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Freq, Phase & Time

Á Frequency Synchronisation 

(Syntonisation):

Á Clocks tick at the same rate

Á Phase Synchronisation:

Á Clocks tick at the same moment

Á Time Synchronisation:

Á Clocks tick at the same 

moment & are aware of the 

same time & date.



The (in)famous stack model
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How Are òBitsóRepresented..?
Á The value of a Bit (0 or 1) can be represented by different 

modulations of a carrier signal examples are:

1 1 10 10

ï Fibre Optics
Å The presence or absence of a 

light pulse
Å Different frequencies of light

The bits arrive at regular intervals, represented here 

ï Radio/Microwaves - Mobile 
phone, satellite comms, WiFi, etc.
Å Changes in phase, frequency or 

amplitude of the electromagnetic 
waves

+2.5v

-2.5v

0v
ï Electrical Cabling - Coaxial, 

twisted pair, etc
Å Voltage levels on the wire
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Bit Synchronisation
Å The precise frequency and pulse width of a transmitted signal are determined by a clock on 

the network equipment, the ñWrite Clockò

Å Receiving equipment has a ñRead Clockòthat determines the precise time that the received 
signal is sampled.

Å The clocks of the two elements must be within set tolerances or the signal may be misread.

Is this bit a ñ0òor a ñ1ò???
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Time Division Multiplexing (TDM)
Å Multiplexing is the method of combining two or more lower rate signals into a 

single higher rate signal for transport over a single transmission medium.

Å Data is transmitted in chunks usually referred to as bytes, cells or frames.

Å The frames each have a ñtimeslotòreserved in the higher rate signal.

8 Mbp/s
2 Mbp/s

2 Mbp/s

2 Mbp/s

2 Mbp/s

The clocks on the 

multiplexers / de-

multiplexers must be 

synchronised to allow 

correct differentiation 

between frames and a 

smooth flow of data
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Å Plesiochronos Digital Hierarchy is a method of multiplexing signals into higher 
rates then de-multiplexing when required.

Å Plesiochronos  - ñplesiòïnear and ñchronosòïtime. The clocks on the 
equipment run at a nominal frequency within a set tolerance, any frequency 
offsets are taken up by ñbit stuffingò, the addition of extra bits to fill the 
transmission.

PDH Multiplexing

34 Mbp/s

8 Mbp/s
2 Mbp/s

140 Mbp/s

To extract a 

single 

original 

2Mbp/s 

signal the 

whole 

process 

must be 

reversed.  

Lots of 

cabling and 

equipment

Lower 

bitrate 

signals such 

as 64 Kbps 

phone lines 

are 

multiplexed 

to create the 

2Mbps 

signals

The clocks on the multiplexers are not 

synchronised, the maximum data rate is 

assumed and bit stuffing is used to 

maintain a constant rate.  Placeholders 

within the frame signal ñmissingòbits.

34 Mbp/s

8 Mbp/s
2 Mbp/s
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SDH Multiplexing

STM-N AUG AU-4

TUG-2

VC-4

TUG-3

C-4

TU-3 VC-3

C-3

TU-12 VC-12 C-12

VC-11 C-11
Multiplexing

Aligning

Mapping

x N x 1

x 3

x 1

x 7

x 3

139264 

kbit/s

44736 kbit/s

34368 kbit/s

2048 kbit/s

1544 kbit/s

Å ñContaineròprovided for each PDH or 

ATM signal

Å Any timing inaccuracies in PDH 

equalised with bit stuffing in container

Å Pointer movements are required to 

ñalignòcontainer

Å Pointer use allows quick location and 

extraction of a specific user channel 

within any STM-N frame

Å SDH much faster than PDH for 

allowing access to specific user 

channels

Å SDH uses considerably less hardware 

(multiplexers) than PDH
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Noise Accumulation
Á As a synchronisation is passed through network elements, 

additional noise is accumulated along the sync trail.

Frequency

Offset

Clock

Noise

Quantised

Phase

Variation

Equipment

Clock

Jitter

Desychrononiser

Jitter

Systematic Wander

Exchange MUX Network

Element

Network

Element
Network

Element

Network

Element

ExchangeMUX
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Sync Trail Architecture Rules

SSU-T Kth SSU, (K<=10)

SEC

SEC

SEC

N x SECs (N<=20)

N x SECs (N<=20)

Standards

Å EN 300 462-2-1

Å ITU G.803

PRCPRC Level

Å EN 300 462-6-1

Å ITU G.811

SSU-T 1st SSU Å EN 300 462-4-1

Å ITU G.812

SEC

SEC

SEC

N x SECs (N<=20)

Å EN 300 462-5-1

Å ITU G.813

Å EN 300 462-7-1

Å ITU G.812
SSU-L

SEC

SEC

SEC

N <= 60 for entire chain



Source of Sync Trail

Synchronisation quality unknown

PRC - EN 300 462-6-1

SSU-T - EN 300 462-4-1

SSU-L - EN 300 462-7-1

SEC (SETS) - EN 300 462-5-1

Do Not Use (DNU) for synchronisation

S1 Byte (bits 5-8)

0000

0010

0100

1000

1011

1111

Synchronisation Status Message in SDH

Terminal

Multiplexer

PRC

Å SSM in Bits 5-8 of S1 byte of STM-N G.707

Å SSM is a quality indicator for the source of the sync chain

ï Defined in EN 300 417-6-1

Å Always select best clock input in selection list

ï SSMout = SSMin of selected source

Å SSM overrides operator priority selection

Å Assumed quality assigned to non SSM supporting 

interfaces

Standards

Å G.707

Å EN 300 147

Å EN 300 417-6-1

SSM = PRCSSM = SEC

SSM = PRC


