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Common equipment management function requirements

Amendment 1

Required specification of severely errored second to align
with Recommendation ITU-T Y.1563

Summary

Amendment 1 to Recommendation ITU-T G.7710/Y.1701 updates the packet layer related
specification of severely errored second (SES) in Recommendation ITU-T G.7710/Y.1701 to align it
with the SES definition in Recommendation ITU-T Y.1563.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability or applicability) and compliance with the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or some
other obligatory language such as "must" and the negative equivalents are used to express requirements. The
use of such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had not received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementers
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database at http://www.itu.int/ITU-T/ipr/.

© ITU 2010

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.
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Recommendation ITU-T G.7710/Y.1701

Common equipment management function requirements

Amendment 1

Required specification of severely errored second to align
with Recommendation ITU-T Y.1563

1) Scope

This amendment contains the update to the packet layer related specification of severely errored
second (SES) in Recommendation ITU-T G.7710/Y.1701 (version 2007).

2) References

[ITU-T G.7710] Recommendation ITU-T G.7710/Y.1701 (2007), Common equipment
management function requirements.

3) Clauses to be updated

The following text and clauses are updated as shown by the revision-marked text.

3.1) Clause 4

Add the following abbreviations to clause 4 (Abbreviations and acronyms):

BB Background Block

BBC Background Block Count
BD Block Delay

BDV Block Delay Variation
EBR Errored Block Ratio

FD Frame Delay

FDV Frame Delay Variation
FLR Frame Loss Ratio

LB Lost Block

LBC Lost Block Count

LBR Lost Block Ratio

LF Lost Frames

TBC Transmitted Block Count
TBmin Transmitted Blocks minimum
TF Transmitted Frames
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3.2) Clause 10.1.2
Update clause 10.1.2 as follows:

10.1.2 Maintenance

The fault management supervision and validation processes (see clauses 7.1.1 and 7.1.2) describe
an effective method to detect and analyse disturbances, and to provide an appropriate indication of
the fault condition to maintenance personnel. The described processes, however, are not able to
detect and report all causes leading to degraded performance. Maintenance measurements are
required to detect additional error causes.

— In order to be able to do preventive maintenance, it is required to perform signal quality
trend analysis. When the quality appears degraded, maintenance personnel may be
instructed to replace or repair the degraded equipment before a failure is declared. Signal
quality trend analysis is performed on signal quality maintenance measurements at the sink
function.

*  For circuit layer: These measurements are based on transmitted block count (TBC),
errored block count (EBC), block delay (BD) and calculated errored block ratio (EBR =
EBC/TBC), background block count (BBC), background block errors (BBE) and block

delav variation (BDV). the-validation—of-thereceived-errordetectioncode (EDCS)for

baekgfe’cmd—bleeleeﬁefs—eBBE—)—A block m—a—dJrg&al—}ayer—ls a set of consecutlve b1ts —

including an error detection code (EDC) — associated with the connection; each bit

belongs to one, and only one, block. Consecutive bits may not be contiguous in time. A

bleekinapacketlayeris-aframe-orpacket—An errored block (EB) inra-digital-ayeris a
block with one or more EDC violations. An-EB-in-a-packetlayeris-an-indication-ofa

lostframe-ortost-packet—A BBE is an EB not occurring as part of a severely errored
second (SES, see next dashed item). A background block (BB) is a transmitted block

(TB) not occurring as part of an SES. The number of BBEs and BBs is summed over
15-minute and 24-hour intervals, over which the trend analysis is performed. The TBC
is a, circuit signal type and bit rate dependent, fixed value. Summary statistics (such as
minimum, average, and maximum) for BD and BDV are derived over 15-minute and
24-hour interval for continuous monitoring.

