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Access Networks

Voice over IP 64 Kb/s 200ms Protection

Videoconferencing 2 Mb/s 200 ms Protection

File sharing 3Mhb/s isg

SDTV 4 5Mb/s/channel 10s Multicasting

Interactive gaming 5 Mb/s 200 ms

Telemedicine 8 Mb,/s E0ms Protection

Real-time video 10 Mb/s 200 ms Content distribution

Videoon demand 10 Mb/s/channel 10s Low packet loss

10 Mb/s/channel Multicasting
Twisted pair 0.896

ADSL2 Twisted pair 15 3.8 5.5
VDSL1 Twisted pair 50 30 1.5
VDS5L2 Twisted pair 100 30 0.5
HFC Coax cable 40 9 25
BPON Fiber 622 155 20
GPON Fiber 2488 1244 20
EPON Fiber 1000 1000 20
Wi-Fi Free space 54 54 0.1
WinAX Free space 134 134 X

! L.G. Kazousky, N. Cheng, W. Shaw, D. Gutierrez, 5. Wong, Broadband Optical Access Networks, Wiley, 2011.
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Passive Optical Network (PON) (1/3)

ONU 1

ONU 2

OLT \\F'_ii‘:/ ONU 3

ONU N

Advantages

v/ High Bandwidth

JOptical Line terminal (OLT) v High transmission distance

JOptical Network Unit (ONU)
JPassive Optical Splitter/Combiner (PO-SC)

v" Lessinstalled fiber (compared to point-to-point solutions)

v" No active elements (compared to active access networks)

v" Transparent— Easy to upgrade
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Passive Optical Network (PON) (2/3)

PON topologies 2
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2 1. Chochliouros and G. Heliotis, Optical Access Networks and Advanced Photonies, IGI Global, 2o010.
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Passive Optical Network (PON) (3/3)

Different multiple access techniques can be applied in PONs
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TDMA-PONSs : WDM PONs | [ OCDMA-PONs ] [ OFDMA-PONSs ]
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Passive Optical Network (PON) (3/3)

TDMA-PONSs

~=

» Asynchronous Transfer Mode PON (ATM-PON)
Broadband PON (BPON)
» Gigabit PON (GPON)

» Ethernet PON (EPON)
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TDMA PONs — The ATM PON and BPON

v' ITU-T G.983.x standards = S
v Upstream wavelength 1310+ 50 nm 622.08 155.52
v Downstream wavelength 1530+ 50 nm 627.08 62708
v' Different permissible data rates

v’ Static Bandwidth Allocation (G.983.1) 1244.16 ikt
v Dynamic Bandwidth Allocation (G.983.4) 1244.16 622.08

Downstream Frame Format
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TDMA PONs — The EPON (1/2)

IEEE 802.3ah standard

Support of variable length packets up “1
to 1518 bytes in fixed-length frame of 5
2 ms= S
Time-slot size 125 or 250 ms m

Upstream wavelength 1310 nm G

OEEEONE DEONE |

OLT

Downstream wavelength 150010 nm
Dynamic Bandwidth Allocation
Support of different QoS
requirements

ONU-N .

3 T. Koonen, “Fiber To The Home/ Fiber To The Premises: What, Where and When”, Proceedings of IEEE, Vol. 94, No. 5, May 2006, pp.g11-934.
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TDMA PONs — The EPON (2/2)

Multi-Point Control Protocol (MPCP)

J

Performs ranging, bandwidth o
arbitration and discovery functions T
For different bandwidth allocation CONTENTION
algorithms * o
Use of 64-byte MAC control messages
Bandwidthallocationis performed by
using the GATE and REPORT control
messages °
Channel
established

GATE (dest_addr=multicast, content = GRANT+OLT

—Capabilities)
= -
ties+ONU
EQUEST (content=PHY 1D capabili
HEG‘STEHmeahliﬁasmdm e anabiied)
lf—
REGISTER (dest_addr-ONU
= MAC ad _
list+echo of ONU ca dilt;azc;ntant_FHv D
GAT =
E (dest_addr=ONU MAC addr content = GRANT)
T
REGISTER_ACK (content=echo of registered PHY D)
e e
] —

OLT

GATE
L / - /
f Y 1’

f GATE
REPORT

r
-»>
ONU

DATA

Yis
ALy £
Wamng Tmr.l slot Wamng Time slot
time time

4 M. Ma, Current Research progress of Optical Networks, Springer, 2009.
5Y,Luo and N. Ansari, “Bandwidth Allocation For Multiservice Access on EPONs”, IEEE Optical Communications, February 2005, pp. 516-521
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WDM PONSs

Application of Wavelength Division Multiplexingin PONs
Combination of PON’s efficiency with WDM'’s high bandwidth
Use of 1 wavelength per ONU -> increased security

The optical power is not divided — longer transmission range (40-100 Km)
2.5-10 Gb/s per wavelength

Coarse WDM — up to 16 wavelengths

Dense WDM — 16, 32, 64 128 wavelengths

bt o S, S, T

Individual homes Multi-unit residential

—
BT | Wireless
— infrastructure
Service provider

central office |
L1
d e S

Small, medium-

| sized businesses
: DSL, power-line, etc.
Large Network
enterprise infrastructure

Sounce: Nortel Networks
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OCDMA PONs

v Each communication channel is
distinguished by a specific optical code

= OLT
v Encoding involves multiplying the data bit (™ Dun e B, | 0w
- . . . recovery # | ] | il . s W
by a code either in the time domain, the : ,
wavelength domain or a combination. [ nen s o R, | ! P
- . | |
v Unwanted signals appear as noise — MAI e e | B, [
] recovery #3 #3 I #3 b SOUTCE #3
Pl durationd | |
L O | O O
| |
I¥anian 0 | 0 | O O | O O
Lo LNt - SR N, o O
: : N
Positive:  [ac]we ] sy ] 1 Code | upstream
Time ! ! i e——] direction
domialm T T T T T T
coding J | ! ! | !
I i Lina l " : i i i L] i i i [&] i L] Code J
i ||-I'||"|'ﬁ|'|'i.|.unu.|| | - | |
Clode
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IPACT — A DBA Algorithm for EPONSs

[ Interleaved Polling with Adaptive Cycle Time ]

v Dynamic Bandwidth Allocation algorithm
v" Use of GATE and REPORT messages of MPCP

v ONUs send REPORT to inform about the status of their queues
v OLT calculates the time-slots and responses with GATE messages

[ Max Time-slot 7" ]

[ Bandwidth of ONU; ]

[ Max polling cycle time ]

T max ¥ REPORT
H‘:mﬂ Bfnin = W i Py
) I Tmax

N
™ =3 (G +

j=1 N

G — Guard time
R, — Data rate of upstream channel

B e e i T e el I T e e i e
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[PACT — A DBA Algorithm for EPONs

[ Time-slot size decision methods ]
Fixed
[ Constant credit ] [ Linear credit ] [ Elastic ]

Lannoo B., Verslegers L., Colle D., Pickavet M., Gagnaire M., Demeester P., "Analytical model for the IPACT dynamic
bandwidth allocation algorithm for EPONs," Journal of Optical Networking. Vol. 6, No. 6, pp. 677-688 June 2007.
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Analysis of the Gated service in EPONSs

