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Characteristics of optical transport network hierarchy
equipment functional blocks

Amendment 1

Summary

This amendment contains extensions to the first version (2002) of ITU-T Rec. G.798, related to the
addition of: Time division multiplexing of ODU;j[/i] into ODUKk.

Source

Amendment 1 to ITU-T Recommendation G.798 (2002) was prepared by ITU-T Study Group 15
(2001-2004) and approved under the WTSA Resolution 1 procedure on 13 June 2002.
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ITU-T Recommendation G.798

Characteristics of optical transport network hierarchy
equipment functional blocks

Amendment 1

1 Introduction

This amendment contains extensions to the first version (2002) of ITU-T Rec. G.798, related to the
addition of:

— Time division multiplexing of ODUj[/i] into ODUKk.

2 Additions

2.1 Clause 1

Replace Figure 1-2 with the following figure which includes the ODUkP/ODUYi]j adaptation

functions:
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Figure 1-2/G.798 — OTN common atomic functions
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2.2 Clause 4
Add the following abbreviations alphabetically:

AcMSI Accepted MSI

ExMSI Expected MSI

LOFLOM Loss of frame and multiframe

MSI Multiplex Structutre Identifier

MSIM Multiplex Structutre Identifier Mismatch

ODUi Optical Data Unit of level 1

ODU[1]j Optical Data Unit of level j and 1 (i is optional; 1<j)
ODUj Optical Data Unit of level j

ODUj[/1] Optical Data Unit of level j or i (i is optional; 1<j)
TxMSI Transmitted MSI

2.3 Clause 6.2.5.3
Add the following new clause for the ODUj[/i]loss of frame and multiframe defect detection:

6.2.5.3 ODUj[/i] Loss of Frame and Multiframe defect (ALOFLOM)
ODU;j[/i]JdLOFLOM is generated based on the state of the frame alignment process defined in 8.2.3.

If the frame alignment process is in the out-of-frame (OOF) state for 3 ms, dLOFLOM shall be
declared. To provide for the case of intermittent OOFs, the integrating timer shall not be reset to
zero until an in-frame (IF) condition persists continuously for 3 ms. dLOFLOM shall be cleared
when the IF state persists continuously for 3 ms.

24 Clause 6.2.9

Add the following new clause for the multiplex structure identifier mismatch supervision:
6.2.9 Multiplex Structure Identifier Mismatch supervision (AMSIM)

6.2.9.1 dMSIM at the ODUKP layer

If automatic configuration of the multiplex structure is supported and activated (AutoMS = true),
dMSIM shall be declared if the accepted multiplex structure identifier (AcMSI) has a invalid value
that is not supported by the specific adaptation function (e.g. wrong tributary port, wrong ODU
type). dMSIM shall be cleared if the AcMSI has a valid value.

If automatic configuration of the multiplex structure is not supported or not activated
(AutoMS = false), dMSIM shall be declared if the AcMSI is not equal to the expected multiplex
structure identifier (ExMSI). dAMSIM shall be cleared if the AcMSI is equal to the ExXMSI. ExMSI is
either a fixed value or configured via the management interface. For details see 14.3.7.2
(ODUKP/ODUJi];_A_ Sk function).

For the AcMSI acceptance process see 8.7.2.
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2.5 Clause 8.2.3
Add the following new clause for the ODUj[/i] frame and multiframe alignment process:

8.2.3 ODUjJ/i] frame and multiframe alignment

The ODU;j[/i] frame and multiframe alignment shall be found by searching for the framing pattern
(OA1, OA2 FAS bytes) and checking the multiframe sequence (MFAS byte) (see ITU-T
Rec. G.709/Y.1331) contained in the ODUj[/i] frame.

In the out-of-frame state the framing pattern searched for shall be the full set of the OA1 and OA2
bytes. The in-frame (IF) shall be entered if this set is found and confirmed one frame period later
and an error-free multiframe sequence is found in the MFAS bytes of the two frames.

In the in-frame state (IF) the frame alignment signal shall be continuously checked with the
presumed frame start position and the expected multiframe sequence. The framing pattern checked
for shall be the OA10A2 pattern (bytes 3 and 4 of the first row of the ODUj[/i] frame). The out of
frame state (OOF) shall be entered if this subset is not found at the correct position in 5 consecutive
frames or the received MFAS does not match with the expected multiframe number in 5
consecutive frames.

