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Introduction

11573:1994(E)

When synchronous digital signals are being trapsported over a
communications link, the receiving end must operate at the same average
frequency as the transmitting end to prevent |gss ‘of infoymation. This is
referred to as link synchronization. When digital signals trajerse a network
of digital communications links, switching nodes, mditiplexers, and

transmission interfaces, the task of keeping all the entities
same average frequency is referred tod@as network synchro

The design of a PISN requires-Specification of the timir
receivers for the synchronization network. Proper desig
timing loops in the synchrénization network be avoided
occurs when a clock is using as its reference frequency a si
traceable to the outp(t of that clock. The formation of such
loop leads to frequency instability and is not permitted. Wh
straightforward_"t0 ensure against timing loops in
synchronization reference network, care should be taken t
do not occur during failure or error conditions when
references are rearranged.

When a PISN
synchronization can be achieved by having all PISN eq
timing from a single source.This source should be the high
available. Alternatively, if timing is derived from more than o
or public clock traceable source, the network is said t
plesiochronously.

pperating at the
hization.

g sources and
n requires that
A timing loop
gnal that is itself
a closed timing
ile it is relatively

the primary
nat timing loops
various timing

is not connected to the public digital network,

uipment derive
bst quality clock
he class | clock,
D be operating

If a PISN is connected to the public network at one or more nodes, the

private network designer can coordinate with the public net|
derive class | clock, or public clock traceable timing from t
network. More information is available in Annex A.

vork provider to
he public digital
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Information technology — Telecommunications and
information exchange between systems —
Synchronization methods and technical requirements
for Private Integrated Services Networks

Section 1 : General

1.] Scope

s International Standard containsrequirements necessaryforthe synchronization of PISNs. Timing withinadigital private

lic switched networks is sufficiently low not to affect unduly the performance of voice transmissions, pr the accuracy or
ughput (if errored data require re—transmission) of non—voice services.

uirements are also based upon the interconnection of digitalprivate telecommunication networks via digital facilities in
public (switched or not) telecommunication networks.

This International Standard is one of a series of technical standards on telecommunications networks. [This International
Standard with its companion standards fills a recognized need in the telecommunications industry brought about by the
ingreasing use of digital equipment and facilities inprivate networks. It is useful to anyone engaged in the manufacture of
digital customerpremises equipment(CPE) for private networkapplications, andtothose purchasing, operatingorapplying
digital CPE to digital facilities for Private Integrated Services Networks (PISN).

This International Standard establishes technical criteria necessary in the design of a synchronization plan for a PISN.
Cdmpliance with these requirements would be expected to result in a quality PISN synchronization design.
Definitions

Far the purposes of this International Standard, the following definitions apply:

.2.1 Accuracy

A measure of the maximum departure from the nominal clock rate over a 24 h period, made anytime in[the lifetime of the
clgck, during.aydefined period of time, within the declared environmental conditions. Frequency gleviation may be
constrained 10, the specific accuracy by clock operation in the free running or hold over modes, as dgfined below.

.2.2 Asynchronous signals
Signals-having not the same nominal rate.

1.2.3 Clock free running mode
In such a mode, the PINX works with its own clock source which is not locked to an external reference and is not using
storage techniques to maintain its accuracy.

1.2.4 Clock hold over mode
An operating condition of a clock in which it is not locked to an external reference clock, but uses storage techniques to
maintain during a limited period of time its accuracy with respects to the last known reference clock.

1.2.5 Controlied Slip

It consists of the repetition or deletion of an integer number of octets caused by the elastic buffer mechanism used at the
interface of a non—synchronous bit stream (a plesiochronous or asynchronous one). Slips and controlled slips shall be
considered synonymous in this International Standard.

1.2.6 Jitter
Short—term non—cumulative variations of the significant instants of a digital signal from their ideal positions in time.
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1.2.7 Lock range
Maximum frequency offset from the nominal, to which a given clock is able to synchronize.

1.2.8 Master
The term "master” refers to the clock source providing the timing to the PINX.

1.2.9 Maximum time interval error (MTIE)

The maximum time interval error (TIE) for all possible measurement intervals within the measurement period. Figure 1
illustrates the definition of MTIE.

1.2.10 Phase Locked Loop (PLL)

A feedback—controiied system that iocks a iocal ciock to an incoming reference clock in both frequency and phase.

1.2.11 Plesiochrpnous

The essential chracteristic oftime —scales or signals such as their corresponding significantinstants occur at nominally'th
same rate, any varfation in rate being constrained within specified iimits.

W

1.2.12 Primary Reference Clock
Equipment that prqvides a timing signal, with a long term accuracy equal or better than 1011,

1.2.13 Pullin range
Maximum frequengy offset from its own clock, to which a given clock is able to synchronize.

1.2.14 Referencg Clock
Timing signal used|for synchronization, without any assumption on its accuracy.

1.2.15 Slave
The term "slave” rdfers to the PINX receiving timing from another source.

1.2.16 Slip
Refer to controlled slip

1.2.17 Split Timing
Anarrangementwhpre equipmentemploys separatetransmitandteceive clocks onatransmission link havingno particulal
relationship to oneanother.

=

1.2.18 Synchronpus
Qualifies signals with corresponding significantinstaptsoccuring atthe same mean rate; thetime difference between thes¢
homologous instarts is generally limited.

1.2.19 Synchron|zation
The process of adjyisting the corresponding significant instants of signals so that a constant phase relationship exists$
between them.

1.2.20 Time-Inte

rval Error (TIE)

1.2.21 Timing logp

An unstable conditier-in-which-twe-or-mere-equipmenteclocks-transfer-timi . ; withouta
designated master timing source.

1.2.22 Time to repair
The time by which, with a stated probability, the link is repaired.

1.2.23 Transparent

Alinkorgroupoflinksis transparentifthe signal carriediis not re - timed from a clock associated with the link(s). The timing of
asignal passing across atransparent link may however be altered due to jitter, wander, filtering, or fault conditions. Figure 2
illustrates the definition of transparent and non transparent links.

1.2.24 Wander
The long—term variations of the significant instants of a digital signal from their ideal positions in time. Long—term implies
that these variations are of low frequency.
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1.3 Abbreviations and acronyms

AlS: Alarm Indication signal

BITS: Building Integrated Timing Supply

CCITT : International Telegraph and Telephone Consultative Committee

CPE: Customer Premises Equipment

Co: Basic Rate transparent or non transparent links

C1: 1,544 Mbits/s transparent or non transparent links

C2: 2,048 Mbits/s transparent or non transparent links

C3: Non ISDN transparent or non transparent links

DCS: Digital Cross—connect System

DSX T =TOTeCTt

D Data Terminal Equipment

E Extended Super Frame

F Frequency Modulation

G Global Positioning System

MTIE : Maximum Time Interval Error (see figurel)

M Multiplexer

N : Network Channel Terminating Equipment

NIj: Network Interface

PISN : Private Integrated Services Network.

PINX : Private Integrated Services Network Exchange (PABX, Key System, ...).

ppm : parts per million

P Public Switched Telecommunicatign\Network
Phase Locked Loop

Primary Reference Clock

Phase Modulation

Severely Errored Secofid
Synchronous DigitalHierarchy
Basic Rate Accessito public ISDN
1,544 Mbits/s Access to public ISDN
2,048 Mbits/s Access to public ISDN

TIE : Time Interval Error (see figurel)

ul: Unit Interval (488 ns for T2 and C2, 648 ns for T1 and C1, 5208 ns for TO and C0)
UTC: Universal Coordinated Time

ATA Slope representing long
term frequency departure
Time delay _ -
wlith'respect to
ideal reference Public Switched Network
in seconds / - \& —
/
s
~ MTIE TIE non transparent
7 transparent c
C
/
) = L X
/ .
» TIME Private Private Private
— S——» Node Node Nc;de
1 2
Observation period
Figure 1 — Time Interval Error (TIE) Figure 2 — Links definition
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1.4 Impact of slips

When synchronous digital signals are being transported over a link, the receiving end must operate at the same average
frequency as the transmitting end to prevent loss of information.