Cycle time has no maximum value
There is a minimum value:
Trm;l =T 4T Tfiper — Transmission time (ONU<=OLT)
E R Tproc — Processing time

The probability of having more packet arrivals
than can be sent in a minimum cycle time

i A . kT
3 ”—I;?:ft; B R
A fmo (3 ' J P={l 1= _NlT 2 :
3 BES) AR s R 2R (RS PR

Kkﬁ__ J f/_/
S
if probability < 0.05
Low traffic-load analysis
else
High traffic-load analysis

end
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Low traffic-load analysis of the Gated service in EPONs

{:'I cle + (1 ie Cj T“"’Iﬂ::;

[ Average cycle time ]

B+B,
R,

C— clustering factor, C=(N-1)/(P+1)

Average waiting time ]

Symbol Explanation Value
N Number of ONUs 16
A ONU arrival rate (Poisson traffic) from 5 to 57.5 Mbits/s
Tiber Two-way delay on the EPON 200 us
Toroc Processing time 35 us
T iaid Guard time 1.5 us
B Packet size (network layver) 12,000 bite (=1500 bytes)
By, Ethernet overhead 304 bits (=38 bytes)
Broq REPORT or request message size 576 hits (=64 bytes+8 bytes
preamble)
Ry Upstream bandwidth on the EPON 1 Ghits/s
P... Maximum transmission window 10 packets

(fixed or limited)

| [ I"‘I'|-|.+-|Iﬂn1 hTﬁ+1-'ﬂ1']? F.—uﬂ'l"iln-|-||-r

i + ¥
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High traffic-load analysis of the Gated service in EPONs

[ The cycle time only takes discrete values: ]
H’I‘(B + Berﬁz ) B “NrBr
cyele = R +NT,,.., form=0
5

[ The minimum value of the cycle time: ]

e : : : J m(B+B_,)+NB_ d]
> =T", withk =mmlm: = L+ NT e YIS

o
L

[ Queuing model with Poisson arrivals ]

AL
A [E I:'j.'d;j
_.PI[T r:fr(” 1) re:fa.? |I:"C“J'-f(”) T”‘,]“‘Exp(——.?::;J : . I.EO’JF.:}D
[ Steady state equations ] [ Average waiting time ]
= ;rfri-::ﬁ' -1
A S e T ZET;;
T;’ -
z T 14 eycie
=0

i Py B P e e PRy e PR i, WL, ol ML FL e Y (Rl DR E 1 S i e L e g e feest Ry ey Py
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Analysis of the Limited service in EPONSs

[ Similar analysis as in the Gated service ]
[ Low traffic-load ] [ High traffic load
— 3 = e et o
Wi = =1 W==>nrnT_"
0% 2 cycee 2 ; J e

e e S s

The cycle time is limited by a
maximum value of packets P,

NP _(B+B,,)+ NB,
Tmax 2 Tﬂﬂl( £ ) €q AT

cycle R = puard
I

L & T R . T L £ 5 S S S o DR o S . . . T oY TR S

2w Py
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Results (1/2)

Comparison of analytical and simulation results

Symbol Explanation Value
N Number of ONUs 16
A ONU arrival rate (Poisson traffic) from 5 to 57.5 Mbits/s
T iber Two-way delay on the EPON 200 us
Trec Processing time 35 us
T aiiand Guard time 1.5 us
B Packet size (network layer) 12,000 bits (=1500 bytes)
By, Ethernet overhead 304 bits (=38 bytes)
Brea REPORT or request message size 576 bits (=64 bytes+8 bytes
preamble)
Ry Upstream bandwidth on the EPON 1 Ghits/s
Py Maximum transmission window 10 packets

(fixed or limited)

Results for the Gated service

s
th W

—+— Analysis - Tg= 1.5 ps

[2%)

—&— Simulation - Tg = 1.5 ps
Analysis - Tg=5 pus

k’j « Simulation - Tg = 5 ps
e I e

0 01 02 03 04 05 06 O7 08 09 1
Traffic Load

—

Average Packet Delay
[ms]
P "y
&n on

=




Mean packet delay(mszc)

& R

Ml R T ahom—

Results (2/2)

Results for the Limited service

—— Amalysis i
- Simndation ;

.DES I I I

0.3 0.4 0.5 0.6 0.7 0.8 0.9

Mormalized offered traffic load per ONU

fkan cwle time (msec)

—&— Analysis
w3 Simulation

0.8 0.9

0.3 0.4 0.5 0.6
Mormalized offered traffic load per ONU

0.7

T e = =t ﬁ\-\l‘.‘.'\..'\‘l -"LT.J'H.+1-'|J'L'|-I-|'F Pn\-\"‘:ﬂll\--ﬁ+-‘h'\-\n’\- nnu:n‘u\h:\tﬂnn Il.'r\.-\-lvindl.-\.



Analysis of the Fixed service in EPONs with multiple serzice-claccoc
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Analysis of the Fixed service in EPONs with multiple service-classes

ﬁ[m

[

ONU-1

-~

(D EICEEREL )

OLT

ONU-N

1. B. Lannoo, L. Verslegers, D. Colle, M. Pickavet, M. Gagnaire, and P. Demeester, "Analytical model for the IPACT

dynamic bandwidth allocation algorithm for EPONs," J. Opt. Netw. 6, 677-688 (2007).
2. F. Aurzada, M. Scheutzow, M. Herzog, M. Maier, and M. Reisslein, "Delay analysis of Ethernet passive optical

networks with gated service," J. Opt. Netw. 7, 25-41 (2008).
3. Bhatia, S.; Garbuzov, D.; Bartos, R.;, "Analysis of the Gated IPACT Scheme for EPONs," Communications, 2006. ICC

'06. IEEE International Conference on , vol.6, no., pp.2693-2698, June 2006




Analysis of the Fixed service in EPONs with multiple service-classes

A «

DElH

ONU-1

(LI MEEEL ]

OLT

vUpstream direction

ONU-N

vMultiple service-classes with different priorities

[ __-_--_'_I‘arget of the ana]ysii”)

( R 7 \

Queuing
delay

) > q 3

End-to-end delayj




System model

ONU 1 ONU 2

® O © ONUN

@ 222 e )

== — — — -

= & o A B

vN ONUs vFrame duration: /i

vK service-classes vSafety interval: f

vTime-slot duration: o VOB M B B




Queuing model (1/4)

ONU n vK queues
e e L iy = ;
| Queue 1 | vFrame duration T,
| Arrival rate , |_,._ I I | “ —> vNumber of packets per group [w,, 3, M, ;]
HH vPoisson arrivals: A;
‘ Queue 2 —| ' x v'Time interval between two consecutive

| Arrival rate A, transmissions: 7%,
B . —Ib\ .

\' - To OLT
) Frame >

Time interval between two consecutive transmissions

N
rf,.n 5 ZTI _Tn +(N_1)'f
=1




Queuing model (2/4)

Each service-class follows the queuing model M/D vk mnkl/m .

