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Multiplexing of plesiochronous signals;
Clasification of digital signals;
Rate matching by justification;
The principle of positive justification;
Justification signaling insertion (multiplexing);
The PDH multiplexing hierarchy;
PDH multiplexing systems;
PDH frame formats;
Disadvantages of the PDH system.

Frame synchronization;
Synchronization sequence insertion methods;

Cyclic synchronization equipment;
Cyclic synchronization methods.
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Multiplexing of digital signals

110000010401

e Classification of digital signals from the point of view of thel
generation and the relation between their clock signals:

Isochronous signal:

the time interval between two significant moments is theoretically equal with
a unitary time interval or with a multiple of this;

Anisochronous signals:

the time interval separating two significant moments it is not necessarily related
to a unitary interval or to a multiple of this;

the symbols of a non-isochronous binary signal do not have the same duration.

Homochronous signals:
isochronous signals with the same rate and constant phase relation;

can be divided in:

Mesochronous signals — isochronous signals with the same rate and non-constant
phase relation — constant average phase relation;

Synchronous signals — isochronous signals with the same rate and constant phase
relation.
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Multiplexing of digital signals /&y
Heterochronous signals:
Isochronous signals with different rates and variable phase relation;

plesiochronous signals — signals with the same nominal rate, all the
variations of this rate being maintained between specified limits;

for ex. signals with identical nominal rates from different sources.

e Multiplexing of plesiochronous digital signals

Can be achieved in two possible ways:

generation of signals with high stability of the clock frequency and use of
some buffers;

very high price and periodical loss of information;

use of the justification (stuffing) method,;
without information loss;
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Multiplexing ot plesiochronous ,
signals /&g
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e Block schematic of PDH multiplexing — demultiplexing
equipments;
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Multiplexing ot plesiochronous ,
signals /&g
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e Principle of the rate matching between the tributary and
multiplexer based on positive justification;

The plesiochronous binary signal is written in the elastic memory
with a specific clock frequency, f;

The reading of the memory and the transmission of the signal in
the channel is realized with a higher clock frequency f_>f;
appears a clean out tendency of the elastic/circular memory content;
it is detected by using a phase comparator (compares f, and f);

When a phase difference threshold value is exceeded (between
signals f, and f,), the phase comparator generates a blocking
commands of the reading impulse;

it is created a break in the line signal (one stuffing impulse is inserted) which
decreases the phase difference between the clock signals;

the stuffing impulse has no information.
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Multiplexing ot plesiochronous ,
signals /&g
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The justification (stuffing) is signaled to the reception side on

link multiplexed with the data signal;
the signaling of the justification (stuffing) is necessary to inform the receiver
about the exact moment and location of the justification (stuffing);
this information is necessary for suppression of the justification bits in the receiver;
Only the information bits are written in the memory at the reception
side with a frequency f,, the memory being read with a frequency f;;

The extraction of the justification (stuffing) impulses generates a

jitter in the output signal;

\ this jitter is controlled by a PLL loop which reduces the effects of the jitter.
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Multiplexing of plesiochronous
signhals/.:
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e Use of the elastic buffer for rate adaptation:

S

writing pointer reading pointer

reading pointer writing pointer

e Justification signaling

i nse rtl on. fwrite >fread fwrite <fread

e Individual insertion;

insertion of signaling justification bits is realized before multiplexing;

complex method at transmission; flexible and low complexity method at reception;
e Common insertion;

the signaling information from all tributary signals are concentrated on a
common path which is then multiplexed with data;

lower complexity at transmission side, but higher complexity at reception side.
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Multiplexing of plesiochronous
signals

e Individual insertion of the justification signaling;
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Multiplexing of plesiochronous
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Multiplexing ot plesiochronous ,
signals /&8
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The justification signaling information is very important for the
functioning of the multiplexing equipments;

if this information is erroneous other bits than the justification bits will be
extracted from the received signal;
this will lead to loss of synchronization;
redundant coding of the signaling information and error correction of the
signaling bits is used,;
repetition codes are used usually (these bits are transmitted several times and the
correct bits are decided based on a majority logic);

for ex. justification signaling: c,c,c; =1 1 1; absence of justification: c,c,c; =00 O;
C,C,C5 - justification signaling bits for one tributary/source.
e Computation of the justification signaling;

N, is the total number of symbols of a transmission frame;

N, is the number of synchronization symbols;

N, is the number of information symbols; ~ng
. . Ng=Ng—Ng;n=—-=

n is the frame efficiency. No
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Multiplexing of plesiochronous
signhals/.:

f,, is the nominal frequency of the locally generated clock;
fon is the nominal value of the tributary signal rate;

the nominal frequency of the writing clock;
f,, i1s the nominal reading frequency of the elastic buffer;
f, 1s the mean justification frequency;

famax IS the maximum justification frequency;

obtained when the reading frequency attains the maximum permitted limit, and the
writing frequency the minimum permitted limit. £
sn

fs,n = fons Ja :fS'n _fpn 2 0; famn =0; famax :N_O

f%mmax = fon — famin fpnm in = fon — fimax

() 1cpnmax 1:pnmin fpn

0 fomin]  famad g
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The PDH multiplexing hierarchy /&g