Whendigital signalstraverse anetwork ofdigital links, switching nodes, multiplexers and transmissioninterfaces, the task of
keeping all the entities operating at the same average frequency is referred to as synchronization. If the distant transmitter
sends atabitrate higher than the switching system clock, the receive bufferin the switching system eventually will overflow,
causing one frame to be lost. If the received bit stream is at a lower bit rate, the buffer will underflow, causing a frame to be
repeated. Either occurrence is called a controlled slip.

Inadigital PISN, slips can be prevented byforcrng all equrpmentto use acommon reference clock.In adrgrtal PISN when it
is not connected tothepublic A
from a single sourge that should be the hrghest qualrty clock available.

If a PISN is connected to the public network at one or more nodes, the private network shall derive timing from the’public
digital network timjng reference to ensure that the highest quality timing source is used.

The design of a PISN requires specification of the timing sources and receivers to achieve synchronization. Proper desig
requires that timing loops in the synchronization plan be eliminated.

=

The impact of slips|on service carried on digital networks depends on the application and type afsefvice being provided.
Some examples of the effects of which are summarized in the following table.

Table 1 — Impacts of a slip

Seryice Potential impact
Endrypted text Encryption key must.be'retransmitted
Vidgo Freeze frame for’several seconds

Noise burst;(*pop”) on audio

Di

—

gital data Deletion or repetition of data
Possible misframe
Reduction of throughput

Fagsimile Connection establishment may be not successful
Deletion of 4—8 scan lines or lost of throughput,
depending on facsimile system

Vdice Band Data Transmission errors for 0,01 to 2 s
Drop call (for some modems)

Voice. Possible ”Click” I

Inadditiontoslips, synchronization —relatedimpairments caused by transmissioneffects onequipmentsuchaserrorbursts
and phase discontinuity, can also have an impact on customer service. These degradations can propagate and multiply
through the network.

Allofthe degradations described above can be controlled by appropriate synchronization strategies and clock designs, as
described in later clauses.
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Section 2 : Technical requirements, Synchronization methods

2.1 Technical requirements

The phase stability of a slave clock can be described by:

—its long—term phase variations (wander and integrated frequency departure);
—its short—term phase variations (jitter);

—phase discontinuities due to transient disturbances.

NOTES

1 — The values given in 2.1.1,2.1.2 and 2.1.3 are taken from ETS 300 012 [3] for C0 and TO, from ETS 300 011[2]for T2 and C2 and from
EIA/TIA-594 [8] for C1 and T1.

2 —It has been found necessary to limit the wander value for the T0 and CO0 interfaces. The need for the additional pafameters for accuracy
and lock range derives from the strategies in 2.2.8.

3 —Requirements for phase discontinuity are taken from CCITT Recommendation G.812.

2/1.1 Jitter and wander at the input

2/1.1.1 CO and TO interfaces (144 kbits/s)

The CO and TO inputs shall tolerate at least a sinusoidal input jitter within the mask shown in figure 3 without producing bit
errors:

Peak to peak jitter and
A} Wander amplitude

05Ul f----

005Ul |---== == N

r
[}
) [}
1

! » Jitter frequency [Hz]
5 50 2k

Figure 3 — Tolerable jitter and wander at PINX input for Basic Access

5

order to save-power, when both B channels are idle, carriers may disable TO interfaces. Under these|conditions, timing
information:is not available. Synchronization shall be derived from interfaces which are continuously available.

NOTE : The maximum relative wander between two or more interfaces is limited to 4 Ul (except for plesiochrpnous operation).

2.1.1.2 C1 and T1 interfaces (1,544 Mbits/s)

The equipment shall operate with jitter of the received signal which does not exceed the following limits, in both bands
simultaneously :

(1) Band 1 [10 Hz — 40 kHz] : 5,0 Ul, peak—to peak, and
(2 Band2  [8 kHz — 40 kHz] : 0,1 Ul, peak—to—peak.

For T1 and nontransparent C1 interfaces, the equipment shall operate with wander of the received signal of upto 28 Ul (18
us) peak—to—peak over any 24h period and up to 23 Ul (15 ps) peak—to—peak in any 1h interval.

Wander requirements for transparent C1 interfaces are for further study.
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2.1.1.3 C2 and T2 interfaces (2,048 Mbits/s)

The input shall tolerate a sinusoidal input jitter / wander within the mask shown in figure 1 without producing bit errors or
losing frame alignment:

Peak to peak
jitter and wander
amplitude
A
36,9 Ul
18 F - {\j
' ] [}
' ] '
1,5F-|-42------- I r
' ! ' [ ' '
o ! ' [ [ '
[ ' ] ] (]
(L ' ] (] (]
02]-4-vtccaa-o . . [
[ L [ 1] L ] L]
o ] ] [] [ ' ]
[ ] ' ] L ’ [] L]
" ] 1] L ] [} .
1 1(')—.6 0101 1.667 2‘0 é4k 1.8k 10;)k= frequency [Hz]
174881073 7 ’ ’
NOTE:The value'lof 36,9 Unit Interval (Ul) is the maximum relative wander between two ormore interfaces, except for plesiochronoug
operation.

Figure 4 — Tolerable jitter and wander at PINX input for 2Mbits/s access

2.1.2 Jitter and|wander at the output

Wander accumulation within a private network needs to be controlled. Output jitter requirements of this subclause app
when the input jittgr meets the requirements of 2.1.1.

<

2.1.2.1 C0 and TO interfaces (144 kbits/s)

For further study.

2.1.2.2 C1 and T1 interfaces (1,544 Mbits/s)
Transmit Signal Jitter for T1 and nen transparent C1 interfaces

The jitter of the trapsmitted signal at the equipment output interface shall not exceed the following limits, in both bands
simultaneously :

(1) Band 1 0;5Ul peak—to peak, and
2 Band 2 ; =to—

Transmit Signal Wander for T1 and non transparent C1 interfaces

Thewanderinthe transmitted signal of the equipment shall not exceed the wander of its received signal by more than 2,5 UL.
The wander of the transmitted signal shall not exceed 28 Ul (18 us) peak—to—peakin any 24h period, norexceed 23 Ul (15
us) peak—to—peakinany 1hinterval under operating conditions defined as having class | clock, or public clock traceability
over facilities with typical short—term impairments that do not include events that result in phase transients.

Itis recognized that currently, the wander in the transmitted signal may be as large as 7700 Ul (5 ms) peak—to—peakin any
24h period and may be as large as 4600 Ul (3 ms) peak—to—peak in any 1h interval under normal operating conditions.
However, it must be recognized that such wander will result in frame slips within the network.

NOTE: Transparent C1 jitter and wander requirements are for further study.
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2.1.2.3 C2 and T2 interfaces (2,048 Mbits/s)

T2, one interface
band 1 f € [ 20Hz — 100kHz] <1,1Ul
band 2 f € [400Hz — 100kHz] < 0,11 Ul

T2, multiple interfaces and non transparent C2 interfaces

band 1 f € [ 4Hz — 100kHz] <1,1Ul

band 2 f € [40Hz — 100kHz] < 0,11 Ul
transparent C2 interfaces

band 1 f € [ 4Hz — 100kHz] < 1,6 Ul

band 2 f € [40Hz — 100kHz] <0,1Ul

2.1.3 Frequency deviation at the input

The interfaces shall tolerate input clock rates within the following ranges around the nominal value:

TO +100 ppm
T1 +32 ppm
T2 +50 ppm

Thése values are only relevant for the interfaces, during maintenance andfailure conditions, not for the design of the clock
unit. .

2.1.4 Accuracy
Acguracy is defined in 1.3

Sirlce class | clocks are intended to be used as master clocks in plesiochronous private networks, they only operate in free
rurjning mode.