N
1 1 - ) | 1 ] !\-‘\
Individual packets b M & SETVETS
v

erver

L F
Hl“’“"“-____ﬂ-/

The groups of packets follow the queuing model M/D/1




Queuing model (3/4)

Equivalent arrival rate of the groups of packets
and equivalent offered traffic load:

.______.“

An.k =k Tn 0

Mean waiting time in the M/D/1 system:

Wik o

2:(1-4,)

By using Little’s theorem,
the mean queue length of the M/D/1 system is:

! ' 7' /‘{?l.k 'Tf S
Ln.k :’J"n.lc'mn.k == =
2-(1—An._,{)




Queuing model (4/4)

Mean length of queue of the individual packets:

w Myl W W, 1

Ln.k =1, 1 'Ln.k Tk

+(1—P;L_I;c)-

Probability of waiting in the M/D/m,, ;. system:

"

P =P(j2myp)= Z .T_;?:k

J=my i

Steady state distribution of the M/D/m,,; system:

(j*'ln,lc)i—j B (J}ln,k)i_j_l
7! (=g~

I
¥ —7 JA 1
f?:kz(l—ﬂn:k)Z{(_l)l '}E"} n.L[
J=1

15

By using Little’s theorem, we obtain the mean waiting time of the individual packets:

Ln,k
Ak

T S
k=




End-to-end delay

End-to-end delay

Queuing delay Transmissiondelay = Propagation delay
M?’ = Ln:,l: T . i T = dn
e ’;ﬂ_.k T C R

Mean end-to-end delay

E[Brl;k] = ank -+ Tl?‘ + ijn




Results (1/2)

Comparison of analytical and simulation results

EPON topology:

N = 30 ONUs, C=1 Gbps
K = 3 service-classes

Parameter

Value .

Distance d,,

20 Km

Frame size

50 time-slots

Time-slot ¢

10 usec

(m 17 mg: mg)

2 time-slots

(25, 15, 10) time-slots

Upstream channel data-rate

C 1 Gbps
Refractive index 1.45

Packet length [

1000 bits




Parameter

Value

—

Distance d,

20 Km

Frame size

50 time-slots

Time-slot ¢

10 pisec

Safety interval f

2 time-slots

(m,,m,, mﬂj (25, 15, 10) time-slots
UUpstream channel data-rate

CP 1 Gbps
Refractive index 1.45

Packet length [

1000 bits

End-to-End Packet Delay (msec)

Results (1/2)

S A S U AT
—&— 15l prior. (analysis)
1.4 11 A 1st prior. (simulation)
—8— 2nd prior. (analysis)
1.3 9| -0 2nd prior. (simulation)
—i— 3rd prior. (analysis)
1.2 - O 3rd prior. (simulation)
1.1 4
0
1.0 e
= 8 O
S
TR b, e o
0.8
0.7 {4 A A A
06 |
D5 T T T T T
1 2 3 4 5 6

Traffic-Load Points




Results (2/2)

24

29 1| —a&— High priority
—8— Medium priority
—&— Low Priority

2
wm 2.0 4
g
E‘ 1.8 1
a
-— 1.5 =1
]
o
@
a 1.4 4
2
|_|IJ 1.2 4
o
E 1.0
Ll
0.8 4
D.ﬁ T T T T T T
1 2 3 4 5 6
Bandwidth Points
5 ;_-a:ﬂs points ufEedmgr‘ a;l_l
(45 MMy 5, 1Ty, ) -
(ime-slots) 1 2 3 4 2 6
My, , 22 24 26 28 30 32
my,, 16 15 14 13 12 11
m,, . 12 11 10 9 8 i
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Hybrid WDM-TDMA PONs
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1. Talli, G.; Townsend, P.D.;, "Hybrid DWDM-TDM long-reach PON for next-generation optical access," Lightwave
Technofogy, Journaiof vol.24, no.7, pp. 2827-2834, July 2006

2. Wong, E.; Chan, S.;, "Dynamic Wavelength Allocation Schemes in WDM-PON," PhotonicsGlobal@Singapore, 2008. IPGC
2008. IEEE , vol., no., pp.1-4, 8-11 Dec. 2008

3. Dixit, A.; Lannoo, B.; Das, G.; Colle, D.; Pickavet, M.; Demeester, P.; , "Flexibility evaluation of hybrid WDM/TDM PONs,"
Advanced Networks and Telecommunication Systems (ANTS), 2011 IEEE 5th International Conference on ,vol., no., pp.1-
6,18-21 Dec. 2011
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Hybrid WDM-TDMA PONs

(v

pstream direction

vDynamic wavelength allocation

vMultiple service-classes of stream,

elastic or ON-OFF traffic

\V’_[nfinite of finite traffic sources

J

ray _'I:a_i‘gét of the analysis

"

Calculation of
connection failure probabilities
and call blocking probabilities




Analytical model for stream traffic (1/3)

[ Distribution of occupied wavelengths in the PON ]

N (N-1)A (N-2)2 (N- .r; (V=4 (V- [‘,f 1))4 (N-(C-1))A

iy TR R (LT

® O - @@ @

0, 20 30 JO (G+hHo (/+2)Q CcQ

»C: number of wavelengths 7y arrival rate

ST capacity of a wavelength »b,: bandwidth requirements

#N: total number of ONUs L. Service rate

ANl s R L T #the total arrival rate of calls

.
from an ONU A=) A,

k=1




Analytical model for stream traffic (2 / 3)

Occupancy distribution of b.u. inside the wavelength

@ = @

H1y1(Dyg)
—— 2y b2)
——UkYkl(bk)™
15"""?51"”5"1E"-ﬂgth service rate OCCUPHHC}" distribution of b.u. Mean number of service-class
k callswhenib.u. are
occupied in the wavelength
= q(b;) K
b gtk S Lt : :
Q ;__Z:l 2 (B ) 7 _ iq(1) =Y. axbq(i—by) . aq(i=b)
2 q(i) k=1 Vi (1) =

q(7)




Analytical model for stream traffic (3/3)

[ Distribution of Occupied wavelengths ]

N (N-1)/ (N-2)A (N- {; 1)) (N=)A (V- (,r (N-(C-1))A

©d O - @@ e

Q 20 30 Jo (G+hHo (j+2)0 CO
H[v (apll e PG osH
P(j)| A) Iyl
Q) J =\2) I
_ !
Connection Failure Call Blocking Probability
Probability (CFP) (CBP)

NC)




Calculation of the Total CBP

A call is accepted for the service when:

(the ONU has already (is the first call that arrives at
established a connection) an ONU)
AND OR AND
(enough free b.u. are available (thereis a free wavelength in
in the wavelength) the PON)
T—by
>~ q(d)
P p Lo e PO))
Pl 5 T L )
> q(i)
=1
Probability that an ONU has already Total CBP
established a connection A
(N-1) _ 3 g(i) |
iRl e TB; =1-Pyepy =1-| B-Z—+(1-R)-(1-P(C)) |
P.= Z’ BUE Z’ P S 4() |

[, . |
Pid=til| \. .’=1 A

1.l
SR




Analytical model for stream and elastic traffic (1/3)

Example Ji,, Ji thresholds of ky, service
An arriving video-call by > by, >b;. , bandwidth requirements
has 3 different Uy > Uy, >H;. ., Service rates
bandwidth requests ; "

upon call arrival:

T=2048 kbps

by =128 kbps
\
bﬁ: 1=256 kbpS — Jk2=1536 kbps
—  J1=1024 kbps
b;,=384 kbps
\




Analytical model for stream and elastic traffic (2/3)

e We use the Markov chain of the stream traffic
« New service rate of the wavelength

