=& 04-29-7A-4 A3 =2 047 Vol29 No.TA

HomePNA 3.0 v]%7] MAC Rx9 Collision
Management Protocol A% 4

09 A F A, s A 7, o] i AT

Performance Evaluation of the HomePNA 3.0 Asynchronous
MAC Mode with Collision Management Protocol

Hee Chon Kim* Associate Member, Min Young Chung* - Tae-Jin Lee* Life Members
2 %

Collision Management Protocol (CMP)< wiA] A Aol MAC) ¥W2le] #Y AT (Random Access)dl
HomePNA 3.0 ¥E7] MAC RE= Ala"log AE WEY A dlole] Z#Hed Ad Ao YAzl 258
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ABSTRACT

Collision Management Protocol (CMP) efficiently resolves collisions when data frames are transmitted in
networks conmsisting of HomPNA 3.0 asynchronous MAC mode device with random access. Unlike Distributed
Fair Priority Queueing (DFPQ) algorithm in HomePNA 2.0 or Binary Exponential Backoff (BEB) algorithm in
IEEE 802.11, order of retransmission is decided according to Collision Signaling Sequence (CSS) values allocated
to each device. Thus, CMP can minimize the number of mean collisions because order of retransmission is
decided in a deterministic way. In this paper, we evaluate the saturation performance of CMP in HomePNA 3.0
using an analytic method.
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Aol sl 74 Hee] & WEF] e ]
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1. HomePNA 3.0 AlAH

1.1 22 AE
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R

a3 2. e ¢% T2
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ze] 4ol Fd o} Inter Frame Gap (IFG)
= A AAED. A 0 - 724 B2
o] $ASHE ZE ZHYe] 2 g S
A8 Ze zEded wE A$ £4F gect

1.3 83 A&

HomePNA 3.0 #3 A= o’ gz A
o} 715g FIYitt T2e e HAL AL o
¥ A®& FE Rate Negotiation#} W E$]=4ke]
OE Azgegye] THY $4 985 s
Link Integrity, WEH ] FHedsla gl AAHE
Atole] &4 U AR LS 213 Capability and

Status Announcement (CSA)7} glch 3L oz]&
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-collision level(SCL) 1

Sub-c‘llision level{SCL) 2

LN
bebdusdotdobidodebdostrasts

5 4 15

22 23 9

CSS values @ Occurrence of initial collision @ Signal slot., : =0,1,2 . Occurrence of sub-collision Q Collision resolution end state
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7} CL2Y 128 49] Sub-collision level (SCL) 1
7} 2042 A1%E &F WIe|w], RLE Resolve
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I3 494 Cssatel 1341 Alagle B3 e
2 3 AE FF (©°] B =HH A5 &
£ S0E Adstay, A WA (SCL )¢} F HA
Z4& 3F (SCL 2)°] A3 27t AlssR S1
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o} 58 s =4, o] *1*%!1% 27 Wi A
28 F AR Zeq] Aol 433 =k

3. M =9 Hi o ds "It

3.1 #44 cMp =9

£ wddde 23 Aealke] CMP 2% ¥
A13}7] ¢13 HomePNA 3.0 B57] MACSZ 53
= 27 9] Axgles AR UEHAAE 37
sk, $9F 89S 2 n 9] Axzsle] H)
ole] THYL Afsin, 7+ A=) dole] Z#
P FU = 7}7‘4 g} ?&, = AF
o] AFR F 3} A4 THYE 73 Stk
713 ) 19 5oﬂx1t 2% 49 RCL°1] e 27
A2l €SS ol AFHEe 4 Ax &3¢ 27 bit
sequence® AMtAZon, X 1¢] CL1 = CL2 =
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RL = 021 A7k €3¢} LSB7} 5z CL1 = CL2
= RL = 24l A7t £3o] MSB7} "t} a8z =
e s FFol LR 9 Axd o] oA

vjEe $iX% ALE Je, s =0, 1, 2, ...,
260] =t}

3.1.1 SCL 19| && 3

X 2-12 SCL 19 & 35F F37] 94
gejule] & A MY 2F2E AT o)
A setele] uwi= SCL 144 wiA 25&
vebiie, w = 0, 1, 27} Er}h SCL 19149 3
2 7 25l 2 W ol Alxde] EA
AS BAFA =, AOHA 2ol dEHd #
s}

1, 2% < D,<2°™Y gnd
D = 29u+r

(u=0,1,2 and )

Cl(D")= oll r= (071:2’ ’8))’

0, otherwise.