In prder to conform with the strategies defined.later (2.2.8), clocks shall comply with the following clgsses :

class | <#+7,10"10

class Il <+1,10-6

class Il <+50,1076
NOTES:

1 In certain network configurations, clocks with higher accuracy are necessary (see Annex D).
2 Class lll free running.clocks are typically not used as timing sources.

2.1.5 Lock range

Sldve clocks within‘accuracy of class Il and Il shall comply with one of the following lock range clasges :

class'a >+1 ppm
class b >+50 ppm

The tellowing combinations of slave clocks are allowed : lia, lib, llib.

2.1.6 Phase discontinuity of slave clocks

Phase transients are changes in phase relationships. Transients are specified in terms of the maximum transient phase
deviation and the maximum equivalent frequency offset during the transient. The MTIE and phase—slope requirements
shall also be met under all timing reference degradations, independent of whether a switch of reference has occurred.

(1) In case of internal testing or rearrangement operations within the slave clock, the following conditions shall be met:
—the phase variation over any period of up to 211 Ul must not exceed 1/8 of a Ul;
—forperiodsgreaterthan2'! Ul, the phasevariationforeachinterval of211UIlmustnotexceed 1/8 Uluptoatotalamountof1 s,

Where Ul corresponds to the reciprocal of the bit rate of the interface.
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(2) Equipment shall operate with transients in the phase of received signals of up to 1 us with a maximum rate of change
equivalent to 61 ppm frequency offset. Such transients shall be isolated in time.

Additionally, accommodation needs to be made for SDH (SONET) virtual tributary (VT) pointer adjustments with a
magnitude of 8 Ul (4,7 usforVC11 and 3,57 pus for VC12). Phase slope characteristics of this transient have yet to be defined
buttypically fall within a 1 second time frame and to be no greater than the equivalent of a frequency offset of 61 ppm. SDH
(SONET) quantizesinputwanderinto 8 Ul steps. Whenthe upper orlower thresholdina SDH (SONET) pointer processoris
reached, the SDH (SONET) pointer processor will generate an outgoing pointer adjustment to either the next downstream

pointer processor or far—end desynchronizer.

(3) When equipment receives a phase transient conforming (1), its output shall not exceed (1)

2.2 Synchronizlation methods for PISNs

Operations includg both the provisioning and maintenance of the digital synchronization network. Provisioning meanis
engineering an apgropriate configuration for the network and installing any particular equipment necessary toimplemen
the configuration. Nlaintenance activities involve the detection of synchronization network failures and restoration of timing
distribution.

=3

2.2.1 High level concepts

—

(1) The public neM]ork is always to be taken as the reference clock source when available and-in operational mode, excey
where a PINX confains a clock with characteristics in accordance with class |, which needs not synchronize its clock
generators to any {nput.

(2) Synchronizatioh plans need to be hierarchical; timing is passed from betterperforming sources to clocks of lower gr
equal performancsg.

(3) Timing loops need to be eliminated.

(4) Timing sourceq need to be diverse whenever possible.

(5) The lock range|of any node is to be sufficient to cover the;accuracy of any potential master.
(6) Cascading of timing references through CPE needs o be minimized.

(7) Non—transpargnt C type interfaces are treated like T type interfaces from the synchronization point of view. Th
strategies described here concern only the cases'where the private links are transparent.

(4]

2.2.2 Reference Clock Switching Criteria

(4%

Tominimize excessjive switching of the timing reference and the accumulation of phase movements, aclock shall notinitiat
a switch of referende until the timing reference has become degraded. Reference switch over shall occur at or after, but ng
before, any of the following feference line degradations or events:

—

TO, CO loss[of incoming signal
loss |of ffame alignment (stable state)
link not activated

T1,C1 loss of signal for 50 ms
error bursts of a duration of 2,5 s or more at bit error ratios worse than 10—3
17 misframes in a 24h period
in response to an external control signal

received AlS.

T2, C2 loss of incoming signal
loss of frame alignment (stable state)
received AIS

T3,C3 loss of incoming

signal received AIS
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-~ a N ™_.£
£.£.9 Relereiive ﬂeblUlill

Once traceability to the class | has been restored to specification, an automatic switchback may be initiated only if such a
switchback does not produce impairments. Thatis, all digital CPE, regardless of type, shall meet the requirements of 2.1.6
if the clock performs an automatic switchback. To prevent chatter because of repeated automatic switching between two
references, a time delay of 10 s or more between reference switches is desirable.

Amanual operation is permitted at any time to switch back to the primary reference. Additional references may be added or

used to replace existing references by manual procedure (e.g., physically reconnecting new references to the external
reference input connectors or changing the source of traffic—carrying reference lines by software reconfiguration).

2[24—Timing Referenceinterfaces-and-Atarms

"I;F digital facility or timing reference interface receiver shall provide timing, slip and misframe informpation necessary to

IR T Tt SR PRGUURE T S DA PP in 3 fmal imfmrmnatinn An whathar tha aliR ~natignd a ranatitinn Ar

intain the syncnronizauoin Sysieit. it is desirable to include information on whether the Sip-Cau$ed a repetition of
deletion of a frame. The lack of slip information will increase the probability of an undetected refefence degradation
ogcurring.

2|2.5 Buffers
T£e input signal shall be buffered in the CPE. The buffer shall provide at least'125 us (one frame) of torage to allow for

controlled slips. In addition, the buffer shall provide a minimum of 18 us’ofhysteresis to absorb jitter, wander, and frame

timing differences between incoming signals and to decrease the probability of incurring back—to—|back slips.

N

2.6 Controls

he digital CPE synchronization system shall provide the capability of manually overriding automatic reference switch over.
his action may be required as part of a diagnostic procedure. A manual capability to disable the autorpatic switch over of
dferences because of excessive slip rate shall be'provided. This is required when only one digita] link provides slip
nformation and a potentially ambiguous situation-is entered during fault conditions.

3 H -

N

2.7 Slip performance objectives

...‘

he designer of a PISN should consider the following slip rate performance objectives from Annex C.

Table 2 — Slip performance objectives

Performance Mean slip rate Proportion of time
Category (see NOTE)
a) < 5 slips in any 24 h period > 99,56 %

> 5 slips in any 24 h period
b) and <04 %
< 30slips in any 1 h period

<) > 30 slips in 1 h period < 0,04 %

NOTE : Total time greater than 1 year .

To comply with these objectives, the PISN designer shall select for each PINX one of the strategies listed in 2.2.8.
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2.2.8 Strategies

Three different types of strategies have been identified :

Strategy 1 : the clock signal of the private node has class | accuracy. In this case, the private network can operateina
plesiochronous mode with the public network (see clause 3.1).

Strategy 2 the accuracy ofthe clockis class ll. The private nodeis synchronized, butonly oneinputis required. Itcan
work asynchronously when the master clock fails (see clause 3.2). In some network configurations, two

inputs are required in order to meet the slip performance objectives of table 2.

Strategy 3 : the accuracy of the private node’s clock is class lIl. If more than one link to a class | clock source is

(/)M 7))

not class I

the node must be
synchronized

trategy 3.1 — with exchange of information (see clause 3.3, and Annex A, B and C)
trategy 3.2 — without exchange of information (for some network configurations only, see‘Arinex D

class 111

Accuracy
class I
Strategy 1
class I
Strategy 2

Strategy 3

Figure 5 — Synchronization strategies classification

10
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Section 3 : Description of the synchronization methods

3.1 Plesiochronous operation

Strategy 1 in 2.2.8 applies to a node having a clock in accuracy class |. Such a node is not synchronized by any external
signal: the node has the ability to work plesiochronously and is in the clock free running mode. The relevant parameters for
such a node are:

— jitter and wander at the output (see 2.1.2);

— accuracy in the free running mode (class | in 2.1.4);

— phase stability as described in 2.1.6 in case of internal rearrangements.

A hode working with strategy 1 can be a master for any node (with strategies 2 and 3).