*  For packet layer: These measurements are based on transmitted block count (TBC), lost
block count (LBC), block delay (BD) and the calculated lost block ratio (LBR =
LBC/TBC), background block count (BBC), background block error (BBE) and block
delay variation (BDV). A block is a non drop eligible frame or packet with a specific
priority associated with the connection. An LB is a lost block. A BBE is a LB not
occurring as part of a severely errored second (SES, see next dashed item). The number
of BBEs is summed over 15-minute and 24-hour intervals, over which the trend
analysis is performed. The TBC is a variable value. Summary statistics (such as
minimum, average, and maximum) for BD and BDV are derived over 15-minute and
24-hour intervals for continuous monitoring.

- In order to locate the source of intermittent error conditions, e.g., short bursts of bit errors
or lost frames or packets, it is required to measure these error conditions at various places in
the network. These bursts cause a high nramberof EBR or LBRs, or result in the declaration
of framing defects (e.g., dLOF, dLOP). Fault management is not able to alert maintenance
personnel in these cases because the defects do not persist long enough to become a failure.
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» Severely errored second (SES): The maintenance measurement is based on the
detection of these bursts.: a-An SES is declared when, during one second, the rumber
ofEBRs or LBR exceeds a threshold, or when a defect is declared.

The number of SESs is summed over 15-minute and 24-hour intervals. The analysis of
these reports may be an aid to locate the error source.

— In order to determine whether the performance level is normal, degraded or unacceptable, it
is required to set appropriate performance limits. For example, according to
[ITU-T M.2101], the degraded and unacceptable performance limits are expressed as
threshold values for the number of background block errors (BBEs), the number of errored
seconds (ESs) and the number of SESs, summed over 15-minute intervals and 24-hour
intervals. An ES is declared when, during one second, there are one or more EBs or LBs
detected, or when a defect is declared. When a threshold report (see clause 10.1.7) is
generated, maintenance personnel may be driven to perform additional network
performance analysis.

— In order to locate the source that causes the generation of jitter and wander, e.g., due to a
wrongly selected timing reference source, it is required to measure these error conditions.
Jitter and wander can be measured directly by connecting the appropriate measurement
equipment to the interface port. This method, however, may require maintenance personnel
being present at the measurement location. An alternative approach, for example, is to
measure the positive and negative pointer justification events (PJEs). These events may be
an indication of a wrongly applied timing source. The PJEs are summed over 24-hour
intervals. The analysis of these reports may be an aid to locate the error source.

— In order to locate equipment that needs adjustment or retuning, e.g., to limit drift or
oscillation, it is required to do gauge measurements at or near the equipment. Examples of
gauge measurements are the (optical) power level, the gain and the temperature. These
gauges are measured periodically. Maintenance personnel may request a snapshot, in which
case the current value is made available at the workstation or craft terminal. The NE keeps
a record of the highest value and the lowest value of the gauge over 15-minute and 24-hour
measurement intervals. The analysis of these gauge tidemark reports may drive
maintenance personnel to readjust the equipment.

It must be noted that the previous described error causes are indeed detected by the indicated
maintenance measurements. The reverse, however, is not always true: not every SES indicates a
burst error; an increasing number of BBEs does not necessarily indicate degraded equipment; a
large amount of PJEs need not be caused by a wrong timing reference source. Therefore, care must
be taken with the analysis of the performance maintenance reports.

3.3) Clause 10.1.3
Update clause 10.1.3 as follows:

10.1.3 Bringing-into-service

Bringing-into-service (BIS) tests should be long-term measurements of new equipment, using a
pseudo-random generator and receiver. However, for practical reasons the measurements may be
reduced to a quick measurement and the assessment completed with in-service performance
monitoring available in the network element. BIS methods for paths are defined in [ITU-T M.2110].

The BIS performance objectives for equipment supporting eigital circuit layers, e.g., SDH Paths,
PDH Paths, OTN ODU paths, etc. are based on the collection of ESs, SESs and BBEs. The BIS
performance objectives for equipment supporting packet layers, e.g., ETH Paths, T-MPESPaths are
based on the collection of ESs, SESs and BBEs_or a subset of those. These measurements are
evaluated in the management system and/or the NE over periods of 15 minutes, 2 hours, 1 day and
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7 days. For the declaration of a SES, see the technology-specific ITU-T Recommendations,
e.g., [ITU-T M.2101] defines the SDH BIS performance objectives in full detail.

