192

F19°99 6.12 agiluanaufFaumauanssnuznimavaesns inaaaniiaue nnalé
dll 1 a (3 a a o < o a
Reulaaruihaziilulunsgadawininmdesldinu 1 Wefidus uaznanilsziaaes

uinNAAAN 1AW 3000 AW Wa L, = 50 WANLNG/N9419

5 gld | avnsshazidlulunng | Andduaninem
T (A1) zga&u,%mﬁnmmam PRITLL
PRMA 19 0.000035 0.490919
VP-PRMA | 9 0.000024 0.491971
Back-off 19 0.000001 0.492408
PGBK 27 0.008854 0.693978
Multiple packet 242 0.006255 0.720737
Slot Stealing 23 0.000001 0.595109
CR-PRMA 27 0.003568 0.696529
PRMA++ 25 0.002965 0.645492
PRMA++ Dynamic 26 0.004010 0.670880
PGBK+Back-off+VP-PRMA 28 0.009418 0.719612
Multiple+Back-off+VP-PRMA 29 0.001111 0.749482
CR-PRMA+Back-off+VP-PRMA 27 0.001438 0.697606
PRMA++ Dynamic+Back-off 26 0.002933 0.670980

anmead 6,11 uaz 6.12 nud Weth inineeaildimuntuilinluanazns
Mausse sruuasilanssougfianinnsinaea PRMA wuuacian uazinstnaea PRVA Ald
sumsdiupsasamnuzlatendfasnpialamaiovi %ﬂuu\‘immfﬁﬂmu@%ﬁ@z‘umm
51K panshasidulunisgedauinnm@es wazAddeanunsaresssuy Tnedefianson
izuuﬁ'ﬂjﬂ%ﬁmmﬁmmf?’immiﬁ%m’ﬂmmmmm%uiummqﬁ 6.11 wudn Inslnpas
PRMA ‘bunsaiinazsassugl¥ldiies 18 au Tnaszunasiidadaanansawiniy 0465651
wilflefinnsinimaTiannsUsUAA Permission Probability #2833 Exponential Back-off wazAa
VP-PRMA 1" ldsaufinimaiin PGBK %ﬁﬂﬁ@xuummm@ﬂﬁu@ﬂé’ﬁu%wﬂu 27 AU
TasdAdduarnnsowinty 0.698717 muizuuﬁ'ﬁj‘lﬁmmﬁmmm”mma?ﬁ%mﬂmma
nnaealumed 6.12 di wudn Tnsnaea PRVA Lmu%q@mz@mi"mﬁ%lélﬁm 19 AU

NANAFAINTDVRITTULWINAY 0.490919 TuanusinnstiemARAnNIsU5LAY Permission



193

Probability #28R% Exponential Back-off 4azas VP-PRMA unldsaudumalia Multiple

packet assignment azvinlWinsmasanRamLITUNAN09095 LI 16D 29 AU TnadiAd

AduA NN 0.749482 Taanuani1medalludiuilazimiulaaninsneean lewmun

4” d’j o I a al a % 1 = a a dl %

PUNAZAINNTDIAFUNTFINLTNN TR LAZLTNA AN Ie et e s @nsnan  Taaszuunls
\ ; o 2

ArdARdaaINnTongs Tuaniendnanlscisaaauininaaiafian  anviedaaiuisn

Futlsziuanininaeanisusnislinusiasnis



unn 7

unagluaztialauauLus

7.1 unagu

IngninwusilAtiauauumslunsimun insnasanispauAnn s TemanenIg
dll o 1 a al a ¥ =K Aﬂl
\Wa9R9FLNIMNLETNaReuaz1EN19A1A0 TnatnsTnasanisacuannisdintienanenied
Iimunaui aundulnsinpeaniilassaireiugiuuninsnaes PRMA G9aziiqaiailiuud
ragaNdeuarliduden aldszuuaunsnansunuaesglnanilassinsuazaisnanmi
Tseansldiuszuunilasanqngeauluewianls

]
a ¥ o K K

TunsaanuuuinsmpeanizaugumsdnDsvanenig TadudAnynaziedantien

Toun Anemueniesssnafzesdayausiazlosinn  nansenuaesA I lmedine o g

ANNNENANIN A1 Voice Permission Probability A1 Data Permission Probability %58
=Y 1 dl o o L~ 4 ! ¥ ij/ dal dl

ANTIOULTBNIZUL FABAALNATARNY < MiaNaldlunsdnassndadenliundld Hatiive

TinsinaeanimuIauaunsndnassninegansidegecineaninliuitsnistszinnsng
v 1 ¥ o a dl ' o all a a
IHatamnnzanaenAfadiUAIUAINEEINIILENIT (Q0S) NuaNFnaiY Tnantsniadesay
a dISJ ! o A o o 21/ (=3 a ndl ] ] 1%
dusEnissesnisnisdeuuuiiuiiule  asuuinnmdssiidasnsodaldnieluszes
watanfinargnasisilussuy dmdumsnisastuaziuisn1snsiasnisaugnsiaglu
] Y J J a v d! dJ dl Y o 49{ di/
nsdedayage urazdnnsonusanalszdslidounil Galnstnaeadlfimunauiiansay
arN1904nass Indaden iund 4 luszuulslasniauinasidulunisgodauinnai@es

T 1 wefidus uaziAnnantsvasaesuininaanmailugssin

o o 3 Dtﬂl %4 a o 1 v o tg
Z\W‘VI?‘U@QV’Wﬁ"J"]llg%iﬁ@’mﬂ’]u’]@ﬂ@’m’]ﬁﬂ@ﬁ;ﬂLLEﬂﬂWNLLﬁ]@ZUVIi@ﬁQu

sl Aoy

i 4 iauenanssnuaesrwnipeia AL o NdFeaNIInuzIeg
nslnpaa PRMA %a%wudm’mﬁLm'aé‘rﬁ'zﬁﬁﬁm%qﬁmaﬂizmuﬁmmmummiwﬁmm
PRVA Imamsa ldun A1 Permission Probability WAZIWNALB9LANINAWAAZLANNG i
svuvazldAn Permission Probability d1miuatupumsdnlddesdnyayinesdld Inad

