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ISO/IEC 11573: 1994(E) 0 lSO/lEC 

Foreword 

ISO (the International Organization for Standardization) and IEC (the 
International Electrotechnical Commission) form the specialized 
System for worldwide standardization. National bodies that are 
members of ISO or IEC participate in the development of International 
Standards through technical committees established by the 
respective organization to deal with particular fields of technical 
activity. ISO and IEC technical committees collaborate in fields of 
mutual interest. Other international organizations, governmental and 
non-governmental, in liaison with ISO and IEC, also take part in the 
work. 

In the field of information technology, ISO and IEC have established a 
joint technical committee, lSO/IEC JTC 1. Draft International 
Standards adopted by the joint technical committee are circulated to 
national bodies for voting. Publication as an International Standard 
requires approval by at least 75 % of the national bodies casting a 
vote. 

International Standard lSO/IEC 11573 was prepared by Joint Technical 
Committee lSO/IEC JTC 1, Information technology, Subcommittee 
SC 6, Telecommunications and information exchange between 
Systems. 

During the preparation of this International Standard, information was 
gathered on Patents upon which application of the Standard might 
depend. Relevant Patents were identified as belonging to ALCATEL 
Business Systems. However, ISO and IEC cannot give authoritative or 
comprehensive information about evidente, validity or scope of 
patent and Iike rights. The patent-holder has stated that licences will 
be granted under reasonable terms and conditions and com- 
munications on this subject should be addressed to 

ALCATEL Business Systems 
Business Products Division 
54, avenue Jean Jaures 
92707 Colombes Cedex 
France 
Tel. : (1) 47.85.55.55 
Telex: 615.531 F 
Telefax: (1) 47.85.54.20 
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0 ISO/IEC ISO/IEC 11573:1994(E) 

Introduction 

When synchronous digital Signals are being transported over a 
communications link, the receiving end must operate at the same average 
frequency as the transmitting end to prevent loss of information. This is 
referred to as link synchronization. When digital Signals traverse 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 synchronization. 

The design of a PISN requires specification of the timing sources and 
receivers for the synchronization network. Proper design requires that 
timing loops in the synchronization network be avoided. A timing loop 
occurs when a clock is using as its reference frequency a Signal that is itself 
traceable to the output of that clock. The formation of such a closed timing 
loop leads to frequency instability and is not permitted. While it is relatively 
straightforward to ensure against timing loops in the primary 
synchronization reference network, care should be taken that timing loops 
do not occur during failure or error conditions when various timing 
references are rearranged. 

When a PISN is not connected to the public digital network, 
synchronization tan be achieved by having all PISN equipment derive 
timing from a Single source.This Source should be the highest quality clock 
available. Alternatively, if timing is derived from more than one class I clock, 
or public clock traceable Source, the network is said to be operating 
plesiochronously. 

If a PISN is connected to the public network at one or more nodes, the 
private network designer tan coordinate with the public network provider to 
derive class I clock, or public clock traceable timing from the public digital 
network. More information is available in Annex A. 
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INTERNATIONAL STANDARD @ lSO/IEC ISO/IEC 11573: 1994(E) 

Information technology - Telecommunications and 
information exchange between Systems - 
Synchronization methods and technical requirements 
for Private Integrated Services Networks 

Section 1 : General 

1 .l Scope 

This International Standard contains requirements necessaryforthesynchronization of PISNs. Timing within adigital private 
network needs to becontrolled carefullyto ensure that the rateof occurrence of Slips between PINXs within the PISN,and the 
public switched networks is sufficiently low not to affect unduly the Performance of voice transmissions, or the accuracy or 
throughput (if errored data require re-transmission) of non-voice Services. 

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 International 
Standard with its companion Standards fills a recognized need in the telecommunications industry brought about by the 
increasing use of digital equipment and facilities in private networks. lt is useful to anyone engaged in the manufacture of 
digitalcustomerpremisesequipment(CPE)forprivatenetworkapplications,andtothosepurchasing,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. 
Compliance with these requirements would be expected to result in a quality PISN synchronization design. 

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 lifetime of the 
clock, during a defined period of time, within the declared environmental conditions. Frequency deviation may be 
constrained to the specific accuracy by clock Operation in the free running or hold over modes, as defined below. 

1.2.2 Asynchronous Signals 

Signals having not the same nominal rate. 

1.2.3 Glock 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 Glock 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 Controlled Slip 
lt consists of the repetition or deletion of an integer number of octets caused by the elastic buffer mechanism used atthe 
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 Jltter 
Short-term non-cumulative variations of the significant instants of a digital Signal from their ideal positions in time. 

1 
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lSO/IEC 11573: 1994(E) o ISO/IEC 

1.2.7 Lack 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 lnterval 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-controlled System that locks a local clock to an incoming reference clock in both frequency and Phase. 

1.2.11 Plesiochronous 

The essential chracteristic of time-scales or Signals such as their corresponding significant instants occur at nominally the 
same rate, any Variation in rate being constrained within specified limits. 

1.2.12 Primary Reference Glock 

Equipment that provides a timing Signal, with a long term accuracy equal or better than t 1 O-1'. 

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 Reference Glock 

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

1.2.15 Slave 

The term “Slave” refers to the PINX receiving timing from another Source. 

1.2.16 Slip 

Refer to controlled Slip 

1.2.17 Split Timing 

An arrangement where equipment employsseparate transmit and receiveclockson atransmission link having no particular 
relationship to one another. 

1.2.18 Synchronous 

Qualifies Signals with corresponding significant instants occuring at the same mean rate; the time differente betweenthese 
homologous instants is generally limited. 

1.2.19 Synchronization 

The process of adjusting the corresponding significant instants of Signals so that a constant Phase relationship exists 
between them. 

1.2.20 Time-lnterval Error (TIE) 

Thevariation in timedelayof agiven timing Signal with respectto an ideal timing Signal over aparticulartime period. Figure 1 
illustrates the definition of TIE. 

