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Master-Slave Intra-Network Sync.

data —»

transmission

Slave

, Master

Master link
System
data + clock
clock
Slave

.

Slave
System

, Slip



Mutual Intra-Network Sync.

transmission

data —»

—» data

link
System |- = System
data + clock
clock clock
Master Slave
Float



Inter-Network Sync.

data —»

Network A
System

transmission
link

72 1

|

atomic clock

data

FREE-RUN

Network B
System

——» data

T

atomic clock



Network Synchronization

Logical Network Synchronization

= telecam
O equipment ()
chock




Physical Network Synchronization

O = telecom

aguiprent
clock

Synchronisation
trail

(Synchronization Trail)



Synchronization Trail

Synchronization Trail

Synchronization Trail

Synchronization Tralil

Synchronization Trail

Multiplexer Regenerator
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? ITU-T G.810)

>10Hz In Modulation Frequency
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2 ITU-T G.810)

<10Hz In Modulation Frequency

deal | | | IEREln
Wandered |

Sampling points Sampling points
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Phase Modulation
V(t) = Vc sin[(2m fct) +0 d sin(2rt fmt)}
- Vc
- fc
-0d
- fm
-t
Frequency Modulation
V(t) = Vc sin[(2m fct) + KFVvm/2rtfm sin(2rtfmt)]
- Vc
- fc
- Kf
- Vm
- fm
-t
|
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PLL Clock Recovery
Negative Feedback, Control System)

.(Closed Loop,

phase
comparitor
error error
» pulses voltage | voltage
f. — dw;;jer Iovglfass ——» controlled ™ fout
/4 er oscillator
f1 - fm /A f2 = fOUt/B
divider |4
B
f2 fl
— Negative VCO Error Voltage fout 2

,fl=12
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f, f,
— Positive VCO Error Voltage
f,=1,
PLL f2 f1
PLL f2 fl
PLL f1 f2 Locked Mode

Locked Mode f2 fl1

fin = Phase/Frequency Modulated(w/ Jitter & Wander)

- PLL

- PLL

PLL PLL
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fout

VCO Drifting

Low Pass Filter



PLL

PLL TF(Transfer Function)

Damping Factor

PLL
Compensation)
PLL
PLL
PLL Transfer Function
- TF= (f) /
- , PLL
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()

LPF(Low Pass Filter)

TF

Ripple

(Over



Gain in dB

10

peak -
0 I Ripple

3
10 Roll-off

-20°
jitter

OOOlf OOlf 0. 1f t f f, 10f 100f frequency

17



PLL

- VCO Drift

— Wc=80ps/Km/ (For Fiber Optical Cable)
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20°C | .
1010111001010101000001100101000100010

40°C | Cable expands - the bits come out slower

1010111001010101000001100101000100010

OOC ’ Cable contracts - the bits come out faster }—>

1010111001010101000001100101000100010
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RANDOM)

Synchronization Trail

Element

Element

.(RANDOM)

(mHz,u Hz) PLL

.(Slow Motion Wave)

20

.(NON-



(ITU-T G.823)

Wd =1upus We =1 us
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4 s

oW=Wa+Wb +Wc +Wd +We< 18 s

C b

181 s
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data
in
recovery
jittering &
wandering
clock
181 s

data

L—» clocked

18us buffer
memory read
——
phase

out

de-jittered but
low frequency
wandering

loop

181 s
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PDH

PDH Element
PABX(Private Automatic Branch Exchanges)
Regenerators
Optical Fiber Line Systems
Micro-Wave Systems
Multiplexer
Concentrators

Space Switch Cross-Connects

24



PDH Network Element

Free Running

PEC

PDH NE

traffic
timing =™

iInput

PEC

Plesiochronous Equipment Clock(PEC)

traffic

25
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PDH Multiplexing Order
2.048 Mbps(2Mbps), First Order(Primary Rate)
8.448 Mbps(8Mbps), Second Order
34.368 Mbps(34Mbps), Third Order