Usnnamauinlusyuuiiasn szuuAsaziaanen Permission Probability 1#iA14q tia



195

IS

Wunnaiintanialunisaliungld lunnemssdna WaiSunumsindengeau ssuuans

a

azanAn Permission Probability a4 iaanlanialunisauiusynanuininaaeas 14

Auniunia@enaunrasuininausiaziininalussuy aziauduiutinangeiy

4 §ve °o a @ a2 Ao S o o =
ATUNININE RN HATURNINAAENHERI ATIWINAL 1 uWANINAANTN T
AINUANIINARELNLdINITReNTBATeuRnnaRduuh] wenanazdenaidndauaeg
TanafiaaamauiudadiuaasdndeyaluudazuininaiAigaudn  feazdenalianuou
nadenluwdazisndandes MalilemanwininmuesdldaziianismuiuiiAngs usdn
@wanauprasuininanenaiull  azinlianusnlndadengeqan19daeaza1unsnas
winina liinefasaendadanldnounuininmdasazgnasisanas Geavdana iuinmne

o = = X o X
LZQ%NNI@T]’]ZW]@ZQT]@ZVNLWMN’Wﬂ"IJu

Tuund 5 laduanauuanelunisliutlsuasimuianssouzaasingnasa PRMA
Felunilazutiseendu 3 wadlanan laua wATAN13LUTUAY Permission Probability, inaAfia
nTaARIUIUNNTERNTe LazmAdANTLSULAsulAsaFIseasy Taurazinalinaziden

1 a dl 1 o o dal
LAZUABLALNLLANAINNLWANY

wANAN3UFUAY Permission Probability #lauiniaueludnednuseuiil 2 35
16w 35 VP-PRMA uazds Exponential Back-off . 135 VP-PRMA 11 sviinazaieye L
TfiAnFesrelniafeonuNafenmiogel P, AINNANIENARELANUd1 35 VP-PRMA 1
! L4 v a v T & ¥ o =3 =3 QI é{ ] b4 a
szl idusaunsnfesae mdaden tidSamatsmuea sdenalianssouzaasisnig
\@eha Mein g lidenaansniasan lndadansias p Ngeiiazlidsnansznuiugld
o Y al ¥ & ¥ ! dl .‘31 T~ ' Z// '
AreNINin ezl lidasannsnFeaalndadensosdn p Ngetiiiieaud 1 afsluusiay
Wanwindu d1115uis Exponential Back-off 1l szutazainsdiuen p uaz A1 q ATNKA
4 & ! % o a./dl = v A é{ dl o 1
1pansFasne lulndadennauntn MlAHensuiuRaTE szuuaINIRazliuane
dl o/ 1 (~3 % ° 2% k72 1 =
p uaz g a9 Weanlanialunissuiussminauimneaed l41d  Mnlidldusazaudlonia

dl % L & v o [~3 QI d’( ] Y 1 Aa o QI é{
V]'Qt?@x‘]‘ll@1‘l’lﬂ@@‘ﬂﬁ]1®@’\L?@NWHE\T%IMLL@Z’&\‘]N@lﬂﬂ’]fmtl’émm’]ﬁ‘ﬂ“ll‘ﬂxﬁz‘]_l‘]_lL‘WNQQ?I‘N

= ° P W v = = ¢ o o as Wy 1 ad
mAtiANITanaUuIuNIsfasaen it aue ludnentinusatiuil 4 35 lAud 78
PGBK, 38 Multiple packet assignment, 3% Slot Stealing Waz 38 Collision Reduction 1agl
watlamadazdasl futlpanssouzresszuuiaBunamaninnielussuui ArAaudng

o a A = o U a o v | o 24 < v
A MR INNAN1LAINA12A ZHAULNN TR Ta LT WL TuN AN V]']GLMLLWﬂLﬂﬁﬂI'ﬂQBﬁ‘T]

Tulwstnaaa PRMA iianistuiududadnan uazliddldnulaarunsniasualndasonls



196

A15a ANAMIANIAIANITOUDITZULAAAY  AYINITUEINATANITAARIWIWNIFFA9TD
U Ard98ana1UILN1TFR4URTRILETNTANAN  T9aziTlun1TanTan AN s TuTIUITIINa

wiinineaes duazyin i dusazauilanianaziasuelndadonlfddaunau

o o a

PANNIINIUNANAUIINATIAT Af FLULATNENENNIAZTT T RDA[N WU

o

v
1%

WiunFldaninFesaslndadenlddnia MlidldananlifecFealniadonynaiend
£ 1 [~} d’ -] a d’j o v 3 1
ARINFDINIFAZAIUANING BN BTBImATAtuanaInazin I ldan1aiunsngds
wRnnelAlaainanlsssasuininaa1Aanadldn  saasnilianuaunisiagualuseuy
anasuazazdqainlanialunislszauanudsalunisiesaeresdlfusazauls atngls
[~3 dl [ %4 6 [~3 o dJ v 1 v dlgl s [~3 o [~3 1
N nsnszuLdnass ndadenauunilliuiglininniesalndadendisa avana
Wil idevgnilsefananfusseaznanineunfldassasainnsniesan lniadan a4
% a [ L dl dl o % 1 % v 1
srulavfasiaNsna mrlndasannzannazanass Wung liannTunsfesaausas
pfy  atinetlasiul g ldama8nnselndadenunvinullauduan e Wl aels
AunsngdeuwiAnina liuasuininsd ssazgnas el luszuy - arnuanimagauaznianig
AnasslndafenliundldnnnsAaeas Slot Stealing azdasiiulgsanssnuzansinsinans
PRMA Iihaiuatiraiulddn  detimsedldanazaimnsadnldindadonlsfse ey
c & A A % o = R o q v , & a ,
ndadannmasainnsldansesdlddasudawintu inldinsdewininpaasuznisainiyl

AINANIENUALAININTBILTNTAEN

a % dl ¥ o % 1 a o dl % 1
wmatagaingnlstnaneliun matanisliunlasulpsiaiimeansn Tnanisu
Taseairsmeasnunianeaniuafeniestauazadondayn T9a1NUANIINARBLATNLAN
n19dataseaieiisruuainisaliuulasuauanadeniesmauuunadnliazinliszuud
Qidtal 5 ¥ oA o a Ai( (3 ¥ <3
ANTIOULTABITU  Waznszuunudinisruiuintuneluadeniesae sruufiay
ANNNTINATIUE denFasTaLiieseiiANARIn R aUlA . TwrnsiReaiuaun
afepfesneniinautaz lidaansznuiunisanasasssuouadondoys wa1zn A
angldanunmiaelniafonladnsy szufavaunsnaninuaaenioaasive vy

