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(57) Abstract: The present invention consists of an information structure conceived for the transport of data in digital form from
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VC-N, STS-N or ODUk. The structure also comprises means for identification of the frame beginning, verification of the integrity
and correctness of the switching, support of protection switching, and transport of quality and timing information associated with

the switched entities.
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"COMMUNICATIONS SYSTEM”

The present invention relates to a system for communication
of data in general and a structure or frame of information
for the transport of data including types SDH, SONET and
OTN and overhead information in a network element in a
telecommunications system. A method and apparatus are also

proposed.

Equipment inserted in a transport network realizing traffic
data switching requires a means of transporting internally
therein the traffic input interface data to the switching
structure and from the switching structure to the traffic

output interface.

One way of transferring the traffic data inside the network
elements is to map said data with other information in a
dedicated information structure suitable for transporting

the interconnected entity.

Depending on the type of traffic, different information
structures are needed. Handling different types of traffic

in the same equipment is therefore complex.

The general purpose of the present invention is to remedy

the above mentioned shortcomings by making available an
information structure which would allow by itself
collection and transportation of the data and information

of different types of traffic and added information
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allowing improvement of transmission reliability.

In particular the innovative structure in accordance with
the present invention is for example able to tranéport

alternatively the following types of traffic:

- Synchronous Digital Hierarchy (SDH) VC3, VC-4, VC-4-nc,
where n=4, 16, 64 or 256 as defined in ITU-T
!

Recommendation G.707.

- SONET STS-1s, STS-nc, where n=3, 12, 48, 192, 768 as

defined in Telecordia GR-253.

- Optical Transport Network Hierarchy (OTN) ODUk, where
k=1, 2 or 3 as defined in ITU-T Recommendatioﬁ G.709.

- Constant Bit Rate Signals (CBR) CBRx, where x=2G5, 10G,
40G as defined in ITU-T Recommendation G.709 and in

particular:

a) CBR2G5 is a constant bit rate signal of 2.488.320
kbit/st20ppm (for example, SDH STM-16 or SONET OC-
48) ,

b) CBR10G is a constant bit rate signal of 9.953.280
kbit/st20ppm (for example, SDH STM-64 or SONET OC-
192), and

¢) CBR40G is a constant bit rate signal of 39.813.120
kbit/st20ppm (for example, SDH STM-256 or SONET OC-

768) .
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Given its flexibility this type of structure is usable not
only within a telecommunications system network element
capable of switching only one of SDH, SONET or OTN data but
also in a network element whose communication platform

allows simultaneous permutation of several traffic types.

In view of this, it was sought to provide in accordance
with the present invention a frame structure designed to
support digital interconnections between a transmitting
element and a receiving element for the alternate transport
of different types of traffic between them and comprising
at least an overhead section and a data section sized to
allow mapping therein of the overhead information and the
characteristic data of each alternatively transported

traffic type.

In additiom it was sought to realize a method of
information transport from an input interface to an output
interface of a network element capable of switching
different traffic types and including the steps of forming
an information transport frame comprising a plurality of
fixed size sequential frames each including at least one
overhead section, a data-stuffing section and 'a data
section with the data-stuffing section and the data section
being sized to be able to contain together at least the
data of the traffic type which it requires most among those
foreseen. Upon reception on the input interface of data of
a traffic type, mapping in the frame of said data stuffing

with said data all the data section and continuing in the
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data-stuffing section and if the traffic type requires less
space that that provided in the frame, stuffing the surplus
space with stuffing bytes to hold the size of the frame
unchanged with changes in the type of traffic transported.

An apparatus in accordance with the method and including

the above mentioned structure is also proposed.