139.264 Mbps(140Mbps), Fourth Order

PDH multiplexer

lower order
PDH tributary PEC
input 1 —
o v
lower order
PDH tributary
input 4

26

>

higher order
PDH
aggregate
output



2.048 x 4 = 8.192 Mbps 8.448 Mbps
8.448 x 4 = 33.792 Mbps 34.368 Mbps
34.368 x 4 = 137.472 Mbps 139.264 Mbps

STUFF
— PDH Network Elements PEC
— 2Mbps ITU-T 50ppm

- PDH Multiplexer

= STUFF

— Extra(Stuffing)

Justification

27

Positive /Negative



2-8Mbit/s 8-2Mbit/s

multiplexer demultiplexer
8-34Mbit/s 34-8Mbit/s
f1 — multiplexer demultiplexer f1’

f2 —— f2'

34-140Mbit/s 140-34Mbit/s ,
f3 — . . , £3
f5 multiplexer demultiplexer f5

4 — 4

f1=1
f2 = f2’ f6
f3=13 g
f4 = f4’
f5 = f5’
f6 = 6’
f7 = f7’
f8 = 8’ f10
f9 = f9’ £11
f10 = f10’ £12
f11 =11’
f12 =12’

f9

fo’ f6’

f8 fg’

f10’
f11'
f12'
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PDH

PRC

PRC
traffic)

2Mbps

2Mbps
Order

2Mbps

64Kbps Telephony Switch

PRC(Primary Reference Clock)

ITU-T G.811
Sync. Trail

PDH

PDH

Master-Slave
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Sync. Trail 2Mbps

Mutual

Transparent

Demultiplexing

(Traffic/Non-

First



PDH (ITU-T G.811/812)
PRC(Primary Reference Clock), 1

— Maximum Drift : 10-11 per Day

Transit Node, 2
— Maximum Drift : 10-° per Day

— Initial Frequency Offset Entering Hold-Over : 5 x 1010

Local Node, 3
— Maximum Drift : 2x 10-8 per Day

— Initial Frequency Offset Entering Hold-Over : 1 x 1078
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PDH
PRC * Primary connection
G.811
+ Secondary connection

NATIONAL LAYER

REGIONAL LAYER

LOCAL LAYER

6812 (3812 G.812

A
xchahange
clock clock clock

xchange xchange' xchange xchange
clock clock clock clock
G.812 G.812 G.812 G.812
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PDH
LEVEL 1
e LEVEL 2
G.812
LEVEL 3
LEVEL M
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PDH Synchronization Trail

PRC Synchronization Trall
PRC
Synchronization Trall PDH

G.811

G.811

Exchange
clock
G.812L

G.811
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PDH

Exchange Clock

G.811

Discontinuity

G.812T

Exchange

clock
G.812L

G.812T



SDH

SDH Network Elements
Regenerators
Optical Fiber Line Systems
Micro-Wave Systems
Multiplexer
Time and Space Switch(Cross-Connects)

SASEs(Stand Alone Synchronization Equipment)
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[
SDH Network Elements

SEC(Synchronous
Equipment Clock)
SEC ITU-T G.813 .(4.6PPM)
_ SDH NE .
traffic traffic
timing SEC timing
input T ~ output
clock S clock
timing ———* o~ > timing
output

Input
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SDH Network Element
2 MHz, 2 Mbps STM-N

SSM(Synchronization Status Message)

2 MHz, 2 Mbps STM-N

. (G.811 Input --> G.811 Output)

SEC Hold-Over G.813
SEC Hold-Over 2MHz

SEC Locked Mode SSM SSM

SEC Hold-Over Free-Run Mode SSM (G.813

36



SEC
SEC
— STM-N Aggregate Input
— STM-N Tributary Input
— 2Mbps Tributary Input
— 2MHz/2Mbps Timing Input(Non-traffic)