Anuuaiendeyaliuny ldnFeaaladnials

qaAundAtyanqaninaesszuuil Idun nmsenetiaAcuarmaiianisdnansy
ANANATYER9LENINlE  vinTinnsEinasesadendeyatesdlinmndnin PGBK 1l
k1l

nasief ldsanelusruy ezt ldAseannsofeselndadenlidia aniligiufaz

Anassasentoyaliuny fidaeneudldamndniin PGBK e



197

Tuund 6 WuFaumeundenuarded@aveanatinisarumeaiinfananadnesiu wu
dansdiudgeanssnuzaasinsinaes PRMA Tnaldinatiaunaneiia i malla VP-PRMA,
wAlla Exponential Back-off vaalnAiia Slot Stealing Wi azliarudnAtyiuLsniaides
wniull Sedanaligldnianaunsdssinne ldlasdinanilsedsasininaniaiaai
¥ o i’/ dl | [ [ a ==K = o di
d9ge Ahuielunisiudssiunnninaesiinieainn aswzinisineReulareana
UsrdaaauininanininiiatsaunsaniuReulaasspnuiiavidulunisgodauinne
Aen Beanuan1smagauazdsnmlaanTnsmaaa PRMA nldinatianisananuiunisiasae

o = ) dl 1 }73 = dll = o dl ¥ a
AzEIAINANTINULNININNUIRETLLTABUTNA WanauiuTnslnaea PRMA Nldmaila
nsUSUA1 Permission Probability wazlwsinpea PRMA 7insufuidasulasea¥ianns
wan TaeTnslneaea PRMA ildmalia Slot Stealing azaunsnsasiulld aiiuanuaunin
dl YV 1A e dl 901/ é’ ¥ Yo o L~
nqauarliAdduanunneesszungada Tz ldnanarldiunisinassndaden
& 1 dl 3| L~ d‘ A ¥ v al % 1 :J/ ° % = L~
fsielaflulniadennumaainnnsldevsesild@ssuaawintu Mnlinnsgodelndaden
dl o I (3 v (=3 ¥ 1
asNnaInnIsTuiuszud e uinineYesy i aesia suininaead lin1n1anatetinaman lu
neneiudn nsliudlpeanssanzaesinalnaea PRMA sqewmatianisiliudn Permission
Probability uazinaianisiliulasulansaafianen azdepdszaviloywinisauiuduilas
N1aNNIsaUanNsfesrenta luszuLndAIge  Asiudnuaunisfesaenislussuuaziiy
tladudAyndenansznulnanssradussnuzaadinsnaea PRMA Tednanuaunisiase
neluszuudangaivll azililanianaziianisauiudengs wasinlindnennssias

grudeluInenlandsslomd waelddgldpnlaaunsniasalniadenladniga

1 < dl a a da( o % QI

agnalafinu Watiunmaninluszuudegeay arwunisfesaalusyuuaiig
g 1 =3 dl o a o 1% ¥ Al dl

TueE99IAET TNsimAliAnTsanauILNIITasTeNIsre s ldeaarlliieananazan
NSTURUIEUIAIANINAa 1 16 1wavd i usavananqsanaziasne mdaden ldmasan
Permission Probability Ngauiuiaeniunantiznsmingan inlilananazifianisguiui

1 4&‘ d? [ %3 :I/ =® v a dl ) a o 1 . . . E 78
AR AeTiAslARuNIARNazinemAlianastiusn Permission Probability 111d3ax
AUMARANITAARTUIUNNTFRTE  NALANANTINUZ NI TN AR PRMA AN
HANTINARBLAENUIINTUENNATANITLUTUAY Permission Probability #2833
Exponential Back-off wagas VP-PRMA snldsuiumaiian PGBK azilmansuunsaniy
dlﬂl k74 = L% ! 1 ZJ/ k74 dlil L~ v
szuung ldaniaoudiainisazdeinnarsauindu  mazgldanniesaalniadenls
AnFaazanunmdeuininaliaunssianuagatnoans  lnannstinnsedindafanuald

X ' o o o A o p o A L
ﬂqmqu@:ﬁiﬂﬁﬂmﬂﬂ?gmunummL@El\?ll']ﬂuﬂ LLWLﬂJ'ﬂéﬂﬁﬁqmqﬂﬁflr}ﬁ\lm'ﬂ\?ﬂqiwq?é@\ﬂl’]’)@q?



198

UNALIT NIHBUNATRANITUSLAT Permission Probability anldsauiuinaiia Multiple
packet assignment AZHANNIMNIZANNINNGT ININZIELLAZAnAsTInTadan K ldanmn
49 winnmleatinmaiiiasnialussazinainiiansy nlEnndnassndadanludnso
1 da/d v o [ 3 a a dJ a Ld %

Ui ANNAAAFBNT AN HIUENNsIININRTR9LEN A A BT viL LD sasuaz 1A

azd@nusndauinng dlagiinany 23 e suininAA AN anas
L
7.2 UALAUBDLLUS

dl ¥ =K dl ¥ o a a o d’l

1. Wesannsinaaanisasupumsdfsanamisi iisualudnendnusaiuil
ildRsnsresinsinaeas S-Aloha lunis¥eaalnifadenuesdld Inalunstinildunnndn
dl % c & (=3 = o a J a o xé’ ] ¥
wikaufaselndafenluademaentiy  szutaziasnnIwiaNsTuiuauaza g
pulparnnsnfasralniadeninlidnia  delunsiitazinlininenssiasgodsliing
wadsrlomd  seugnuddaludumallenaazinnaaas Near/far Effect [24] {7faN704N
NIRRT U LA AFIARLUANINATENE IENH AN LITaSA T U NNATLIgINgA