Last call

(bk:.uk) (bkgsuukﬁ)

o i Hi Vi (b)) ?(b) * i S(ZI Hi s Vs (E?s:__; ) g*(bd )
1

Zq(f) i (i Zq{f)




Analytical model for stream and elastic traffic (3/3)

q(1) : occupancy distribution of the wavelength

E Sk
iq(i)= Zﬂ DB (D)q(i=b .]>+Zza b..6,.(Dq(i-b,,)
Connection Failure Call Blpcking
Probability (CFP) Probability (CBP)
Total Call Blocking
- Probability (TCBP) -
(©) B, = Z q(i)
i=T by, 510y +1

s T—by o A
Ll

Z 'q(z‘)

TB, =1-| B-—2—+(1-P)-(1-P(C))

> 4

i=1




Results (1/2)

PON topology: Stream traffic, two service classes:
C = 64 wavelengths s b, = 24 ba.
N =100 CINLs =155 hi .
? 5,2 b,= 36 b.u
14
—8— CFP(anal)
]| o cFP(sim) o
—&— CBP (anal) (_,,[41)
A CBP (sim)
~10 4 | & TCBP (anal)
= O TCBP (sim)
8
o 8 1°* service-class i
3 [CBP
o 6 1 '
=
-
3
@ 4 A
2 -
. 0
0 'C; 8, Za 1 T T T
1 2 3 4 5 6

Traffic-load points




Results (1/2)

PON topology: Stream traffic, two service classes:
C= (ﬂ Fﬁ?avclcngthﬂ s b, = 24 ba.
N =100 ONUs, T = 155 b.u.

5,2 b,= 36 b.u

>
14
—&— CBP (anal)
6 A CBP (sim) T RD
1- —8— TCBP (anal) 1 (’ Bl
S5 -
g
8 §4-
% £g 21¢ cervice-class
0 )]
S £3-
5
== -
S &
- —
8 [ 27
m ¢©
*‘I -
0“4 T I 4 : !
¢ 1 2 3 4 2 .

Traffic-load points

Traffic-load points




Results (2/2)

wavelength
3" service class 2" service class 1% service class
\ / v v T=155Db.u.
A b2|1=1 6
nggz‘l 20 re
A J>4=105
J3|1=1D5 b1='12
b,=24 A
A i
PON topology:

C = 64 wavelengths
N =100 ONUs, T = 155 b.u.




Results (2/2)

12 4 | —@— CFP (anal)
Q- CFP (sim)
—A— CBP (anal) 9
104 | ~4& CBP (sim) .
= —— TCBP (anal) T(JBP
52 -3 TCBP (sim)
2 3 -
3 1t service-class
=]
[=]
a ©1
(=]
£
—
8
@
2 -

Traffic-load points




Results (2/2)

—A— CBP (anal)
7 - & CBP (sim) ey
—&— TCEBP (anal) [ CBP

‘0 TCBP (sim)

ond gervice-class

Blocking probabilitites (%)
I

Traffic-load points




Results (2/2)

4.0
—i— CBP (anal)
3.5 - A CBP (sim)
—&— TCBP (anal)
30 A O TCBP (sim)

et
th

ard service-class

—
t

Blocking probabilitites (%)
M
o

—
(=]

ot
tn

Traffic-load points




Analytical model for ON-OFF traffic (1/2)
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&pﬁc: utilization of link i /

1. Asrin M. A., “Call-burst blocking and call admission control in a broadband network with bursty sources”, Performance
Evaluation, Vol. 38, pp. 1-19, 19909.

2. Moscholios I., Logothetis M., Kokkinakis G., “Call-burst blocking of ON-OFF traffic sources with retrials under the
complete sharing policy”, Performance Evaluation, Vol. 50, Issue 4, pp. 279-312, 2005.




Analytical model for ON-OFF traffic (1/2)
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Analytical model for ON-OFF traffic (2/2)

[ Connection termination — Wavelength Release (WR) ]

(P-WR) D-WR PD-WR

[PrimaryWRseenario] [ Delay WR scenario ] [ Primary-Delay WR scenario ]

/ For each scenario the following metrics are calculated: \

v" Connection Failure Probability (CFP)
v" Call Blocking Probability (CBP)

v" Burst Blocking Probability (BBP)

v' Delay”

v" Average number of delays calls

Q if delay exists) /




Analytical model for ON-OFF traffic (2/2)

[ Connection termination — Wavelength Release (WR) ]
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The Primary WR scenario (2/2)
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The Delay WR scenario (1/3)

A wavelength is released when all ON-calls terminate, but
there are some OFF-calls still in service

[ Constant function of C ] [ Increase function of C ]




The Delay WR scenario (1/3)
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The Delay WR scenario (2/3)

Constant function of C:
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The Delay WR scenario (3/3)
[ Increase function of C ]
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The Primary Delay WR scenario

if wsW-Wr
The P-WR scenario is applied
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The D-WR scenario is applied
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Results (1/7)

Comparison of analytical and simulation results

Parameter Value

Number of ONUsN | 24

Number of wavelengths W 16

Service-classes K 2

Real capacity C 90 b.u.

Fictitious capacity C” 100 b.u.
Bandwidth requirements | (b,b)=(2016)
Service time instate ON | (uy,, 11,,)=(0.009, 0.008)

Service-time in state OFF (s ) =(0:01,0.01)

Probability of transition to state
ON (0,,0,)=(0.95, 0.9)




Resul

Results for the P-WR scenario

Parameter Value
Number of ONUs N 24 ‘
Number of wavelengths W 16
Service-classes K 2
Real capacity C 00 b.u.
Fictitious capacity C 100 b.u.

Bandwidth requirements

Service-time in state ON

Service-time in state OFF

(b,,b.)=(20,16)

(1,7 1y, )=(0.01,0.01)

(o, 1,02 )=(0.009,0.008)

Probability of transition to state

(0,,0,)=(0.95, 0.9)

ON

Arrival e
rate
(calls/sec) | Analysis (%)

i 3.725¢-3

0.8 1.2556-2

1.0 3.180e-2

1.2 6.748e-2

1.4 12.57e-2

1.6 21.33e-2

CBP of 1:*‘ z:._en‘icg-class'.‘

21.16e-2+ 3.61e-3

cme——r e

Simulation | _Analysis (%) _
3.87e-3 + 3.12e-4 0.0032
1.21e-2 + 8.02¢e-4 0.010Q
3.21e-2+ 1.27e-3 0.0281
6.75e-2 £ 1.20e-3 0.0602
12.47e-2+2.50e-3 0.1132

R e

0.1934

_~CBP of 204 service-class

Simulation

0.003 + 3.12e-4
0.011 + 5.81e-4
0.028 £1.20e-3
0.061%2.11e-3

0.013 £+ 2.74e-3

0.192 £ 1.99e-3

S

=

CFP

Arrival

rate
(calls/sec) | Analysis(%) | _Simulation

0.6 0.00652 0.00656 + 2.52¢e-4
0.8 0.12221 0.12129+2.55¢e-3
1.0 0.82844 0.82304 +0.0122
1.2 3.00670 3.00700 %+ 0.0145
1.4 7.25745 7.24680 £ 0.0129

16 11337831 | 13.3706%0.0557




Results (1/7)