SSM

— STM-16 #2 1 1
— STM-16 #1 2 2
- STM-1#1 3 3
— STM-1 #2 4 4
—  2Mbps #2 5 5
—  2Mbps #1 6 6
- 2MHz #1 7 7 /
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SSM(Synchronization Status Message)

SDH

2Mbps

SSM

G.811(1 )

G.812 Transit(2 )

G.812 Local(3 )

G.813

Quality Unknown(Status Unknown)

Don't Use(DNU)

38

SOH(Section Over Head)

TBO(Time Slot 0)

SSM

(S1)



SSM

Begin when a change of QL

or sync source unavailability

is detected at any potential
sync source

Y

SetQL =1

|

Set sync source
priority S = 1

Does sync
source S has

Yes

QL = QL set or
better ?

Have all

No Sync sources

Y

Set S = S+1

]

been checked ?
S=Smax?

Set QL = QL+1

|

39

Is new sync
source different
to current sync
source ?

No

Yes

Select new sync
source S

~Y

Transmit new SSM
on all outputs

L



SSM
SEC
, ITU-T G.813
2MHz
SSM  G.813
SEC

SEC

SSM
SSM  G.813

4.6 x 10-5(4.6PPM)

Free-Run

SEC

40

ITU-T G.813



SEC
Selector A Sauelch A
quelc |
aggregate 1 O\} ?e ector C oMUz
STM-N —0 ——) a\o or
input Squelch B p 2Mbit/s
: 1 Selector B /O’C e)_(te'rnal
tributary — - OO timing
2Mbit/s 5 o output
input >
. 3 .
tributary > oV
STM-N \\Ox
input
Y 4 /O
= Synchronous NE
2MHz Equipment . |
timing 5 Timing > mterna
input Generator timing
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SDH Multiplexing

155.52 Mbps(155Mbps STM-1), 1st Order
622.08 Mbps(622Mbps STM-4), 2nd Order

2488.32 Mbps(2.5Gbps STM-16), 3rd Order

SDH multiplexer

PDH tributary 4,
input 1 SEC .
3 5 higher order
» SDH
— v \ﬂ aggregate
lower order 1 gl output
SDH tributary
input 4
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STM-16 = 4 x STM-4 Byte
= 16 x STM-1 Byte
STM-4 = 4 x STM-1 Byte

SDH

SDH

PDH Multiplexer Mountain
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PDH



SDH (De)Multiplexing

STM-1 STM-1
multiplexer demultiplexer
STM-1 to STM-4 STM-4 to 1
il — multiplexer demultiplexer 4 f1’
f2 \\‘ //, f2
3 T STM-4 to 16 STM-16 to 4 Pl - 3
f5 |, multiplexer demultiplexer ;| f5
fa — \ / — 4’
< ,
fo ‘l > 't\
6 — A0 Nial—p 16
f5 =K x f1 K O ,
fo=4xfs | | \ <
f13=4xf9 f8 — ‘ f13 / ——p {8’
f9’ = f13/4 ‘\;“
fo’' =110’ = 11" = 12’ AR
f5’ = f9'/4 f10 — 10
fs’ =16’ =f7" =18 11 \\ (1
f1’ =1
2’ = f2 f12 —— f12’
f3’ =13
f4’ =14
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SDH POINTER

Synchronization Theory 45



parcel 3

— &

n

container 4

slot 3

lh|WIN]—

1 2

H- 7

parcel 3
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Synchronization Theory 47



2Mbit/s

48

TU-12

Al WIN|—

4




SEC
AU(Administrative Units)  TU(Tributary Unit) Stuffing
Bytes
Stuffing Bytes AU TU Positive/Negative Justification
VC(Virtual Containers) AU TU
AU TU VC
Overhead Payload

P1|F'2|P3

Frame

Frame
n+1
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Positive Pointer Adjustment

