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Introduction

When synchronous digital signals are being transportqd over a
communications link, the receiving end must operate at the same average
frequency as the transmitting end to prevent loss-of informatjon. This is
referred to as link synchronization. When digital signals travers¢ a network
of digital communications links, switching’ nodes, multiplexers, and
transmission interfaces, the task of keeping all the entities operating at the
same average frequency is referred to-as network synchronizatjon.

The design of a PISN requires specification of the timing sgurces and

receivers for the synchronization network. Proper design r

timing loops in the synchfenization network be avoided. A

occurs when a clock is using as its reference frequency a signal
traceable to the output.of that clock. The formation of such a cl¢
loop leads to frequéncy instability and is not permitted. While it
straightforward, “to ensure against timing loops in th
synchronization reference network, care should be taken that ti
do not occur during failure or error conditions when vari
references are rearranged.

When a PISN
synchronization can be achieved by having all PISN equipn
timing from a single source.This source should be the highest g
available. Alternatively, if timing is derived from more than one ¢
or public clock traceable source, the network is said to bg
plesiochronously.

If a PISN is connected to the public network at one or more
private network designer can coordinate with the public network
derive class | clock, or public clock traceable timing from the p
network. More information is available in Annex A.
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Information technology — Telecommunications
information exchange between systems —

and

Synchronization methods and technical requirements

—for Private Integrated-Services Networks

Section 1 : General

1.1 Scope

This International Standard contains requirements necessaryforthe synchronization of PISNs. Timingwithina
network needs tobe controlied carefullyto ensure thatthe rate of occurrenceof slips between PINXs withinthe

public switched networks is sufficiently low not to affect unduly the perfermance of voice transmissions, or the

throughput (if errored data require re—transmission) of non—voice services.

igital private
ISN,andthe
accuracy or

Requirements are also based upon the interconnection of digital private telecommunication networks via digital facilities in

the public (switched or not) telecommunication networks.

This International Standard is one of a series of technical-standards on telecommunications networks. This

Standard with its companion standards fills a recognized need in the telecommunications industry brought
increasing use of digital equipment and facilities in private networks. It is useful to anyone engaged in the mg
digitalcustomerpremisesequipment (CPE)for private network applications, andtothose purchasing, operatin

digital CPE to digital facilities for Private Integrated Services Networks (PISN).

This International Standard establishes technical criteria necessary in the design of a synchronization pla
Compliance with these requirements Would be expected to result in a quality PISN synchronization desig

1.2 Definitions
For the purposes of this International Standard, the following definitions apply:

1.2.1 Accuracy

A measure of the.maximum departure from the nominal clock rate over a 24 h period, made anytime in the
clock, during a~defined period of time, within the declared environmental conditions. Frequency devi
constrainedo-the specific accuracy by clock operation in the free running or hold over modes, as define
1.2.2 Asynchronous signals

Signals having not the same nominal rate.

1.2.3 Clock free running mode

storage tec! aintain its accuracy.

1.2.4 Clock hold over mode

hniques to m

nternational
pbout by the
nufacture of

gorapplying

h for a PISN.
.

;retime ofthe

ion may be
i below.

d is not using

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
considered synonymous in this International Standard.

1.2.6 Jitter

slips shall be

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—¢ontroiied system that iocks a iocal ciock to an incoming reference clock in both frequency and phase.

1.2.11 Plesipchronous

The essential ¢hracteristic oftime —scales or signals such as their corresponding significantinstants occur at nominallythe
same rate, any variation in rate being constrained within specified iimits.

1.2.12 Primary Reference Clock

Equipment that provides a timing signal, with a long term accuracy equal or better than 1011,

1.2.13 Pull in range

Maximum frequency offset from its own clock, to which a given clock is able to synchronize:!
1.2.14 Refefence Clock

Timing signal used for synchronization, without any assumption on its accuracy.

1.2.15 Slave
The term "slaye” refers to the PINX receiving timing from another source.

1.2.16 Slip
Refer to contrplled slip

1.2.17 Split fiming

Anarrangementwhere equipmentemploys separatetransmitandreceive clocks onatransmission link havingno particular
relationship tg one another.

1.2.18 Synchronous
Qualifies signa]:s with corresponding significantinstants.occuring atthe same mean rate; thetime difference between these
homologous ipstants is generally limited.

1.2.19 Synchronization

The process gf adjusting the corresponding significant instants of signals so that a constant phase relationship exists
between them.