The frame and multiframe start shall be maintained during the OOF state.

2.6 Clause 8.7.2
Add the following new clause for the multiplex structure indication acceptance process:

8.7.2  Multiplex Structure Identifier (MSI) acceptance process

A new multiplex structure identifier MSI (AcMSI) is accepted if a new consistent value is received
in the MSI bytes of the PSI overhead (PSI[2..5] for ODU2, PSI[2..17] for ODU3) in X consecutive
multiframes. X shall be 3.

2.7 Clause 14.3.7

Add the following new clause for the ODUKP/ODUJI]j adaptation functions and renumber
subsequent figures and tables, and references to figures and tables, accordingly:

14.3.7 ODUKP to ODU]Ji]j adaptation function (ODUKP/ODUJi]j_A)

The ODUKP to ODUJi]j adaptation functions perform the adaptation between the ODUKP (k = 2, 3)
layer adapted information and the characteristic information of ODUj (j =1, 2; j < k) [and ODUi
(1= 1;1<j)] signals.

ODU;j_CPs [ODUi_CPs]
Tributary ports 1 2 n 1 2 m
I I...I I I...I
ODUKP/
ODU[i]j
I G.798AMD. 1
F14-47
ODUKP AP

Figure 14-47/G.798 — ODUKP/ODU]Ji]j_A function
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Four different types of functions are possible:

— the ODU2P/ODUI1 A performs multiplexing/demultiplexing of 4 ODU1 into an ODU2;

— the ODU3P/ODU1_A performs multiplexing/demultiplexing of 16 ODU1 into an ODU3;

— the ODU3P/ODU2_A performs multiplexing/demultiplexing of 4 ODU2 into an ODU3;

— the ODU3P/ODU12_A performs multiplexing/demultiplexing of ODU1 and ODU?2 into an
ODU3.

The maximum number of tributary ports depends on the specific function type as listed in
Table 14-18. Note that for the ODU3P/ODU12 A function, only a subset of the tributary signals
can be active and transported via the ODU3 at a time. The number of active ODUI ports, plus four
times the number of active ODU2 ports, is limited to 16. The multiplex structure identifier (MSI)
defines the configuration in this case.

Note that the ODU3P/ODUI12 A function can interwork with the ODU2P/ODUI A,
ODU3P/ODU1_A and ODU3P/ODU2_A functions as it supports all related multiplex structures.

Table 14-18/G.798 — ODUKP/ODUJi]j_A tributary ports

Function type n ports m ports
ODU2P/ODU1_A 4 ODU1 -
ODU3P/ODUL_A 16 ODU1 -
ODU3P/ODU2_A 4 ODU2 -
ODU3P/ODU12_A 16 ODU1 4 ODU2

14.3.7.1 ODUKP to ODUJi]j adaptation source function (ODUKP/ODUJi]j_A_So)

The ODUKP/ODU[i]j A So function creates the ODUk signal from a free running clock. It
asynchronously maps the ODUj [and ODUi] client signal from the ODUj [and ODUi] CPs into
ODTUjk[/ik] including justification control (JC) information. The ODTUjk[/ik] are multiplexed
into the payload area of the OPUk. It adds OPUk Overhead (RES, PT, MSI) and default ODUk
Overhead.

The information flow and processing of the ODUkP/ODUJi]j A So function is defined with
reference to Figures 14-48 and 14-49.

Symbol
ODU;j_CPs [ODUi_CPs]
Tributary port 1 2 n 1 2 m
l l [ B .l l l [ I .l
ODUKP/ODUJi]j A_So MP ——» ODUKP/
ODUTi)j
l G.798AMD.1
F14-48
ODUKP_AP

Figure 14-48/G.798 — ODUKP/ODUJi]j_A_So function
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Interfaces

Table 14-19/G.798 — ODUKP/ODUJi]j_A_So inputs and outputs

Input(s)

Output(s)

nx ODUj CP:
ODUj CI CK
ODUj CI D
ODUj_CI_FS
ODUj_CI_MFS

ODUKP_AP:

ODUKP_AI CK
ODUKP Al D
ODUKP_AI FS
ODUKP_AI MFS

m x ODUi_CP: (Note)

ODUi_CI_CK

ODUi_CI D

ODUi_CI_FS

ODUi_CI_MFS

ODUKP/ODUJi]j_ A_So_MP:
ODUKP/ODUJi]j_ A_So MI_Active
ODU3P/ODUI2_A_So MI_TxMSI (Note)

NOTE - for ODU3P/ODUI2_A_So only

Processes

Activation

The ODUKP/ODUJi]j_A_So function shall access the access point when it is activated (MI_Active
is true). Otherwise, it shall not access the access point.