714 g C ()< SCL 19148 FF %5
gkste F5EH A A5 19 #E 2=
t}. setvlel D& oA 159 sE& AAs
2 A3sge o usE gEe] go2A 4
)2} At
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D,= ¥2° u=0,1,2. @)
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E 1. CSSzkell &3t Al AE ¢4 ¥ 2-1. SCL 18] 2% A9

CSS |CL1,CL2,RL | Al A<[CSS|CL1,CL2,RL | A} A4 u s

Z* W3 A | gt ik 4] 0 0,1,2,---,8

1 0, 0, 0 1 5] 0,22 9 1 9,10,11,.--,17

2 1, 0, 0 10 16 1,0, 1 11 2 18,19,20,---,26

3| 2,00 9 17| 1,02 12

4 0,10 4 18 1, 1,1 14 ¥ 22, SCL 2¢] 2% A9

5] 020 7 19 1,12 15 " s v 5

6 1, 1,0 13 [|20] 1,2 1 17 o 512 5 16 17

7 1,2,0 16 21| 1,22 18 L L

2 5 2 % 18,19, 20

8§ 21,0 | 22 2] 201 20 ! 3,4,5 6 -

9| 220 25 || 23| 2,02 21 2 6,7,8 7 )22,

0] 001 2 |24 21,1 23 3 9,10, 11 8 24,25,26

11 0,0, 2 3 25 2,1,2 24 a4 12,13, 14

12| 01,1 5 f[26] 2,21 26

13| 01,2 6 |27 ] 22 2 27

4l ol 13 HEflz A 0 G Axdel $E5

S A%, 0 o Axwle] css ol wE 2E

= I =2 A8 2F 35 C(n)E AGY 2t}

0,0,0 | 0,0,100,2]0,1,6|0,1,1 2,51 (2,12 (22,0221 222
i slot { slot | slot | slot | slot slot | slot | slot | slot | slot

20 2 2 2 2{_ e gr B gu gm
Decimal value

3% 5. RCLY A% €32 24 bit sequence® AML

3.1.2 SCL 28] £E& 34

X 2-13} zeo] SCL 24 i3 % 228 A
et s2belE pE SCL 261419 o 28-S
eblie, v=0, 1, ... , 8¢] =t} SCL 2049
FE5S SCL 19149 F53 o] 2+ 2§ 2
o olAke] Alxd"le] EAF AL WA, A
(33} Zel viebd & 9lch

1, 2% < D, <23 gnd
1
D, = 23"t

(v=0,1,2,--,8 and (3)

G(D,) = all 1=(0,1,2)),

0, otherwise.

o714 SCL 29 3% o3ET Soksls g5

Gl A& HtelE D o3 2o
3v+2

D,= 223’ »v=0,1,2,..-, 8. @)
5=3v

3.13 H¢ FE 3
AT AG)CEHE, B =R o™

Ci(n)=
26 26 26
X Y, (G(D)+ G(D,)),
4 =0 i, =0 ,1;’:. s (5)
PEak’] b # oy
i
n=2

A©F gt FAE Sdez A9 o
e 27l FERRE FE H7 HHAA
Yok 34 3E U 3T 3F I5E
A(©)z ol s He,

_ C(n)+1
U n)
a3 62 A(6)o 2 A" cMPe HHF FF
349} 71E g3eE]Ze DFPQY HF 2E 3
& vehlich, FF5o] HAst= Ala™ 7t