1.2.20 Timet-Interval Error (TIE)
Thevariationintime delay of agiventiming signal with respectto an ideal timing signal over a particular time period. Figure 1
illustrates the fefinition of TIE:

1.2.21 Timing loop
An unstable dondition in which two or more equipment clocks transfer timing to each other, forming a loop without a
designated mastep 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: Digital Signal Cross—connect
DTE: Data Terminal Equipment
ESF: Extended Super Frame
FM: Frequency Modulation
GPS: Global Positioning System
MTIE : Maximum Time Interval Error (see figurel)
MUX: Multiplexer
NCTE: Network Channel Terminating Equipment
NI: Network Interface
PISN : Private Integrated Services Network.
PINX: Private Integrated Services Network Exchiange (PABX, Key System, ...).
ppm : parts per million
PSTN : Public Switched Telecommunication Network
PLL: Phase Locked Loop
PRC: Primary Reference Clock
PM: Phase Modulation
SES: Severely Errored Second
SDH : Synchronous Digital\Hierarchy
TO: Basic Rate AcceSsito public ISDN
T1: 1,544 Mbits/s!Access to public ISDN
T2: 2,048 Mbits/s Access to public ISDN
TIE : Time.Intérval Error (see figurel)
Ul: UnitInterval (488 ns for T2 and C2, 648 ns for T1 and C1, 5208 ns for TO and CD)
UTC: Universal Coordinated Time
ATA Slope representing long
term frequency departure
Time delay _ -
with'respect to pZ
ideal reference / Public Switched Network
in seconds / - —
7 /N;LE ']E non transparent
s transparent ¢
Ve
» TIME Private Private Private
— S ——p N(ide N%de Nc;de

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 by forcing all equipment to use acommon reference clock. Inadigital PISN, when it
is not connected to the public digital network, network synchronization is achieved by having all equipments derive timing
from a single[source that should be the highest quality 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 timing reference to ensure that the highest quality timing source is used.

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

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

Table 1 — Impacts of a slip

Service Potential impact
Encrypted text Encryption key mustbe retransmitted
Video Freeze frame for several seconds

Noise burst~(”pop”) on audio

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

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

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

Voice Possible ”Click”

Inadditiontodlip
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);

—p| yase discontinuities due o 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 300 014[2] for T2 apd 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 parametgrs 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 jittexwithin the mask shown in figure 3 without producing bit
errors:

Peak to peak jitter and
A} Wander amplitude

05Ul f----

005Ul f----- <7\

r
) [}
[}
1

! » Jitter frequency [Hz]
5 50 2k
Figure 3 — Tolerable jitter and wander at PINX input for Basic Access

In order to save'power, when both B channels are idle, carriers may disable TO interfaces. Under these conditions, timing
informatioris 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 plesiochronou$ 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
_l
]
' L}
' L}
- ' r
! ' ' ] ]
[ ' ] ] '
v ! ' ] ] ]
[ ! [ ] [
02)]---+tceaooo . . [
[ 1] [ 1] L [ L]
o ] ] [] [ ' ]
[ ] ' L] . L (] L]
[ ] L} 1] L] L] [} L]
12 1(')—.6 0101 1.667 2‘0 é4k 1.8k 10;)1(: frequency [Hz]
"4,88.1073 ’ ’ ’
NOTE: Thjvalue of 36,9 UnitInterval (Ul) is the maximum relative wander between two orimore interfaces, except for plesiochronous
operation.
Figure 4 — Tolerable jitter and wander at PINX input for 2Mbits/s access
2.1.2 Jitter/Jand wander at the output

Wander accupulation within a private network needs to be controiled. Output jitter requirements of this subclause apply
when the inpdit jitter meets the requirements of 2.1.1.

2.1.2.1 CO Ind TO interfaces (144 kbits/s)

For further stgdy.

2.1.2.2 C1 3nd T1 interfaces (1,544-Mbits/s)
Transmit Signjal Jitter for T1 and non transparent C1 interfaces

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

simultaneous|

M
@

Band

Band 2

y :
0;5 Ul peak—to peak, and

4 0,07 Ul peak—to—peak.

Transmit Sign

al Wander for T 1 and nomn transparent CHimterfaces

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
fransparent CZ Interiaces

band 1 f € [4Hz — 100kHz] <1,6Ul

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

These values are only relevant for the interfaces, during maintenance and failure conditions, not forthe desigr of the clock
unit. :

2.1.4 Accuracy
Accuracy is defined in 1.3

Since class | clocks are intended to be used as master clocks in plesiochronous private networks, they only ogerate in free
running mode.