1.2.21 Timing loop 

An unstable condition in which two or more equipment clocks transfer timing to each other, forming a loop without a 
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 

Alinkorgroupoflinksistransparentifthesignalcarriedisnotre-timedfromaclockassociatedwiththelink(s).Thetimingof 
asignal passing across atransparent link may however be altered due to jitter, wander, filtering, orfault 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 intime. Long-term implies 
that these variations are of low frequency. 
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o ISO/IEC ISO/IEC 11573:1994( E) 

1.3 Abbreviations and acronyms 

AIS: 
BITS : 
CCITT : 
CPE : 
CO: 
Cl : 
c2 : 
c3 : 
DCS : 
DSX : 
DTE : 
ESF : 
FM: 
GPS : 
MTIE : 
MUX : 
NCTE : 
NI : 
PISN : 
PINX : 
PPm = 
PSTN : 
PLL : 
PRC : 
PM: 
SES : 
SDH : 

’ TO: 
Tl : 
T2: 
TIE : 
UI : 
UTC : 

Alarm Indication Signal 
Building Integrated Timing Supply 
International Telegraph and Telephone Consultative Committee 
Customer Premises Equipment 
Basic Rate transparent or non transparent links 
1,544 Mbits/s transparent or non transparent links 
2,048 Mbits/s transparent or non transparent links 
Non ISDN transparent or non transparent links 
Digital Cross-connect System 
Digital Signal Cross - connect 
Data Terminal Equipment 
Extended Super Frame 
Frequency Modulation 
Global Positioning System 
Maximum Time Interval Error (see figurel) 
Multiplexer 
Network Channel Terminating Equipment 
Network Interface 
Private Integrated Services Network. 
Private Integrated Services Network Exchange (PABX, Key System, . ..). 
Parts per million 
Public Switched Telecommunication Network 
Phase Locked Loop 
Primary Reference Glock 
Phase Modulation 
Severely Errored Second 
Synchronous Digital Hierarchy 
Basic Rate Access to public ISDN 
1,544 Mbits/s Access to public ISDN 
2,048 Mbits/s Access to public ISDN 
Time Interval Error (see figurel) 
Unit Interval(488 ns for T2 and C2,648 ns for Tl and Cl, 5208 ns for TO and CO) 
Universal Coordinated Time 

AT A 
Time delay 

with respect to 
ideal reference 

in seconds 

Slope representing long 
te& freqüency departure 

/ 

t---s--+ 
Observation period 

Figure 1 - Time Interval Error (TIE) 

TIME 

Public Switched Network 

Figure 2 - Links definition 
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Service 

Encrypted text 

Video 

Table 1 - Impacts sf a Slip 
_--------~ 

Potential impact 

Encryption key must be retransmitted 

Digital data 

Facsimile 

Voice Band Data 

Connection establishment may be not successful 
Deletion of 4-8 scan lines or lost of throughput, 

Voice Possible “Click” 

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. 

When digitalsignalstraverseanetworkof digital links, switching nodes, multiplexersand transmission interfaces, thetaskof 
keeping all the entities operating at the same average frequency is referred to as synchronization. If the distant transmitter 
sends ata bit rate higher than the switching System clock, the receive buffer in the switching System eventuallywill 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. Ether occurrence is called a controlled Slip. 

In adigital PISN, Slips tan be prevented byforcing all equipment to use acommon reference clock. In adigital 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 of a PISN requires specification of the timing sources and receivers to achieve synchronization. Proper design 
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 of Service being provided. 
Some examples of the effects of which are summarized in the following table. 

Inadditiontoslips,synchronization-relatedimpairmentscaused bytransmissioneffectsonequipmentsuchaserrorbursts 
and Phase discontinuity, tan also have an impact on customer Service. These degradations tan propagate and multiply 
through the network. 

All of the degradations described above tan be controlled by appropriate synchronization strategies and clock designs, as 
described in later clauses. 
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o ISO/IEC ISO/IEC 11573:1994(E) 

Section 2 : Technical requirements, Synchronization methods 

2.1 Technical requirements 

The Phase stability of a Slave clock tan be described by: 

-its lang-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 CO and TO, from ETS 300 Oll [2] for T2 and C2 and from 
EIA/TIA-594 [8] for Cl and Tl. 

2 -It has been found necessary to limit the wander value for the TO and CO interfaces. The need for the additional Parameters for accuracy 
and leck 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 intetfaces (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: 

0,5 Ul 

0,05 Ul 

Peak to peak jitter and 
I Wander amplitude 

I 1 I 
I I I 
I I I I . 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 
information is not available. Synchronization shall be derived from interfaces which are continuously available. 

NOTE : The maximum relative wander between two OP more interfaces is limited to 4 Ul (except for plesiochronous Operation). 

2.1 .1.2 Cl and Tl 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 [IOHz-40kHz]: 5,0 Ul, peak-to peak, and 

(2) Band 2 [8 kHz - 40 kHz] : 0,l Ul, peak-to-peak. 

For Tl and non transparent Cl interfaces, the equipment shall operate with wander of the received Signal of up to 28 Ul (18 
ps) peak-to-peak over any 24h period and up to 23 Ul (15 ps) peak-to-peak in any 1 h interval. 

Wander requirements for transparent Cl 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 

36,9 Ul 
18 

13 

t 1 1 1 1 1 1 1 & 12.10-6 

4,88.10-3 

0,Ol 1,667 20 2,4k 18k 1OOk frequency 

NOTE : The value of 36,9 Unit Interval (Ul) is the maximum relative wander between two or more intetfaces, except for plesiochronous 
Operation. 

Figure 4 - Tolerable jltter 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 apply 
when the input jitter meets the requirements of 2.1 .l . 

2.1.2.1 CO and TO interfaces (144 kbits/s) 

For further study. 