16 ilunnsannisgeyideninannsduiiesnnainnisruiululngnasa S-Aloha

2. slneeanisaruanmsdneiennsludnentinusaiuillsgneenuuudmiu

] a al a I Z’/ tzll o ?:J/ v £
N3FINUTNIRENAZLTNIA AWt langian1nsdaqiindy lidAnufAeniImis
% a QII tal é’ 1 o o/ o aal
ANULTNNIINANUAENINENTY 11 nY3FUANTY NN dyaynndinle naeaaugtiuuy

a 1 1 o ] & ] a mam © a o :l/ KX A o [
N19L3NI9AIANENS 7] Wi nasuae g nsdeldswnigBidnnsetind Asiuasiiaanusi
dl ¥ =2 =X ' 2 2 a a) ] dl
NAZFBIANENNNANNEANANEAZAINNABINIININATULEATLRININAN LAz UszIAN Live

Taunsnimatiafinzannssensldeeaiuisnislua - luewipe b

3. Tunedfiimnsmanulussuudeansifaneiu avsesAiiaianauianainiiin

b

- 3 ~al ~ | Py
ﬂlUﬂqﬂiuﬁ‘ZUULu'ﬂ\iqqﬂmﬁyﬁy"]M?Uﬂqu LL@Zﬁluﬂ?m%@muﬂﬂ’m%NM'mﬁﬂﬁ‘ﬂLLﬂi“IJ

2

danana1niiintulasandAaiin Cyclic' Redundancy Code (CRC) Natinialuunninmusiay

(= v 7353 v 74 o 1 %’ 4‘ ! Y I A o
LL‘WﬂLﬂIﬂVLﬂ ;ﬁmmmmmmwﬂamﬂmqm TIAZRINA AR LAINTOURITELLIAARS

o a

4. WidweindnAynindeeiuisluniseenuuuinsmasanisatuANnIadnD
NANENI A LAAN Permission Probability s2LUA3a2151A1 Permission Probability 3 193
AHIUNNZANARAARBIANAN1ZNINAN  Aaiuanudde luduseldmrsazaFraunuanans

NNAMAANART IHAINNTDNATUNUI AN ANGABLNILTA3Y  (Optimal Value) 28941



199

Permission Probability s9u9iannswmundanesna lunisdszanniAneesBunomaniniie

Hau170aanIan19naes IndafenniuizantulFuma Wi nane luszuuls

AONUUINLUSNNS )
ANRINIUIVENAY



10

5181N15214D4

Nofal, M.; Shokair, M.; Nassar, M.; El-Halafawy, F. Reservation-based multiple

access protocols for mixed-media mobile radio networks. NRSC'98 Radio

Science Conference (1998) : C14/1 - C14/8.

Goodman, D.J.; Valenzuela, R.A.; Gayliard, K.T.; Ramamurthi, B. Packet
reservation multiple access for local wireless communications. IEEE

Transactions on Communications (Aug.1989) : 885 - 890.

Wong, W.C.; Goodman, D.J. A packet reservation multiple access protocol for

integrated speech and data transmission. |EE Proceedings (Dec 1992)

: 607 - 612.
Liang-Seng Koh; Liu, M.T. A wireless multiple access control protocol for voice-

data integration. IEEE - Proceeding of Parellel and Distributed Systems

(1996) : 206 -213.

Karol, M.J.; Zhao Liu; Eng, K.Y. Distributed-queueing request update multiple
access (DQRUMA) for wireless packet (ATM) networks. |EEE
International Conference (1995) : 1224 —1231.

Wha Sook Jeon; Dong Geun Jeong; Chong-Ho Choi. An integrated services MAC

protocol for local wireless communications. IEEE Transactions on

Vehicular Technology (Feb.1998) : 352 —-364.

Kubbar, O.; Mouftah, H.T. Multiple access control protocols for wireless ATM :

problems definition-and design objectives. IEEE Communications
Magazine (Nov. 1997) :'93 =99.

Andrew S. Tanenbaum. Computer Networks Prentice-Hall International, 1996.

P.Sedtheetorn, P. Suwanpakdee, A. Thanasorawit, L. Wuttisittikulkij.
Improved performance of the ALOHA-reservation protocol for integrated
voice and data services in wireless communication. Smartnet'99

Special Session in Intelligent Network (1999)

Fantacci, R.; Zoppi, L. A combined reservation random access polling protocol for

voice-data transmissions in a wireless packet network. IEEE Transactions

on Vehicular Technology (March 1999) : 652 —662.




11

12

13

14

15

16

17

18

19

20

21

201

Xiaoxin Qiu; Li, V.O.K. A unified performance model for reservation-type multiple-

access schemes. |[EEE Transactions on Vehicular Technology (Feb 1998)

;173 -189.
Jyh-Horng Wen; Jee-Wey Wang. A new protocol for wireless voice
communications non-collision packet reservation multiple access. Sixth

|EEE International Symposium on Personal, Indoor and Mobile Radio

Communications (1995) : 638 —642.

Chung, H.Y.; Goodman, D.J. Transmission of speech and data using packet

reservation multiple access. ICC'91 Conference Record IEEE

International Conference on Communications (1991) : 99 —104.

Goodman, D.J.; Wei, S.X. Efficiency of packet reservation multiple access. |IEEE

Transactions on Vehicular Technology (Feb. 1991) : 170 —-176.

Fantacci, R.; Zoppi, L. A combined reservation random access polling protocol for

voice-data transmissions in a wireless packet network. |EEE Transactions

on Vehicular Technology (March 1999) : 652 —662.

Dunlop, J.; Robertson, D.; Cosimini, P.; De Vile, J. Development and optimisation
of a statistical multiplexing mechanism for ATDMA. |IEEE Vehicular

Technology Conference (1994) : 1040 —1044.

Jingfen Li; Shixin Chen. A new improvement of PRMA's voice service. IEEE

International Conference on Universal Personal Communications (1998)

191 =194,
Dong Geun Jeong; Wha Sook-Jeon. Performance of an Exponential Backoff
scheme for slotted-ALOHA protocol in local wireless environment. |[EEE

Transactions on Vehicular Technology (Aug. 1995) : 470 —479.

Qi, H.; Wei, L. Simple and channel efficient scheme for voice data integration over

PRMA. |EE Proceedings-Communications (Dec. 1999) : 354 —358.