To clarify the explanation of the innovative principles of
the present invention and its advantages compared with the
prior art there ishébscribed below with the aid of the
annexed drawings a possible embodiment thereof by way of
non-limiting example applying said principles. In the

drawings:

FIG 1 shows the whole structure of the entire frame
structure in accordance with the present invention,

FIG 2 shows the mapping justification mechanism of an ODUL
in the structure in accordance with the present invention,
FIG 3 shows the synchronization mechanism between the
transmitter and the receiver by alignment word,

FIG 4 shows the information transport mechanism on the
gquality of the entity switched in the overhead sections,
and

FIG 5 shows the transport mechanism for information in the
overhead sections allowing verification of the accuracy and

guality of the switching.
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With reference to the Figures, FIG 1 shows the whole frame
structure realized in accordance with the present invention
and allowing alternative transport of different traffic
types while keeping all the characteristics and furthermore
transporting specific additional overhead information so as
to allow traffic transport from the input interface to the
output interface of a generic network element using said

structure.

As may be seen in the Figure, the frame structure in
accordance with the present invention is organized in 4
sections, to wit, a pOTN overhead section, a data stuffing

section, a pSOH overhead section and a data section.

The frame format of the present invention is structured
according to a prefefred embodiment in 9 rows and 4416 time
slot columns for a total of 39744 bytes and a period of
125ps (with bit rate at 2.543616 Gb/s). Columns 1 to 12
(i.e. POTN overhead section) always contain the heading for
work or overhead information transport. Column 13 to 96
(i.e. stuffing and data section) contain Dbytes of
data/stuffing in the case of ODUk or CBRx data transport
but otherwise they are completely stuffed with
predetermined fixed bytes (i.e. stuffing bytes) which do
not transport useful information. Columns 97 to 240 (i.e.
the pSOH overhead section) contain data bytes in case of
ODUk or CBRx data transport but otherwise in case of VC-n
or STS-n transport they are dedicated for overhead

information transport. Columns 241 to 4416 (i.e. the data
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section) always contain data bytes.

It should be noted that even in the case of data transport
a section can contain some stuffing bytes. This is due to
the difference in the sizes of the sections in accordance
with the present invention, deputed to data transport, and
to the different quantity of data to Dbe transported
depending on the type of interconnection entity handled. In
particular the sizes of the frame sections deputed to data
transport are sized for the transport of the number of data
bytes of the worst case (in terms of guantity of data bytes
which are to be transported) i.e. for ODU3. Depending on
the type, each interconnection entity keeps a definite

number of bytes placed in definite positions in the frame.

This way the interconnection entities ODU2 and CBR10G are
distributed in 4 frames contéining overheag information in
the pOTN overhead section and data/stuffing bytes in all
the other sections of the frame. Interconnection entities
VC-4-64c/STS-192¢c are distributed in 4 frames containing
overhead information in the pOTN and pSOH overhead sections
and data/stuffing bytes in all the other sections of the
frame. Interconnection entities ODU3 and CBR40G are
distributed in 16 frames containing overhead information in
the pOTN overhead sectionS and data/stuffing bytes in all
the other sections of the frame. Interconnection entities
VC-4-256¢/STS-798¢c are distributed in 16 frames containing
overhead information in the pOTN and pSOH overhead sections

and data/stuffing bytes in all the other sections of the
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frame.

Each frame in accordance with the present invention can
transport up to 48 VC-3/STS-1 or 16 VC-4/STS-3c¢c or 4 VC-4-
4c/STS-12c or 1 VC-4-16c/STS-48c or a mixture thereof. In
these cases the overhead sections (i.e. the pOTN and pSOH
sections) are deputed to overhead information transport,
the data-stuffing section is stuffed with stuffing bytes
while the data section is used for transport of the entity

with the following stuffing rules:

-a VC-3/8TS-1 is transported by 783 Dbytes (i.e. 87
columns/time slots);

-a VC-4/8TS-3c is transported by 2349 bytes (i.e. 261 time
columns/slots) ;

~a VC-4-4c¢/STS-12c is transported by 9396 bytes (i.e. 1044
time columms/slots);

-a VC-4-16¢/STS-48c is transported by 37584 bytes (i.e.

4176 time columns/slots).