The 15-minute and 24-hour registers should provide the capability to be reset to zero at the
conclusion of the BIS intervals. If the history is stored as a log record, the capability to delete the
log entries should be provided.

3.4) Clause 10.1.4
Update clause 10.1.4 as follows:

10.1.4 Quality of Service

Quality of service (QoS) deals with service quality criteria stated in service provider specifications
or service level agreements (SLAs) between service providers, or service providers and customers.
In general, SLAs are applicable when there is a relationship, e.g., between a customer and an
operator, or between a lead operator and several carriers. At a minimum, the SLA contains
specifications for the grade of service to be delivered. Because of service provider specifications
and SLA contracts, it is important for the service provider to measure the quality level during the
"bringing the connection into service" phase. Once the NE and the connection is in service, both the
service provider and the service customer need in-service performance measurements to validate the
specifications or SLAs.

QoS measurements are performed once the NE and connections are in-service. These measurements
cannot be PRBS-based, as the payload is reserved for the client signal. The QoS measurements are
used to evaluate and validate the performance objectives to be met over an evaluation period of
typically 30 consecutive days (one month). For example, Table 25 lists the performance parameters
used in SDH technology, defined in [ITU-T G.826], [ITU-T G.827], [ITU-T G.828] and
[ITU-T G.829]. The right column specifies the measurements inside the NE.

Table 25 — QoS performance parameters and NE measurements

Performance parameters

NE measurements (see Note)

Errored second ratio (ESR) is defined as the ratio of
ESs in available time to total seconds in available
time during a fixed measurement interval.

The NE shall count the number of ESs during
24-hour intervals.

Severely errored second ratio (SESR) is defined as
the ratio of SESs in available time to total seconds
in available time during a fixed measurement
interval.

The NE shall count the number of SESs during
24-hour intervals.

Background block error ratio (BBER) is defined as

the ratio of BBEs in available time to total blocks in
available time during a fixed measurement interval.
The count of total blocks excludes all blocks during
SESs.

The NE shall count the number of BBEs during
24-hour intervals.

Severely errored period intensity (SEPI) is defined
as the number of SEP events in available time,
divided by the total available time in seconds during
a fixed measurement interval. Note that another
name for SEP is CSES period.

The consecutive severely errored second (CSES)
period is defined as a sequence of between three to
nine consecutive SESs. The sequence is terminated
by a second, which is not a SES. The NE shall
time-stamp and log the start of the CSES event.
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Table 25 — QoS performance parameters and NE measurements

Performance parameters NE measurements (see Note)
The Availability Ratio (AR) is defined as the ratio The NE shall administer the total unavailable time
of the total available time to the duration of the in one or two methods. The first method counts the
fixed measurement interval. number of unavailable seconds (UAS) during
The total available time in the 24-hour interval is 24-hour intervals. The second method logs the

calculated as the difference between the number of | begin .tirne (BUT) and end time (EUT) of
seconds in the 24-hour interval (i.e., 86'400) and the | unavailable periods.
number of unavailable seconds.

The outage intensity (OI) is defined as the reciprocal | As for the AR, the NE shall log the BUT and EUT.
of the average duration of available time during a
fixed measurement interval.

The outage intensity over a 30-day interval is
calculated as the quotient of the number of
unavailable periods in the 30-day interval and the
total available time of the 30-day interval.

NOTE — The NE measurements outlined here are only for QoS purposes. The full list and measurement
intervals are to be found in clause 10.1.6.1.

3.5) Table 26 of clause 10.1.6.1
Add the following Note in the last row of Table 26:

NOTE 3 — The technology-specific Recommendations may require only a subset of the performance
parameters listed in the table.

3.6) Clause 10.2
Update clause 10.2 as follows:

10.2  Performance monitoring functions

Figure 36 contains the functional model of performance monitoring inside the EMF. The white
boxes are the performance monitoring functions (PMFs). Full specifications of the functions are
given in subsequent clauses. The intermediate ellipses represent the interconnect options between
the PMFs.