Liang-Seng Koh; Liu, M.T. The adaptive permission reservation protocol for

wireless communications. |IEEE International Performance, Computing

and Communications Conference (1997) : 483 —489.

Xingyao Wu; Chengshu Li. A novel protocol for the integration of voice and data



202

over PRMA. |EEE Vehicular Technology Conference Proceedings (2000)

: 1541 —1544.
22 Dunlop, J.; Irvine, J.; Robertson, D.; Cosimini, P. Performance of a statistically
multiplexed access mechanism for a TDMA radio interface. IEEE

Personal Communications (June 1995) : 56 —64.

23  Jeong Geun Kim; Widjaja, |. PRMA/DA: a new media access control protocol for

wireless ATM. |EEE International Conference on Communications (1996)

1 240 —244.
24 Goodman, D.J.; Saleh, A.A.M. The Near/Far Effect in Local Aloha radio

Communications. |EEE Transactions on Vehicular Technology

(Feb.1987) : 19-27.



AONUUINLUSNNS )
ANRINTUNIINENRE



204

Fesanndauniiinesnddeliineinugs  IEFunsiRaiuasmeunsluanuns
ﬂﬁ*zﬂ;umﬁmm@ 4" World Multiconference on Systemics Cybernetics and Informatics
and 6" International Conference on Information Systems Analysis and Synthesis 17;
Sqwaeifn dszmAauigawing Tuiufl 23-26 nangiaw WA, 2543 TulamAramIsAT
ma‘ﬁ;m On the Design of a Media Access Control Protocol for Integrated Voice and

Data Services in Wireless Communications #4131 A998 1NUNAMNN LAFUNTANNYINA

A o A
LAUBANATINY TUNIARNYIN



205

ON THE DESIGN OF A MEDIA ACCESS CONTROL PROTOCOL
FOR INTEGRATED VOICE AND DATA SERVICES
IN WIRELESS COMMUNICATIONS

P. Suwanpakdee, P. Sedtheetorn, A. Thanasorravit and L. Wuttisittikulkij
Department of Electrical Engineering
Faculty of Engineering
Chulalongkorn University
Bangkok, Thailand 10330
Tel. +662 2186512 Fax. +662 2518991
Email: lunch@ee.eng.chula.ac.th

ABSTRACT

This paper presents a comprehensive study of a media access control (MAC) protocol design for
integrated voice and data services in wireless communications. In order to achieve high levels of channel
utilization and guarantee quality of services, key issues on the protocol design have been identified and extensively
investigated. These include channel assignment, priority mechanism and the determination of a proper frame
length. According to our intensive study results, it is found that the combination of channel assignment techniques
between multiple packets with priority and queuing for already admitted terminal in short frame length conditions
is suitable for supporting integrated voice and data services.

Keyword: Media access control, MAC, Wireless, Voice and Data

1. INTRODUCTION

In order to satisfy the rapid growth in the demand for wireless communications, which support a wide
range of applications including voice and data, a vast improvement in its spectral efficiency is required. One of the
most important issues in the design of these systems is the medium access control (MAC) protocol. Over the past
decade, a number of MAC protocols based on TDMA have been proposed for integrated voice and data services.
These protocols can be classified into contention-free and contention-based schemes. For the contention-free
scheme [1,2], each terminal has its own request slot in order to reserve an information slot, therefore packet
collision never occur. For the contention-based scheme, all terminals share a fixed number of request slots. This
scheme may cause collision; however, the overhead utilization can be made superior to the former.

As to the design of a MAC protocol in this paper, we emphasize the latter scheme because of its high
overhead efficiency. Moreover, appropriate control of the request packet transmission can alleviate or minimize
the packet collision problem.

Among contention based protocols, the notable one is PRMA [3]. In PRMA, when the terminal needs to
transmit packets, it begins to contend for the channel by transmitting its packet in available slots until it succeeds
in a transmission. After a successful transmission, the terminal will obtain a reservation for the exclusive use of the
corresponding time slots in subsequent frames. This protocol is suitable for voice, which is a continuous traffic,
but it may not be effective for supporting both voice and data traffic simultaneously. For example a variant of
PRMA [4] requires each individual packet of the data terminal to contend for access. With this scheme, the effect
of contentions from data packets will significantly reduce the quality of voice transmission. In addition, PRMA,
which uses information packets for contention, does not have sufficient slots to reduce possible contentions caused
by random access. - Another protocol modified from PRMA to support data traffic-is IPRMA [5]. In this protocol,
voice or data terminals must contend only to send their first packet and the remaining packets are continually sent
in the reservation mode, thereby reducing contention from data packets in comparison to PRMA [4]. However the
problem of using information packets for requests is not solved. To overcome this; the MPRMA protocol was
proposed [6]. It uses minislots for contention and exploits the last bit of each packet or continuation flag for
transmitting subsequent packets. However, this protocol is not suitable for long data messages because a data
terminal can send only one packet per frame. This implies that the remaining packets in the message must wait for
transmission in the following frames, even if there may be empty slots available in the current frame. This could
cause excessive delay to data packets. Another well-known protocol worth mentioning is DQRUMA [7]. This is a
protocol designed specifically for data traffic. The protocol implements the same concept of using the last bit of
each packet to indicate whether there are further packets waiting for transmission but this mechanism is referred to
as “piggy backing (PGBK)”. Another protocol such as HAR [8] is superior to the above-mentioned protocols. The
protocol allows a data terminal to send packets based on its requirement and periodically assigns available slots to
voice terminals the same as in [3]. In addition, it uses minislots for contention as in [6]. However, the channel
assignment of this protocol is not based on priority of voice over data transmissions in order to guarantee the
quality of voice connections. PRMA-DSA [9], RRA [10] and a published protocol [11] provide priority
assignment based on the quality of services of both traffics but they require a complicated mechanism.

Another mechanism that can improve the system performance is that if a base station cannot assign
information slots to the successful request terminals, these terminals have to contend for reserving slots again in
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the following frames. Therefore, the system may suffer from repeated collision especially when the number of
terminals in the request state are high. As a result, a queue mechanism is applied to the terminal in which its
request is successful but no available information slot can be assigned at that time. The slot-by-slot protocol such
as DQRUMA [7] and a published protocol [12] use this technique to queue already-admitted terminals and assign
available slots to them later.