It should be noted that mapping of VC-n/STS-n in the frame
is realized assuming a preadaptation of the entities to the
system clock of the network elements before mapping in the
structure in question. This is due to the fact that SONET
and SDH are hierarchies of synchronous transport which
require synchronization of all network elements. These
entities accordingly use a fixed number of bytes in the

frame and always in the same position.
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Concerning transport of ODUk, adaptation to the system
clock of the network elements is realized only to allow
adaptation of the ODUk to internal frame frequency. This is
necessary to allow simultaneous interconnection both of
ODUk and VC-n/STS-n within the same structure. In case of a
network element assigned exclusively to O0DUk switching,
because OTN is not a synchronous transport hierarchy,
adaptation to a single system synchronism would not be
necessary. Adaptation is realized during mapping of the
interconnected entity within the frame in question. After
interconnection the clock of the entity is recovered and
the OTN signal is generated with its original timing.

This means that the number of bytes of ODUk data
transported by the structure in accordance with the present
invention can vary and consequently also the position of

the ODUk in it.

To support this adaptation a justification mechanism is

supported in the data stuffing section of the frame.

Before mapping in the internal frame, 8 bytes (i.e. 6 for
an alignment word, 1 for control and 1 for parity
verification) are added for each block of 3824 bytes of the

ODUk.

In case of ODUl transport, the structure in accordance with
the present invéntion calls for a justification mechanism
capable of mapping in a range of [39122-39128] bytes of

data per frame and capable of supporting any difference
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admitted by the standards between the frequency of the
entering traffic signal and the system clock of the network

elements.

FIG 2 shows the justification mechanism for the mapping of

an ODUl in the frame in question.

As may be seen in the Figure, the stuffing-data section is
partly filled with the stuffing bytes (i.e. empty cells in
the FIG) and data "bytes (i.e. D cells in the FIG). In
addition, up to 6 bytes are expected to be stuffed with
stuffing bytes or data bytes (i.e. cells X, Y and Z in the
FIG). The content of the latter depends on the difference
of fregquency Dbetween ODUl' and system frequency and 1is
controlled by a codified protocol respectively in the
control cells A, B and C. The value of the protocol is
copied three times in the same frame (i.e. 3 bytes A, B, C
are present in the same frame) to allow correct

interpretation through majority wvoting.

The same mechanism is used for mapping of 0ODU2 and ODU3.
Naturally, because of the different number of bytes to be
transported per frame in the case of O0ODU2 and ODU3 the
justification mechanism controi bytes are placed in
different cells in the stuffing-data section with respect

to the ODUl transport.

The CBRx signals are transported in the structure through a

preadaptation of the CBRx bit rate to the related ODUk
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(i.e. CBR2G5 -> 0ODUl, CBR10G -> 0ODU2 and CBR40G -> O0ODU3).
This preadaptation is achieved by adding stuff bytes and a
frame alignment signal is added to identify the position of

the “pseudo 0ODU” (i.e. the adapted CBRx) within ‘the frame.

As mentioned above, the structure described here calls for
a frame section termed overhead dedicated to housing the

overhead information.

First of all a frame alignment word is inserted at the
source to allow identification of the beginning of each

frame at the destination.

This alignment word must have a rather resistant code so as
to reduce to a minimum the chance that a similar sequence
might be found in the rest of the frame and cause false

alignments.

For example, as shown in FIG 3, an alignment word made up
of 8 bytes and containing the hexadecimal wvalue Al in the
first 4 bytes and A2 in the second four meets the
requirements of resistance and can be located in the first

8 bytes of row 1 of the pOTN overhead section.

In addition the innovative structure also calls for a

.multiframe alignment signal, e.g. a counter [0-255] and by

means of this counter [0-255] it is possible to identify

intervals up to 32ms.
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Additional information on the quality of the traffic
received from the input interface will be transmitted to
the switching structure to realize network protection. The
most common network protection diagrams call for traffic
data duplication at some point along the path, transmission
along two different sub-paths (i.e. work and protection)
and at the end point of the protected subnetwork selection
of one of the two signals on the basis of a gquality
criterion. If the selection is made at the switching
structure level and if the quality is monitored at the
input traffic interface level this information will be
forwarded to the communication structure. Forwarding will
be the fastest possible to allow the structure immediate
selection of the intact traffic. One solution consists of
associating the quality information with the associated
entity interconnected in the same means used to transmit
the traffic data from the input interface to the switching
structure.‘This way the switching structure can monitor the
work and protection quality information and consequently

select the traffic which must be routed along the network.