The processes associated with the ODUkP/ODU[i]j_A_So function are specific processes for each
ODUj[i/]_ CP and common processes for the compound (multiplexed) signal as depicted in
Figure 14-49.
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Figure 14-49/G.798 — ODUKP/ODUJi]j_A_So processes

Specific processes

The specific processes are performed independently for each ODUj [and ODUI1] client signal that is

multiplexed into the ODUk. The specific processes perform the mapping of the ODUj[/i] into an
ODTUjK[/ik].

6 ITU-T Rec. G.798(2002)/Amd.1 (06/2002)



FAS/MFAS insertion: The function shall extend the ODUj[/i] with the frame alignment overhead
(FAS and MFAS) in row 1 bytes 1 to 7 as described in 15.6.2/G.709/Y.1331. Byte 8 to14 of row 1
are set to all-0's.

Mapping, frequency justification and bit rate adaptation: The function shall provide an elastic
store (buffer) process for the ODUj[/i] client signal. The data signal ODUj[/i] CI shall be written
into the buffer under control of the associated input clock. The data shall be read out of the buffer
and written onto the D, NJO, PJO1 and PJO2 bytes of the selected ODTUjk[/ik] frame under
control of the ODUKk clock and justification decisions as defined in 19.5/G.709/Y.1331.

A justification decision shall be performed every fourth frame for the ODTUI12, every sixteenth
frame for the ODTUI13 and four times every sixteen frames for the ODTU23. Each justification
decision results in a corresponding double positive, positive, negative or no justification action.
Upon a double positive justification action, the reading of 2 data bytes out of the buffer shall be
cancelled once. No ODUj[/i] data shall be written onto the PJO2, PJO1 and NJO byte. Upon a
positive justification action, the reading of 1 data byte out of the buffer shall be cancelled once. No
ODU;j[/i] data shall be written onto the PJO1 and NJO byte and data shall be written onto the PJO2
byte. Upon a negative justification action, 1 extra data byte shall be read once out of the buffer.
ODU;j[/i] data shall be written onto the PJO2, PJO1 and NJO byte. If no justification action is to be
performed, ODUj[/i] data shall be written onto the PJO2 and PJO1 byte and no ODU;j[/i] data shall
be written onto the NJO byte. The ODUk frame that contains the PJO2, PJO1 and NJO bytes
depends on the time slot[s] of the ODTUjk[/ik].

The justification decisions determine the phase error introduced by the function.

Buffer size: In the presence of jitter as specified by ITU-T Rec. G.8251 and a frequency within the
range (239/(239[/i])) * 49D * 2488 320 kHz +20 ppm, this mapping process shall not
introduce any errors. The maximum buffer hysteresis, and therefore the maximum phase error
introduced, shall be as listed in Table 14-20.

Table 14-20/G.798 — Maximum buffer hysteresis

Mapping Maximum buffer hysteresis
ODU1 — ODU2 or ODU3 2 bytes
ODU2 — ODU3 8 bytes

JC: The function shall generate the justification control bits based on the justification decision
(double positive, positive, negative, none) according the specification in 19.5/G.709/Y.1331. It shall
insert the justification control bits in bit 7 and 8 of all three JC bytes of the frame in which the
justification is performed. The remaining (RES) bits of the JC byte shall be set to all-0's. The ODUk
frame that contains the JC bytes depends on the time slot[s] of the ODTUjk][/ik].

Common processes

Clock and (Multi) Frame Start signal generation: The function shall generate a local ODUk
clock (ODUKP_AI CK) of "(239/(239-k)) * 4% * 2 488 320 kHz + 20 ppm" from a free running
oscillator. The clock parameters, including jitter and wander requirements, as defined in
Annex A/G.8251 (ODCa clock) apply.

The function shall generate the (multi) frame start reference signals AI FS and Al MFS for the
ODUk signal. The AI FS signal shall be active once per 122 368 clock cycles. Al MFS shall be
active once every 256 frames.