2.1.2.2 Cl and Tl interfaces (1,544 Mbits/s) 

Transmit Signal Jitter for Tl and non transparent Cl interfaces 

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

(1) 
(2) 

Band 1 

Band 2 

0,5 Ul peak-to peak, and 

0,07 Ul peak-to-peak. 

Transmit Signal Wander for Tl and non transparent Cl intetfaces 

The wander in the 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 f@ peak-to- peak in any 24h period, nor exceed 23 Ul (15 
ps) peak-to- peak in any 1 h intetval under operating conditions defined as having class I clock, or public clock traceability 
over facilities with typical short-term impairments that do not include events that result in Phase transients. 

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

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

T2, one interface 
band 1 f E [ 20Hz - IOOkHz] < 1,l Ul 
band 2 f E [400Hz - IOOkHz] < 0,ll Ul 

T2, multiple interfaces and non transparent C2 interfaces 
band 1 f E [ 4Hz - IOOkHz] < 1,l Ul 
band 2 f E [40Hz - IOOkHz] < 0,ll Ul 

transparent C2 interfaces 
band 1 f E [ 4Hz - IOOkHz] 
band 2 f E [40Hz - IOOkHz] 

< 1,6 Ul 
< 0,l Ul 

2.1.3 Frequency deviation at the input 

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

TO 
Tl 
T2 

t100 ppm 
k32 ppm 
250 ppm 

values are only These 
unit. 

relevant for the interfaces, during maintenance and 

2.1.4 Accuracy 

Accuracy is defined in 1.3 

Since class I clocks 
running mode. 

are intended to be used as master 

failure conditions, 

in plesiochronous 

not for the of the clock 

networks, they only operate 

In Order to conform with the strategies defined Iater (2.2.8), clocks shall comply with the following classes : 

class I <17,1 o--l0 
class II <-Cl ,IO-6 
class Ill <+50,1 o-6 

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

2.1.5 Lack range 

Slave clocks within accuracy of class II and Ill shall comply with one of the following leck range classes : 

class a 
class b 

>tl ppm 
> 250 ppm 

The following combinations of Slave clocks are allowed : Ila, Ilb, Illb. 

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 2 l1 Ul must not exceed 1/8 of a Ul; 

-for periods greaterthan 2 l1 Ul thephasevariationforeachintervalof211 Ul mustnotexceed 1/8UIuptoatotalamountofl ps, , 

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 
equivalent to 61 ppm frequency offset. Such transients shall be isolated in 

of up to 1 j.~s with am aximu m rate of Change 
time. 

Additionally, accommodation needs to be made for SDH (SQNET) virtual tributary (VT) pointer adjustments with a 
magnitude of 8 Ul (4,7 psfor VCI 1 and 357 ysforVC12). Phase slope characteristics of this transient have yet to be defined 
but typicallyfall within a 1 second time frame and to be no greater than the equivalent of afrequency offset of 61 ppm. SDH 
(SONET) quantizes input wander into8 Ul Steps. When the upper or lowerthreshold in aSDH (SONET) pointer processor is 
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 (l), its output shall not exceed (1) 

2.2 Synchronization methods for PISNs 

Operations include both the provisioning and maintenance of the digital synchronization network. Provisioning means 
engineering an appropriate configuration for the network and installing any particular equipment necessary to implement 
the configuration. Maintenance activities involve the detection of synchronization networkfailures and restoration of timing 
distri bution. 

2.2.1 High level concepts 

(1) The public network is always to be taken as the reference clock Source when available and in operational mode, except 
where a PINX contains a clock with characteristics in accordance with class 1, which needs not synchronize its clock 
generators to any input. 

(2) Synchronization 
equal performante. 

Plans need to be hierarchical; timing is passed from better performing sources to clocks of lower or 

(3) Timing loops need to be eliminated. 

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

(5) The leck range of any node is to be sufficient to cover the accuracy of any potential master. 

(6) Cascading of timing references through CPE needs to be minimized. 

(7) Non-transparent C type interfaces are treated like T type interfaces from the synchronization 
strategies described here concern only the cases where the private links are transparent. 

Point of view. The 

2.2.2 Reference Glock Switching Criteria 

To minimize excessiveswitching ofthe timing referenceand the accumulation of Phase movements, aclockshall not initiate 
a switch of reference until the timing reference has become degraded. Reference switch over shall occur at or after, but not 
before, any of the following reference line degradations or events: 

TO, CO loss of incoming Signal 
loss of frame alignment (stable state) 
link not activated 

Tl, Cl loss of Signal for 50 ms 
error bursts of a duration of 2,5 s or more at bit error ratios worse than 1O-3 
17 misframes in a 24h period 
in response to an external control Signal 
received AIS. 

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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2.2.3 Reference Restoral 

Once traceability to the class I has been restored to specification, an automatic switchback may be initiated only if such a 
switchbackdoes not produce impairments. That is, 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 IO s or more between reference switches is desirable. 

A manual 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 traffit-cartying reference lines by Software reconfiguration). 

2.2.4 Timing Reference Interfaces and Alarms 

The digital facility or timing reference intetface receiver shall provide timing, Slip and misframe information necessary to 
maintain the synchronization System. lt is desirable to include information on whether the Slip caused a 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 least 125 ps (one frame) of storage to allow for 
controlled Slips. In addition, the buffer shall provide a minimum of 18 ps of hysteresis to absorb jitter, Wander, and frame 
timing differentes between incoming Signals and to decrease the probability of incurring back-to-back Slips. 

2.2.6 Controls 

The digital CPEsynchronization System shall provide the capability of manually overriding automatic referenceswitch 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 Situation is 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 

I Performance 
Category 

Mean slip rate 

< 5 Slips in any 24 h period 

> 5 Slips in any 24 h period 
and 

< 30 Slips in any 1 h period 

Proportion of time 
(see NOTE) 

> 99,56 % 

< 0,4 % 

4 
I 

> 30 Slips in 1 h period 
I 

< 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 clocksignal of the private node has class I accuracy. In this case, the private network tan operate in a 
plesiochronous mode with the public network (see clause 3.1). 