The structure of the present invention calls for a frame
section dedicated to housing the quality information of

each interconnected entity transported in it.

For example, as shown in FIG 4, in the overhead section
POTN in a dedicated byte Q the quality of the ODUk or the
STM-n/0C-n transported will be codified while 1in the

overhead section pSOH 48 Qn bytes will be dedicated to the
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coding of the quality of the VC-n/STS-n transported.

A possible coding is the following:

- If from the input interface a serious defect on the
switched entity is found the hexadecimal value 02 will
be inserted in the quality byte (Q) associated with the

entity in question.

- If from the input interface an error rate on the
switched entity is found such that it does not
completely discredit the quality thereof but only
indicates a deterioration, the hexadecimal value 01

will be encoded.

- If no defect and deterioration on the switched entity
from the input interface is found the hexadecimal value

00 will be encoded.
In addition, since some of the network protection schemes
(for example MSP and MS-Spring as defined in TTU-T G.841
for SDH) call for a standardized Automatic Protection
Switching (APS) protocol to coordinate the behavior of the
two switching nodes through dedicated bytes in the overhead
(OH) of the traffic signals (for example, bytes K1 and K2
in the multiplex section of an STM-n signal, APS bytes in
the overhead of an ODUk) the frame in accordance with the
present invention is structured to transport for each type

of interconnected entity the APS commands detected at the
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traffic input interface to the switching structure. In the
switching structure-traffic interface direction the frame

also transports the protection state.

To allow fast implementation of the 1:N protection diagrams.
(for example MPS 1:N as defined in ITU-T G.841 for SDH)
between the traffic interfaces with different
configurations the structure dedicates a section of the
overhead to the transport of a protocol between traffic
interfaces and the switching structure. Upon reception of a
command through the APS protocol or detection of poor
quality of an interconnected entity involved in a 1:N
protection, the switching  structure  instructs  the
protection interface to take on the configuration of the
faulty one. In the opposite direction the protection
interface confirms the adoption of the configuration

request.

The frame in accordance with the present invention is also
structured to support protection switching methods which
perform switching actions at both ends of the protection
entity (for example connection, path) even in case of one-

way failure (i.e. dual ended protections).

Another mechanism can be provided for monitoring the
correctness of the traffic routing in the network element.
This is necessary to monitor the quality (i.e. the network
element does not céuse traffic deterioration) and

connection correctness (the network element ensures
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connection between each pair of input & output ports
without introducing erroneous connections). This mechanism
must allow end to end monitoring of the traffic data path
in the network element (i.e. traffic input & output

interfaces).

In addition, assuming a distributed network element (i.e.
traffic and switching structure interfaces in different
sites) or a switching structure organized in different
stages (for example, a Clos switching structure) there will
be realized the monitoring of each path section of the
entity interconnected in the network element (i.e. from the
traffic input interface to the switching structure, between
each switching structure stage, and from the switching

structure to the traffic output interface.

A way of obtaining these types of control is to insert in
the inner frame a frame source identifier (Path Trace) and
a monitoring error code calculated after scrambling (for
example the Bit Interleave Parity (BIP) defined by ITU-T
G.707) .

At the terminal point the Path Trace is extracted and
compared with the expected one. Detection of an inequality

identifies a connection error.

Parity calculation is done at the destination before de-
scrambling and then compared with the BIP contained in the

next frame extracted after de-scrambling.
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A frame section is dedicated to implementing Path Trace and
Parity Check of the end to end path of the interconnected

entity in the network element.

Another frame section is dedicated to implementing the same
checks for a path segment from end to end of the

{
interconnected entity in the network element.

For example, as shown in FIG 5, it is possible to dedicate
in the pOTN overhead section three bytes (for example, A B
C) for control of the whole input output traffic interface
path of the structure in case of switching of CBRx signals
or ODUk entities. Two bytes (for example A and B) will be
dedicated to containing a univocal (i.e. unique) structure
generator identifier while a third (for example C) will
contain the generated structure parity. Again in the same
case, another three bytes (for example E and F and G) can
be dedicated to making the same type of controls but on
individual path sections from the structure to the inside

of the network element.