Multiplexing: The function assigns the individual ODTUjk[/ik] to specific times slots of the OPUk
payload area as defined by the multiplex structure (see 19.3 and 19.4.1/G.709/Y.1331.
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MSI: The function shall insert the TxMSI into the MSI byte positions of the PSI overhead as
defined in 19.4/G.709/Y.1331. The TxMSI value and as such the multiplex structure is either fixed
or configurable via MI_TxMSI as shown in Table 14-21.

PT: The function shall insert code "0010 0000" (ODU multiplex structure) into the PT byte position
of the PSI overhead as defined in 15.9.2.1/G.709/Y.1331.

RES: The function shall insert all-0's into the RES bytes.

All other bits of the ODUk overhead should be sourced as "0"s, except the ODUk-PM STAT field
which should be set to the value "normal path signal" (001).

Table 14-21/G.798 — Multiplex structure configuration and TxMSI values

Function Multiplex structure TxMSI value for fixed
multiplex structure

ODU2P/ODU1_A Fixed 00 000000
4 ODU1 — ODU2 00 000001
00 000010
00 000011

ODU3P/ODU1_A Fixed 00 000000
16 ODU1 — ODU3 00 000001
00 000010
00 000011
00 000100
00 000101
00 000110
00000111
00 001000
00 001001
00 001010
00001011
00001100
00001101
00001110
00001111

ODU3P/ODU2_A Fixed 01 000000
4 ODU2 — ODU3 01 000001
01 000010
01 000011
01 000000
01 000001
01 000010
01 000011
01 000000
01 000001
01 000010
01 000011
01 000000
01 000001
01 000010
01 000011

ODU3P/ODUI12 A Configured via -
MI_ TxMSI
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Defects: None.
Consequent Actions: None.
Defect Correlations: None.

Performance Monitoring: None.

14.3.7.2 ODUKP to ODUJi]j adaptation sink function (ODUKP/ODU]i]j_A_ Sk)

The ODUKP/ODU[i]j A Sk function extracts the OPUk Overhead (PT, MSI, and RES) and
monitors the reception of the correct payload type. It demultiplexes the individual ODTUjk[/ik]
from the payload area of the OPUk and recovers the ODUj[/i] signals using the justification control
information (JC overhead). It determines the frame and multi-frame structure of the ODU;j|[/1].

The information flow and processing of the ODUkKP/ODUJi]j A Sk function is defined with
reference to Figures 14-50 and 14-51.

Symbol
ODUj_CPs [ODUi_CPs]
Tributary port 1 2 n 1 2 m
Lo Lo
ODUkP/ODU[i]j_A_Sk_ MP «——» ODUKkP/
ODUTi)j
l G.798AMD.1
F14-50
ODUKP_AP
Figure 14-50/G.798 — ODUKP/ODUJi]j_A_Sk function
Interfaces
Table 14-22/G.798 — ODUKP/ODUJi]j_A_Sk inputs and outputs
Input(s) Output(s)
ODUKP_AP: nx ODUj _CP:
ODUKP_AI CK ODUj_CI_CK
ODUKP_AI D ODUj_CI_D
ODUKP Al FS ODU;j CI FS
ODUKP_AI _MFS ODUj_CI_MFS
ODUKP_AI TSF ODUj_CI_SSF
ODUKP/ODUJi]j_A Sk MP: m x ODUi_CP: (Note)
ODUKP/ODUJi]j_A_Sk MI_Active ODUi_CI_CK
ODU3P/ODU12_A_Sk MI AutoMS (Note) ODUi_CI D
ODU3P/ODU12_A_Sk MI_ExMSI (Note) ODUi_CI FS
ODUi_CI_MFS
ODUi_CI_SSF
ODUKP/ODU[i]j_A_Sk_MP:
ODUKP/ODUJi]j A_Sk MI ¢PLM
ODUKP/ODU[i]j _A_Sk MI_cMSIM
ODUKP/ODU[i]j _A_Sk_MI_AcPT
n x ODUKP/ODUj_A_Sk MI ¢cLOFLOM
m x ODUKP/ODUi_A_ Sk MI cLOFLOM (Note)
NOTE - for ODU3P/ODU12_A_Sk only

ITU-T Rec. G.798(2002)/Amd.1 (06/2002)
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Processes

Activation

The ODUKP/ODUJi1]j_A_ Sk function shall access the access point when it is activated (MI_Active
is true). Otherwise, it shall not access the access point.