Strategy 2 theaccuracyoftheclockis class II. The private node issynchronized, but onlyone input is required. lt tan 
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 Ill. If more than one link to a class I clock Source is 
available, and the private node is capable of being synchronized by at least two inputs, with switch over 
mechanisms between these inputs. the switch over tan 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, see Annex D) 

L 
class 1 

/ 
not class 1 

\ 

Strategy 1 

Figure 5- Synchronkation strategies classification 

the node must be 

class 11 

Strategy 2 Strategy 3 
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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 1. Such a node is not synchronized by any external 
Signal: the node has the ability to work plesiochronously and is in the clockfree 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 I in 2.1.4); 
- Phase stability as described in 2.1.6 in case of internal rearrangements. 

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

3.2 Synchronkation from one input 

Strategy 2 in 2.2.8 in part II applies to a node having a clock in accuracy class II and only one input for synchronization 
purposes. The relevant Parameters for such a node are: 

- jitter and wander at the input (see 2.1 .l); 
- jitter and wander at the output (see 2.1.2); 
- accuracy: the node has the averagefrequency of the class I Source when synchronized, and performs in class II 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 free 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 .During this time, the 
node shall stay in Performance category (b) for the Slip rate (see Annex C). 

Anode working with strategy2 tan be a masterfor a node with strategies 2 and 3. lt tan be enslaved by a public node, or by a 
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 tan be described as follows: 

1 

+ 1.10 -6 

master 

-1.10 O6 

1 A 
f 

-- - - - - - - - - - - - - - - - - - 

-- - - - - - - - - - - - - - - - - 

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 b : the node is synchronized by a digital bit stream of class 1. 

At b :the bit stream or the master clock Signal is no longer valid (see 2.2.2). 

From t~ to tl :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 tl :the master clock Signal has been restored and the node begins the re-synchronization Phase. 

After t2 :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 t~ and the master clock after tl are not necessarily the same clocks. 
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3.3 Automatic switch over with signalling 

Strategy 3.1 in 2.2.8 corresponds to a node with a clock in accuracy class Ill, which is capable of taking synchronization 
from either of two entries. Esch 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. Annex F provides currently available information on a method of synchronizing a PISN which utilizes 
automatic switch over with signalling. 

The relevant Parameters for such a node are: 
- jitter and wander at the input (see 2.1 .l); 
- jitter and wander at the output (see 2.1.2); 
- accuracy: the node has the averagefrequency of the class I Source when synchronized, and performs in class II during 

rearrangement, and returns to the accuracy of class I 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: 

A 
-# 

I I 

t 

I I I I 
1 waiting : re- synchronization I I 

** I I 
+ 61.10 O6 - -- - ’ 

I 

master 1 
1 

1 master 2 

- 61.10 -6 

l 

- - - 

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 b :the node is synchronized by its primary master clock Signal. 

At b :the primary masterclock is no longervalid (seesubclause2.2.2) and the nodeenters into the clockfree running or hold 
over mode. 

From t~ to tl :the node exchanges information with its neighbors in Order to take the best decision. This period of time, called 
“waiting” in the figure 7 has a duration in the Order of seconds. 

At tl :the node has decided to switch to the secondary master clock Signal. 

From tl to t2 :the node synchronizes its clock to the second master clock Signal. 

From b to t2 :the node must stay in the Performance category (b) and must conform to 2.1.6. 

3.4 Automatic switch over without signalling 

Strategy3.2 corresponds to a node with a clock in accuracy class Ill, which is synchronized by at least two reference clocks. 

The relevant Parameters for such a node are: 
-jitter and wander at the input (see 2.1 .l); 
-jitter and wander at the output (see 2.1.2); 
-accuracy:thenodehastheaveragefrequencyoftheclassIsourcewhensynchronized,andperformsinclassIIduring 
rearrangement, and returns to the accuracy of class I 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. 
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Annex A 
(informative) 

Choice of clock references 

A.l Choice of reference from public nodes 

There arefundamentallytwo architectures that may be used to pass timing across the interface between the public network 
and private digital networks. The first is for the private digital network to accept a primary reference clock at one location and 
to then provide timing references to all other private digital network locations over interconnectingfacilities (Seefigure A.l). 
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.l), the private network owner has control of the synchronization of his network, i.e., location 1 is 
providingclockreferencestolocations2,3,4and5. Fromanadministrativeviewpoint,thislooksgoodsincethereisonlyone 
set of references between the public and the private digital network. 

Synchronization 

LOC 1 LOC 2 LOC 3 LOC 4 LOC 5 

Figure A.l - Private Digital Network Synchronization Reference at One Interface with a carrier 

However,fromatechnicalandmaintenanceviewpoint,therearelimitations.Forexample,alossofthereferencesatLocation 
I would Cause all private digital network locations to Slip against the public network(s). This creates a trouble that is at best 
difficult to detect. Trouble reports may be generated at any Office and maintenance forces may spend time looking for a 
troublethat may be in anotheroffice, stateorcompany. Anotherweakness is theexistenceof multipleclocksand timing links 
in the private digital network timing chain. This daisy chaintype of timing hastwo inherent weakness. One, the probabilityfor 
failure is increased because of the additional links and clocks. Second, each clock and facility has the capability of adding 
jitter and wander, e.g., a Signal transmitted from location 5 may not meet the interface requirements for jitter or wander. 
Synchronous facilities of the future may Cause other difficulties. 

In thesecond method (figureA.2), primary reference clocks are provided to the private digital network at each interface with 
the public network. In this arrangement, the loss of a primary reference would Cause a minimum of troubles. For example, a 
loss of reference 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 trouble, making 
trouble location and subsequent repairs easier. The timing path(s) are shorter than method 1, thereby increasing reliability 
and reducing the level of jitter or wander. 