Z7kdel we} DFPQY B FE e A¥
oz Fr7tsiA", CMPE F¢F FE 4T
21 T4 A2 SR 23 A
DFPQ= F&°] 24T A5 A M9 Az &
& AT 139 FE2A A3 Huz A
28 ol wet FFE FE AU A¥Hew
F7hstA "o a2d CMPellA = AS 5]
B Axde] 25 2 - 27 ARE a2y
d, & e Aade 71 14 dd A
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254 L|Te—DEPQR .
—+—CMP 7
2 /"/
£l o
8 e
8 e
g <
3 A s
o A e
% 10 o e
5 e
2 e P
E S
S
o 5’“/‘
= P
0 v T L T 1 T
2 7 12 17 22 27

Number of stations
a9 6. 97 3 37
271 AYALE Fohset Axde $7
15 9 AS¥EHE F7%e] Zashd @
debd HE FF A5E A2d S v 2
2 24 Yz EobeA Dok

2 S
A B8 9l % 35 Ze] HomePNA 3.0
B]57] MAC Al="le] Ee] AE H4E Ao 3
o, Z} W] oJvl=s okdw o

o F, : ] "= Ao

* F,: dol2= F=o Hof Ao

e F,: Efde] H= Zo]

e TR, , : dtig} Edy "= AL &%
o TR, : Hlo|2= = Af &5

¢ Sy : IFG £F #o)

¢ S BFEE RA TS Y A2
AR €% 2o :

© Spnet : FEE WA T & Qe Ha A
£ 7]

o Sy : AZ EF R0
o 8, SHEY EF Do)
P $458 3

i)

E 39 WH5E AMEsl) =Y A Tl 1
He Ad Azt 9 AE AZkE ohg 2ol A
g 5 ek A (D2 Alzde] zalgle) A A
Azbs)7] Aol BRgF AIZF A o, 4] (8)
A A% A7E otk FE Al ¥e3 HT A
7k A} (9)¢) Z2ct

[ mto AZ

132

Mean time of collision resolution (us)

%3 22 AF s

ke & H &
F, 32 [Bytes] S,fg 29 fus]
F, 1514 (Bytes] | Smin—ca 32 [us]
F, 1 [Byte] S 32 [us]
TR,_, 4 [Mbps] S,m- 21 [us]
TR, |4-240 (Mbps] P 0-7
8000
~—e— CMP, PRI=0 —~e~—CMP, PRI=1 a2
—a—CMP,PRI=2  —v—CM®, PRI~ o
7000 < _.-32}5, gim —<—cmap§:-§ PR
—#~CMP, PRI —*—CMP, PRI=1 AT
6000}] =~ DFPQPRIC . o DFPQ PRIt il at
a-DFPQ,PRI=2 - v -DFPQ FRI=3 R S )
-0 DFPQ,PRi=4 - < - DFPQ, PRI=5 ey ’v,v R
50004 - DFPQPRI=S - & DFPQ PRI=? o A',,v - .o'ﬂ
e

4000 +-----

3000 o-----

2000 .-

Number of stations

a8 7. 347 2E A2 A%

Tpe—to =S8+ (T—P) + Spie Q)
T}—t:t =
8(F,+F,) 814;) ®)
( TR, + TR, n+(n—1) - Sy.
Tc—'l‘ = MC(n) . (Smm_ cd+ S,fg_ 35319 (9)

—-(7=P)-8S,,)

a8 72 A9)E 4% cMPY £E #Ad "8
gt JF A7) DFPQe| = #|4ol He3t 37
Azke Yepdic), $80] Aske Alzd 0t &
71l wWel 2 62 Avfel U ExE e
U, she] AxslE w2 o, $Aes] 3l
wWE 2F e Hed HF Az Fele
DFPQXT} CMPAA T 2| velhdo)

A7) - ©E%E] HTF 3} 582 ok} 3o)
vehd 4 it

85

p 3 TR,
throug hput Tpre—tz + T_'f— iz + Tc—r )

(10)
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10

094
—e—4Mbps —e—32Mbps —a— 64Mbps —v— 96Mbps
0.8 —4— 128Mbps —4— 160Mbps —»— 192Mbps ~*— 240Mbps
J_— ——
0.7 4
/l——o—-n_oq_"—a—a—na_.«‘_a—o-«—c—c—l—l—'—‘—"'—'—."
064