In order to conform with the strategies defined later (2.2.8), clocks shall comply with the following classes|:

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
Slave clocks withifaccuracy of class Il and Il shall comply with one of the following lock range classes :

classa >+1 ppm
class b >+50 ppm

The'following combinations of slave clocks are allowed : lla, lib, llib.

1.6 Pl Jiscontinuity of sl lock

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 Synchrpnization methods for PISNs

Operations influde both the provisioning and maintenance of the digital synchronization network. Provisionirng means

engineering
the configura
distribution.

2.2.1 High

(1) The publig
where a PINX
generators to

(2) Synchroni
equal perform

(3) Timing log

(4) Timing sol

appropriate configuration for the network and installing any particular equipment necessary te implement
on. Maintenance activities involve the detection of synchronization network failures and restoration of timing

evel concepts

network is always to be taken as the reference clock source when available and'in operational mode, except
contains a clock with characteristics in accordance with class I, which.needs not synchronize its clock
any input.

fation plans need to be hierarchical; timing is passed from betterperforming sources to clocks of lower or

ance.
ps need to be eliminated.

irces 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

(7) Non—tran
strategies de

2.2.2 Refer

Tominimizee

of timing references through CPE needs to be minimized.

parent C type interfaces are treated like T type interfaces from the synchronization point of view. The
cribed here concern only the cases where the private links are transparent.

ence Clock Switching Criteria

cessive switching ofthetiming reference and the accumulation of phase movements, aclock shall notinitiate

a switch of refgrence until the timingteference has become degraded. Reference switch over shall occur at or after, but not

before, any o

T0, CO

the following feference line degradations or events:

loss of incoming signal
loss of frame alignment (stable state)
link'not activated

T1,C1

T2, C2

T3,C3

Tossof signatfor 50 s

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.

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

loss of incoming
signal received AIS
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2.2.3 Reference Restoral

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 s 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).

2.2.4 Timing Reference Interfaces and Alarms

The digital facility or timing reference interface receiver shall provide timing, slip and misframe information|necessary to

S T YL SRR PPN F S PN PRpy I [ P O N 1Y imfmrmnatinn An whathar tha 8lincAnaicnd ranatitinn Ar

maintain the synchronization system. it is desirable to include information on whether the slipCaused ¢ repetition or
deletion of a frame. The lack of slip information will increase the probability of an undetected reference degradation
occurring.

2.2.5 Buffers

The input signal shall be buffered in the CPE. The buffer shall provide at least125 ps (one frame) of storage to allow for
controlled slips. In addition, the buffer shall provide a minimum of 18 us of hysteresis to absorb jitter, wander, and frame
timing differences between incoming signals and to decrease the pfebability of incurring back—to—bach slips.

2.2.6 Controls

Thedigital CPE synchronization system shall provide the capability of manually overriding automatic referende switch over.
This action may be required as part of a diagnostic procedure. A manual capability to disable the automatic switch over of
references because of excessive slip rate shall be'provided. This is required when only one digital link [provides slip
information and a potentially ambiguous situatiofis entered during fault conditions.

2.2.7 Slip performance objectives

The 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 :

Strategy 2

Strategy 3 :

10

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).

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.

the accuracy of the private node’s clock is class lIl. If more than one link to a class | clock source is
available, and the private node is capable of being synchronized by at least two inputs, with switch ovef
mechanisms between these inputs. the switch over can be

Strategy 3.1 — with exchange of information (see clause 3.3, and Annex A, B and C)

Strategy 3.2 — without exchange of information (for some network configurations only, seéAnnex D)

Accuracy
class I not class I
the node must be
Strategy 1 synchronized
class IT class ITI
Strategy 2 Strategy 3

Figure 5 — Synchronization strategies classification
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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);

— = accuracyinthe free running mode (class 1in 2 1 4);

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

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

3.2 Synchronization from one input

Strategy 2 in 2. 2.8 in part Il applies to a node having a clock in accuracy class Il and only-one input for syrjchronization
purposes. 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 whensynchronized, and performs in ¢lass |1 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 théfree running or in the hold over mods), and during
the reverse operation, the phase stability shall conform to 2.1.6:This is not depicted in figure 5 .During this time, the
node shall stay in performance category (b) for the slip rate (see Annex C).