[ Results for the P-WR scenario |

e e s i T ek L L e me Ao et Sk e 0| S S
Hitwaharof QNUBIE 5 &) o ba ey e i e m Abate CLr
Number of wavelengths W 16 rate
Service-classes K 2 (calls/sec) | Analysis (%) Sinulation
TR BT 0.6 0.00652 0.00656 + 2.52e-4
Fictitious capacity C 100 b.u. %9 A Bl b
Bandwidth requirements (b,, b.)=(20,16) | 2t 0.82844 0.82394+0.0122
‘Service time instate ON | (g, #,)=(0.009,0.008) | 1.2 3.00679 3.00790+0.0145
Service-time in state OFF (1,,7% uyo)=(0.01, 0.01) | 1.4 7.25745 7.24689 + 0.0129
oo Gt byt (ARE L0 BT T b 200k A3B788L 4, 13370623 0,055,
e BBP of 15t service-class BBP of 274 service-class
rate
| (calls/sec) Analysis(%) Simulation Analysis(%) __ Simulation
0.6 1.62e-3 1.50e-3+1.24e-4 1.14e-3 1.12e-2 + 4.86e-5
0.8 4.61e-3 4.58e-3+1.28e-4 3.24e-2 3.27e-3 +2.67e-4
1.0 1.01e-2 1.01e-2+ 1.63e-4 7.10e-2 7.20e-3 +1.68e-4
1.3 1.88e-2 1.01e-2 + 2.10e-4 13.2e-2 1.40e-2 +1.20e-4
1.4 3.13e-2 3.21e-2+ 6.11e-4 2.290e-2 2,20e-2 +5.02e-4
1.6 4.80e-2 4.72e-2 +1.02e-3 3.38e-2 3.40e-2 + 4.56e-4




Results (2/7)

[ Results for the D-WR scenario with the constant function (m=o0.2) ]
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Results (3/7)

Results for the D-WR scenario with the increase function(im=o0.2)

CFP
Arrival
rate
(calls/sec) Am!ys_’g'wsl %) Simulation
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[ Results for the PD-WR scenario (W;=4) ]
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Results (5/7)

Comparison of the scenarios
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Results (7/7)

Effect of the parameters m and Wy to CFP and to the delay
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Wavelength Release scenarios

[ Priority WR scenario ]

[ K service-classes 1

K, high priority K, low priority
service-classes service-classes

o N

Connection release

»When all ON-calls of both priorities and all OFF-calls of the high priority terminate
»Only a number of low priority OFF-calls suffer delay

\}“—*Fnr these calls the D-WR scenario with the constant function is applied i




Wavelength Release scenarios

[ Priority WR scenario ]
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Connection release
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Results (1/5)

Comparison of analytical and simulation results

Parmﬂer Value GG RMEAACS
Number of ONUs N 24
Number of wavelengths W 16
| Service-classes K o
Number of service-classes M, 20

Real capacity C

90 b.u.

| Fictitious capacity C’

100 b.u.

| Bandwidth requirements

(bla 52]2(20916)

| Service-time is state ON

(417 1457)=(0.009, 0.008)

Service-time is state OFF

Probability of transition to state

ON

(..u 1 1_l> ‘u12'1)=(0_01, D-Dl)

(Ula Uz]: (0-95> 0-9)




Results (1/5)

[ Results for the Primary WR scenario ]
Parameter Value
| Number of ONUs N 24 Arrival rate CEP
| _ LS TE e e
| Number of wavelengths W 16 SR,
E- Service-classes K o (calls/sec) Analysis(%) Simulation
i Number U[ service lefabu M 20 0.03 0.002437 0.00233 1 2.1e4
‘I Real capacity C L 0.04 0.051031 0.04882 t 4.2e-4
| Fictitious capacity C' 100 b.u. 0.05 0.387576 0.37078 + 5.9e-4
E Bandwidth requirements (b,. b,)=(20,16) 0.06 1.568473 1.50049 £ 1.0e-3
;' ; 71+ 7 16
| Service-time is state ON (% 1,2 Y)=(0.009, 0.008) SELC 4.181966 dEOB L o
= 7+ 9 1e-
f:-enlce ’r_une is &-tdte UFF [u“ s i 1‘:I {D 01, 0. o1) 0.08 8.395249 SRAEERY R (o
Fmbﬂbﬂm r:nf transition tD stﬂte
! ON I:CF].G':}:I:D.QE._ 0.9)
Arrivalrate |~ CBPofr*service-class |  CBP of2™serviceclass |
per idle
source
(calls/sec) __Analysis (%) Simulation __Analysis (%) Simulation
0.03 0.00311 0.00224 1 2.7e-4 0.00234 0.00224 % 1.4e-4
0.04 0.01009 0.00066* 3.3e-4 0.00778 0.00745* 3.3e-4
0.05 0.02403 0.02385% 6.3e-4 0.01082 0.01806 % 5.5e-4
0.06 0.05117 0.04805 % 8.1e-4 0.04118 0.03030% 6.1e-4
0.07 0.09470 0.00060 * 1.8e-3 0.07772 0.07435* 1.6e-3
0.08 0.15854 0.15167 £ 5.5¢-3 0.13162 0.12591% 5.2e-3




Results (1/5)
[ Results for the Primary WR scenario ]

Parameter Value
| Number of ONUs N 24 Arrival rate CFP
| - : BRI o e
| Number of wavelengths W 16 SR,
E Service-classes K o (calls/sec) Analysis(%) Stmulation
1 Number of service-classes M 20 0.03 0.002437 0.00233 1 2.1e4
jF. Real capacity C g0 b.u. 0.04 0.051031 0.04882 1 4.2e-4
| Fictitious capacity C’ 100 b.u. 0.05 0.387576 0.37078 £ 5.9e-4
i - £ na.
| Bandwidth requirements (b,.b,)=(20,16) 0.06 1.568473 LAt =0
;' . 71+ 7 16
| Service-time is state ON (% 1,2 Y)=(0.009, 0.008) SELC 4.181966 dEOB L o
s ot o 16
| Service-time is state OFF (1,7 1,5 )=(0.01,0.01) 0.08 8.395249 SRAEERY R (o
Probability of transition to state
| ON (0,.0,)=(0.95, 0.9)
T T — T T T T WG
per idle BBP of 15 service-class
source
(calls/sec) Analysis (%) Simulation Analysis (%) Simulation

0.03 0.00122 0.00107*1.5e-4 0.00083 0.00073% 5.5e-5

0.04 0.00320 0.00288 * 1.7e-4 0.00225 0.00197* 1.0e-4

0.05 0.00693 0.00607 % 2.2e-4 0.00474 0.00415 * 2.5e-4

0.06 0.01246 0.01001% 4.5e-4 0.00852 0.00746 % 2.9e-4

0.07 0.02013 0.01763 * 4.9e-4 0.01376 0.01205% 6.5e-4

0.08 0.03000 0.02635* 8.9e-4 0.00206 0.00180 * 8.8e-4




Results (2/5)

[ Results for the Delay WR scenario (m=0.4)
600
550 - —&— Analysis
O Simulation
Arrival rate CFP 500
per idle |
sSource
(calls/sec) |  Amalysis(%) | Simulation sl
0.03 0.00070 0.00066 * 2.56-4 g 350 4
0.04 0.01205 0.01200* 3.0e-4 e 300 4
0.05 0.09547 0.08997% 5.0e-4 & 250 -
0.06 0.40280 0.37957 % 1.1e-3 200 -
0.07 1.17427 1.10655% 1.9e-3 150 -
0.08 2.64426 2.40174 1 3.1e-3 100
50
0