In this paper, the operational mechanisms of each protocol mentioned above are addressed as well as
their advantages and disadvantages. We intensively studied these MAC protocols and classified them as five
protocols based on their channel assignments. Thereupon, we determined the appropriate protocol for integrated
voice and data services. Furthermore, we also investigated the proper size of frame length and its effect on the
system performance.

2. KEY DESIGN CONSIDERATIONS
2.1 Traffic characteristics

In general, voice traffic is treated as a time-ordered sequence of talkspurt and silent gap and its packets
are constantly generated during the talkspurt period. Since voice packets require immediate transmission, packets
delayed beyond a certain time (an upper limit of 32 ms [3]) are invalid and should be discarded. Therefore, both
voice dropping probability and maximum tolerable delay are very important parameters for the system design.
There is evidence that speech distortion due to a 1% packet dropping is barely audible; hence, a 1% dropping rate
is adopted as the dropping constraint in our study. For data traffic, it is bursty by nature. Each burst or message of
data traffic contains a variable number of packets. Consequently, the data terminals have to divide each message
into a number of packets before the actual data transmission can take place. Besides, data traffic requires zero
information loss, but the delay requirements are less stringent than those regarding voice traffic.

2.2 Channel Assignment

In order to understand the usage of each mechanism described above, it is useful to classify the MAC
protocols studied into 5 categories according to the channel assignment, namely 1) single packet with PGBK, ii)
single packet with PGBK and priority assignment, iii) multiple packet assignment, iv) multiple packet with priority
assignment and v) multiple packet with priority assignment and queuing. These protocols have three features in
common.

1. They all operate on a contention-based scheme. Active terminals will contend (by slotted-Aloha) for
information slots via request slots in the reservation part, see Figure 1.

2. To satisfy the nature of voice traffic, when an active voice terminal successfully transmits its first packet,
the base station continually assigns the corresponding slots to subsequent frames until the end of the
talkspurt.

3. They exploit the fact that the round trip propagation delay between wireless terminals is very short. Due
to this short delay, terminals can respond to the outcomes of their transmission almost immediately since
their acknowledgements can be received promptly.

reservation part

RS

information part |
I
| oo |

Figure 1: frame structure of designed protocols

|A ‘l‘
| |

The different features of each individual protocol can be described as follows.

1. Single packet with PGBK: cach data terminal can send only one packet per frame and uses PGBK to
indicate whether the terminal still has packets left for transmission. Whenever there are no slots available
for the successful request terminals, these terminals have to make a new request in the next frames. An
example of protocols using this channel assignment is MPRMA [6].

2. Single packet with PGBK and priority assignment: this protocol is developed from the first by
assigning a higher priority to voice traffic than data. A base station assigns available slots in the
following order; voice reserved packet, new access voice packet, PGBK data packet and new access data
packet. When the terminal succeeds in request access, it must wait for at least one frame for channel
allocation by the base station so that the priority assignment can be executed. A protocol described in
[12] is an example of MAC protocols that have adopted this scheme.

3.  Multiple packet assignment: ecach data terminal can send more than one packet per frame. If the
number of available information slots in the present frame is not enough for the terminal’s requirement,
the remainders of data packets will be assigned to the next frame. In case the terminal continues to
occupy the channel over a long period of time, other terminals will not be able to transmit their packets
and must keep accessing the request slots until the channel is available. Examples of protocols classified
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into this category include ALOHA-r [4], IPRMA [5] and HAR [8]. Note that the channel allocations of
PRMA/DA [13] and ATDMA [14] are partially different from this protocol.

4. Multiple packet with priority assignment: this protocol has been developed from the third protocol by
applying the priority to traffics in the following order; voice reserved packet, new access voice packet,
remainder of data packet and new access data packet. As in the second protocol, the successful request
terminals will have to wait for transmission permission for at least one frame. Examples of protocols
falling into this category are PRMA-DSA [9], RRA [10], a published protocol [11] and PODA [15].

5. Multiple packet with priority assignment and queuing: This model applies voice and data queue
mechanisms to multiple packets with a priority assignment protocol for the already-admitted terminals
the base station cannot assign available information slots to. This means that each terminal needs not re-
access the request slot because its successful request will be kept in the queue and the terminal will only
has to wait for information slots from the base station.

2.3 Frame length

Most protocols found in the literature [3-6, 8, and 13] have adopted the frame length equal to the voice
packet generation period. However, there are certain protocols that choose other frame sizes devoid of specific
criteria, [11]. It is not clear how the frame length will affect the system performance. Therefore, to understand its
impacts, we investigated three different frame sizes, namely half, equal and twice the voice packet generation
period. The base station continuously assigns one slot per two frames, one slot per frame and two slots per frame
to each active voice terminal in the case of short, normal, and long frame lengths, respectively (see Figure 2).

mp () ml ()| m ) m[] S ™

n+1 n+t2 n+3 n+4 n+5 n+6 n+7

(a) half
|IHI\IHI\IHI\IHI;‘me
n n+1 n+2 n+3
(b) equal
IIHHIHI\IHHI\\Igme
n n+1
n: frame number
(c) double

Figure 2: periodic assignment in half, equal and double frame lengths relative to voice generation period.

3. SIMULATION PARAMETERS

Our assumption as to the design of frame-based MAC protocols is that the system operates in the
frequency division duplex (FDD) mode. The base station and the terminals communicate with each other using
two separated channels. The base station uses the downlink channel to broadcast control and information traffic to
the terminals, whereas the terminals use the uplink channel to transmit their traffic to the base station. In addition,
it is further assumed that the propagation delays are negligible and each transmission channel is error free. The
system operates in wireless ATM network environments with the channel rate of 792 kbps and each mobile user
independently generates both voice and data packets during the entire simulation time. For voice traffic, the
durations of talkspurt and silent gap are exponentially distributed. with a mean value of 1 and 1.35 seconds,
respectively. The bit rate generated by each terminal is 32 kbps. The data message arrival behavior of each user
can be modeled by a Poisson process, and its length (i.e. number of packets) follows a geometric distribution with
the mean varying from 1 to 100 packets at a rate of 5.76 kbps/user. Hence, that a shorter data message is generated
more frequently than a longer one.