L Synchronization from one input

3
SltIategy 2in 2. 2.8 in part Il applies to a node having a clock in accuracy class Il and oply\one input fgr synchronization
pyrposes. The relevant parameters for such a node are:

—| jitter and wander at the input (see 2.1.1);
—| jitter and wander at the output (see 2.1.2);
—| accuracy: the node has the average frequency of the class | source when-synchronized, and performs in class |l during
the failure of the synchronizing input, and during the recovery time;
—| during the switch over from the external clock to its own clock (in the frée running or in the hold over mode), and during
the reverse operation, the phase stability shall conform to 2.1.6(This is not depicted in figure 5 .DnITring this time, the
node shall stay in performance category (b) for the slip rate (see Annex C).

Apodeworking with strategy 2 can be amaster foranode with strategies 2and 3. lt can be enslaved by agublicnode, orbya
p:[vate node with strategy 1, or with strategy 2 or with strategy 3.1. Timing loops have to be avoided

e behavior of the node during the failure of the synchronizing link can be described as follows:

+f10-¢ — — — — . — — — — — — — — — —— —— | —
e A
‘ [ - t
to 151 19)
41.10 -6 |FAo— — — _— Y — — — = — — — | —
TTR
>
the master clock signal disappears the master clock signal comes back

Figure 6 — Example of failure and restoration in case of strategy 2

Until g : the node is synchronized by a digital bit stream of class |.
At ty :the bit stream or the master clock signal is no longer valid (see 2.2.2).

From ty to t; :the node has no master and runs in the free running or in the hold over mode. The duration of this period is
called TTR and may be in the range of days.

At t; :the master clock signal has been restored and the node begins the re—synchronization phase.
After t, :the node is synchronized by a master clock.

NOTES
1 No assumption has been made on the way the master clock is determined to have been restored.
2 The master clock before tg and the master clock after ty are not necessarily the same clocks.

11
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3.3 Automatic switch over with signalling

Strategy 3.1in 2.2.8 corresponds to a node with a clock in accuracy class lll, which is capable of taking synchronization

from either of two entries. Each node switches automatically from one master to the other, based on the exchange of

information between nodes in the private network.

The exchange of information between nodes is used to avoid loops and also to inform the other nodes, even when afailure

is hidden by another node.

A number of methods to achieve this are known and may continue to exist. For interoperability, the goal is to have one

standardized method. AnnexF provides currently available information on amethod of synchronizing a PISN which utilizes

automatic switch over with signalling.

The relevant parameters for such a node are:

— jitter and wandgr at the input (see 2.1.1);

— jitter and wandgr at the output (see 2.1.2),

— accuracy: the ngde has the average frequency of the class | source when synchronized, and performs in classi|during
rearrangement,|and returns to the accuracy of class | when synchronized to the secondary.

— during the period of rearrangement from primary to secondary, the phase stability shall conform to subclause 2.1.6
This is depicted in figure 7.

The behavior of the node during the failure of the synchronizing link is described as follows:

% o 3

+6t0- 5 —m+ ——"9¢¢ 1 - - — — — — GV — — — —
master 1 :
. -
master 2 )
—-6L10-$ F— — — —— —|\— — — &F S
switch over

the master 1 clock disappeafs ) the node is synchronized by the master 2

Figure 7 — Example of failure and restoration in case of strategy 3.1
Until ty :the node ig synchronized by its\primary master clock signal.

At ty :the primary masterclockis nolongervalid (see subclause2.2.2) and the node entersinto the clock free running or holg
over mode.

From tg to t; :thenqdeexchangesinformationwithitsneighborsinordertotakethebestdecision. This period oftime, calleq
"waiting” in the figyre 7 has.a duration in the order of seconds.

At t; :the node has|decided to switch to the secondary master clock signal.
From t, to t, :the node synchronizes its clock to the second master clock signal.

From t, to t, :the node must stay in the performance category (b) and must conform to 2.1.6.
3.4 Automatic switch over without signalling

Strategy 3.2 corresponds toanode with a clockin accuracy class I, whichis synchronized by atleasttwo reference clocks.
The relevant parameters for such a node are:
—jitter and wander at the input (see 2.1.1);
—jitter and wander at the output (see 2.1.2);
—accuracy: the node hasthe average frequency ofthe class | source when synchronized, and performsinclass|1l during
rearrangement, and returns to the accuracy of class | when synchronized to the secondary.
For some specific configurations, failures may be hidden by a node, and timing loops could occur; consequently in those
cases, this strategy shall not be used.

12
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Annex A
(informative)

Choice of clock references

A.1 Choice of reference from public nodes

ISO/IEC 11573:1994(E)

There are fundamentally two architectures that may be used to pass timing across the interface between the public network
and private digital networks. Thefirstis forthe private digital network to accept a primary reference clock atonelocationand

he second is for the private digital network to accept a reference clock at each interface (see figur

method one (figure A.1), the private network owner has control of the synchronization of his.netwo
ovidingclockreferencestolocations2,3,4and5. Fromanadministrative viewpoint, thislooks good sin

¢t of references between the public and the private digital network.
Public Node Public Node Public Node @

Synchronization

Private Network

LOC1

[}

rivate

Private Network)

LOC4

Private Network

LOC3

Private Network)

LOC2 I

Figure A.1 — Private Digital Network'Synchronization Reference at One Interface wit

s (seefigure A.1).
A.2).

,i.e., location 1is
cethereisonlyone

LOC 5

h a carrier

owever, fromatechnicaland maintenanceviewpoint, therearelimitations. Forexample, aloss oftheref

ilure is increased because ofthe additional links and clocks. Second, each clock and facility has the
itter and wander, e.g., a signal transmitted from location 5 may not meet the interface requirements
ynchronous facilities-of the future may cause other difficulties.

the second method (figure A.2), primary reference clocks are provided to the private digital network at

e public network:In this arrangement, the loss of a primary reference would cause a minimum of trouby
ss of referenceto Location 1 would cause slips only between Office A and Location 1, and between

ditiorally, the slips against the public network would occur at the same interface as the source of t
trpublelocation and subsequent repairs easier. The timing path(s) are shorter than method 1, thereby ir]

rencesatLocation

vould cause all private digital network locations to slip against the public network(s). This creates a trpuble that is at best
fficult to detect. Trouble reports may. be generated at any office and maintenance forces may spend time looking for a
buble that may beinanother office;state or company. Anotherweakness isthe existence of multiple clocks and timinglinks
the private digital networktiming.chain. This daisy chaintype oftiming hastwo inherentweakness. Ong, the probability for

pability of adding
or jitter or wander.

each interface with
les. Forexample, a
Locations 1 and 2.

he trouble, making
creasing reliability

ahd\reducing the level of jitter or wander.
Public Node Public Node Public Node Public Node

LOC2 LOC3 LOC4

Public Node

LOC5

Figure A.2 — Private Digital Network Synchronization Reference at Each Interface with a carrier

13
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A.2 Choice of references between private nodes

The clock references correspond to the location where clock signals are to be received.

two entries is sufficient.

The method for choosing timing inputs is based on giving a coefficient to any potential clock input to a node ; two and one
coefficient to each node. The coefficient of a node corresponds to the optimum path to the public or class | clock. Thus it
represents the lowest coefficient of its incoming links.

Each termination of-s
termination and the

(RPN - P Py §

The coeflicient o
increment may b venghte

Q

S i i (5]
(i.e.one unit or more) dependlng upon reliability or quality criteria of the Imks ornodes.

Choice of p (primary source)

The choice of p is then made by taking the input to the node with the lowest coefficient.

If two or more entriJs have the lowest coefficient any of the inputs with the lowest coefficient.may be used.

Choice of s (secondary source)

The choice of the se¢ondary inputis then made by taking the input with the lowest coéfficient except the input chosen for p.

To avoid timing loogs, where the nodes do not utilize switch over mechanismis/with signalling, secondary (ies) must be}
chosen carefully.

Thefollowingfigure j;ives anexample ofthe principle. To notcomplicate the figure, the case where severallinks are provided
between two nodes|is not represented.