As protection switching realized by the switching structure
could cause detection of a parity or path trace error at
the end point located on the traffic output interface, a
section of the structure is dedicated to the transport of
an activation and deactivation protocol for detection of

the error.
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The frame is also designed to transport time information.

The system clock of a network element inserted in a
synchronous transport network is generally hooked to a
éynchronization source selected from a set of possible
sources including the traffic interfaces (for example STM-n

signals in SDH).

By means of a pointer mechanism, the frame allows the
transport, together with the traffic data to be switched,
of up to two timing signals from the traffic interface
which can even be hundreds of meters distant up to the
network element core where selection of the timing source

is done.

The position of the timing signal edge in the data frame in
accordance with the present invention is identified by a
particular pointer value in the dedicated overhead bytes of
the frame. The pointer value is copied n times in the same
frame overhead to allow correct interpretation at the
destination through majority voting. In case of a faulty
reference timing signal a particular value will be inserted
in this field to indicate that the pointer wvalue is mnot

valid.

The synchronization quality information (also called SSM-
Timing Marker) of the timing signal transported by the
frame through the pointer mechanism is also contained in a

dedicated section of the inner frame.
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To avoid protection switching because of an error in
information transmission by means of the inner frame from
the traffic input interface to the switching structure, a
byte dedicated to parity control is provided in the
structure in accordance with the present invention to
verify the quality of the overhead section transporting the
quality information, the APS command and the dual ended
data of the interconnected entities and the timing signal
synchronization quality information. In other words, a bit
of the pOTN or pSOH section interpreted wrongly by the
switch because of a momentary and local deterioration could
cause erroneous protection tripping. For this reason a
finer control is inserted in the fields bearing a certain

type of information.

To facilitate alarm correlations in the network element the
frame supports information exchange between the traffic
input and output interfaces. If at the output traffic level
a basic error detection communication is detected in a
dedicated byte of the frame in question, any possible
correlated defect detected on the interconnected entity is

suppressed.

It is now clear that the predetermined purposes have been
achieved by making available a flexible frame structure
allowing transport of all information and data necessary
for transport of various types of traffic in the network

element. In particular the frame allows CBRx traffic
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transport without distinction (for example STM-N and OC-N),

VC-N, STS-N and ODUKk.

In accordance with the present invention it is thus
possible to have an information structure consisting of
traffic data transport fields and heading information
fields organized in frames which are repeated with
relatively high frequency (advantageously every 125us) and
which cah be usgd transparently to support digital
%nterconnections in a element of a transport network
capable of switching Optical Data Units (ODU) , or

synchronous transport modules (Synchronous Digital

Hierarchy) STM-N, SONET synchronous transport signals STS-N

derived from OD-N optical carriers, or virtual containers
SDH VC-3, VC-4 and/or VC-4-nc, where n=4, 16, 64, 256,
and/or synchronous transport systems SONET STSls, STS-nc,

where n=3, 12, 48, 192,or 768 as defined in Telecordia
GR253.

In addition, in the structure are supplied means for
identification of the frame start, verification of the
integrity and correctness of the switching, protection
switching and transporting the quality and timing

information associated with the switched entities.

The above description of an embodiment applying the
innovative principles of the present invention is given by
way of non-limiting example of said principles within the

scope of the exclusive right claimed here. For example,
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additions to or variants of the structure can be considered
to expand or integrate the information transported and the
performance of the system. An apparatus in accordance with
the method and structure proposed is readily realisable to

5 those skilled in the art.
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1. Frame structure designed to support digital
interconnections between a transmitting element and a
receiving element for the alternative transport of
different types of traffic Dbetween them including,
alternatively, traffic comprised in ODUk traffic and
traffic not comprised in ODUk traffic and comprising at
least one overhead section sized to allow mapping therein
of overhead information and a data section sized to allow
mapping therein of characteristic data of each type of

alternative traffic transported.

2. Frame structure in accordance with claim 1
characterized in that the traffic type transported is

chosen at least from among ODUk, STS-n, VC-n and CBRX.