003 0,04 005 006 007 008 009 0,10 011 0,12 013 0,14 0,15

Arrival rate per idle source (calls'sec)




Results (3/5)

[ Results for the Primary Delay WR scenario(W=4) ]
600
—8— Analysis
22 O - Simulation ‘ b
Arrival rate CFP 500 -
per idle p—
source
ofcallsisec) 4 . Apalysis().....4eeeSimulation. . o 0
0.03 0.00234 0.00225f 2.0e-4 % 350
0.04 0.04787 0.04616  4.1e-4 = 300 -
0.05 0.35407 0.34136t 7.2e-4 . 250 -
0.06 1.30187 1.34193t 1.3e-3 e
0.07 3.60877 3.47030* 2.5e-3 s
0.08 7-07757 6.82363 % 7.5e-3
100 -
5[] 1 1 1 1 i

0,03 o004 005 006 007 0082 009 010 0,11 0,12 0,13 0,14 0,15

Arrival raie per idle source (calls/sec)




Results (4/5)

[ Results for the Priority WR scenario ]
550 j —8— Analysis

500 - G- Simulation

Arrival rate CFP 450 -
s 0 1 o

(calls/sec) Analysis (%) Simulation § 350
0.03 0.001604 0.00106 +1.3e-4 E 300 -
0.04 0.032423 0.0252112.1e-4 % 250 4
0.05 0.246216 0.21897* 3.4e-4 i~
0.06 1.022117 0.058571 8.0e-4 e
0.07 2.830859 2705451 1.1e-3 i
0.08 5.080038 5.59144 £ 2.7e-3 i
04

0,03 0,04 005 006 007 008 009 010 011 0,12 0,13 0,14 0,15

Arrival rate per idle source (calls/sec)




CEFP (%a)

2.0

Results (5/5)

Comparison of the 4 scenarios

]

8.3 | —— P-WE
80 9| —8— DWR
7.5 1| —&— DP-WR
7.0 4| —— Fr-WR

6,5 o
6.0
3,3
50 4
1.5 1
4,0 4
35 4

3,0 9

20 =
1.5 4
1.0 4
0,5 4

00 4

0,03 0,04

0,05 0,06

0,07 008

Arrival rate per wle source (calls’sec)

Delay (msec)

6 { | ——be— D-DR

__. —_—

550 -

PD-WE
Pr-WE

500 4
130

LI

003 004 005 006 007 008 009 010 011

Arrrval rate per wdle source (calls/'sec)

012 013

Number of calls that suffer delay

15t service-class 29d gervice-class
Analysis Simulation Analysis Simulation
D-WR 1.05263 0.902 1.05263 0.08¢
PD-DR 0.06570 0.062 0.06570 0.061
Pr-WR 0 0 1.05263 0.957

014 0,15
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Analytical model for OCDMA PON
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Analytical model for OCDMA PON

R e B @pstream direction \
E - = & o
S S w O v K service-classes
v'Parallel mapping technique
< v’ Active/Passive users
Hrign :___.__.__.;aw'—_'_:_:‘ M e o
soaia W % S v'Additive noise
l l:\ll ‘ n:l[ ‘ [H—T\i‘l J oo e | u::.l-
) @O @as = v'Poisson arrivals
EE

Ve © 86 e

5 7y

’ - -’_I_‘zﬁ-'get of the analysis -

An analytical model for the calculation
of the distribution of active and passive users




System model (1/3)

Use of (F, W, I, l.) codes with constant length F, constant weight W, while the auto-

7 az 7

correlation parameter [, and cross-correlation parameter [, are defined by the desirable BER

[ parallel mapping technique ]

[ b, codewords ] [ for a single codeword: ] Received power per

Received power: I,,,,;; service-class k call:
Ifcaﬂ=bk1unft

Total received power at the receiver: I, .,
Total number of codewords: C




System model (2/3)

l-a S R :
W leaic ol N |
Rt A
#_.Ei#___x JA_H k P C] ‘ A cti T
-~ - % _ Active link
f'f Active \‘._ |f Passive ] J1 | :

\ state )/ \ ostale
b -~ - >
.""'\-\___v_o-"'-' iy, 20 S -
(T e CEEETEE |
AT ; 1 ]
— | : :
I | 1) . “2 | Passive link

\ f 4 I

New call ] h l\; y |

. 0 .

i
P T _ / : : \
A - On Callncking C: Number of the supported codewords
F 1 e 1 |'. -..__.-" . - -
TS g C*: Number of fictitious codewords
.\'::( K service-classes
¥ . L
Call service J'ﬂL;c EI.I‘I‘IVEI_I I‘El.te

s by amantnoeic oe KwOIKEC AEEEIC
—Ga

% L2 XPOVOC eCLMNPETNONC 0NV KATACTAOT)

Call release

Bursi a;: mBavotta petdfaocngotny evepyr)

.

.‘\\\ : blocking k
\M hﬁ&.ﬁlf \ KATAOTAOT
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System model (3/3)

[ A call is noise to all other call ]
[ Multiple Access Interference — MAI:P__ . Zﬁi o3 ]

Shot noise Thermal noise Fiber noise Beat noise ]

F TS

Poisson (p,p) Gauss (0, 0;) Gauss (0, 033) Gauss (0, 03)

[ Gauss(p,oy) oy —.\/ 3,+crb + p* ]




Local Blocking Probability (LBP)

[ Call Admission Control ]
1 rad act I Iﬂd i IPd
Z oy 5 g A (R i S S SN o R I ? (i
K— I]TEL‘L I]TEL"L I]TEL"L'
[ LBP ]
Inr:: Y Icc: .\1! 5 o= oc
L.An: =P -t or Y PTG T
()= ‘ 7 Fome |7 | 1-L)=P| 513 1 2B |-
[ IN/Imax ) GHUES {“N/Imax ? UN/Imax) ]
(1 . Ty K
ik w2l e BB R 1N (ni
CDF DfL\;/Imax_} F (1)__|.1_€Tf| o il )\EJ'J T ﬁ;(nr{jr]?m I]'_“‘E[‘-:

L% Il max




Distribution of active and passive calls (1/3)

[ Recursive formula ]
i Z bi,k,spik,:.,?(})ql'l}' (j: v B:'_.;c) = js{hﬁ'}'(.}:) J=Unla)s Ji= Z e ADC] Z O
i=1 k=1 o i
5 \_s—1 iy i=1 k=1
[ Utilization of system i from service-class k ]

: 3
 A[1-Li(,-by) ]

(1—og)uy
3.0%,

= R L S —

DPir.ve ( 2 ] "




Distribution of active and passive calls (2/3)

[ Proof of the recursive formula ]
s P()uuniv, = P, ), (n2+1)[1- L (ni—1)]
4 H{E: :l P() /01— L (n2)] = P(A:) (i + 1)1 - v)
il P(R)u,ni[1- L(nd)]= P(R, ) uy(ni + 1,
e | b w4 1)[1-, (w-1]] P(i)p,ni(1—-v,) = P(fi; )4 [1— L (n. —1)]

L, '_1_'5 ;?: —1!_' 1 [ At a
z — < | > Sy =R 1,
= Hes R [ The system hasa P(71) = él—[ 1—[ PAHET:I&) ]