Payload Clock NE Clock

Overhead 5 Pay]oad
Positive E
P1[P2|P3 Stuffing '
Frame :
n+2
pointer value + 1
Frame P1|P2]|P3
n+3
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Negative Pointer Adjustment

Payload Clock NE Clock

Overhead Payload
Negative E
P1 |P2 -g— Stuffing !
Frame Byte
n+2
pointer value - 1
Frame P1|P2|P3
n+3
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2 Mbps
34 Mbps

140 Mbps

2Mbps

2Mbps

SDH
VC-12 3.47u s
VC-3 0.3% s
VC-4 0.161 s

SDH
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2Mbps

2E-6

1E-6°

TIE (VC-12 Pointer Adjustment)

................................................................................................................
o e P e e - — e — o S = = e o pem e e e —

— e — o\ e — e - —C— — — md  ——— S — — —C— — — — —
.......................................................................................................

Frequéncy offset

Time (s)
after the
pointer

53
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SASE
ITU-T G.812
2MHz, 2Mbps
SSM
2MHz, 2Mbps
SASE G.812
2MHz SASE
2Mbps SASE
NE SSM 2MHz SASE
SSM 2Mbps SASE
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G.812



SDH
SDH
Synchronization Trail STM-N
STM-N Demultiplexing
Trail SEC SASE
SASE BITS(Building Integrated Timing Sources)

Synchronization Trail NE SASE
— SASE Max = 11
— SEC Max = 20

— Total SEC Max = 60

VC
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SDH

v Primary connection

+ Secondary connection

NATIONAL LAYER

REGIONAL LAYER

LOCAL LAYER
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SDH
LEVEL 1
NxSECsI
LEVEL 2
NxSECsI
N = 20 maximum LEVEL M )
Total N = 60 maximum e e ot ______(11__=_[n_a_x_|r31um)

N x SECs 1
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SDH Synchronization Trail
PRC Trail

Synchronization Trail

(2 )

G.811

G.811

G.811

SDH PRC(1

SDH SASE

G.811

G.812T

G.812T
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NODE CLOCK

Primary sync
trail from PRC

Secondary sync
_________ trail from PRC

e ———

NODE
! BOUNDARY

Sync trail to other nodes

Sync trail to other nodes
or network elements
I

or network elements

59



SDH Node, SASE/NE

]
1
STM-N STM-N '
™ 4/4 :
HO) > OPTICAL DIGITAL ADD/DROP @) !
) LINE CROSS MULTIPLEXER [ !
' SYSTEM CONNECT '
] :
1 . 1
; OMHz 2MBit/s :
! oMHz 2MHz 2MHz :
| = S ;
! 1
i 2MHz 1/0 !
' —— STAND P DiGITAL '
' ALONE SMHz CROSS !
' SYNCHRONISATION - RS, :
i EQUIPMENT '
l :
! 1
! }
' 2MBit/s MBI '
1 it/s 1
: SMBIt/s 2MHz 2MHz 2MHz :
' '
! 1
| STM-N STM-N !
! 4n '
- @) ADD/DROP DIGITAL OPTICAL (@) ;
" MULTIPLEXER CROSS LINE T
' CONNECT SYSTEM :
I :
' STM-N !
1
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PRC
| 1*
|
: SDH
' NODE traffic
/ A T
/ N
sync 7 . _
trail ~ ., traffic
/ *o trail
/ N
/ AN
/ NN
0 2 v
: NE SDH traffic
l NODE > NODE [ ™
I B 1 C
|
L e e e e e e e e — == »

61



Normal Condition

A C
A PRC Trail
B A
B PRC
C B
C PRC

Synchronization Traill A-B-C

C
LT1 B STM-N
LT2 A STM-N
SASE LT1 2MHz

LT2 STM-1
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STM-N

STM-N —

STM-1

I
¥
LT2

5 l STM-1

LT1—>

CROSS -
CONNECT

2MHz

» 2Mbit/s

» 34Mbit/s
» 140Mbit/s
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PRC

SDH
NODE

<« traffic
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SDH
NODE

| traffic




maintenance
timing input

—
1

SDH
NODE

65

—_—

<« traffic

SDH
NODE

L » traffic




PRC

O O O

2

Cross-Connect PDH

Radio)