3. Frame structure in accordance with claim 1
characterized in that it has fixed dimensions and is

repeated at regular intervals.

4. Frame structure in accordance with claim 1
characterized in that it is organized in at least 4
sections: a pOTN overhead section, a stuffing and data

section, an overhead section pSOH and a data section.

5. Frame structure in accordance with claim 1
characterized in that the frame format is structured in 9

rows and 4416 columns/time slots.
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6. Frame structure in accordance with claim 5
characterized in that the format consists of a total of

39744 bytes.

7. Frame structure in accordance with claim 1

characterized in that it has a period of 125us.

8. Frame structure in accordance with claim 5
characterized in that columns 1 to 12 comprise a pOTN
overhead section for transportb of the work or overhead
information, columns 13 to 96 comprise a stuffing and data
section for data/stuffing bytes in case of transport of
ODUk or CBRx data but otherwise for compleﬁely filling with
previously established fixed ©bytes which constitute
stuffing bytes, columns 97 to 240 comprise a pSOH overhead
section for data bytes in case of transport of ODUk or CBRx
data and for dedicated overhead sections for the transport
of overhead information in the case of transport of VC-n or
STS-n, and columns 241 to 4416 comprises a data section for

data bytes.

9. Frame structure in accordance with claim 1
characterized in that the sizes of the frame sections
deputed to data transport are sized for transport of the
number of data bytes of the traffic type comprising the
greatest quantity of data bytes which must be transported
and in case of transport of a different one of the traffic

types the parts in advance of said deputed sections are
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stuffed with stuffing bytes.

10. Frame structure in accordance with claim 4
characterized in that interconnection entities O0ODU2 and
CBR1OG are distributed in 4 frames containing overhead
information in the pOTN overhead section and data/stuffing

bytes in all the other frame sections.

11. Frame structure in accordance with claim 4
characterized in that interconnection entities VC-4-
64c/STS-192c are distributed in 4 frames containing
overhead information in the pOTN and pSOH overhead sections

and data/stuffing bytes in all the other frame sections.

12. Frame structure in accordance with claim 4
characterized in that interconnection entities O0ODU3 and
CBR40G are distributed in 16 frames containing overhead
information in the pOTN overhead sections and data/stuffing

bytes in all the other frame sections.

13. Frame structure in accordance with claim 4
characterized in that interconnection entities VC-4-
256c/STS-798c are distributed in 16 frames containing
overhead information in the pOTN and pSOH overhead sections

and data/stuffing bytes in all the other frame sections.

14. Frame structure in accordance with claim 1
characterized in that each frame can transport up to 48 VC-

3/STS-1 or 16 VC-4/STS-3c or 4 VC-4-4¢c/STS-12¢c or 1 VC-4-
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16¢/8TS-48¢c or a mixture thereof.

15. Frame structure in accordance with claim 5
characterized in that in the case of transport of VC-n/STS-
n the pOTN and pSOH overhead sections are deputed to the
transport of overhead information and the data-stuffing
section is stuffed with stuffing bytes while the data
section is used for transport of the entity with at least
one of the following stuffing rules:

-a VC-3/8Ts-1 1is htransported by 783 byte, i.e. 87
columns/time slots);

-a VC-4/8TS-3c is transported by 2349 byte, i.e. 261
columns/time slots;

-a VC-4-4c/STS-12c is transported by 9396 byte, i.e. 1044
columns/time slots;

-a VC—4—16c/STS—48c is transported by 37584 byte, i.e. 4176

columns/time slots.

16. Frame structure in accordance with claim 1
characterized in that mapping of traffic in the frame is
realized by means of an adapter for adaptation of the
traffic entities to a system clock before mapping in the

structure.

17. Frame structure in accordance with claim 16
characterized in that for transport of VC-n/STS-n e ODUk
adaptation to the system clock is realized to allow
adaptation of the ODUk to the frame frequency to allow

simultaneous interconnection both of ODUk and VC-n/STS-n in
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the same structure.

18. Frame structure in accordance  with claim 16
characterized in that the adaptation is realized during
mapping of the interconnected entity in the frame and after
interconnection the clock of the entity is recovered and

the signal is OTN generated with its original timing.