1, 
LOC 1 LOC 2 LOC 3 LOC 4 LOC 5 

Figure A.2 - Private Digital Network Synchronization Reference at Esch 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 particular entries shall be Chosen among all the inputs : a primary main input called p, and a secondary called s. lt is 
possible to use more than two entries tosynchronize a node of the network, but to comply with 2.2.7, amechanism with only 
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 I clock. Thus it 
represents the lowest coefficient of its incoming links. 

Esch termination of a link (input) is given a coefficient which represents the minimum number of links between that 
termination and the public network or the master node. 

The coefficient of the link corresponds to the coefficient of the node plus 1 unit ; however, the value of the coefficient’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 (primary Source) 

The choice of p 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 (secondary Source) 

The choice of the secondary input is then made by taking the input with the lowest coefficient except the input Chosen for p. 

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

Thefollowingfiguregivesanexampleoftheprinciple.Tonotcomplicatethefigure,thecasewhereseverallinksareprovided 
between two nodes is not represented. 

Figure A.3 - Choice of the dock references 
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A.3 Avoidance of Timing Loops 

lmproper use of secondary timing references in the synchronization network tan 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 tan 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. figureA.4 (a) is atypical example of a possible timing loop in a private digital network. If 
references Pl and P2 fail, a timing loop would beformed when clocks 1 and 2 switch to their secondary references. A more 
appropriate design is shown in figure A.4 (b). The alternative being the use of signalling exchanges. 

PRIMARY 
REFERENCE 

PRIMARY 
REFERENCE 

Pl P3 

~C~OCK~~ S2 ~CLOCK’~ p2 CLOCK3 

I 

DIGITAL PRIVATE NETWORK DIGITAL PRIVATE NETWORK 

PRIMARY PRIMARY 
REFERENCES REFERENCE ~-- 

74 I 1 
Pl Sl 

,y 
P3 

PRIMARY REFERENCE : P(N) 

SECONDARY REFERENCE : S (N) 

(a) - Example of a potential Timing Loop (b) - Correct Configuration 

Figure A.4 - Avoidance of Timing Loops 
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Annex B 
(informative) 

Synchronkation configurations 

B.1 Master Slave configurations (synchronization) 

In the master-Slave configurations, the private nodes work synchronously. Figure B.l represents the simplest 
master-Slave configuration: 

MASTER 
direction of synchronization 

data link (Fo) 
1 clock unit 
I . 

PINX A or Public Switch PTNX B 

Figure B.1 - Master Slave Configuration 

When 3 or more nodes are connected together, the master-slaveconfiguration tan be applied in acascade configuration : 

-- jitter 
I 

I Public Switch 
I 

When several PINXs are connected to another one, the configuration may be a multiple maste r configuration : 

MASTER SLAVE MASTER SIA.. 

Figure B.2 - Cascade Master - Slave Configuration 

MASTER MASTER MASTER 

PINX A 

. 

PINX B . . . . . . . . PINX N 
. 

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 tan 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) xand yare plesiochronous clocksources (fromtwo different networksfor instance). In that case, thetwo PINXswork 

plesiochronously. 

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

(1) plesiochronously if they both have clocks in accuracy class I 
(1) asynchronously otherwise 

(- X 

\ I 

plq PTNX B 
>. 

, 

-* clock ’ 
Fo 

Fi . 
pq 

A 
PTNXA clock N- 1 

e 
. 

MASTER MASTER 

‘1 

(Y) 
. - 

I 

Figure 8.4 - Master - Master Configuration 
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Slip rate is reproduced in the following table: 

Tabie Cl - G.822 Slip rate objectives 

> 30 Slips in 1 h period 

Annex C 
(informative) 

Basis of strategies 

C.1 Slip rate 

CCITT Recommendation G.822 [ 1 ] specifies the objectives of Slip rates for 64 kbits/s international digital connections.The 

. 

NOTE - Total time greater than 1 year. 

6.2 Allocation of the controlled Slips 

CCITT Recommendation G.822 [l] proposes thefollowing allocationforthevarious portions ofthe Hypothetical Reference 
Connection: 

Tabie C.2 - Aiiocation of the controiied Slips 

NOTE - (b) and (c) refer to Performance categories from table Cl 

No allowance has been made by CCITTfor private networks. For the Slip performances of a PISN, an additional allocation of 
40% is used as an objective for each private network. 

Tabie C.3 - Aiiocation of the controiied Slips within a private network 

. 

NOTE : Total time greater than 1 year . 
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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 (h) is in the range of 1 ,10e4 to 5,10D4 

2) the time to repair (z) 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-l) 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: Ur = r X 0,004 

Public link 
(T or non 

transparent C) 

Figure Cl - Unavaiiabiiity - Seriai configuration 

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

let us call : n the number of links used for synchronization purpose in one node; 
hi the failure rate of the link i; 
Ti the time to repair the link i; 

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

Public ISDN nodes 

n 
U n = II Ai 0 Ti 

i=l 

Figure C.2 - Unavaiiabiiity - Parailei configuration 

-with hi.Ii = 0,5 %, the proportion of time during which several links of a node are broken at the same time is given in the table 

Tabie C.4 - Unavaiiabiiity of the reference ciock - Parailei configuration 

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

Proportion of time 
(with pi = 1) 

0,4 % 0,0016 % 0,OOOOl 9% 

T 

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 timefor the unavailability of 2 independant links is much lower than Performance category c) (table C3) 
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C.4 Nodal solutions 

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

Table CS - Options for the strategies of Synchronkation 

Before failure Primary Failure (Fp) Secondary Failure (Fs) Options 

4 Option 1 (2) 
a) b) Option 4 (2) 

4 Option 3 

Performance a> 
categories 9 b) Option 2 (3) 

c> Option 5 (3) 

9 c) not compliant 

Calculated 
Proportion of time ’ = (loo - FP - FS)’ FP = 9 ’ Oy4% tl) Fs = pi X pj X 09004% 