The equipment functional specification defines which (sub) set of PMFs is (to be) supported by the
equipment, as well as the quantity of each PMF. For the case where the number of transport atomic
functions exceeds the number of performance monitoring resources, selection may be indicated by
"performance monitoring connection functions", or by alternative means. This is outside the scope
of this Recommendation. For the case where such selectivity is not present or is not required, the
interconnection is predefined and can be represented by explicit interconnections between PMFs
and atomic functions.

Although Figure 36 allows all possible interconnections, it must be noted that the performance
monitoring packages, defined by the technology-specific Recommendations, determine which
interconnections are applicable.
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Performance monitoring
NES(t) Reset
M] pN TBC NSES() i t v Recl5m-c,
MI pN_EBC/LBC NBBE() AvFu uni-events ' >O—> Recl5m-c >
M]_pN DS NBBC(t) bi-events Curlsm-c_ -
il ) = — Curl5m-c
;{ NPME Some implementations : : >
> may fill the 24-hour: :
register frorp the ; AT TR RTR .|
15-minute registers : :
FES(t) uni-UAT g ¢ > ThrF-st | |JLhresholds
MI| pF TBC FSES(t) - >\ . i UAT > i IR,
MI[pF_EBC/LBC Eppp) BN y < >
MI| pF DS FBBC(t) . ThrF-tr || Threshold
MI| pN_DS uni-SES, 1 Reset
| |- FPME | bi-SES | L Cur24h-c
’ bi-events
MI| pPJE+ AvEb uni-events | | ; Rec24l-c
MI| pPJE- "| [*Cur24h-c|| > Rec24h-q| d
R PJE |
| \ » Delay 4 T Reset
BUT, EUT,
UAT yar
= events N
CSES
2 oES » CSES
.8 x
:
2
g
<T:O — Reels Recl5Sm-g
Curl5m-s eeToms|]
53 " Curl5m-s
Some implementations |- . / Recl5m-t
may fill the 24-hour _--7 Recl5Sm-4|
register frorp the \\\ — » Curl5m-t
15-minute registers S -
i ORR
: : ; ORF- Threshol
MI pG XXX gauges N high 0 ||
ORR
ORF-u | |¢Threshold
=¥ | Cur24h-t
> Cur24h-t|| - >
( )—»Rec24h—t IReedli gl
Cur24hs
Rec24h-s
Cur24h-s|———» Rec24h-s| >
* NE-PMC

Date and Time functions

Management applications function

G.7710-Y.1701(10)_F36

Figure 36 — Performance monitoring inside the EMF
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10.2.1 Near-end performance monitoring event function - NPME

Symbol:

Interfaces:

Processes:

This function determines, on a per second basis, the number of near-end background block errors
(BBE), near-end background block count, and whether an ES and/or SES occurred.

The TBC, EBC and DS performance monitoring primitive signals, received from a transport atomic
function, are the inputs for the determination of the performance events BBE, BBC, ES, SES.

T MI 1 second

R NBBE(t) _
> fl6 >
'y NBBC(t)
pN_DS
1€ E
<IEE NES(t)
pN_EBC < NSES(t)
pN_TBC g T
NSESestimator
T 1 second
G.7710-Y.1701(07)_F37
R NBBE(t)
> fl6 >
'y NBBC(t)
MI pN DS
= > NES(t
p 13 ©
MI pN EBC
> fl4 >
MI_pN_TBC " T yY
NSESthreshold! |MI_TBmin

G.7710-Y.1701(10)_F37

Figure 37 — NPME

Table 27 — NPME input and output signals

Input(s)

Output(s)

MI pN_DS

MI _pN _EBC.or MI pN_LBC
MI pN _TBC

MI _lsecond
MI_TBmin

NSESestimatorthreshold

NBBE(t)
NBBC(t)
NES(t)

NSES(1)
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For the case a DS input is not connected, DS shall be assumed to be false. In the case where an EBC
input is not connected, EBC shall be assumed to be "0". In the case where a TBC input is not
connected, TBC shall be assumed to be "1".