Each packet normally contains a 128-bit payload, but the use of a (31,16) cyclic redundancy code [16]
increases-the total payload of the MAC layer to become 248 bits. In addition, a 40-bit overhead is added for the
purpose of identifying the terminal’s ID (8 bits), type of services (1 bit), informing the base station as to the
number of packets the data terminals want to send (8 bits) and the physical layer overhead (23 bits).

The frame structure used in our protocol is shown in Figure 1. The frame is divided into two parts;
namely reservation part and information part. Users can contend for request slots (RSs) in the reservation part
whereas regular slots are used for sending information packets. The size of the RS is 4 times smaller than that of
the IS. For the ratio between the number of RSs and ISs, careful investigation has shown that the ratio of 4:10 is
appropriate. The details of this investigation will be given in the later section.

4. SIMULATIONS AND DISCUSSION

In this section, We first discuss the effects of data message length on the system performance of each
class of the five protocols described above. We then compare the system performance between the single packet
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schemes and the multiple packet systems. After that, we examine the effect of the queue mechanism as to
improving the performance of the multiple packet system with priority and investigate the impact of frame size on
the system performance. To achieve efficient channel utilization, it is important to identify the overhead ratio,
therefore we illustrate the determination of this ratio as examples in the multiple packet with priority and single
with PGBK and priority systems. Finally, we highlight the essence of priority assignment on the system
performance.

4.1 Effects of message length
4.1.1 Single packet with PGBK system

Figure 3(a) shows that at low to medium offered loads, the mean data packet delay is increased along
with the message length. This is as expected because each data terminal can send only one packet per frame;
hence, long messages require more frames to complete their transmission. For the voice dropping probability, there
are two influential factors that must be considered: the amount of data request packets and the channel occupancy
period of each continuous transmission by a data terminal. For the same level of traffic load, short messages
generate more request packets but they occupy the channel for a shorter period of time than long messages. Based
on the results in Figure 3(b), it appears that the dropping probability of voice packets is more severe in short data
message environments. Therefore, the amount of data request packets has a greater impact on the quality on voice
packet transmission than the data terminal occupancy period. It is worth mentioning that the PGBK mechanism is
important for the single packet system protocol. Without it, the amount of data request accesses will increase
considerably, causing serious collisions in the request slots.

4.1.2 Single packet with PGBK and priority assignment for the voice terminal system

In Figure 4, the priority assignment is applied to voice service. As in the previous case, similar results
are observed but the mean delay of data packets is slightly worse than in the previous scheme. This is due to the
fact that voice terminals are always allocated first and each terminal must wait at least for one frame before
gaining priority. Contrasting that, the voice packet dropping probability is marginally improved from the first
protocol as a result of the priority scheme. It should be noted that the improvement becomes significant only under
heavy load conditions with very long data messages, because this is the only situation where the priority scheme
can really make an impact.

4.1.3 Multiple packet system

The simulation results in Figure 5(a) show that the mean delay of data packets of the multiple packet
technique is significantly improved in comparison to that of the single packet technique in Figure 3(a). This is
mainly attributable to the bursty nature of the data arrival process. However, the dropping probability of voice
packets becomes worse (Figure 5(b)), as the base station allows each data terminal to continue sending its packets
until the end of the message; the channel occupancy of the terminal can span as many frames as it wishes. Any
new arrival of voice packets during that period could be held up in the buffer until that particular data terminal
releases the channel. If these voice packets are held up for over 32 ms, the equivalent of 8 frames or 88 timeslots
(or packets) in this system configuration, they will be discarded. Therefore, transmission of a message longer than
80 packets can easily cause voice packet droppings; this is evident from the results in Figure 5(b) where the mean
message length is 100 packets.

4.1.4 Multiple packet with priority system

As seen in Figure 6(b), applying priority to the multiple packet system can significantly improve the
dropping probability of voice packets, particularly for long data messages. This is because with priority, no matter
how long the data message is, its occupancy period can no longer affect the voice transmission quality. Therefore,
in this system long messages should actually perform better than the shorter ones because they have fewer request
packets. However, this voice dropping improvement is achieved at the expense of a slight increase in the mean
data packet delay (Figure 6(a)). This investigation indicates clearly that the priority mechanism is crucial for the
system performance of the multiple packet protocol.

4.2 Performance comparison among the techniques studied
4.2.1 Single packet with PGBK system vs Multiple packet system

In Figures 3(a) and 5(a), the mean data packet delay in the single packet with the PGBK system appears
to be higher than that of the multiple packet case. This disparity is obviously greater if the message length is
increased. The multiple packet system seems advantageous as it allows data terminals to send more than one
packet per frame so their packets can be completely sent within one or just a few frames. On the other hand, the
single packet with the PGBK system allows only one packet per frame, thus more frames are required and the
mean data packet delay is clearly increased.

In Figures 3(b) and 5(b), the probability of voice dropping of the single packet with the PGBK system is
lower than that of the multiple packet system. The latter allows data terminals to send many packets in one frame
and, sometimes, there are not enough idle slots to support voice terminals. This difference is distinctive especially
when the amount of packets per message is high which can be explained as follows. When the amount of packets
is increased, data terminals in the multiple packet system tend to occupy most of the information slots, thus
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impeding the voice terminals from using the channel. Note however that under heavy traffic conditions the data
terminals in the single packet system can also occupy most of the information slots, and hence causing the same
problem.

4.2.2 Single packet with PGBK and Priority system vs Multiple packet with Priority system

The mean data packet delays in priority-assignment systems are depicted in Figures 4(a) and 6(a). It
appears that the results are similar to non-priority assignment systems; however, as a consequence of higher
priority given to voice terminals, the mean data packet delay is higher than that of a non-priority assignment
system. Voice dropping is increased as a function of message length in both systems (Figures 4(b) and 6(b)). It can
be seen that the improvement in voice dropping of the single packet with PGBK and priority system results from
the use of PGBK. This system exploits PGBK in reducing the number of requests via access channels, leaving
more available access slots. As a result, mobile users can succeed early and more easily in slot reservation.
Nevertheless, this disparity is clearly greater particularly when the message length increases because the effect of
PGBK is prominent.