NOTES 
1 
2 

q = Max ( pi );pi and pj are the numbers of links for the two broken paths. 
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 FS must be less than 0,04% 

Table C.6 - The Options and the objectives 

Proportion of time in per- Proportion of time in per- Proportion of time in 
Option formante category a) formante category b) Performance category c) 

Objective : > = 99,56% Objective : < 0,4% Objective : < 0,04% 

Option 1 100% 0% 0% 

Option 2 (loo - FP - FS) %CNoTE) (FP + Fs) % Note 0% 

Option 3 (100 - Fs) % 0% S 

Option 4 (100 - Fs) % Fs % 0% 

Option 5 (100 - FP - Fs) % Note 0% FP + h) 9% 

NOTE : these areas are outside the objectives. 

lt has to be noticed that the percentage allowed does not fit very well with our calculation of failure’s probability: 
- the first failure occurs with a higher probability than the value allowed (unavailability q x 0,4% and requirement 0,4%); 
- the second failure’s probability 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%. 

Thedifferent Options are described and commented in the next Paragraphs. In the different cases, several implementations 
are possible since the Parameters we tan 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. 
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CS Description of the five Options 

CS.1 Option 1 : a) - a) - a) 

In this Option, the node of the private network does not generate more than 
or two different branches bringing the clock from the public network 

5 Slips evety 24h, even in case of on one 

First implementation: the clock of the node is not synchronized by the public network, but it must be in accuracy class 1. 

Secondimplementation:thenodeisabletofindanalternatepathtothepublicclocka~erthefirstandthesecondfailure.This 
is only possible if the 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. 
This Option, with at least 3 entries for synchronization is necessary for only 0,00004% of the failures. 

C.5.2 Option 2 : a) - b) - b) 

In the 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 longer 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 II is required. 

C.5.3 Option 3 : a) - a) - c) 

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 Ill is enough. 

C.5.4 Option 4 : a) - a) - b) 

First implementation : after the first failure, the node finds an alternate path to a primary reference clock. Information about 
the quality of the alternate path is needed. After the second failure, the node stays in Performance category b), which is not 
required. 

Second i mplementation : the Operator tan guarantee 
seem to be the case anywhere in Europe. 

thatthe proportion is less than 0,04%. It not 

NOTE : this Option is significantly better than the requirements. 

C.5.5 Option 5 : a) - b) - c) 

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 tan take such a decision because the node behind the second input guarantees Performance category b): this 
specific node is still synchronized by the public, or in hold over mode with an accuracy class II; 

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

lt has to be noted that with this Option, the previous node must guarantee Performance category b). lt means that this 
previous node uses Options 2 or 4. 
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Annex D 
(informative) 

Synchronized Private Network Examples 

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

Node 1 Strategy 11 Strategy 2) Styaagy ( Styagy 

1 
I YeS 

2 YeS 
3 YeS 

Yes (1) Yes (1) no (2) 
Yes (1) Yes (1) no (2) 

YeS Yes (1) no (2) 

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

Strategy 1 : 

Figure D.l - Example 1 

tan be used for each node. Due to the tost of class I clocks it is not a recommended Solution. 

Strategy 2 : tan also be used for the 3 nodes, and tan be recommended for 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 

Public Network 

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

Node 1 Strategy liStrategy2) Str3.1 1 Str3.2 

7 

8 
9 

10 
11 
12 
13 
14 

YeS 

YeS 

/ Yes 

YeS 
1 Yes 

YeS 
YeS 
YeS 
YeS 
YeS 
YeS 
YeS 
YeS 

Yes (1) 

Yes (1) 

Yes (1) 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 

YeS 

Yes (1) 

Yes (1) 

Yes (1) 

YeS 

Yes (1) 

Yes (1) 

Yes (1) 

Yes (1) 

Yes (1) 

YeS 

YeS 

Yes (1) 

YeS 

no 
no 
no 

Yes (1) 
no 

YeS 
no (2) 
no (2) 

no 

Yes (1) 
Yes (1) 
no (2) 
Yes (1) 

Figure D.2 - Example 2 
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0.3 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 tan be used for each node. 

Node Strategy 1 Strategy 2 Str 3.1 Str 3.2 

1 YeS Yes (1) yes (1) no 
2 YeS Yes (1) yes (1) no 
3 YeS YeS Yes (1) no (2) 
4 YeS YeS yes (1) no 

NOTES 
1 (1) Shows recommended solutions. 
2 Except if the appropriate masters use strategy 1 or strategy 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 on the opposite 
side) tan work plesiochronously. 

But the Split of the islands tan be different. lt is the responsibility of the designer of the private network to negotiate with the 
appropriate public network Operators. 

0.4 Example with a transit node 

This example describes the Situation where transit functions are provided and the PINX clock may not be locked to the 
connectedPINX’sclock.Twolinksareslippingindependently.Ineffect,PINX2inthisexampleneedstohaveaclocktwiceas 
accurate as those performing end only functions. 

Assumethatthe nodes 1,2and3 usestrategy2 (i.e. theyonly usethe 
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 node 2 is free 
running, bothlinks l -2and2-3slipSincenodes 1 and3arelocked 
to the same Source, both Slip at the same rate. To achieve better than 
30 Slips per hour Overall, there must be no more than 15 per hour on 
each link. To meet this the clock must have an accuracy of 0.51 O-? 

If in a large network, a Single call path could encounter two 
non-synchronized exchanges, even better Performance might be 
required, since then there would be 3 or more links slipping. 

If these cases are rare, and result for instance from more than one 
Single failure, they may entirely fall into Performance category c). 

Figure 0.4 - Example 4 
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Annex E 
(informative) 

Slave Glock 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 is 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 a remote node. If relative time variations are constrained properly, buffer Slips will be kept at an acceptable 
level. 

Slave clocks tan be viewed as providing two basic functions: 

(l)Receive from the incoming reference a good estimate of the original master node timing: 

(2)in the absence of reference, attempt to maintain good time keeping with respect to the master clock. 