Anodeworking with strategy 2 can be amaster foranode withétrategies 2and 3. It can be enslaved by a publignode, orbya
private node with strategy 1, or with strategy 2 or with strategy 3.1. Timing loops have to be avoided

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

+110°¢ —— — — —y-— — — — — — —— —— —— —— —— —— — | —
e A
‘ [ - t
to 151 19)
-110-6 H)— — — -_— 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 swi Y-

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’llduring
rearrangerent, 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 ¢f the node during the failure of the synchronizing link is described as follows:

A7 o 3

+6t0 5 H- ———fF¢- —/( —+ — — — — — Y
master 1 :
. -
master 2 (
—-6110-6 Fr— — — — | — —|\— — — ==& S
switch over

the master 1 clock disappears\* the node is synchronized by the master 2

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

At ty :the primz
over mode.

From tg to t; :thenodeexchangeésinformationwithitsneighborsinordertotakethe bestdecision. This period oftime, called
"waiting” in the figure 7 has'a duration in the order of seconds.

At t; :the nodg has decided to switch to the secondary master clock signal.
From t4 to t, :the-node synchronizes its clock to the second master clock signal.

ry master clockis notongervalid (seesubclause2.2.2) andthe node entersinto the clock free runningorhold

e-must-sta n-the-nedormance-categon—(b)and—must-conform-to-2.1-.6

From tg to t, :the-R
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)

tothen provide timing referencesto all other private digital network locations over interconnecting facilities(s¢
The second is for the private digital network to accept a reference clock at each interface (see figure A.2}.

In method one (figure A.1), the private network owner has control of the synchronization of his network, i.e
providingclockreferencestolocations2,3,4and5. Fromanadministrative viewpoint, thislooks good since th

set of references between the public and the private digital network.
Public Node Public'Node Public No

Synchronization

LOC1 LOC2 LOC3 LOC4 LOCS

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

c
However, fromatechnicaland maintenance viewpoint, therearelimitations. Forexample, aloss ofthe referenc£

| would cause all private digital network locations to slip against the public network(s). This creates a trouble
difficult to detect. Trouble reports may.lbe generated at any office and maintenance forces may spend tim

efigure A.1).

, location 1 is
preisonlyone

9

9

rrier

satLocation
thatis at best
looking for a

trouble thatmay be in another office{state or company. Anotherweaknessis the existence of multiple clocks apdtiming links
inthe private digital network timing chain. This daisy chain type oftiming hastwo inherentweakness. One, the probability for
failure is increased because ofthe additional links and clocks. Second, each clock and facility has the capahility of adding

jitter and wander, e.g., a signal transmitted from location 5 may not meet the interface requirements for ji
Synchronous facilities-of the future may cause other difficulties.

Inthe second methody(figure A.2), primary reference clocks are provided to the private digital network at each
the public netwark; In this arrangement, the loss of a primary reference would cause a minimum of troubles. F

er or wander.

interface with
orexample, a

loss of referefice to Location 1 would cause slips only between Office A and Location 1, and between Locations 1 and 2.

Additionally;, the slips against the public network would occur at the same interface as the source of the trg

uble, making

troublelocation and subsequentrepairs easier. The timing path(s) are shorter than method 1, thereby increaging reliability

andreducing the level of jitter or wander.

m Public Node Public Node Public Node Public No

LOC2

LOC3

LOC4

LOC

Private Network)

5

Figure A.2 — Private Digital Network Synchronization Reference at Each Interface with a carrier
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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 terminatipn of a link (input) is given a coefficient which represents the minimum number of links between that
termination angl the public network or the master node.

The coefficient|of the link cUrrespo".ds to the coefficient of the node plus 1 unit ; however, the value of the cogfficient’s
increment may be weighted (i.e.one unit or more) depending upon reliability or quality criteria of the links or nodes.

Choice of p (pfimary source)
The choice of l

is then made by taking the input to the node with the lowest coefficient.

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

Choice of s (sgcondary source)

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

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

Thefollowingfigure gives an example of the principle. To notcomplicate the figure, the case where severallinks are provided
between two npdes is not represented.

2 352 4
sApD 2]
: N "
3
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

in figure A.4 (b). The alternative being the use of signalling exchanges.