1
5
4
2 2
P
2
p S
332 4
3
3

Figure A.3 — Choice of the clock references

14
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A.3 Avoidance of Timing Loops

ISO/IEC 11573:1994(E)

Improper use of secondary timing references in the synchronization network can possibly create timing loops in the
network. That is, a timed clock receives timing from itself via a chain of timed clocks. Timing loops are to be avoided in
digital networks. When a timing loop is formed, equipment clocks involved in the timing loop become unstable,and
network performance can degrade beyond that which is obtained when all clocks are operating in the free run mode. The
potential for loops exists when either primary or secondary reference signals are passed between clocks of the same class
and certain failure conditions exist. figure A.4 (a) is a typical example of a possible timing loop in a private digital network. If
references P1 and P2 fail, atiming loop would be formed when clocks 1 and 2 switch to their secondary references. Amore
appropriate design is shown in figure A.4 (b). The alternative being the use of signalling exchanges.

Figure A.4 — Avoidance of Timing Loops

PRIMARY PRIMARY PRIMARY PRIMARY
REFERENCE REFERENCE REFERENCES REFERENCE
P1 P3 L P1| S1 P3
Y \ A \ 4 \
S1
CLOCK 1 CLOCK 2 CLOCK 3 CLOCK 1 CLOCK 2 CLOCK 3
S2 | P2 P2 S2
S3 S3
DIGITAL PRIVATE NETWORK DIGITAL PRIVATE NETWORK
PRIMARY REFERENCE P (N)
SECONDARY REFERENCE : S (N)
(a) — Example of a potential Timing Loop (b) — Correct Configufation

15
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Annex B
(informative)

Synchronization configurations

B.1 Master Slave configurations (synchronization)

In the master—slave configurations, the private nodes work synchronously. Figure B.1 represents the simplest
master—slave configuration:

MASTER o SLAVE
direction of synchronization

r‘l[]l—] information

lock unit| f———— = >> Tteri
clock uni data link (Fo) itter filterin

< .
data link (Fo) clock unit

PINX A or Public Switch PTNX B

Figure B.1 — Master Slave Configuration

When 3 ormore nodgs are connected together, the master—slave configuration'¢an be applied in a cascade configuration

(Fo) .
(Fo)(]_ _gblockunid [==-~ jitter | _(Fo) :J jitter
filtering filtering 3

PINX A or - clock c10(.:k
Public Switch PINXB [ unit T PINXC Lo
MASTER SLAVE MASTER SLAVE

Figure B.2 — Cascade Master — Slave Configuration

When several PINX§ are connected:to another one, the configuration may be a multiple master configuration :

MASTER MASTER MASTER
PINX A PINXB | e PINX N
NN A\ Z

\ direction of possible
synchronization

Figure B.3 — Multiple Master — Slave Configuration

16
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B.2 master—master configuration (split timing)

The inputs (x) and (y) are reference clocks. When (x) and (y) are providing a clock signal, two cases can occur:

(1) x and y come from the same clock, and are synchronous. In such a case, PINX A and PINX B are synchronous.
(2) xandyare plesiochronous clock sources (from two different networks forinstance). Inthat case, the two PINXs work

plesiochronously.

Without x and y (in case of failure for instance), the two PINXs can work

(1) plesiochronously if they both have clocks in accuracy class |

® 0 . PTNX B
X (]
2 ->£]l k >
= - 0 )

Fi
PTNX A = clock |- { -

MASTER MASTER

Figure B.4 — Master — Master.Configuration

17
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C.1 Slip rate

Annex C

(informative)

Rasis of strateaies
Dasls of strategies

© ISO/IEC

CCITT Recommendation G.822 [1] specifies the objectives of slip rates for 64 kbits/s international digital connections.The
slip rate is reproduced in the following table:

Table C.1 — G.822 slip rate objectives
CCITT Performance Mean slip rate Proportion of time

[ategory P (NOTE)
a) < 5 slips in any 24 h period > 98,9 %

> 5 slips in any 24 h period
b) and <1,0%

< 30slips in any 1 h period
c) > 30 slips in 1 h period < 0,0%

NOTE —|Total time greater than 1 year.

C.2 Allocation ojthe controlled slips

CCITTRecommen
Connection:

ation G.822 [1] proposes the following allocation for the variousportions of the Hypothetical Reference

Table C.2 — Allocation of the controlled slips

Part of the total time (NOTE)

Section Allocation of the objectives (b) ©
ipternational 8,0 % 008% 0,008 %
ational
ansit 60.% 006% 0,006 %

N(

No allowance has bg

40,0 %

40% is used as an @bjectivefor each private network.

04 % 0,04 %

TE — (b) and (c) refer to performance categories from table C.1

enmade by.CCITT for private networks. For the slip performances of a PISN, an additional allocation of

Table C.3 — Allocation of the controlled slips within a private network

NOTE : Total time greater than 1 year .

18

Performance . P i i
Mean slip rate roportion of time
Category p (see NOTE)
a) < 5slips in any 24 h period > 99,56 %
> 5 slips in any 24 h period
b) and <04 %
< 30slips in any 1 h period
c) > 30 slips in 1 h period < 0,04 %
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C.3 Unavailability of the links

Surveys of link performance have given the following information regarding the unavailability of the links:
1) the failure rate of a link ()) is in the range of 1,10~4to 5,10~
2) the time to repair (1) is about 24 h.

From these values, At = 0,004 is chosen as the basis for the analysis of PISN types in the following subclauses. Other
sources of slips (e.g. phase transient, node failures) are PISN dependant and have not been included in this analysis.

C.3.1 Unavailability of the public clock source after (r—1) nodes

—Jlet us call r the number of links for the shortest path from a node to the public ISDN; it means that (r= 1)) nodes are on the
path to the public for that shortest path.

the rate of unavailability of the public clock source approximates to: U, = r x 0,004

. Lo Private link Private link
Public node providing Clock 2 r
(transparent {)

Figure C.1 — Unavailability — Serial'configuration

Public link

(T or non
transparent C)

Cl.3.2 Unavailability of the clock with n links, seen from onhe node

tus call :  n the number of links used for synchronizatiofpurpose in one node;
\; the failure rate of the link i;
1; the time to repair the link i;

[

As$suming strictly independent links, the proportion.of time during which the n links are broken is giyen by :

Public ISDN nodes

Up II A.7

i=1

Figure C.2 — Unavailability — Parallel configuration

with A;.7; 0,5 %, the proportion oftime during which several links ofanode are broken atthe sametimejs giveninthe table

Table C.4 — Unavailability of the reference clock — Parallel configuration

Number of links bro-
ken at the same time 1 2 3

Propqrtion of time 0,4 % 0,0016 % | 0,00001 %]
(with p; = 1)

C.3.3 Conclusions

— the proportion of time for the unavailability of one link providing the clock source from the public is in the range of
performance category b) (table C3)
— the proportion of time for the unavailability of 2 independant links is much lower than performance category c) (table C3)

19
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According to the previous calculations, we have the following options for the strategy of synchronization:

Table C.5 — Options for the strategies of synchronization

NOTES

1 q=Max(p;
2 these options

3 may have somg problems after the first failure.
4  referring to taple C.3, Fp must be less than 0,4% and Fg must be less than 0,04%

p; and p; are the numbers of links for the two broken paths.
hre better than the requirements.

Table C.6 — The options and the objectives

Before failure Primary Failure (Fp) Secondary Failure (Fs) Options
a) Option1 (2)
a) b) Option4 (2)
c) Option 3
performance a) .
categories b) b) Option 2 (3)
c) Option5 (3)
c) c) not compliant
Calculated - =
Proportion of timd N = (100 — Fp — Fg) Fp=qx04% (1) Fs = pix pj x 0,004%

NQTE : these.areas are outside the objectives.