Thefirstfunctionrequiresthataslaveclockattempttoreproducetheoriginalmasternodetimingfromanimpairedreference 
Signal. Slave clocks inherently function as low pass timing filters. The short-term Slave clock tan 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, Slave clocks need to bridge short interruptions in the incoming reference. Synchronization reference is carried 
via digital transport facilities. lt is normal to expect some level of impairment on these facilities. Slave clock Performance is 
adversely affected when the reference-carrying facilities experience disruptions. These disruptions need not be major 
outage events to adversely affect Slave clock Performance. For example, when aslave clock sees an error burst condition on 
the incoming reference line, it may consider the Phase data extracted from the line as suspect. The Slave clock could 
suspend updating the control loop during the suspect interval. After the suspect interval is over, the Slave clock typically 
performs aprocess termed Phase build-out. This process attempts to restore the Phase error in the loop in such awaythat 
no residual error results from the disruption. However, there is inevitably some small residual error. 

In reality, reference Performance tan include asignificant number of disruption events. Error burst events such as Severely 
Errored Seconds (SES) are known to occur on links in the Order of IQ to 100 events per day. Given that Slave clocks in the 
network are adversely affected by some of these disruption events, it is wrong to assume that a Slave clock is normally 
operating in Phase tock with the incoming timing reference. In fact, Slave clocks in the network are constantly degraded to 
some extend by the disruptions that typically occur on reference carrying facilities. 

During long outages, a Slave clock attempts to maintain its time keeping Performance. For class Ill clocks, the oscillator is 
permitted to rapidly return to afree running condition. Class II clocks are required to have a holdover capability. Generally, 
the behavior of the crystal oscillator tan be learned, and a predictor tan be applied to compensatefor predictable behavior 
such as drift. In practice, prediction is nottypically used, and holdover is achieved using an estimate of the Slave oscillator3 
frequency offset compared to the incoming reference to compensate for the initial offset. 

The Slave clock model is best understood by considering three categories of Slave clock Operation: 

(1) ideal Operation; 

(2) stressed Operation; 

(3) holdover Operation. 

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 clockexperiences no interruptions of the input timing reference. Under such conditions, the Slave clock 
would be expected to operate in Phase leck 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 
Signal is determined by the short-term stability of the local Slave clock time base. In the 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 tan 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 tan be justified based on the simple fact that, in general, network Slave clocks extract time 
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 
differente between the local Slave clock and the reference. Depending on the sophistication of the Slave clock Phase 
build-out, there tan 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. 

In addition to the white noise FM component, interruption events tan actually result in afrequency offset between the Slave 
clockand its reference. Thisfrequencyoffset resultsfrom a bias in the Phase build-outwhen reference is restored. This isa 
critical Point. The implication of this effect is that, in actual networkenvironments, there is some accumulation of frequency 
offset through a chain of Slave clocks. Thus, Slave clocks controlled by the same primary reference clock arc actually 
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 significant period of 
time.Assumethataninterruptionofreferenceexceeding1Osecondsindurationwouldmarktheonsetofaholdoverevent.In 
holdover, the key components of the Slave clock model are the frequency drift and the initial frequency offset. The drift term 
accounts for the environmental effects (e.g. temperature and power supply voltage), and aging associated with quartz 
oscillators. The initial frequency offset is associated with the intrinsic settability of the local oscillator frequency. 

The measurement methodology proposed in this annex is structured to take into account the behavior of Slave clocks in real 
networkenvironments.Thisannexpresentsamodelforcharacterizingactualslaveclockperformance.Akeyelementofthis 
model is that it reflects the stress conditions in real networks under which Slave clocks would be expected to perform 
acceptably. This annexalso presents astandard methodology for measuring Slave clock Performance. The measurement 
strategy is to be able to derive the values of the model Parameters for the given clock under test. Once Slave clock 
Performance tan 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 arrangement is shown 
in figure E.l. The components and their interconnections are described next. 

I I 
PRIMARiY SIGNAL*4 T 

SIMULATOR & 
’ DEVICE 

UNDER 
ANALYZER T JITTER 

*‘GENERATOR’ 
T ) TEST 

1 

& RECEIVER 

NOISE SOURCE (FILTER) 
r 1 

t 

Figure E.1 - Standard test configuration 

E.2.1 Reference Glock 
The test configuration is designed to provide the Slave clock under test with adigital reference timed from astable reference 
oscillator. In Slave clock testing, the relative Phase -time compared to the reference input is critical. In holdover testing, the 
longer-term stability and drift of the reference oscillator is important. Thus, the absolute accuracy of the reference input is 
not critical. lt is important that short-term instability of the reference oscillator be small to ensure low measurement noise 
and a low background tracking error in the control loop of Slave clock being tested. For testing , acesium reference clock has 
been employed as a reference. The background tracking noisefortypical loop bandwidths is much less than 1 ns using the 
cesium reference. 
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E.2.2 Digital Reference Simulation 

Thetestingarrangementisdesignedtoprovideanimpaireddigitalreference(see2.2.2)totheslaveclockforstresstestingof 
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 events to 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. lt is importanttosimulatearealistic level of background jitterforseveral reasons. Primarily, when interruptions 
occur, the background jitter tan 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 tan be evaluated. 

The jitter generation unit is provided with an external jitter modulation input. The jittersignal used is band limited white noise. 
The main reason for low pass filtering the jitter is to avoid producing bit errors from high frequency alignment jitter. The jitter 
power needs to be set to reflect the input jitter levels defined in 2.1 .l . lt is important that sinusoidal jitter be avoided as a test 
jitter input, because it is not representative of actual network conditions. 