PRIMARY PRIMARY PRIMARY PRIMARY
REFERENCE REFERENCE REFERENCES REFERENCE
P1 P3 L P1] S1 P3
Y \ \ \ 4 \
S1
CLOCK 1 CLOCK 2 CLOCK 3 CLOCKA1 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 Configuratior]

Figure A.4 — Avoidance of Timing Loops

15
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Annex B
(informative)

Synchronization configurations

B.1 Master Slave configurations (synchronization)

In the master i fons;
master—slave configuration:

MASTER ) 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 ormorg nodes are connected together, the master—slave configuration‘can 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 PINXs are connected to-another one, the configuration may be a multiple master configuration :

MASTER MASTER MASTER
PINX A PINXB | oo PINX N
X N \direction of possible g Z
™ . synchronization / =
. Z

SLAVE

Figure B.3 — Multiple Master — Slave Configuration
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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 |
(1) asynchronously otherwise

. u] . PINX B
X (]
-t -3 clock {

EE]“ - - 0 )

Fi
PTNX A = clock’ |- { -

MASTER MASTER

Figure B.4 —~ Master — Master Configuration
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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:

(CITT Performance Mean slip rate Proportion of time
Category 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 < 01%

NOTE - Total time greater than 1 year.

C.2 Allocati¢n of the controlled slips
CCITT Recominendation G.822 [1] proposes the following allocation for the variousportions of the Hypothetical Reference

Connection:

Table C.2 — Allocation of the controlled slips

Part of the total time (NOTE)

section

NOTE - (b) and (c) refer to performance categories from table C.1

Section Allocation of the objectives ©

international 8,0 % 008% 0,008 %
haon! 6,0% 006% 0,006 %
local 40,0 % 04%  004%

No allowance Has beenmade by CCITT for private networks. For the slip performances ofa PISN, an additional allocation of
40% is used a$ an objectivé for each private network.

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

NOTE : Total time greater than 1 year .

18

Performance . Proportion of time
Category Mean slip rate (;;;‘Té‘;E)
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

—let 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: Uy = r x 0,004

Public node providing Clock

Figure C.1 — Unavailability — Serial configuration

Public link

(T or non
transparent C)

C.3.2 Unavailability of the clock with n links, seen from one node

letus call: nthe number of links used for synchronization.purpose in one node;
\; the failure rate of the link i;
1; the time to repair the link i;

Assuming strictly independent links, the proportion:of time during which the n links are broken is given by :

Public ISDN nodes

Up II A.7

i=1

Figure C.2 — Unavailability — Parallel configuration

—withA;.t; ='0,5%, the proportion oftime during which several links ofanode are broken atthe sametime is giv

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

Private link /" Private link /]
(transparent C)\ '

eninthetable

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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C.4 Nodal solutions

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

Table C.5 — Options for the strategies of synchronization

Before failure Primary Failure (Fp) Secondary Failure (Fs) Options
a) Option1 (2)
a) bh) ﬂpﬁnn 4 ('))
c) Option 3
performarnce a) b) Option2 (3
categorieq b) ption 3)
c) Option5 (3)
c) c) not compliant
Calculated
Proportion of time N = (100 — Fp — Fg) Fp=qx04% (1) Fs = pix pj x 0,004%

NOTES
1 q = Max (p;);pi and p;j are the numbers of links for the two broken paths.

2 these options are better than the requirements.
3 may have some problems after the first failure.
4 referring to table C.3, Fp must be less than 0,4% and Fg must be less than 0,04%

Table C.6 — The options and the objectives

Proportion of time in per- {Proportion of titne'in per-| Proportion of time in
Option formance category a) formance category b) | performance category c)
Objective : >= 99,56% Objectivé~: < 0,4% Objective : < 0,04%
Option 1 100% 0% 0%
Option 2 (100 — Fp — Fs) %(NOTE) (Fp + Fs) % Note 0%
Option 3 (100 - Fs) % 0% S
Option 4 (100 —(Fgy% Fs % 0%
Option 5 (100 -CFp™= Fs) % Note 0% (Fp + Fs) %

NOTE : these-areas are outside the objectives.

It has to be noticed that the percentage allowed does not fit very well with our calculation of failure’s probability:
— thefirs}failure.occurs with a higher probability than the value allowed (unavailability g x 0,4% and requirement 0,4%);
— the sefond\failure’s probability is lower than the value allowed.