— thefirstfailure oCcurs with a higher probability than the value allowed (unavailability g x 0,4% and requirement 0,49

It has to be notich that the percentage allowed does not fit very well with our calculation of failure’s probability:

— the second Tailure’s probabili

Proportion of time in per- {Proportion of time'in per-| Proportion of time in
Optjon formance category a) formance category b)  |performance category c)
Objective : >= 99,56% Objective: < 0,4% Objective : < 0,04%
Optjon 1 100% 0% 0%
Optjon 2 (100 — Fp — Fs) %(NOTE) (Fp + Fs) % Note 0%
Optjon 3 (100 - Fs) % 0% S
Optlon 4 (100 = Fs) % Fs % 0%
Opt on S (100 - FP - FS) % Note 0% (FP + FS) %

IS lower than the value allowed.

)

Therefore the use of performance category b) after one failure is unlikely to be satisfactory, but the use of performance
category c) after 2 failures is adequate.

The preferred option is number 3. The options 1 and 4 have a better performance during the second failure, but this is not
necessary. On the other hand, the options 2 and 5 may have some problem if the percentage of time forthefirstfailure

is over 0,4%.

Thedifferentoptions are described and commented inthe next paragraphs. Inthe different cases, severalimplementations
are possible since the parameters we can use are:

— the accuracy of the clock during the failure, which has a direct consequence on the number of slips in the non

synchronized state

— the number of links providing a clock source.

20


https://iecnorm.com/api/?name=5628e2aab4072b62e875d6f7ceb9f7b7

© ISO/IEC ISO/IEC 11573:1994(E)

C.5 Description of the five options

C.5.1 Option1:a) — a) — a)

In this option, the node of the private network does not generate more than 5 slips every 24 h, evenin case of failures on one
or two different branches bringing the clock from the public network

First implementation: the clock of the node is not synchronized by the public network, but it must be in accuracy class I.

Secondimplementation: the nodeis abletofind an alternate pathto the public clockafterthefirstand the secondfailure. This
is only possible ifthe node has at least three clock paths to the public ISDN, and some information (via signalling between
nodes) on the actual quality of these routes.

Ci5.2 Option2:a) — b) — b)

Inthe normal operation, the node is synchronized to be in performance category a). Then, after the first failure, it goes into
performance category b), which means some degradation. This is due to the fact that the node is no lpnger driven by a
primary reference clock, and runs with its own clock, in free running or in hold over.mode.

To|operate in performance category b), a clock with accuracy class Il is required.

Cl/5.3 Option3:2a) — a) — ¢)

THe node stays in performance category a) after the first failure (by finding an operational alternative|path to a primary
reference clock, if any) and then, after the second failure, it enters performance category c).

To|operate in performance category c), a clock with accuracy'class lll is enough.

Cl/5.4 Option4:a) — a) — b)

FiLst implementation : after the first failure, the node finds an alternate path to a primary reference clock. {nformation about
the quality of the alternate path is needed. After the second failure, the node stays in performance categgry b), which is not
refjuired.

S¢condimplementation : the operator canguarantee thatthe proportion oftime for onefailure is less tharj0,04%. It does not
selem to be the case anywhere in Europe.

NOTE : this option is significantly better than the requirements.

C|{5.5 Option 5: a) =b) — c)
THe only possible s€enario for this option is the following :
—the node starts\in performance category a): it is synchronized through its main input to a primary reference clock;

—vhen a failure occurs on that input (less than 0,4% of the time), it switches over to a second input.
THe node.can take such a decision because the node behind the second input guarantees performance category b): this
sfedific node is still synchronized by the public, or in hold over mode with an accuracy class Il;

—when this second input has a failure, the node is in performance category c).

It has to be noted that with this option, the previous node must guarantee performance category b). It means that this
previous node uses options 2 or 4.
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Annex D
(informative)

Synchronized Private Network Examples

D.1 Example with a small private network
The following example is a very simple one. Node 3 has no visibility to the public network.

Node Strategy 1| Strategy 2| Strategy | Strategy
PUbBIlic 31 32

yes yes() | yes(D) | no(2)
yes yes (1) yes (1) no (2)
yes yes yes (1) no (2)

3 NOTES
1 (1) shows recommended solutions.
2 Exceptifthe appropriate masters use.strategy 1 or strategy 2.

Figure D.1 — Example 1

Strategy 1 : can be used for each node. Due to the cost of class | clocksit is not a recommended solution.

Strategy 2 : canalso be used forthe 3 nodes, and can be recommended for the nodes 1 and 2, but may be excessgive
for node 3 which does not drive any other node.

Strategy 3.1 : is useable and recommended for the 3 nodes.

Strategy 3.2 : cannot be used in this network by more than one node.

D.2 Example with a big private network

Node Strategy 1| Strategy 2| Str 3.1 Str(3.2
Public Network
1
2 yes yes (1) yes (1) np
3 yes yes (1) yes (1) np
4 yes yes (1) yes (1)
5 yes yes yes yes [1)
6 yes yes yes (1) n
7 yes yes yes (1) yes
8 yes yes yes (1) no (2)
9 yes yes yes (1) no (2)
10 yes yes yes (1) no
11 yes yes yes yes (1)
12 yes yes yes yes (1)
13 es es 1
NOTES _ » ies By/es yese(s ) no (2;)
1 (1) shows recommended solutions. b yes (1)
2 Except if the appropriate masters use strategy 1 or strategy

Figure D.2 — Example 2
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D.3 Example with two different public clock sources

The following example describes the situation of a single private network connected to two different public clock sources
(within the same country or not). The table below shows the strategies that can be used for each node.

@ @ Node | Strategy 1] Strategy 2| Str 3.1 | Str 3.2

yes yes (1) yes (1) no
[
NOTES

yes yes (1) yes (1) no
yes yes yes (1)| | no (2)
1 (1) shows recommended solutions.
2 Except if the appropriate masters use strategy|1 or strategy 2.

S W =

yes yes yes(1) no

Figure D.3 — Example 3

This example shows that two islands of the private network (nodes 1 and 3 on.one side, and nodes 2 and 4 on the opposite
sifle) can work plesiochronously.

Blit the split of the islands can be different. Itis the responsibility of the‘designer of the private network to negotiate with the
appropriate public network operators.

This example describes the situation where transit functions are provided and the PINX clock may nqt be locked to the
cgnnected PINX's clock. Twolinks are slippingindependently. In effect, PINX 2inthis example needs to hgve aclock twice as
agcurate as those performing end only functions.

Public Networ .
\ Assumethatthe nodes 1,2and 3 usestrategy 2 (i.e. they only usethe
single input from the public network as master).

DJ4 Example with a transit node

Take the case where a call is made from node 1 viajode 2to node 3
to access the public network. In the case where the node 2 is free
( running, bothlinks 1 —2and2-3slip. Sincenodes 1 and 3 arelocked

tothe same source, both slip atthe same rate. To achieve betterthan
30sslips per hour overall, there must be no more than 15 per houron

2 each link. To meet this the clock must have an accuracy 0f0.5.106,

If in a large network, a single call path could|encounter two

non-synchronized exchanges, even better perforinance might be
required, since then there would be 3 or more links slipping.

more than one
single failure, they may entirely fall into performance category c).

()
-/

Figure D.4 — Example 4
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Annex E
(informative)

Slave Clock Performance Measurement Guidelines

E.1 Slave Clocks considerations

Slave clocks are required in a digital synchronization network to provide a time keeping function at each node. When a
network is synchronized, the relative time error between slave clocks inthe networkis maintained within tight bounds. Time
error variations in slave clocks will be manifested in variations in slip buffer fills where one node receives a synchronous

Slave clocks can b viewed as providing two basic functions:
(1)Receive from the incoming reference a good estimate of the original master node timing:
(2)in the absence qf reference, attempt to maintain good time keeping with respect to the master clock;

Thefirstfunctionrequiresthataslave clock attempttoreproducethe original master nodetimingfromanjmpairedreferenc
signal. Slave clockss inherently function as low pass timing filters. The short—term slave clock can be viewed as th
superposition of thp short—term stability of the local oscillator on the long term timing of the master clock.