Figure 37 presents the processes and their interconnections within the near-end performance
monitoring event (NPME) atomic performance monitoring function.

f13: A near-end errored second (NES) performance monitoring event signal shall be generated if
pN DSissetorif pN _EBC 2> 1; 1.e.
— NES « (pN_DS = true) or (pN_EBC > 1).

f14: A near-end severely errored second (NSES) performance monitoring event signal shall be
generated if pN_DS is set or if pN_EBC > NSESestimator-NSESthreshold X pN TBC_and more
than a minimum number of blocks (TBmin) were transmitted; i.e.:

— NSES « (pN_DS = true) or (pN_TBC > TBmin) and (pN_EBC > NSESestimator
NSESthreshold x pN_TBC)).

The value of the near-end SES estimaterthreshold, NSESestimatorNSESthreshold, depends on the
network layer this NPME is connected to._The value of NSESthreshold is a real value between 0
and 1.

NOTE - For digital-circuit layers (SDH, PDH, OTN) where the number of blocks within a one-second period
is a ﬁxed known value, pN TBC is reoresentlng this ﬁxed known ValueNSESesmna{or—ts—aiHnteger—vaJ:ue

: e h h . For packet
layers ( _g_,_ETH—T—M—PI:S) where the number of blocks (1 e., frames or packets) within a one- second period
is Varlable DN TBC represents the counted number of transmitted blocks within the one-second

f16: The near-end background block error (NBBE) and near-end background block count (NBBC)
performance monitoring event signals shall equal pN_EBC and pN_TBC resp. if the NSES of that
second is not set. Otherwise, NBBE and NBBC shall be zero.
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10.2.2 Far-end performance monitoring event function - FPME

Symbol:
FSESestimator
pN_DS
pF_DS >
= < FSES(t)
Y ‘1
oF EBC > FES()
= > 23
pF_TBC >
. FBBE(t)
» 26 >
> FBBC(t)
Tl second
G.7710-Y.1701(07)_F38
FSESthreshold MI_TBmin
MI_pN_DS
v
MI _pF DS >
L > 4 FSES(t)
i -
MI_pF _EBC -
MI_pF_LBC ¢ FES®
> 23
MI_pF_TBC >
. FBBE(t) _
» 26 >
T > FBBC(0)
MI_1 second
G.7710-Y.1701(10)_F38
Figure 38 — FPME
Interfaces:
Table 28 — FPME input and output signals
Input(s) Output(s)
MI pN DS FBBE(t)
MI pF DS FBBC(t)
MI pF EBC.or MI pF LBC FES(t)
MI pF TBC FSES(t)
MI 1second
MI_TBmin
FSESestimatorthreshold
Processes:

This function determines, on a per second basis, the number of far-end background block errors
(BBE), far-end background block count, and whether an ES and/or SES occurred.

The TBC, EBC and DS performance monitoring primitive signals received from an atomic function
are the inputs for the determination of the performance events BBE, BBC, ES, SES.
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In the case where a DS input is not connected, DS shall be assumed to be false. For the case an EBC
input is not connected, EBC shall be assumed to be "0". In the case where a TBC input is not
connected, TBC shall be assumed to be "1".

Figure 38 presents the processes and their interconnections within the far-end performance
monitoring event (FPME) atomic performance monitoring function. Note that "far-end" represents
either those signals that are called "far-end" or those signals that are called "outgoing".

f23: A far-end errored second (FES) performance monitoring event signal shall be generated if
pF DS issetorif pF EBC 2 1, and if that second is not a near-end defect second (pN_DS); i.e.:

— FES « (pN_DS = false) and ((pF_DS = true) or (pF_EBC > 1)).

f24: A far-end severely errored second (FSES) performance monitoring event signal shall be
generated if pF DS is set or if pF EBC = FSESestimaterthreshold X pF TBC_and more than a
minimum number of blocks (TBmin) were transmitted, and that second is not a near-end defect
second; i.e.:

— FSES « (pN_DS = false) and ((pF_DS = true) or (pN_TBC > TBmin) and (pF_EBC >
FSESestimaterthreshold X pFN TBC))).