Based on the above discussion, it can be seen that each technique is suitable for different traffic
conditions. The single packet schemes are suitable for voice transmission whereas the multiple packet schemes are
more suitable for data traffic. In the next section, we will examine how the performance of multiple packet
schemes can be further improved to efficiently support both voice and data services simultaneously by introducing
a queue concept.

4.3 Effect of queue

From Figure 7, it should be noted that the multiple packet with priority and queuing system can
minimize the mean data packet delay and the voice dropping compared to all other systems above. This is because
the applied queue results in the decrease of the number of requests. As all previous simulation results have
revealed that the number of requests is the pivotal factor which influences the system performance, the queuing
technique can greatly improve the system performance.

It is also interesting to note that the function of the queue mechanism is in effect similar to the PGBK
operation to some extent. In the PGBK system, a successful request is effectively kept in the queue at the base
station while it waits for channel assignment. Nonetheless, the maximum number of terminals waiting in the
queues for the PGBK system does not exceed the amount of time slots in one frame whereas the amount of
queuing terminals in the multiple packet system can be unlimited.

4.4 Effect of frame length

According to the frame structure used in this paper, a terminal will see request slots once per frame. If
the traffic arrival time is uniformly distributed over each frame period, the terminal will wait on average for half a
frame time before it acquires the first request slot. In case the terminal does not succeed in accessing the request
slots either due to collisions or lack of empty information slots, the terminal will have to repeat the request in the
following frames, causing an extra frame delay per each request attempted. Note that for the systems with priority
there will be an additional one-frame delay for the base station to determine whether the terminal request can be
accepted. It is not difficult to see that all these delays increase in direct proportion to the frame sizes.

According to the simulation results (Figures 8(b) and 9(b)), the voice dropping rate is rather high for
long frame lengths which can be explained as follows. The frame size is 8 ms in length. Therefore, the voice
terminal must succeed in accessing the request slots within 2-3 frames, otherwise packet dropping will inevitably
occur. In contrast, for normal and short frame systems the voice terminal will have in excess of 6 and 14 frames
respectively to try.

As to the mean delay performance of data packets (Figures 8(a) and 9(a)), the results are not as
straightforward. The short frame length system.is not necessarily always superior to the longer frame length
systems; the performance is dependent on the system protocols used. For the single packet systems, the short frame
length system performs better than the long frame length system. This is due to long frame length implying a large
number of information slots and hence a greater likelihood for the information slots to be not fully utilized at all
times in comparison with the shorter frames, thereby resulting in longer delays. In contrast, with heavy loads, long
frame length is advantageous for multiple packet systems. This is primarily due to the excessive losses of voice
packets that leave more empty slots to data packets. Unlike the single packet systems, the multiple packet systems
are able to take advantage of these empty slots.

4.5 Determination of the ratio between RSs and ISs

To determine the proper number of RSs per frame, we vary RSs from 1, 2, 4, 8, 12, 16 and 20 slots per
frame at various data message lengths from 1 to 100 packets per message. After that, we evaluate the system
performance by measuring the maximum number of users that the systems can support under 1% voice packet
dropping rate constrain. At the short data message environment (1 to 5 packets per message), request accesses
occur frequently, therefore the number of RSs should be large to accommodate the request from data terminals. As
a result, the systems, which have 1 and 2 RSs per frame, can serve the number of users less than the others (3 and 6
users in multiple packet with priority system and 5 and 10 users in single packet with PGBK and priority system as
shown in Figure 10). However, the large amount of RSs decreases the number of ISs, thus the appropriate number
of RSs in this environment should be traded off between two mentioned constrains. Our experimental results show
that when the number of RSs equal 8 per frame in single packet with PGBK and priority, the system can serve
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more users than the others (14 users) whereas the appropriate number of RSs for multiple packet with priority
system is 12. From this result, it is found that, multiple packet system needs the number of RSs more than single
packet with PGBK. This is because the successful request in single packet with PGBK system seems to be kept in
the queue at the base station while it waits for channel assignment. Whereas, in multiple packet system, the base
station assigns ISs to the terminal until end of message. This operation may causes the other successful request
terminals request again if the base station can not assign available slots to them in the current frame. At medium to
long data message (10 to 100 packets per message), the number of request access is reduced then the large number
of RSs is not required. Therefore the systems with short overhead (the number of RSs equal 1, 2, 4) is preferable
than the long ones. Figure 10 confirms that in the case of 20 to 100 packets packet per message environment, the
systems, which have the number of RSs equal 1, 2, 4, can serve more users than the others. Note that the number
of users, which the system can serve, is increased with the increase of message length because of the reduction of
request, which is the significant impact of system performance. However, this effect is not clearly evident in large
number of RSs especially in the case of 20 request slots per frame in which the number of users is constant at 9 for
every message length. This is because the number of RSs is sufficient for the number of request access at every
data message length environments.

As above simulation results, the system that has 4 RSs per frame (ratio between number of RSs and ISs
is 4:10) is the most preferable. Then we use this ratio in our simulation.

5. CONCLUSIONS

In this paper, a design study of MAC protocols for integrated voice and data services using several
channel assignment techniques has been investigated. The effects of each technique and the frame length on the
system performance have been identified. Each strategy has various advantages and disadvantages. The multiple
packet system has been found superior to the single packet with the PGBK system in terms of the mean data
packet delay, but voice dropping worsens and the disparity is clearly observed in long message conditions. By
applying priority assignment to the above techniques, the voice service quality is improved especially in the
multiple packet system. Furthermore, the applied queue has the advantage of reducing access delay and yields
better performance of the protocol.

In terms of frame size, the short frame length is particularly suitable for voice traffic. This is due to the
fact that the interval between subsequent access slots is short and the terminal can gain earlier access to
information slots. However, the average data delay in the long frame length system is shorter than that in the short
frame length because there are enough information slots in each frame so that a message transmission can be
completed within one frame. In the PGBK system, a short frame length system performs better than a long frame
length system because the time required to complete sending each data message is decreased. This is particularly
distinct for long messages.

In conclusions, our investigations indicate that the combination of channel assignment techniques
between multiple packets with priority and queuing for already admitted terminal in short frame length conditions
is suitable for supporting integrated voice and data services.
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