In addition, slave clpcks need to bridge shortinterruptions in the incoming reference. Synchronization reference is carriegl
via digital transportffacilities. It is normal to expect some level ofimpairment on these facilities. Slave clock performance
adversely affected hen the reference—carrying facilities experience disruptions. These disruptions need not be majo
outage eventsto adyersely affectslave clock performance. Forexample, whenaslaye cleck sees anerror burstconditiono
the incoming refergnce line, it may consider the phase data extracted from the line as suspect. The slave clock coul
suspend updating the control loop during the suspect interval. After the suspectinterval is over, the slave clock typicall
performs aprocessgtermed phase build—out. This process attempts to restorethe phase error inthe loop in such away thg
no residual error rgsults from the disruption. However, there is inevitably. Some small residual error.

©O—®

- S

In reality, reference performance can include a significant number of disfuption events. Error burst events such as Severel
Errored Seconds ($ES) are known to occur on links in the order of,10 to 100 events per day. Given that slave clocks in th
network are advergely affected by some of these disruption-events, it is wrong to assume that a slave clock is normall
operating in phase fock with the incoming timing reference. Infact, slave clocks in the network are constantly degraded t
some extend by the disruptions that typically occur onteference carrying facilities.
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(2) stressed operation;,
(3) holdover opergtion,

E.1.1 Ideal Operation

Ideal operation represents an idealized operating condition which would not be typical of real network operation. in ideal
operation, the slave clock experiences nointerruptions ofthe inputtiming reference. Under such conditions, the slave clock
would be expected to operate in phase lock with the incoming reference.

For short observation intervals less than the time constant of the phase —locked loop (PLL), the stability of the output timing
signalis determined by the short—term stability of the local slave clock time base. Inthe absence of reference interruptions,
the stability of the output timing signal behaves asymptotically as a white noise PM process as the observation period is
increased to be within the tracking bandwidth of the PLL. The output of the slave clock can be viewed as a superposition of
the high frequency noise of the local oscillator riding on the low frequency portion of the input reference signal. In
phase—locked operation, the high frequency noise is bounded, and is uncorrelated (white) for large observation periods
relative to the bandwidth of the phase—locked loop.

Under ideal conditions, the only nonzero parameter of the model is the white noise PM component.
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E.1.2 Stressed Operation

This category of operation reflects the performance of a slave clock under actual network conditions. In the presence of
interruptions, the stability of the output timing signal behaves as a white noise FM process as the observation period is
increased to be within the tracking bandwidth of the PLL.

The presence of white noise FM can be justified based on the simple fact that, in general, network slave clocks extracttime
interval rather than absolute time from the time reference. An interruption is by nature a short period during which the
reference time interval is not available. When reference is restored, there is some ambiguity regarding the actual phase
difference between the local slave clock and the reference. Depending on the sophistication of the slave clock phase
build—out, there can be various levels of residual phase error which occur for each interruption. There is a random
component which is independent from one interruption event to the next which results in a random walk in phase; i.e., a
white noise FM noise source.

clpckandits reference. This frequency offset results from abias inthe phase build— outwhenreference i$ restored. Thisisa
crftical point. The implication of this effectis that, in actual network environments, there is some’'accumulation of frequency
offset through a chain of slave clocks. Thus, slave clocks controlled by the same primary reference clock are actually
operating plesiochronously to some degree.

Injaddition to the white noise FM component, interruption events can actually resultin afrequency. oﬁsel}between the slave

E|1.3 Holdover Operation

This category of operation accounts for the infrequent times when a slave clock loses reference for a significant period of
e.Assumethataninterruption of reference exceeding 10secondsinduration would markthe onsetof g holdoverevent. In
hgldover, the key components ofthe slave clock model are the frequency drift and the initial frequency offset. The driftterm
agcounts for the environmental effects (e.g. temperature and power supply voltage), and aging associated with quartz
ogcillators. The initial frequency offset is associated with thejintrinsic settability of the local oscillator [frequency.

The measurement methodology proposedinthis annexisstructured to take into accountthe behavior of lave clocksinreal
nétwork environments. This annexpresents amodelfor characterizing actual slave clock performance. Akey element ofthis
mpdel is that it reflects the stress conditions in reaknetworks under which slave clocks would be expected to perform
agceptably. This annex also presents a standard methodology for measuring slave clock performance. The measurement
stfategy is to be able to derive the values of the model parameters for the given clock under test. [Once slave clock
performance can be described by a set of parameters values, it is relatively easy to develop recommended slave clock
performance specifications.

E[2 Test Configuration Guidelines

The objective of the test pracedure is to be able to estimate the parameters in the slave clock testing arrangementis shown
inlfigure E.1. The components and their interconnections are described next.

T
PRIMARY SIGNAL DEVICE
SIMULATOR & UNDER
ANALYZER T JITTER T | TEST
GENERATOR hd
& RECEIVER

NOISE SOURCE _(FII TER)
L

Figure E.1 — Standard test configuration

E.2.1 Reference Clock

Thetest configuration is designedto provide the slave clock under test with adigital reference timed from a stable reference
oscillator. In slave clock testing, the relative phase —time compared to the reference inputis critical. In holdover testing, the
longer—term stability and drift of the reference oscillator is important. Thus, the absolute accuracy of the reference inputis
not critical. It isimportant that short—term instability of the reference oscillator be small to ensure low measurement noise
andalowbackgroundtrackingerrorinthe controlloop of slave clock beingtested. Fortesting , acesiumreference clock has
been employed as areference. The background tracking noise for typical loop bandwidths is much lessthan 1 ns using the
cesium reference.
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E.2.2 Digital Reference Simulation

Thetestingarrangementis designedto provideanimpaired digital reference (see 2.2.2) tothe slave clockfor stresstesting of
the slave clock. To accomplish this, a digital signal simulator and analyzer that has the capability to be externally
synchronized is employed. The jitter produced from these synthesizers would be expected to be less than 1 ns rms.

The primary signal simulator is programmed to produce the desired interruption eventsto stress the slave clock. The digital
signal is next bridged through a jitter generator and receiver. The jitter generator is used to insert background jitter to the
digital signal. ltisimportantto simulate arealistic level of backgroundjitter for several reasons. Primarily, wheninterruptions
occur, the background jitter can be a major source of phase build—out error as the synchronization unit attempts to bridge
the interruption. Secondly, the jitter transfer characteristics of the slave clock can be evaluated.

Thejitter generatiofiunitis provided withan externaljitter modutationinput. 1he jitersignalusedisband fimitedwhite noisq.
The main reason fof low pass filtering the jitter is to avoid producing bit errors from high frequency alignmentjitter. Thejitte
power needs to be getto reflect the inputjitter levels defined in2.1.1. itis important that sinusoidal jitter be avoided ag)ates
jitter input, becausg it is not representative of actual network conditions.

— =

E.2.3 Output Timing Signal Recovery

To test a slave clock, reference input is provided from the output of the jitter generator. To recover.the output timing signal

fromthe slave cloc

signalis connected

function is decoup

inputsignal and prd
timing from the slayve clock under test.

E.3 Test categories

Toadequatelychar

the three categorigs of operation described hereafter.

E.3.1 ldeal TesT

The purpose of thi

clocks under ideal

expected to be sm
currentrelative TIE
assure acceptable

Inthetestprocedur
significant noise bd

band. One approa

, an outgoing digital signal is selected from the unit controlled by the slave cloCk under test This digital
tothe receive portion of the Primary Rate Signal Simulator and Analyzer. Inthis unit, the receiver timing
ed from the transmit timing used in the generator. The receiver extracts/a frame timing signal from th

vides this timing signal atan external port. This Frame timing signal iSphase coherent with the outgoing

hcterizethe performance of aslave clock, aseries oftests mustbe performed. Ingeneral, thetests fallint

ng

testing is to obtain a baseline performance measure for a slave clock. The model predicts that slav
conditions would likely produce a white noise PM phase instability. This white noise PM would b
all because it represents thelbest case performance of a slave clock (clearly less than 1 ps based o
putput requirements). ltneéds to be measured in the presence of realistic levels of network inputjitter t
jitter transfer.