:\ j e product form solution
\{ mw.n foom, e
) | | , !
b \_ ® / AJ1-L,(j,~b,)] _
e e e UYL E =1
T ARSI e SR + J (-2,
| \ o (g =1)(1-a, ) P:kinr (_-}}: :

a0 (1- e, :|| {
I A O, :
- - VI T=2

(- )i,

O + e, || fig | 1L, (= Iy §

’/ 1 ;\ [ Assumption ]

\‘h_q_ o
— 1—L,(n)~1-L,(n; —1)




Distribution of active and passive calls (3/3)

Call Blocking Probability ]

i i
Pb, = g Z G L, (J)qmr(J)+ Z G7qpr(J)

je-0y / jely, \

LBP HBP

Oy = (b 43, )>C, | (b g 2+ 51+52)>C |,

[ Burst Blocking Probability ]

S

2 - iy (bt + 2. jeloa'y Ly (J)qn (J) 1
Z j=0 1, G () Mo

Pb.:

|" II.-" II__.- 5 -._.:"._: "l

1§ \ s=1 /)]




Results

Comparison of analytical and simulation results

» K=3 service-class

(b, ay, Mg, 1ot
» (18, 0.85, 0.5, 0.8)
}Iunit: 0.5 }IW {:BER:lD_ﬁ)? Imalegﬂw » {12? B0 1.0 19)

» Total additive noise (1, 0.2) uW » (6,0.95,1.2, 0.9)

» C=350 codewords (BER=10"°)

8.0 2,0e-5
- [P - s =
7.5 4{ —le— 1st service-class (analysis) 1,9-5 —d— 13t service-class (analysis)
! . - Ra ® = g B
7.0 4] e 1st service-class (simulation) 1,8e-2 & -+ 1st service=class (simulation)
' : : Ta.5 : p
65 —— Ind service-class (analysis) T 1.7e-2 —&— Ind service-class (analysis)
s ; . . = . 5 :
-+ Ind service-class (simulation) £ 1,6e Q- Ind service-class (simulation)
6.0 7| —m— 3rd service-class (analysis) 1.5¢-5 1| —m— 3rd service-class (amalysis)
5.5 4| -0~ 3rd service-class (simulation)) 1de-5 o ~0-- 3rd service-class (simulation)
1,3e-5 o
5,0 4 bl
1,2e-5 4
& 4351 . 1le5
o 4.0 1 £ 1,0e-5
5 35 T 906 -
3.0 4 el
Je-6 =
3 &
2,2 6,0e-6 o
2.0 4 5.0e-6 o
1.5 4 4 Desfs o
1.0 3,0e-6 o
; 2,0e-6 o
0,5 4 1.0e-6
0.0 T T T T T T 0.0 T T T T T T
0,40 0,42 0.44 046 048 0,50 0,40 0,42 0,44 0,46 048 0,50

Arrival rate (callssec) Arrival rate (calls'sec)




Analytical model for OCDMA PON with code reservation (1/3)

A fraction of the total number of codewords are reserved
to benefit service-classes, in order to imbalance the CBP

CBP equalization can be achieved
when the number of reserved codewords c;. are chosen so that:

clbhe s i e eh

If the call is not blocked due to the additive noise,
the CAC checks both the conditions:

Jitb=C —candj +j,+b, =C,—¢




Analytical model for OCDMA PON with code reservation (2/3)

[ Recursive formula ]
gy
ZZD(J B, )Put(i)(i’n;(} B;,)= }fl’n.:(})} =Upla)s J,= anb e Zn
=1 k=1
by s i, < c, andj +j,=C.—c
=t . b D.- B B Loy 1 1. K 1 z 2 L
JeQ< JL ““| ZJ = I'JP Z;n i ‘-'“-“‘"U 2 ] o otherwise

[ Utilization of system i from service-class k ]

: 3
 A[1-Li(,-by) ]

(1—og)uy
3.0%,

= O

DPir.ve ( 2 ] "




Analytical model for OCDMA PON with code reservation (3/3)

Call Blocking Probability ]

> >
Pb, = > G'L(j)a()+ 2, Gq(j)

jED—{'}/ 0y, \

LBP HBP

[ Burst Blocking Probability ]

S

Z = e () + Z je{oen') ;L (J)ane(J) s
Z j=0 1, G () Mo

Pb.:

([ [ s

L =




Results

Comparison of analytical and simulation results

» K=3 service-class (by, ay, Uik, Usi)

» (18, 0.85, 0.5, 0.8)
P12 0.9 a0 19)
» (6,0.95,1.2,0.9)
» Total additive noise (1, 0.2) uW e e ) 1niG.19)

» C=350 codewords (BER=10"°)
»I, .=0.5uW (BER=109),1

umnit— max

=12 uW

20 E (N pmiisimciimsimiomimeiime il
7.5 —b— |51 serv.class (analysis) 195 1| _a— 141 serv.class (analysis)
10 & 15l serv.class (simulation) I f'-'"g 7] S 181 serv.elass (simulation)
65 —8— 2nd serv.class (analysis) 1.7¢-5 —&— ndd serv.class (analysis)
A 2 2nd serv.class (sinmulation) 1.6e-5 o 2nd serv.class (simulation)
6.0 —8— rd serv.class (analysis) 1565 7| —m— 3rd serv.class (analysis)
5.5 O 3rd serv.class (simulation) | de-5 O 3rd serv.class (simulation)
50 4| —¥— CR pelicy (analysis) |.3e-3
i B ¥ - CR policy (simulation) 1.2¢e-3
F 4 _ l.le-5
; 4.0 g | ihg-5
o35 A T ae-6
1.0 . De=6
T g=f
2.3 6.Oe-6
20 5.0¢-6
1.5 4 4.0¢-6
1 (el
0.5 o %i-——’ = | Dig=ts
0.0 45 . : . : r 0.0
0,40 0.42 0,44 0.46 0.48% 0.50

Arrival rate poinis Amrival rate poinis




Analytical model for OCDMA PON with finite traffic sources(1/2)

[ Recursive formula ]
gy

= =iF o = = St . Le i v X =
Z Z (N —np—ng+1)b; . Py r(5)gr (G — By) = jg-(j) 1=0sl2)s J.= Z n:b, andj, = Z b,
i=1 k=1 k=1 k=1

o .I’..# . A i “| : i :'

je Q&t}blj M .:-ng': <C J_JJ> = é kzanbirk's

[ Utilization of system i from service-class k ]

D

(0,[1-L.(j. - b)]

, i ) fori—1
et | — i1, Ho
Pir {_.} _}: 3 X
et fori—2o
L(l_akl“:k
[ Number of traffic sources n;’ ]

et

i""i'r;C ‘Pr, "Amr {.} o B-c)
Qrr (J)

H& {j) * Yinr, (}) i




Analytical model for OCDMA PON with finite traffic sources(2/2)

[ Call blocking probability ]

- :
Pb, — > L )g (1) ¥ )06 q.())

; = D—Q/ jely, \

LBP HBP

'if_.!_ : = ; ’ *_l
ﬂ.“? T J-}|!_{b!'.k.]__.jl}}c_l‘*—"i_(bf_k_:__}l—_}: ]?—‘C _Il

