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Clocking

[0 The most important aspect in digital networking is clocking. The
clock that quantifies the analog signal must be the same clock
that reconstructs the signal at the other end. The only way to
assure that the clock is accurate within the entire digital network
is to have only one clock.

0 This is the way the first digital network was designed and setup in
America. AT&T set up a atomic clock which sent its time signals
to each of the switching offices by means of the internal data
network.
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Factor Affecting Clocking

Interference and Noise

Length of Transmission Media

Speed of Transmission

Doppler Effect from Mobile Terminals
Irregular Timing information

Timing Inaccuracies

O Slips

O  Asynchronous Multiplexing

O Waiting Time Jitter
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Clocking Methods

Clock Recovery

Isochronous Clocking

Ones Density

The Phase Locked Loop (PLL)

Digital Data Services or 56 Kbps Data

O0000@DO

Network Synchronization

0 Plesiochronous

Pulse Stuffing

Mutual Synchronization
Network Master
Master-slave clocking
Packetization
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Clocking Distribution
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Clocking Distribution

U How many level-1 clocks exist in a particular telephone company
network depends on their basic needs. Trans-Canada Telephone
selected two master clocks--One at Ottawa and the other in
Calgary. AT&T had one master Clock at Hillsboro.

0 Other United States telephone companies have opted for
independence from AT&T’s Reference frequency and have
installed their own master clocks. Both Sprint and MCI have their
own clocking schemes and employ multiple high level clock
sources.
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Stratum Levels

U Dr. David Mills from the University of Delaware, when he
wrote the RFC 1305 that is NTP (Network Time Protocol),
developed a hierarchical structure in which Stratum 0 is the
USNO (United States Naval Observatory) clock.

) Stratum 1 is a radio receiver that receives the time from
Stratum 0.

] Stratum 2 is a client that receives the time over a network
connection from a Stratum 1 clock.

U Stratum 3 is a client that gets the time from Stratum 2. This
goes on to a theoretical Stratum 15.
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Clocking Distribution by
U GPS Satellite

U Telephone companies and some other operators of Large area
networks use timing sources based on Stratum-1 clock sources
located in satellites. Time can be broadcast to all of the network
office facilities at the same time, there-by assuring the same
clock time at all locations.
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Clocking Errors

O If you have two clocks in the same network, the difference between
them will eventually result in a bit slip. A bit-slip results from one
one clock source being faster or slower than the other. How often a
bit-slip occurs depends on the timing difference. Digitized voice
circuits go unscathed from even very high rates of bit-slips.

0 Analog data circuits without built-in error correction may experience
an error. Never the less, digital data circuits feel even the lowest
number of bit-slips. Bit-slip can be either an extra bit inserted in the
data stream or the omission of an expected bit.
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Network Synchronization

U After the divesture in 1984, some of the Bell operating
companies (BOCs) decided to maintain their own
synchronization by means of plesiochronous (from Greek
word plesios meaning nearly) networks.

U These networks operate from cesium beam clocks, which
are accurate to £3 parts in 102

U Network synchronization is increasingly using the GPS to
derive universal-time-coordinated (UTC) information. UTC
allows precise frequency/timing comparison for shorter
time intervals than conventional HF (LORAN-C) signals.

L) Note that a bit error due to syncronization drift can occur
every 10'2/(2x 3) or 1.667 x 10" bits.

0 Factor 2 is due to the fact that RX and TX can be out of synch
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Example

0 Two plesiochronous digital networks, A and B, utilize cesium
beam clocks accurate to 3 parts in 10*{13}. The networks are
operated by independent long-distance companies and are
synchronized to each other by means of a UTC signal. If a
company leases a T1 line which is terminated at one end in
network A and at the other end in network B, how often, in hours
to the nearest hour, must the networks be resync’d to each other
to avoid a framing bit error in the customer’s signal in the worst
case (both networks out of synchronization in the opposite time
direction)

0O Note: A framing bit error can occur when two networks are out of
syncronization by 1/5 of a T1 “bit time” due to the way in which the
T1 digital receiver works.
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Solution

U Both sides can out of synch in the worst case.

0 As much 6 parts (bits) in 103

U 6 timing error bits/(10"{13} bits) \times 1,544,000 bits/sec
0 =9.26 \times 10"{-7} timing error bits per second
0 =299.85 hours per timing error bit

0 The system can be out of sync even by 1/5 bit, the time
between resynch’ing is 60 hours, to the nearest hour.
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Clocking Error Reduction

U Bit Stuffing

0O Reducing the clock difference between telephone company offices is
a controlled timing difference.

0O Telephone multiplexes purposely adds bits into the composite stream
to adjust for the differences.

0O Bit stuffing is a better name for this process. Stuff bits always appear
in the aggregate data stream.

O If the transmitting end senses a need for a stuff bit, it notifies the
other end to use one of the bits.
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Buffering (Cont.)

U Buffering provides a way to reduce the number of slips
between two clock sources. It doesn’t eliminate slips, but
instead delays when they will happen. The buffer, after a
bit slip goes back to the staring position. When the read
clock is faster than the write clock, there comes a time
when the buffer doesn’t have any space in it or any bits to
give. This results in a bit gap in the data output. Bit gaps
also become bit slips.
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Buffering (Cont.)

UIf the Write Clock is faster than the Read clock the buffer
will fill up, resulting in the buffer emptying, causing a bit
slip.

LIBuffers have a major drawback adding delay to the network.

Increasing the buffer’s size to extend the interval between bit slips,
increasing the delay within the system.
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Clock Recovery

U At each point in the network the clock is recovered by a Phase
Locked Loop circuit.

0 Every device that has a connection to the network must conform
to loop timing on Transmit.

00 What this means is that every data stream coming into a
customer interface must trigger a PLL circuit.

0 This clock generated by this PPL will loop the input clock back to
the transmit side of the interface.

0 This is done to make sure the timing accuracy level of the clock
coming into the customer equipment is the same clock that will
go back into the network facility.
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REVIEW (Terminology)

U Asynchronous transmission
U Asynchronous network
Blocking

Blocking probability

Busy hour

Circuit switching

Clock

Coded mark Inversion
Datagram

ESS

Extended superframe format
Frame

GPS
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REVIEW (Terminology)

U Optical line code

01 Master clock

U Mutually synchronized network
Network element

Parity

Plesiochronous

Single mode fiber

Slip

Stratum clock

SONET

Synchronous transmission
O TDM

0O WDM
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Example

U Design an STS switch for 128 primary TDM signals of 30
voice channel per input (E1 signal). Blocking should be less
than 0.002 and the loading (channel utilization) is 0.2 per
channel. How many time slot interchange modules are
needed? What is the complexity of the switch?

0 N=128, c=30 (number of voice channel per primary line)
0 B=0.002 (maximum), p=0.2 (channel utilization)
0 p’=p/B, B=k/N
a B=(1-(1-p’ )2
U Complexity=N +(NBX+NBT)/100=10,228
0 N,=2*128*41=10,496
0 NBx=2*41*30*7=17,220
0 NBT=41*30%"8+41*30*5=15,990
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] Problem 8.2

Example
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