The value of the far-end SES estimaterthreshold, FSESthresholdestimater, depends on the network
layer this FPME is connected to. The value of FSESthreshold is a real value between 0 and 1.

NOTE - For digital-circuit layers (SDH, PDH, OTN) where the number of blocks within a one-second period

is a ﬁxed known Value pF TBC is representlng th1s ﬁxed known ValueFSESesGHnaféer—rs—an—l-&teger—valae

ptng be h d d . For packet

layers ( _g_,_ETH—"P—M—P—I:S) where the number of blocks (1 e., frarnes or packets) within a one- second period

is variable, pF TBC represents the counted number of transmitted blocks within the one-second
periodES - e e between-0-andl representinethe hreshold

f26: The far-end background block error (FBBE) and far-end background block count (FBBC)
performance monitoring event signal shall equal pF EBC and pF TBC resp. if the FSES of that

second is not set and if that second is not a near-end defect second. Otherwise, FBBE and FBBC
shall be zero.
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ITU-T Y-SERIES RECOMMENDATIONS

GLOBAL INFORMATION INFRASTRUCTURE, INTERNET PROTOCOL ASPECTS AND NEXT-

GENERATION NETWORKS

GLOBAL INFORMATION INFRASTRUCTURE
General
Services, applications and middleware
Network aspects
Interfaces and protocols
Numbering, addressing and naming
Operation, administration and maintenance
Security
Performances

INTERNET PROTOCOL ASPECTS
General
Services and applications
Architecture, access, network capabilities and resource management
Transport
Interworking
Quality of service and network performance
Signalling
Operation, administration and maintenance
Charging
IPTV over NGN

NEXT GENERATION NETWORKS
Frameworks and functional architecture models
Quality of Service and performance
Service aspects: Service capabilities and service architecture
Service aspects: Interoperability of services and networks in NGN
Numbering, naming and addressing
Network management
Network control architectures and protocols
Future networks
Security
Generalized mobility
Carrier grade open environment

Y.100-Y.199
Y.200-Y.299
Y.300-Y.399
Y.400-Y.499
Y.500-Y.599
Y.600-Y.699
Y.700-Y.799
Y.800-Y.899

Y.1000-Y.1099
Y.1100-Y.1199
Y.1200-Y.1299
Y.1300-Y.1399
Y.1400-Y.1499
Y.1500-Y.1599
Y.1600-Y.1699
Y.1700-Y.1799
Y.1800-Y.1899
Y.1900-Y.1999

Y.2000-Y.2099
Y.2100-Y.2199
Y.2200-Y.2249
Y.2250-Y.2299
Y.2300-Y.2399
Y.2400-Y.2499
Y.2500-Y.2599
Y.2600-Y.2699
Y.2700-Y.2799
Y.2800-Y.2899
Y.2900-Y.2999

For further details, please refer to the list of ITU-T Recommendations.




Series A
Series D
Series E
Series F

Series G
Series H
Series 1

Series J

Series K
Series L
Series M
Series N
Series O
Series P

Series Q
Series R
Series S

Series T
Series U
Series V
Series X

Series Y

Series Z

SERIES OF ITU-T RECOMMENDATIONS

Organization of the work of ITU-T

General tariff principles

Overall network operation, telephone service, service operation and human factors
Non-telephone telecommunication services

Transmission systems and media, digital systems and networks

Audiovisual and multimedia systems

Integrated services digital network

Cable networks and transmission of television, sound programme and other multimedia signals
Protection against interference

Construction, installation and protection of cables and other elements of outside plant
Telecommunication management, including TMN and network maintenance
Maintenance: international sound programme and television transmission circuits
Specifications of measuring equipment

Terminals and subjective and objective assessment methods

Switching and signalling

Telegraph transmission

Telegraph services terminal equipment

Terminals for telematic services

Telegraph switching

Data communication over the telephone network

Data networks, open system communications and security

Global information infrastructure, Internet protocol aspects and next-generation
networks

Languages and general software aspects for telecommunication systems
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