O oD W W

e described, the maximum bandwidth ofthe measurementsis 1 Hz. Insome slave clock designs, therei
tween this 1 Hzeutoff and the 10 Hz cutoff associated withjitter. Itis important to evaluate the jitter in thi
Ch is to use-djitter test set externally referenced to the reference clock described in E.2.2. With a stabl

/2 7]

[

external reference| some jittertest sets can extend jitter measurement bandwidth down to 1 Hz.

E.3.2 Stress Tegting

This area of testing is critically important to adequately evaluate slave clocks. The difficulty in this test is selection of the
appropriate interruption events. For some slave clocks, any eventthat appears as a severely errored second will produce a
phase buildout event. In some slave clocks, any outage or spurious noise spikes will perturb a counter in the phase
detection, thereby producing a spurious phase hit which may or may not be phase built—out depending on its severity. On
the otherhand, slave clocks can be designedto observetheframing pulse positionto extractphase. Insuch slave clocks, an
interruption need not produce a phase build—out event unless there is an actual shift in the framing pulse position (for
example a protection switch event). These general observations demonstrate the difficulty in selecting interruption test
criteria. in additions, the nature of interruption events produced in networks is difficult to determine. As already mentioned,
the allowable magnitude of severe error burstsinthe networkis quite high. twould be unwarranted to assumethatactuallink
performance will be substantially better than 10 SES/day. Assuming 10 SES reflects a reasonable level to expect, the next
question is what fraction of these SES events will produce degradation effects. In the absence of data. it is reasonable to
assume a worse case scenario in which each interruption events produces a phase build—out event.
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Itis proposed thatone minimum stress test which needs to be performed is to simulate an SES event with a short outage on
the order of 100 ms at a rate of 10 SES per day in the presence of background input jitter. Typically an outage of this
magnitude will force aslave clockto attemptto phase build —outwithoutswitching references. Precautions needtobe taken
to prevent reference switching under this testing scenario. Other stress inputs need to also be considered in evaluating a
slave clock.

E.3.2.1 — Error Burst

An error burstin which the underlying timing waveform is not perturbed can be simulated. Under this condition, it would be
advantageous for a slave clock not to phase build—out. Such a test would gain in importance if it is determined that the
majority of error burst events are actually pure data errors with no perturbation in timing.

El3.2.2 — Phase Hit

Phase hits are produced by protection activity as well as from other slave clocks. Phase hits are interrption events that
would be expected to either force a phase build—out event or be inadvertently followed byithe slave clgck. In either case,
they will degrade a slave clock’s performance. This is an area for further study.

E|3.2.3 — Restart Events

upits currentstate, and defaulting backtoitsinitial conditions. The resultisatransienteventwhich can be significant. Restart
events need not happen during normal slave clock operation and thus would not likely be included in a deneral slave clock
tepting plan. However, it is important that this behavior be better understood and controlied.

RIstart eventsareaphenomenonassociated with certain slave clocks. Arestarteventis associated with }slave clockgiving

E|3.2.4 — Frequency Hit

hits is closely tied to the selection of the tracking bandwidth of a given slave clock PLL. The solution o the problem will

Itirimportantthat slave clocks notfollowreferences thatexhibitlarge frequency hits. Howevertheabilityt{)detectfrequency
dé¢pend on the degree to which the stability of various slave clocks in a network can be standardizedl.

E|3.3 Holdover Testing

Injholdover testing. the objective is to estimate the initial frequency offset and the drift of the slave clock model. The initial

frequency offset is dependent on thecaccuracy of the frequency estimate obtained in the control loop, and the frequency
sqtability ofthe local oscillator. tisimportant to test holdover from areasonable stress condition prior to holdover to capture
thle control loop’s capability .of obtaining an accurate frequency estimate.

Inldetermining the drift estimate, one critical factor for a quartz oscillator is that it typically takes observatipnintervals lasting
oVer days to obtain astatistically significant drift estimator. This is a hard reality that cannot be avoided. Injaddition, attention
must be placed, on.the temperature and power supply conditions maintained during the test.
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Annex F
(informative)

Signalling for management of synchronization

F.1 Presentation

©ISO/IEC

Strategy 3.1 consists of choosing the clock references, assigning configuration parameters, describing reactions ofanode
in case of failures and the definition of signalling information to be exchanged

F.1.1 Configuration-parameters

Two configuration
(1) Connection or

(2) Potential for a mode to become the master in a dual relationship at both ends of a transparent privaté \link.

The direction of the
progress; a reset g

Interworking with H
signallingbutusing
configuration of th

F.1.2 Reaction

Atthe end ofthe cor
which signalling in
Accordingto all the

F.1.3 Reference| clock switching and restoral

Clock switchingan
SDL diagrams.

F.2 Description

F.2.1 Initial states

At the end of the co
depend on the typ

In these states, no
The following tablg

srof the node

barameters have been identified :
ho connection to a public node.

clock enslavement depends on these parameters, they cannot be changed during the'state machin
f the node state machine is mandatory.

INXs without signalling is possible : these PINXs are said to send the normal value. A PINX withoy
strategy 1 or strategy 2 shall be considered as a public node. This shall be taken into accountduring th
adjacent nodes.

figuration phase, eachnode ofthe network has clock referencesand the information necessaryto knov
ormation it has to send.

 restoral shall comply with subclause 1.6.. Automatic switch back is permitted but not described in th

of the states

nfiguration phase, a node enters one of seven possible states : State 1 to State 7. Their defined state
e of link (public or private), and on the potential of the node to become the master.

les are enslaved through their main input p.
presents the configuration parameters of a node in each initial state of the state machines.

Table F.1 — Node configuration parameters

combinations of the configuration parameters, seven different states are identified : state 1 to state 7.

=3

(4

<

w

T

Potential to become Potential to become
link tvne behind-o master of the node. Lhnk twe-behind-s masterof-the node
I r . JE .
behind p behind s
State 1 public public
State 2 public private yes
State 3 public private no
State 4 private yes private yes
State 5 private yes private no
State 6 private yes private no
State 7 private yes private yes
i
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F.2.2 Slave states

After having lost p, when a node is enslaved through the secondary input s, it runs into a slave state.

Inthe slave states, events are taken into account according to the logical configuration parameters of the node. Three slave
states have been identified, they are called Slave 1, Slave 2, and Slave 3.

F.2.3 Autonomous state

After having lost p and s, a node is autonomous in a free running or hold over mode.

F.2.4 Wait states

lavement input (p or s) is not yet modified.

F.3 Description of the events

F.3.1 Failure of links

These events occur when the signal behind p or s is no more a valid clock source, They are called "pfails[’ or " sfails” inthe
state machine.

F.3.2 Signalling information

Info Comments

Hold on request The node sending that information shall become master if no better clock source is found in
the private network.

Yes Request ACK

Idle no change in the state machine is required

No Request NACK

Enslavement request Information-send by a node when it has lost its master and when it has n¢t the potential to
become the master.

Frge running A node’working with its own clock informs all the adjacent nodes with this signal.

De¢fault value The default signal which allows interworking with a PINX without signalling

F.3.3 Time out

Afme out shall be defined to avoid dead lock situations when anode does notreceive any answerto its signalling message.
THis time out shall'be set when the signalling message is sent, and shall be reset when the answer to the message is
received.At the‘end of the time out, the node shall enter a free running mode, and shall work with itsjown clock.

F.4-SDL representation of the state machine

The relevant exchanges are represented in the following state machine. Only the possible transitions are shown.

ifthe node, behind alinkis a public node or a private node without signalling the default valueis sent. This does notappearin
the state machine.

Furthermore, unless stated in the state machine, default signal shall be sent ("idle” during state 1to 7, slave and wait, and
"free running” in the autonomous state)
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