SASE 1

vVC-12, VC-3, VC-4
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Synchronization Trail

clock

G.811

NATIONAL

.. LAYER

REGIONAL
LAYER

LOCAL
LAYER
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PRC LEVEL 1
G.811
G.812
— LEVEL 2
G.812 ' G.812
transit
G.812
i
G.812
< G812 LEVEL 3
® = fransmission (G812 gy G 812
equipment 5812 transit/local
[
_________________ G.812—____—__——_—_— T
[ J
-« G812 LEVEL N
2012 G.812
G.812 local
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Master-Slave Layer
Synchronization Tralil

PRC SASE , SASE

PRC

69
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Synchronization Trail

;

/

RS

‘ = MASTER CLOCK

SUB-NETWORK

BOUNDARY

70

SYNC TRAIL
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Sub-Network -

Synchronization Trail

GPS

SASE GPS
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Centralized / Distributed

Centralized

- SDH

Distributed

_ SDH , 2Mbps

- 181 sec
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SDH Ring Synchronization A

Normal Condition

G.811

G.811

74

Primary G.811
SSM = G.811
1
SSM =G 811 1
-
V= T
2 SSM = DNU ] 2
DNU
SSM = DNU 2
: aBQ»
&
1 SSM = G.811 | 1

G.811



G.811 Section Fail 1

G.811

SSM =G.81s

Q)

cstl |Gets &

l

/ SSM = DNU

input 1 = LOS detected
enter hold-over mode

SSM = DNU

sEQ»

DNU

1

SSM = G.811

75

G.811



G.811 Section Fail 2

G.811

input 1 = G.81s detected

| (\ ?M = G.81s 1 -
AV) R V) l——
J / SSM = DNU \) 5

input 1 = LOS detected
enter hold-over mode

G.811] | G.81s DNU G.81s

2 SSM = DNU 2
I i

1 SSM = G.811 1
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G.811 Section Fail 3

G.811

G.811

input 1 = G.81s detected

77

SSM=G.81s 1 >
.
QO r— (J ——
/ SSM = DNU 5
input 1 = LOS detected
enter hold-over mode
G.81s <~ DNU
2 SSM = DNU i
—— ) (V)
1 SSM=G.81s 1

input 1 = G.81s detected

G.81s



G.811 Section Fail 4

G.81s

G.811

SSM = G.81s

input 1 = G.81s detected

G.81s

sl @

),

ol

~ / SSM = DNU

input 1 = LOS detected
enter hold-over mode

SSM = DNU

O

-t
2

)<

DNU

1

SSM = G.81s

input 1 = G.81s detected
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1

i input 1 = G.81s detected

G.81s



SDH Ring Synchronization B

Normal Condition

Primary G.811 Secondary G.811
SSM = G.811 SSM = G.811
1 3
SSM =G.811 1 >
»
o= O
2 SSM = DNU 2
G811 | G.811 DNU
2 SSM = DNU 2
> >
Q) Ve
1 SSM = G.811 1

79

G.811



G.811 Section Fail 1

G.811

Primary G.811

7 Q)

input 1 = LOS detected
enter hold-over mode

SSM = DNU

Secondary G.811
lSSM =G.811
3
SSM=G.81s 1
7 Q) P
2 / SSM = DNU 2

DNU

G.81s ~
BT
EQs

1

SSM = G.811

80
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G.811 Section Fail 2

G.811

Primary G.811

Secondary G.811

SSM = G.811

)

G.81s

O

3
SSM = G.81s 1
< A
2 / SSM = G.811

»

input 1 = LOS detected

enter hold-over mode

SSM = DNU

—

2

select input 3

2
>

\ input 1 = G.81s detected <

DNU

E——Y»