Japanese Standard ANSI
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The PDH multiplexing hierarchy/

The structure of the secondary PDH frame;

110000010401

«
4x212=848 bits
Block | Block Il Block Il Block 1V
1 10111213 21211 45 212(1 4pH 21211 45 89 212
< —> < > < > «— >
BA — 200 biti “—> BA — 208 biti “—b BA — 208 biti ' BA — 208 biti
BS BS BS |e—»
BD '
1)1)1{1(0j1{O(A0|O(ON BA — tributary bits
Frame sync. service BS —j_usti_fi_cati_on sigrjaling _bits
signal bits BD — justification or info. bits
The structure of the tertiary PDH frame,;
< >
4x384=1536 bits
Block | Block 11 Block 111 Block IV
1 10111213 3841 45 38411 45 384(1 45 89 384
T BA_372bit i i -~ g
- IS <«—> BA — 380 bits «—> BA — 380 bits ' BA — 380 bits
BS BS BS |€—»
BD
1{1|1|1{0}1/0|QO[0|ON BA — tributary bits
Frame sync. Service BS —j_usti_fi_cati_on sigr_waling _bits
signal bits BD — justification or info. bits
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The PDH multiplexing hierarchy /i

11,000 010.01
The structure of the quaternary PDH frame;

4x488=2928 hits

v

A

Block | Block 11 Block 111 Block 1V Block V Block VI
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< . > < > < i<—>
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BS BS BS BS BS |<—»
\\ BD
1111l1]2lo[t/dojololopNY4Y- BA - tributary bits
_ BS - justification signaling bits
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Disadvantages of PDH systems:
limited management and reconfiguration capabilities;
low flexibility;

= designed only for circuit switching (voice transmission);
= itis relatively difficult to use this system for other services (for ex. packet data);

the insertion and extraction of a basic data stream requires the demultiplexig
and re-multiplexing of the entire multiplex signal;
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The PDH multiplexing hierarchy /&

e EX.:Insertion / extraction of a 2Mbps stream into / from a
multiplex signal having the bit rate 140 Mbps;

34 Mbps
140 Mbps | 140 Mbps 140 140 Mbps [140 Mbps
LTE Y LTE
—
8 Mbps
34 34
8 8
8 .
CS — customer site
2 LTE — line transmission equipment
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Frame synchronization /&8,
e In transmission systems with time division multiplexing/it'is\ /~
necessary:

|dentification at reception of the multiplexing order of the involved
tributaries;

Identification of the first bit of the frame:

e In the multiplexed digital signal it is inserted a special code
group/sequence named synchronization group;
Relatively to this sequence is defined the order of the multiplexed
tributaries;
e The cyclic or group synchronization process;

It achieves the alignment between the transmission and reception
side of a digital transmission system;

It is maintained and restored the alignment, in case of losing this;

in some situations could be necessary the use of two levels of synchronization,
namely: frame and word synchronization (characteristic for the primary multiplex).
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Frame synchronization /&
e Conditions imposed to the synchronization sequence:

To reduce as much as possible the simulations (of this
sequence) by the transmitted data,

The recognition (detection) probability of these sequences must
be high in the presence of bit errors;

e Methods for insertion of the synchronization sequence:
Distributed allocation;

is proper for channels with high level of bit errors (especially packet errors);
the synchronization is reestablished faster in the presence of packet errors;

the complexity of the method is higher;
for low error probability the synchronization time is larger.

Grouped allocation;

IS more sensitive to bit errors — especially to packet errors;
the complexity of the method is lower;
the synchronization time is lower for low error probability.
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0101140b161
110004001001

Frame synchronization

e The choice of a given method depends on:
the technological complexity;
error performance;
the synchronization time.

e Synchronization group insertion methods:
e a) distributed insertion ; b) grouped insertion.
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The synchronization equipment /&

110000010401

e The synchronization devices must fulfill the following
requirements:

synchronization time at the connection set up and after the loss of
synchronization as small as possible;

minimum synchronization information in a frame in the condition of an
acceptable synchronization search time;

the detection probability of the synchronization signal must be high in the
condition of bit errors;

the time between two losses of the synchronization must be as large as possible;
the synchronization equipment must be as simple and reliable as possible;

e The synchronization device has the following functions:
establishment of the synchronization at the beginning of the transmission;
control of the synchronism state during the transmission;
identification of the states when the synchronization is missing;
reestablishment of the synchronization after the loss of this.
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The synchronization equipment /&

110000010401

e Block schematic of a cyclic synchronization circuit;
Positioning of the synchronization device inside the receiver;

Received multiplex

signal : - » 1 .
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—> —> . L
recovery distributor
Local synch.
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e i et ey .
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| detector y block |
I I
I I
I I
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The synchronization equipment/.