[ Burst Blocking Probability ]
7 User activity
P Z jeo' nqu (j)—ﬂﬂk s Z je{n-0'} HEL.&-[J.)QF U:)—“:I: {}
& SOOH iy
; A VL i Mg M
2 BT s e
k k “_rc o E a“;cht: Erak 2k / b,

([
Fh=e =01 Co ity e i f o el

IL g1




Results (1/4)

Comparison of analytical and simulation results ]

» K=3 service-classes

» C=350 codewords (BER=107°) _ (b, @, s, 121)
» (20, 0.85, 0.5, 0.8)
»Iy= 0.5 uW (BER=10"), I,,,,,=13 uW » (16,0.9,1.0,1.9)
» Total additive noise (1, 0.2) uW » (10, 0.95,1.2,0.9)
Arivarate|  CBPofrtserviedass |  BBPofrtservicecass
PE-r]d].E- i S oo st e e bt e AU W= S e bbbt e
source |
(calls/sec) |  Analysis(%) Sinndation Analysis (%) Sinndation
1 | 0.0099 0.012623.766-03 6.903e-04 9.92ge-04+8.208-04
2 | 0.0249 0.0242:6 418-03 1.363e-03 1.585e-03t5.508-04
3 : 0.0564 0.063127.68e-03 2.5118-073 3.54368-0321.918-03
4 0.1166 0.11977#1.48e-02 4.3408-03 4.183e-03t1.498-03
5 0.2226 0.2160¢1.678-02 TOTR-05 7.5066-03:1.928-03
3] : 0.3058 0.405643.528-02 1.0956-02 1.3326-0242.008-05
T J 0.6606 0.66316.118-02 1.6148-02 1.835e-02¢3.208-03
8 ; 1.0421 1.07815.078-02 2.270e-02 2.868e-02t3.4498-03
g | 1.5630 1.6045+:8.872-02 3.096e-02 3.6658-02+4.172-03
10 : 2.2414 2.5012+1.066-01 4.062e-02 4.6348-02+4.578-03
11 | 3.0883 3.105029.136-02 5.16ge-02 5.807® 02t4.82e-03




Results (1/4)

[ Comparison of analytical and simulation results ]
» K=3 service-classes
b,,a
» C=350 codewords (BER=107°) _ (b, @, s, 121)
: » (20, 0.85, 0.5, 0.8)
# I pi= 0.5 W (BER=10°), I, , =13 uW » (16,0.9,1.0,1.9)
. -y - - .
» Total additive noise (1, 0.2) uW » (10,0.95, 1.2, 0.9)
Srrivirge _ CBPofa®servicecass | BBPofs™serviceclass
pEt‘]ﬂ]E —_——— S e e B il s
source |
| (calls/sec) Analysis (%) { Sirmulation Analysis (%) Sinmudation
1 0.0065 |  o.0062+3.19003 1.190e-04 1.7206-0441.298-04
2 0.0167 0.0162+3.928-073 2.7078-04 3.128e-04+8.28e-0g
3 0.0386 .. 0.037125.58e-03 5.6008-04 6.4058-0422.86e-04
4 0.0812 | ©.0806%1.65e-02 1.066e-03 1.3408-03+2.048-04
5 0.1574 |  o.15m:1.88e-02 1.885e-03 2.5108-0354.5/8-04
B 0.2836 0.2015+2.198-02 3.1248-03 3.4048-05+0.218-04
£ 0.4790 |  ©.4654+3.530-02 4.888e-03 5.552037.808-04
8 0.7634 | o.769t3.58e-02 7.26ge-03 7-904e-03+5.74e-04
g 1.1557 1.152ME oba-02 1.0336-02 1.3336-02+1.08e-03
10 1.67715 | 1.6514+4.58e-00 1.4118-02 1.452e-02+4.618-03
11 2.3211 ’ 2.29475.18e-02 1.860e-02 2.0518-0241.558-03




Results (1/4)

[ Comparison of analytical and simulation results ]
» K=3 service-classes
b,,a
» C=350 codewords (BER=107°) _ (b, @, s, 121)
: » (20, 0.85, 0.5, 0.8)

# I pi= 0.5 W (BER=10°), I, , =13 uW » (16,0.9,1.0,1.9)

. -y - - .

» Total additive noise (1, 0.2) uW » (10,0.95, 1.2, 0.9)

Arrivarate| ~ CBPofgdserviceclass |  BBPofgdservicedass
PE-r]d].E- i I it eteet 1 Witttk s RN W— i rter VWil A
source |
(calls/sec) |  Analysis(%) Sinndation Analysis (%) Sinndation

1 | 0.0033 o.002#%1.51E-03 5.488E-05 5.226F-04+6.49E-04
i ‘ 0.0086 0.0098+3.46E-03 1.279E-04 1.404E-04+6.73E-05
3 ‘ 0.0202 0.019026.00E-03 2.705E-04 3.281E-04+1.82E-04
4 0.0452 0.0413+8.19E-03 5.253E-04 6.195E-o427.44E-05
5 , 0.0848 o.0g0627.64E-03 g.463E-04 1.141E-o3t2.07F-0q
6 : 0.1548 0.1560+1.10E-02 1.505E-03 1.858E-03t3.60F-04
7 0.2645 0.2584%1.34E-02 2.536E-03 3.022E-03+2.85E-04
8 ; 0.4262 0.4210+1.56E-02 3.825E-03 4.170E-03t5.11E-04
g r 0.6520 0.638522.96E-02 5.508E-03 6.205F-03+4.10E-04
10 [ 0.9524 0.9371t5.11E-02 7.b13E-03 8.378E-03t62E-04
11 | 1.3249 1.2808+4.01F-02 1.014E-02 1.240E-0249.83F-04




CBP (%)

Results (2/4)

[Effect of the additive noise on CBP and BBP ]
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Results (3/4)

Effect of the total number of fictitious codewords on CBP and BBP ]

.
2 : 0010 4
| A 1
11 5 h— " service-class | 1™ service=class
0009 4 nd )
10 —8— 2" service-class I ®— 2" service-class
1 | g rd TP 1.
—— 3™ service-class | 00n% 4 B 3" service-class
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Results (4/4)

Effect of number of traffic sources on CBP and BBP
for 2 different user activity cases
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More can be done!!

EPONs

-

Limited service
Elastic service
and
constant-linear credit
for the case of
multiple service-classes

[ OCDMA PONs J

f E 3
Retry models

Batch arrivals

Different codes

\ >

[ OFDMA PONSs ]

f Y
Multiple service-classes
Finite traffic sources
Retry models
Batch arrivals

\ >




Wyank you /!




	1
	2
	3
	4
	5
	6
	7
	8a
	8b
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24a
	24b
	24c
	25
	26
	27
	28
	29
	30
	31a
	31b
	32
	33
	34a
	34b
	35
	36
	37
	38
	39
	40
	41
	42a
	42b
	43
	43b
	43c
	43d
	44a
	44b
	45
	46
	47
	48a
	48b
	49
	50
	51
	52a
	52b
	52c
	53
	54
	55
	56
	57
	58
	59
	60a
	60b
	60c
	61a
	61b
	61c
	62
	63
	64
	65
	66
	67a
	67b
	68
	69
	70
	71
	72
	73
	74
	75
	76
	77
	78
	79
	80
	81
	82a
	82b
	82c
	83
	84
	85
	86
	87