1

SSM = G.811

81

®

G.811



G.811 Section Fail 3

Primary G.811 Secondary G.811
SSM = G.811
3
o SSM = DNU l
QO —_ T
2 / SSM=Gs811 2
input 1 = LOS detected
input 2 = G.811 detected
select input 2 DNU G.811

G.811
G.811

2 SSM = DNU 2
aEQ@» a N>

1 SSM = G.811 1
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SDH Ring Synchronization C

Normal Condition

G.811
SSM = G.811
1
SSM =G.811 1 -
—P
Qe QO ra—
SSM = DNU 2
G.811 | G.811 DNU| | G.811
2 SSM = DNU 2
.
M (U (V)
1 SSM = G.811 1
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Ring Section Fail 1

G.811

G.811

lSSM =G.811
1

G.811

~)

-t

SSM = G.81s

D

R B—
2

. input 1 = LOS detected
enter hold-over mode ™\

SSM = DNU 2
—

DNU

AN

(V<

SSM = G.811
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G.81s



Ring Section Fail 2

G.811

G.811
SSM = G.811

G.811

SSM = G.81s

@)

-
2

._input 1 = LOS detected
enter hold-over mode ™\

SSM = DNU 2
>

DNU

AN

(V<

SSM = G.81s

85

1

G.81s

input 1 = G.81s detected



Ring Section Fail 3

G.811

G.811

lSSM =G.811
1

>®<

G.811

SSM = G.81s

¥._input 1 = LOS detected

input 1 = G.81s detected
select input 2

L) ——

2

enter hold-over mode ™\

DNU

2
-

A
2|© SSM = G.811

-
1 SSM = G.81s

86

(\J\ 1

input 1 = G.81s detected

G.81s



Ring Section Fail 4

G.811

G.811

lSSM = G.811
1

+@<

G.811

SSM = G.81s

W input 1 = LOS detected

input 1 = G.811 detected

select input 2

SSM = G.811

Oy re—

2

enter hold-over mode
G.811

ol

input 2 = G.811 detected
select input 2

=g

<Oy

SSM = DNU

87

G.81s



Ring Section Fail 5

G.811

G.811
SM=G.811

aNQ

V) e

() Pu—

G.811

SSM = G.811

._input 1 = LOS detected

input 1 = G.811 detected
select input 2
Sa

2

input 2 = G.811 detected

select input 2
G.811

el

input 2 = G.811 detected
select input 2

™

2| (f\\j SSM = G.811

o

WP
: SSM = DNU
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G.811



RING -

Primary PRC

@

1

Secondary PRC

G.811 G.811 1 G.811
__—_>
*2 G.811 , DNU 2 DNU 5> DNU
) BACKBONE RING .
1 DNU 2 DNU 2 DNU .2 DNU +
& (’\7).4
G.811 1 G811 1 G.811 1 G.811

G.811

1‘G.Sﬂ

Secondary
@ gateway
SASE

1 ! Primary 1
®+—® gateway
SASE

W G.811
—— i "\
; G.811 Y 2 DNU < > DNU
2
7-\) REGIONAL RING
1*

2

3 G.811
G.811
P E——
2 DNU

DNU _2 DNU 2 DNU
;’\z@ I‘ 4y
G.811 1 G.811 1 G.811
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PRC
Sync. Tralil 2Mbps
2
Wa + Wb + Wc 181 s

91

2Mbps

.(Active/Standby)

.(G.823)

PDH






: «C )
Sync. Tralil 2Mbps
— Active Standby
— PDH SDH Wa + Wb + Wc 18u s
_ G.811 ( :
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SDH
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03

Synchronization Theory 95



A @j'_<“2 SASE

SASE

in hold-over
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SASE G.812

02 03

03

02

5 5=10-8 + Wb + WC(SASE = G.812L)
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Distributed

98



99



02 &3
07 :
03 o2
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