11000 010 01

e Three blocks can be identified with the following functions:

The detector of the synchronization group:

evaluates the received digital signal and separates the code groups (groups
of information bits) having similar structure with the synchronization group;

the synchronization group is separated based on the maximum correlation
between the received signal and the synchronization group stored in the
detector;

there are two possibilities for evaluation of the received signal:
serial evaluation — bit by bit processing;
it is simple to implement;
parallel evaluation - storage of a transmission cycle and processing after that;
the detector can extract code groups which are not the synchronization group;

simulations (of the synchronization group) produced by the transmitted bits, having a
probabilistic characteristic;

the decrease of the number of false synchronizations is achieved by other blocks of
the synchronization device;

has to be established an appropriate detection/decision threshold.
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The synchronization equipment/ﬁ’:ﬁ‘:‘:

e Block schematics of the synchronization group
detector circuit;

oc Bipolar
ool LA b—f>_ Q) S S S U S b)
Bjnar;ll £y E;| HJ K3 EJ 3
sigha a)
Output
) RE
Adder

a) simple implementation;

does not allow the detection of the synchronization group in the presence of
bit errors;

b) more complex implementation;

allows the detection of the synchronization group in the presence of bit
errors;
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The synchronization equipment /&
The analyzer; 110004001001

it compares the synchronization group extracted from the received signal with the
locally generated synchronization group;

takes decisions on the correspondence between the two signals according to the
following criterions:

= the repetition period, necessary to verify if the synchronization group is areal one or itis a
simulation by the information signal;

= the apparition time of the synchronization group - it is verified if the local synchronization
group appears simultaneously whit the extracted synchronization group;

the analyzer output signal:
= error or no synchronization error — reflects the two enunciated criterions.

The decision circuit;
takes decisions on the synchronism state based on the analyzer output according
to a criteria named synchronization strategy;

using the command signal generated the system pass through the states of
synchronism search, synchronism verification and synchronism,;

works based on a synchronization strategy which targets:

= decrease of the synchronization loss probability due to false detections and errors;

= detection of the synchronism state, as exactly as possible, after loss of synchronization.
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The synchronization equipment/.

11,000 010 ol
maximum d-1 synch. error impulses

e General strategy

d synch. error Synchronism

of frame synchronization; impulses O search
Synchronism
1 error
h no error impulse
impulses
h-1 no error
impulses Verification

if the circuit is in the synchronism state it is necessary to appear d
consecutive false detections of the synchronization group in order to pass in
the synchronism search state;

in order to go back in the synchronism state there are necessary h correct
detections of the synchronization group;

any false detection of the synchronization group determines the transition
from the synchronism verification state in the synchronism search state.
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Cyclic synchronization methods /&g

110000010401

e Cyclic synchronization by delay of the clock impulses;

Block schematic of the cyclic synchronization circuit based on the
Impulse delay method,;
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Cyclic synchronization methods /&%

11,000 01‘0 ol
Functioning:

In the synchronism state:

= the signal obtained at the output of the synchronization group detector appears in
the same moment and with the same periodicity as the local synchronization group;

= the decision circuit allows passing of the clock to the impulse distributor.

in the synchronism search state;

= the analyzer input signals do not satisfy the periodicity and apparition time
conditions;

= an interdiction signal is generated by the decision circuit (in the apparition moment
of the locally generated synchronization group) which blocks the gate circuit (and
the clock access to the impulse distributor) a clock period ;

= the cycle of the local impulse distributor is extended with one bit period,;

= the searching process keeps going until the synchronism state is decided by the
analyzer;

very low probability of false synchronization but very high synchronization

time;
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e There are two types of cycles:

extended cycles specific to normal functioning in search state;

= cycles with a T+T, duration;

= by these cycles it is decreased the time difference between the received and the local
synchronization group with one clock period at every moment, when the local
synchronization group is applied to the analyzer;

supplementary cycles due to the apparition of false synchronization groups in the

received signal, groups detected by the synchronization group detector;

these cycles slow down the synchronization search process.
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Cyclic synchronization methods /&%
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e Cyclic synchronization by sliding;

Block schematic of the cyclic synchronization circuit based on the
sliding method;
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H . - .
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Cyclic synchronization methods /&%

110000010401

Main characteristics:

ensures a substantial increase of the synchronization speed;

it is not generated a local synchronization sequence;

= the detection moment of the received synchronization group is compared with the
state of the decoder and demultiplexer impulse distributor;

= the probability of false synchronizations is higher relatively to the method based on
delay of the clock impulses.
Functioning:

in the synchronism state:

= the impulse from the AND gate, obtained by the coincidence between the clock impulse,
impulse m of decoder impulse distributor and the impulse N of demultiplexer impulse
distributor is in phase with the impulse generated by the synchronization group detector;

the loss of the synchronization:

= means the absence of the coincidence between impulses at the output of the AND circuit
and the synchronization group detector;

in synchronism search state:

= itis generated a restart command of the impulse distributors at each detection of the
synchronization group: the impulse distributors are forced in synchronism position.
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Cyclic synchronization methods/.
e Cyclic synchronization algorithm based on sliding metho

110000010401
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in synchronism state false detections of the synchronization group could

appear only due to bit errors in the received signal;

= around the synchronization group of length r, appears a region of r-1 symbols,
where it is verified both the information signal and the synchronization group;

this is the region more exposed to false detection of the synchronization group;
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