Therefore th 3 2
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
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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
ic-onh-paasibled - nath i DN _and some.information (\via 'ingbetween

nodes) on the actual quality of these routes.
This option, with at least 3 entries for synchronization is necessary for only 0,00004% of the failures:
C.5.2 Option2:a) — b) — b)

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

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

C.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 entefs performance category c).

To operate in performance category c), a clock with accuracyiclass lll is enough.

C.5.4 Option4:a) — a) — b)

Firstimplementation : after the first failure, the nodefinds an alternate path to a primary reference clock. Inforrpation about
the quality of the alternate path is needed. After the'second failure, the node stays in performance category b), which is not
required.

Secondimplementation : the operator canguarantee thatthe proportion oftime for onefailure is lessthan 0,04p6. It does not
seem to be the case anywhere in Europe.

NOTE : this option is significantly, better than the requirements.

C.5.5 Option5:a) —b) — ¢)
The only possible scenario 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;

—when 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 catggory b): this
specific'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
3.1 3.2
1 yes yes() | yes(D) | no(2)
1 2 yes yes (1) yes (1) no (2)
3 yes yes yes (1) no (2)

’ 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 | clocks'it is not a recommended solution.

Strategy 2 canalso be used forthe 3 nodes, and can be recommendédfor the nodes 1 and 2, but may be excessive
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) no
3 yes yes (1) yes (1) no
4 yes yes (1) yes (1) no
5 yes yes yes yes (1)
@ 6 yes yes yes (1) no
7 yes yes yes (1) yes
\7/ \?/ 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
NOTES | y )’eS yes yes (1) no (2)
1 (1) shows recommended solutions. y y yes 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.

S
|

<

Node | Strategy 1| Strategy 2| Str3.1 | Str3.2

reo— ety T g0
yes yes (1) yes (1) o
yes yes yes (1))| no (2)
yes

S W N e

NOTES
1 (1) shows recommended solutions.
2 Except if the appropriate masters use strategy 1 or trategy 2.

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 orjthe opposite
side) can work plesiochronously.

Butthe split of the islands can be different. Itis the responsibility of the designer of the private network to neggtiate with the
appropriate public network operators.

D.4 Example with a transit node

This example describes the situation where transit functions are provided and the PINX clock may not be |ocked to the
connected PINX's clock. Twolinks are slippingindependently. In effect, PINX 2inthis example needs to have a ¢lock twice as
accurate as those performing end only functions.

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

Take the case where a call is made from node 1 via node 2 to node 3
to access the public network. In the case where the nodle 2 is free
running, bothlinks 1 —2and2-3slip. Sincenodes 1 and 3jarelocked
tothe same source, both slip atthe same rate. To achieve petterthan

30sslips per hour overall, there must be no more than 15 ger houron
2 each link. To meet this the clock must have an accuracy 0f 0.5.10~6.
If in a large network, a single call path could encqunter two

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

@ If these cases are rare, and result for instance from mote 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 in the network s 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
payload from & remote node. If relative time variations are constrained properly, buffer slips will be kept at an acceptablée
level.

Slave clocks gan be viewed as providing two basic functions:
(1)Receive fr
(2)in the absefce of reference, attempt to maintain good time keeping with respect to the master clock.

the incoming reference a good estimate of the original master node timing:

Thefirstfunctipnrequires thataslave clockattempttoreproducethe originalmaster nodetimingfromanimpaired reference
signal. Slave glocks inherently function as low pass timing filters. The short—term slave clock can‘be viewed as the
superposition|of the short—term stability of the local oscillator on the long term timing of the master clock.

In addition, slgve clocks need to bridge shortinterruptions in the incoming reference. Synchronization reference is carried
via digital trangport facilities. It is normal to expect some level ofimpairment on these facilities. Slave clock performance is
adversely affected when the reference—carrying facilities experience disruptions. These disruptions need not be major
outage eventsito adversely affectslave clock performance. Forexample, whenaslaveclock sees anerror burstcondition on
the incoming feference line, it may consider the phase data extracted from thelline as suspect. The slave clock could
suspend updating the control loop during the suspect interval. After the suspectinterval is over, the slave clock typically
performs aprqcess termed phase build—out. This process attempts to restotéthe phase errorinthe loop in such away that
no residual eryor results from the disruption. However, there is inevitablysome small residual error.