The processes associated with the ODUkP/ODU[i]; A Sk function are specific processes for each
ODUj[i/] CP and common processes for the compound (multiplexed) signal as depicted in
Figure 14-51.

ODU;j_CP[1] ODU;j_CP[n] ODUi_CP[1] ODUi_CP[m]
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4>| Extract PT |—>| PT process i MI_AcPT
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Figure 14-51/G.798 — ODUKP/ODUJi]j_A_Sk processes

Common processes

PT: The function shall extract the PT byte from the PSI overhead as defined in 8.7.2. The accepted
PT value is available at the MP (MI_AcPT) and is used for PLM defect detection.
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MSI: The function shall extract the MSI from the PSI overhead as defined in 8.7.2. The accepted
MSI (AcMSI) is available at the MP (MI_AcMSI). If MI_AutoMSI is supported and true the
AcMSI defines the multiplex structure. Otherwise the multiplex structure is defined by ExMSI,
which is either fixed or configurable via MI_ExMSI as shown in Table 14-23.

RES: The value in the RES bytes shall be ignored.

Demultiplexing: The function activates the ODTUjk[/ik] and assigns the times slots of the ODUk
payload area to the individual ODTUjk[/ik] as defined by the multiplex structure (see 19.3 and
19.4.1/G.709/Y.1331).

Table 14-23/G.798 — Multiplex structure configuration and ExMSI values

Function Multiplex ExMSI value for fixed
structure multiplex structure
ODU2P/ODU1_A Fixed 00 000000
4 ODU1 — ODU2 00 000001
AutoMS not 00 000010
supported 00 000011
ODU3P/ODU1_A Fixed 00 000000
16 ODU1 — ODU3 00 000001
AutoMS not 00 000010
supported 00 000011
00 000100
00 000101
00 000110
00 000111
00 001000
00 001001
00001010
00 001011
00 001100
00001101
00001110
00001111
ODU3P/ODU2_A Fixed 01 000000
4 ODU2 — ODU3 01 000001
AutoMS not 01 000010
supported 01 000011
01 000000
01 000001
01 000010
01 000011
01 000000
01 000001
01 000010
01 000011
01 000000
01 000001
01 000010
01 000011
ODU3P/ODUI12_A Configured via -
MI_ExMSI or
AcMSI if
MI_AutoMS = true
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Specific processes

The specific processes are performed independently for each ODUj [and ODUI1] client signal that is
multiplexed into the ODUk. The specific processes recover the ODUj[/i] from the ODTUjk[/ik].

JC: The function shall interpret the justification control information in bit 7 and 8 of the JC bytes as
defined in 19.5/G.709/Y.1331 in order to determine the justification action (double positive,
positive, negative, none) for the current frame. A 2 out of 3 majority decision is used. RES bits in
the JC bytes shall be ignored. The ODUk frame that contains the JC bytes depends on the time
slot[s] of the ODTUjk][/ik].

Demapping, CBR clock generation: The function shall provide an elastic store (buffer) process.
The ODUj[/i] data shall be written into the buffer from the D, NJO, PJO1 and PJO2 bytes in the
ODTUjk[/ik] frame. The information extraction of the PJO2, PJO1 and NJO bytes shall be under
control of the justification control information. The ODU;j[/i] data (CI_D) shall be read out of the
buffer under control of the ODU;j[/i] clock (CI_CK).

Upon a double positive justification action, the writing of 2 data byte into the buffer shall be
cancelled once. No ODUj[/i] data shall be read from the PJO2, PJO1 and NJO byte. Upon a positive
justification action, the writing of 1 data byte into the buffer shall be cancelled once. No ODUj|[/i]
data shall be read from the PJO1 and NJO byte and data shall be read from the PJO2 byte. Upon a
negative justification action, 1 extra data byte shall be written into the buffer once. ODUj[/i] data
shall be read from the PJO2, PJO1 and NJO byte. If no justification action is to be performed,
ODUj[/i] data shall be read from the PJO2 and PJO1 byte and no ODUj[/i] data shall be read from
the NJO byte. The ODUk frame that contains the PJO2, PJO1 and NJO bytes depends on the time
slot[s] of the ODTUjk][/ik].