054 b A—a—A—A—d—A
dhAd b A A A—dA—d—d—a—A—A—A—h

Nomalized saturation thronghput

0ad | . RUNEPEES S s

0.3 .4 - —a—t
At

:4«—4—4—4—« —b— >

024 — SR

01 — — —
2 7 12 17 2 27

Number of stations
a2 8-1. cCMPe] 23} & (AL = 7)

0850

. 0,925+
E
)
-
3
£ 0000 A=
£
B
k
—~a—CMP,FRIZ0 —¢—CMP,PRI=l  —a—CMP, PRI=2
€ 0875 4 —v—CMP, FRI=3  —e—CMP,PRI=4  —«—CMP, PRI=S
—»—CMP, PRI=6 —x— CMP, PRI=7 o- - DFPQ, PRI=0
E -o- DFPQ PRI=l & DFPQ PRI=2 --v--DFPQ, PRI=3
o~ DFPQ, PRI=4  -<--DFPQ PRI=5 b - DFPQ, PRI=6
* - DFPQ,_PRI=7
0850 T : .

T T
2 7 12 17 22 27
Number of stations

a8 8-2. 3} % (de)Et Af 4% = 4Mbps)

0.70

.
kR

0,65 At ppa A A

T

060 {2 "'571'74,9-».—3:33:";‘"
M"’j}:
e o

055-/%«‘7;1,4,‘_, —

0.50 § s-o0-oman

ghput

Normalized saturation throu

—e—CMF PRI=0 —s—CMP FRIsi  —a— CMP, PRI=2
045 4 —v—CMP, PRI=3  —e—CMP, PRI=  —e— CMP, PRI=5
—»—CMP.PRI=5  —#—CMP PRI=7 - 0. DFPQ, PRI
o DFPQ PRIl A~ DFPQ PRI=2 - v-- DFPQ, PRI=3
040 4 o DFPQ PRI=# -4 ~DFFQ FRI=5 - b--DFPQ PRI=6
- DFPQ, PRI=7
0 35 T T T L T T
2 7 12 17 22 27

Nuwnber of stations

I3 8-3. X3 ¢ (FIP|EE AF % = 32Mbps)

I 8-12 FEo] TR Axwe] 459 el
74 A%, A(10) o2 MEl cMpe] HE 23 ¢
folth. FEo] YAl AW ) 71kl o
g do|2 A Lol HE ¥3} &2 vl
T B 4 vk 17 829} 8-3¢4E HelE=
g &5} 7kt dMbpse} 32Mbps?] H-$- CMP
o} DFPQS| HF %3} 189 EZE el

wel waEidth T daelEe] 3} g Al
9ol wlEBAR, 5] s Alawl 5
Z715k) olzl CMPYE 2ZH Zr)sle], DFPQE=
7 AagsE £ ¢ ok o= Zie CMP
o} DFPQ2] AT FE 37l A" Fol g}
2z 20 34 FPeloh Aoz FUie) e
o viepdel.

mze

2 =Foli= HomePNA 3.0 H]%E7] MAC 2
= Al2H] CMPE A3l wal o] dwelE
] A& H9 A mds AAsion, x5}
Aeele] AA5s 718 ¢uElEel DFPQS} Hlw,
A ok FE el 23 ST AR A
B, DFPQ< F-E°| 'HAg Al a7t 3718
off e} A¥Hoed FrslA|RE, CMPAME 21
4 R TR 5, 3 F2F FE Azle]
AEFR] Alzd ol vlElsla, A S 9
A AZMe Ze FYE 54l A, DFPQET)
CMP®] B T A Axb Bxo} A ehd
o}, 23} &8 I A= 1 1R o
2} DFPQelME A gtez zhaste 3sis
24, CMPAIME =24 71 skedch =3, $4d
<9 #F HolR2e A L5l IS wop A
9l gl SRl wet £33} 8 RGNS
o, o] A L5} Zoigkel] wet 3} &
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