In reality, referpnce performance can include a significant number of disruption events. Error burst events such as Severely
Errored Secomds (SES) are known to occur on links in the order of\10 to 100 events per day. Given that slave clocks in the
network are aflversely affected by some of these disruption.events, it is wrong to assume that a slave clock is normally
operating in phase lock with the incoming timing reference. In fact, slave clocks in the network are constantly degraded to
some extend py the disruptions that typically occur onreference carrying facilities.

During long olitages, a slave clock attempts to maintair'its time keeping performance. For class lll clocks, the oscillator is
permitted to rapidly returnto a free running condition. Class Il clocks are required to have a holdover capability. Generally,
the behavior df the crystal oscillator can be ledrned, and a predictor can be applied to compensate for predictable behavior
such as drift. I practice, predictionis nottypically used, and holdover is achieved using an estimate of the slave oscillator's
frequency off$et compared to the incoming reference to compensate for the initial offset.

The slave clo¢k model is best understood by considering three categories of slave clock operation:
(1) ideal operption;

(2) stressed gperation;,

(3) holdover ¢peration:

E.1.1 Ideal(Operation

operation, the slave clock experiences no mterruptlons ofthe inputtiming reference Undersuch 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

—buitd=out, there car be various tevets of Tesiduat-phase error which-occur for eac interruption. There]is a random

component which is independent from one interruption event to the next which results in a random watk'in
white noise FM noise source.

In addition to the white noise FM component, interruption events can actually resultin a frequency offset betwf

clockandits reference. This frequency offset results from abiasin the phase build—outwhen réferenceis rest
critical point. The implication of this effectis that, in actual network environments, there is some accumulation
offset through a chain of slave clocks. Thus, slave clocks controlled by the same primary reference cloch
operating plesiochronously to some degree.

E.1.3 Holdover Operation

This category of operation accounts for the infrequent times when a slave-Clock loses reference for a signifig
time. Assumethataninterruption ofreference exceeding 10secondsindurationwould markthe onsetofa hold
holdover, the key components of the slave clock model are the frequency drift and the initial frequency offset.
accounts for the environmental effects (e.g. temperature and power supply voltage), and aging associate
oscillators. The initial frequency offset is associated with the intrinsic settability of the local oscillator frequ

phase;i.e.,a

entheslave
red.Thisisa
offrequency
are actually

ant period of
overevent.In
The driftterm
d with quartz
ency.

The measurement methodology proposedinthis annexis structured to take into accountthe behavior of slav

clocksinreal

networkenvironments. This annexpresents amodelfor characterizing actual slave clock performance. Akey element ofthis
model is that it reflects the stress conditions in real-networks under which slave clocks would be expectdd to perform
acceptably. This annexalso presents a standard methodology for measuring slave clock performance. The measurement
strategy is to be able to derive the values ofithe 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 procedure is to be able to estimate the parameters in the slave clock testing arrangenpentis shown
in figure E.1. The components and their interconnections are described next.

PRIMARY SIGNAL T DEVICE
SIMULATOR & UNDER
ANALYZER T NTTER | T .| TEST
GENERATOR >
& RECEIVER
NOISE SOURCE  (FILTER)

[ —

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.

25


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

ISO/IEC 11573:1994(E) © ISO/IEC

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 interruptign. ted.

Thejitter genefation unitis provided with an externaljitter modulationinput. Thejitter signal used is band limited white noise,
The main reaspn for low pass filtering thejitter is to avoid producing bit errors from high frequency alignment jitter. The jitter
power needs o be setto reflect the inputjitter levels defined in 2.1.1. Itisimportant that sinusoidal jitter be avoided'as a test
jitter input, because it is not representative of actual network conditions.

E.2.3 Outp

Totestaslave
from the slave]
signalis conn
functionis de
inputsignal arj
timing from tH

E.3 Testca

Toadequatelyf
the three catg

E.3.1 ldeal

The purpose
clocks under
expected to b
currentrelativ
assure accep

Inthetestproq
significantno
band. One ap|

t Timing Signal Recovery

clock, reference input is provided from the output of the jitter generator. To recoverthe output timing signal
clock, an outgoing digital signal is selected from the unit controlled by the slave clock'under test This digital
bcted to the receive portion of the Primary Rate Signal Simulator and Analyzer. In this unit, the receiver timing
toupled from the transmit timing used in the generator. The receiver extracts'aframe timing signal from the
d provides thistiming signal atan external port. This Frame timing signalis phase coherent with the outgoing
e slave clock under test.

tegories

characterize the performance of aslave clock, aseries oftests mustbe performed. In general, thetestsfallinto
gories of operation described hereafter.