Smoothing & jitter limiting process: The function shall provide for a clock smoothing and elastic
store (buffer) process. The (239/(239—j[/i])) * 491D * 2 488 320 kbit/s (k=1,2,3) data signal shall
be written into the buffer under control of the associated (gapped) input clock (with a frequency
accuracy within = 20 ppm). The data signal shall be read out of the buffer under control of a
smoothed (equally spaced) (239/(239—[/1])) * 400D+ 2 488 320 kbit/s + 20 ppm clock (the rate is
determined by the ODUj|[/i] signal at the input of the remote ODUkP/ODU[i]; A _So).

The clock parameters, including jitter and wander requirements, as defined in Annex A/G.8251
(ODCp clock) apply.

Buffer size: In the presence of jitter as specified by ITU-T Rec. G.8251 and a frequency within the
range (239/(239—j[/i])) * 49D * 2 488 320 kbit/s + 20 ppm, this justification process shall not
introduce any errors.

Following a step in frequency of the (239/(239—j[/i])) * 491D * 2 488 320 kbit/s signal transported
(for example due to reception of ODUj[/i] CI from a new ODU;j[/i] TT So at the far end or
removal of a ODU AIS signal with a frequency offset) there will be a maximum recovery time of X
seconds after which this process shall not generate any bit errors. The value of X is for further
study; a value of 1 second has been proposed.

Frame & Multiframe alignment: The function shall perform frame and multiframe alignment as
described in 8.2.3.

ODU;j|/i]-AIS: The function shall generate the ODU;j[/i]-AIS signals as defined in ITU-T
Rec. G.709/Y.1331. The clock, frame start and multiframes start shall be independent from the
incoming clock. The clock has to be within (239/(239—j[/i])) * 49V * 2 488 320 kHz + 20 ppm.
Jitter and wander requirements as defined in Annex A/G.8251 (ODCa clock) apply.

Selector: The normal signal may be replaced by the ODUj[/i]-AIS. ODU;j[/i]-AlS is selected if
aAlS is true.
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Defects
The function shall detect for dPLM, dMSIM and dLOFLOM.

dPLM: see 6.2.4.1. The expected payload type is "0010 0000" (ODU multiplex structure) as
defined in ITU-T Rec. G.709/Y.1331.

dMSIM: see 6.2.9.1

dLOFLOM: see 6.2.5.3. dLOFLOM is detected per active ODUj[/i].
Consequent Actions

for each ODU;j[/i]:

aSSF  « AI TSF or dPLM or dMSIM or dLOFLOM or (not Active)
for each ODU;j[/i]:

aAIS « AI TSF or dPLM or dMSIM or dLOFLOM or (not Active)

On declaration of aAIS the function shall output an All-ONEs pattern/signal within 2 frames. On
clearing of aAIS the AIl-ONEs pattern/signal shall be removed within 2 frames and normal data
being output. The AIS clock, frame start and multiframe start shall be independent from the
incoming clock, frame start and multiframe start. The AIS clock has to be within (239/(239—j[/i])) *
40U % 9 488 320 kHz + 20 ppm. Jitter and wander requirements as defined in Annex A/G.8251
(ODCa clock) apply.

Defect Correlations

cPLM « dPLM and (not AI TSF)

cMSIM « dMSIM and (not dPLM) and (not AI_TSF)

for each ODUj|[/i]:

cLOFLOM « dLOFLOM and (not MSIM) and (not dPLM) and (not AI_TSF) and (Active)

Performance monitoring: None.
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Series A
Series B
Series C
Series D
Series E
Series F
Series G
Series H
Series I
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

Means of expression: definitions, symbols, classification

General telecommunication statistics

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

TMN and network maintenance: international transmission systems, telephone circuits,
telegraphy, facsimile and leased circuits

Maintenance: international sound programme and television transmission circuits
Specifications of measuring equipment

Telephone transmission quality, telephone installations, local line networks
Switching and signalling

Telegraph transmission

Telegraph services terminal equipment

Terminals for telematic services

Telegraph switching

Data communication over the telephone network

Data networks and open system communications

Global information infrastructure and Internet protocol aspects

Languages and general software aspects for telecommunication systems

Geneva, 2002
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