E.2.3 Output Timing Signal Recovery 

Totest a Slave clock, reference input is provided from the output of the jitter generator. To recover the output timing Signal 
from the Slave clock, an outgoing digital Signal is selected from the unit controlled by the Slave clock under test This digital 
Signal is connected to the receive Portion of the Primary Rate Signal Simulator and Analyzer. In this unit, the receiver timing 
function is decoupled from the transmit timing used in the generator. The receiver extracts a frame timing Signal from the 
input Signal and provides this timing Signal at an external port. This Frame timing Signal is Phase coherent with the outgoing 
timing from the Slave clock under test. 

E.3 Test categories 

To adequately characterize the Performance of aslave clock, aseries of tests must be performed. 
the three categories of Operation described hereafter. 

In general, thetestsfall into 

E.3.1 Ideal Testing 

The purpose of this testing is to obtain a baseline Performance measure for a Slave clock. The model predicts that Slave 
clocks under ideal conditions would likely produce a white noise PM Phase instability. This white noise PM would be 
expected to be small because it represents the best case Performance of a Slave clock (clearly less than 1 ps based on 
current relativeTIE output requirements). lt needs to be measured in the presence of realistic levels of network input jitterto 
assure acceptable jitter transfer. 

In the test procedure described, the maximum bandwidth of the measurements is 1 Hz. In some Slave clockdesigns, there is 
significant noise between this 1 Hzcutoff and the 10 Hz cutoff associated with jitter. lt is important to evaluate the jitter in this 
band. One approach is to use a jitter test set externally referenced to the reference clock described in E.2.2. With a stable 
external reference, some jitter test sets tan extend jitter measurement bandwidth down to 1 Hz. 

E.3.2 Stress Testing 

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 event that appears as aseverely 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 aspurious Phase hit which mayor may not be Phase built-out depending on its severity. On 
the other hand, Slave clocks tan be designed to observe theframing pulse Position to extract Phase. In such 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 obsetvations 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, 
theallowablemagnitudeofsevereerrorburstsinthenetworkisquitehigh.Itwouldbeunwarrantedtoassumethatactuallink 
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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lt is proposed that one minimum stress test which needs to be performed is to simulate an SES event with a shott 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 forte aslave clock to attempt to Phase build -out withoutswitching references. Precautions need to be 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 burst in which the underlying timing waveform is not perturbed tan be simulated. Under this condition, it would be 
advantageous for a Slave clock not to Phase build-out. Such a test would gain in importante if it is determined that the 
majority of error burst events are actually pure data errors with no perturbation in timing. 

E.3.2.2 - Phase Hit 

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

E.3.2.3 - Restart Events 

Restartevents are a phenomenon associated with certain Slave clocks. Arestart event isassociated with aslave clockgiving 
up its current state, and defaulting backt0 its initial conditions. The result is atransient event which tan besignificant. Restart 
events need not happen during normal Slave clock Operation and thus would 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 

lt isimportantthatslaveclocksnotfollowreferencesthatexhibitlargefrequencyhits. Howevertheabilitytodetectfrequency 
hits is closely tied to the selection of the tracking bandwidth of a given Slave clock PLL. The solution to the Problem will 
depend on the degree to which the stability of various Slave clocks in a network tan 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 of the local oscillator. lt is important to test holdover from a reasonable stress condition Prior to holdover to Capture 
the control loop’s capability of obtaining an accurate frequency estimate. 

In determining the drift estimate, one critical factorfor a quartzoscillator is that ittypically takes Observation intervals lasting 
over days to obtain astatisticallysignificant driftestimator. This is a hard realitythat cannot beavoided. 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 Synchronkation 

El Presentation 

Strategy3.1 consists of choosing the clock references, assigning configuration Parameters, describing reactions of anode 
in case of failures and the definition of signalling information to be exchanged 

El .l Configuration Parameters 

Two configuration Parameters have been identified : 

(1) Connection or no connection to a public node. 

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

The direction of the clock enslavement depends on these Parameters, they cannot be changed during the state machine 
progress; a reset of the node state machine is mandatory. 

Interworking with PlNXs without signalling is possible : these PINXs are said to send the normal value. A PINX without 
signalling but usingstrategy 1 or strategy2 shall beconsidered as a public node. This shall be taken into account during the 
configuration of the adjacent nodes. 

FA.2 Reactions of the node 

At the end of the configuration Phase, each node of the network has clock references and the information necessaryto know 
which signalling information it has to send. 

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

El .3 Reference clock switching and restoral 

Glock switching and restoral shall comply with subclause 1.6.. Automatic switch back is permitted but not described in the 
SDL diagrams. 

F.2 Description of the states 

F.2.1 Initial states 

At the end of the configuration Phase, a node enters one of seven possible states : State 1 to State 7. Their defined states 
depend on the type of link (public or private), and on the potential of the node to become the master. 

In these states, nodes are enslaved through their main input p. 

The following table presents the configuration Parameters of a node in each initial state of the state machines. 

Table F.1 - Node configuration Parameters 

State 1 

State 2 

Potential to become Potential to become 
link type behind p master of the node link type behind s master of the node 

behind p behind s 
public public 

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. 

In the Slave states, events are taken into account accord ing to the logical configuration 
states have been identified, they are called Slave 1, S lave 2, and Slave 3. 

Parameters of the node. Three 

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 exchange). 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 avalid clock Source. 
state machine. 

They are called “p fails” or ” s fails” in the 

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 

Idle 

No 

Enslavement request 

Free running 

Default value 

Request ACK 

no Change in the state machine is required 

Request NACK 

Information send by a node when it has lost its master and when it has not the potential to 
become the master. 

A node working with its own clock informs all the adjacent nodes with this Signal. 

The default Signal which allows interworking with a PINX without signalling 

F.3.3 Time out 

A time out shall be defined to avoid dead locksituations when a node does not receive any answer to 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 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 shown. 

If the node, behind alink is a public node or aprivate node without signalling the default value is sent. This does not appear in 
the state machine. 

Futthermore, unless 
“free running” in the 

stated in the state mach ine, Signal shall be sent (“idle” during state 1 to 7, 
autonomous state) 

and wait, and 
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