Testing

bf this testing is to obtain a baseline perforrnance measure for a slave clock. The model predicts that slave
ideal conditions would likely produce a“white noise PM phase instability. This white noise PM would be
e small because it represents the-best case performance of a slave clock (clearly less than 1 us based on
e TIE output requirements). It néeds to be measured in the presence of realistic levels of network inputjitter to
fable jitter transfer.

eduredescribed, the maXimum bandwidth ofthe measurementsis 1 Hz. Insome slave clock designs, thereis
se between this 1 Hzcutoff and the 10 Hz cutoff associated withjitter. Itis important to evaluate the jitter in this
proach is to use-ajitter test set externally referenced to the reference clock described in E.2.2. With a stable

external reference, some jitter test sets can extend jitter measurement bandwidth down to 1 Hz.

E.3.2 Stre

Testing

This area of tgsting is critically important to adequately evaluate slave clocks. The difficulty in this test is selection of the
appropriate inferruption events. For some slave CIOCKS, any event that appears as a severely errored second willproduce 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 burstinwhich the underlylng tlmmg waveform isnot perturbed canbe snmulated Underthls condition, itwould be

ma;onty of error burst events are actually pure data errors wuth no perturbatlon in timing.

E.3.2.2 — Phase Hit

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

E.3.2.3 — Restart Events

Restartevents area phenomenonassociated with certainslave clocks. Arestarteventis associated with aslave clock giving
upits currentstate, and defaultingbacktoitsinitial conditions. The resultis atransienteventwhich can be signifjcant. Restart
events need not happen during normal slave clock operation and thuswould not likely be included in a general slave clock
testing plan. However, it is important that this behavior be better understood and controlled.

E.3.2.4 - Frequency Hit

ltisimportantthatslave clocks notfollow references thatexhibitlarge frequency hits. Howeverthe ability to dete¢ct frequency
hits is closely tied to the selection of the tracking bandwidth of a given slave clock PLL. The solution to thel problem will
depend on the degree to which the stability of various slave clocks in a network can be standardized.

E.3.3 Holdover Testing

In holdover 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 the.accuracy of the frequency estimate obtained in the control loop, and the frequency
setability ofthe local oscillator, Itis important to test holdover from areasonable stress condition prior to holdoyer to capture
the control loop’s capability of obtaining an accurate frequency estimate.

In determining the drift estimate, one critical factor for a quartz oscillator is that it typically takes observation intervals lasting
over days to obtain astatistically significant drift estimator. This is a hard reality that cannot be avoided. In addition, 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

ation

Strategy 3.1 consists of choosing the clock references, assigning configuration parameters, describing reactions ofanode

in case of fail

F.1.1 Confi

Two configur
(1) Connectig

uration parameters

tion parameters have been identified :
n or no connection to a public node.

(2) Potential fpr a node to become the master in a dual relationship at both ends of a transparent private.link.

The direction
progress; a r¢

Interworking |
signallingbut
configuration

F.1.2 React

Attheendofth
which signalli

bf the clock enslavement depends on these parameters, they cannot be changed during the state machine
set of the node state machine is mandatory.

vith PINXs without signalling is possible : these PINXs are said to send the normal value. A PINX without
ising strategy 1 or strategy 2 shall be considered as a public node. This shall be taken into account during the
of the adjacent nodes.

ons of the node

e configuration phase, eachnode ofthe network has clock references and the information necessaryto know
g information it has to send.

Accordingto

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

|
F1.3 Referlnce clock switching and restoral

Clock switchin]

SDL diagramg.

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

F.2 Descri
F.2.1 Initi

Atthe end of t
depend on th
In these state

The following

ion of the states

a‘ITstates

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

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

Table F.1 — Node configuration parameters

Potential to become Potential to become
link type behind p | master of the node | link type behinds | master of the node
behind p behind s
Statet yub:;u pu‘O};\,
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
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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

In the wait states, a node is waiting for an answer or an acknowledge from the other node (signalling exghange). The

enslavement 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 sourcel They are called "pfails” or "|s fails” 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 sourge 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 not the potential to
become the master.

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

Default value The default signal which allows interworking with a PINX without signalling

F.3.3 Time out

Atime out shall bedefined 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 thg message is

received.Atdhe énd of the time out, the node shall enter a free running mode, and shall work with its own|clock.

F.4.SDL representation of the state machine

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

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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