19. Frame structure in accordance with claim 16
characterized in that for adaptation a justification
mechanism is supported in the stuffing-data section of the

frame.

20. Frame structure in accordance with claim 5
characterized in that before mapping in the frame, 8 bytes
made up of 6 bytes for an alignment word, 1 byte for
control and 1 byte for parity verification are added for

each block of 3824 bytes of the ODUk traffic.

21. Frame structure in accordance with claim 4
characterized in that in the case of ODUl transport the
structure in accordance with the present invention calls
for a justification mechanism capable of mapping a range of
[39122-39128] data bytes per frame capable of supporting
any difference admitted by the standards between the
traffic signal frequency and the system clock of the

network elements.
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22. Frame structure in accordance with claim 4
characterized in that for the justification mechanism for
mapping of an ODUk (k=1,2,3) in the frame the stuffing-data
section is partially stuffed with stuffing bytes and data

bytes.

23. Frame structure in accordance with claim 22
characterized in that up to 6 bytes are called for to be

stuffed with stuffing bytes or data bytes.

24. Frame structure in accordance with claim 23
characterized in that the content of said bytes depends on
the frequency difference between entering traffic and
system frequency and is controlled by a protocol encoded in
control bytes and the value of the protocol is copied three
times in the same frame to allow correct interpretation

through majority voting.

25. Frame structure in accordance with claim 1
characterized in that the CBRx signals are transported in
the structure through a preadaptation of the CBRx to the
associated ODUk, i.e. CBR2G5 -> ODUl, CBR10G -> ODU2 and

CBR40G -> ODU3.

26. Frame structure in accordance with claim 1
characterized in that a frame alignment word is inserted at
the transmitting element to allow identification of the

beginning of each frame at destination.
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27. Frame structure in accordance with claim 4
characterized in that an alignment word made up of 8 bytes
is located in the first 8 bytes of row 1 of the POTN

overhead section.

28. Frame structure in accordance with claim 1
characterized in that it calls for a multi-frame alignment

signal.

29. Frame structure in accordance with claim 1
characterized in that additional information on traffic
quality is inserted to realize a network protection

diagram.

30. Frame structure in accordance with claim 29
characterized in that the network protection diagram calls
for duplication of the traffic data at some point along the
path, transmission along two different subnetworks (i.e.
work and protection) and at the terminal point of the
protected subnetwork selection of one of the two signals on

the basis of a quality criterion.

31. Frame structure in accordance with claim 29
characterized in that the quality information is associated
with the relative interconnected entity in the same means
used to transmit the input interface traffic data to a
switching structure so that the switching structure can
monitor the work and protection data quality information

and consequently select the traffic which is to be routed
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along the network.

32. Frame structure in accordance with claim 1
characterized in that it calls for a section of the frame
dedicated to housing of information on the quality of each

interconnected entity transported therein.

33. Frame structure in accordance with claim 32
characterized in that in a pOTN overhead section in a
dedicated byte Q will be encoded the quality of ODUk or
STM-n/0C-n transported while in a pSOH overhead section 48
On bytes will be dedicated to the encoding of the quality

of VC-n/STS-n transported.

34. Frame structure in accordance with claim 33
characterized in that the encoding is the following:

- i1f a serious defect on the switched entity was found at
input the hexadecimal value 02 is inserted in the
quality byte (Q) associated with the entity in
question,

- if an error rate on the switched entity is found at
input but such that it does not completely discredit
the quality but only deterioration the hexadecimal
value 01 is encoded,

- if no defect and deterioration on the switched entity
was found at input the hexadecimal value 00 is encoded.

35. Frame structure in accordance with claim 1

characterized in that it is structured to transport for
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each type of interconnected entity Automatic Protection

Switching (APS) commands detected at input.

36. Framé structure in accordance with claim 35
characterized in that the structure dedicates an overhead
section to transport of a protocol between traffic
interface and switching structure in a network element to
allow fast implementation of 1:N protection diagrams
between traffic interfaces with different configurations
and upon reception éf a command through the APS protocol or
detection of poor quality of an interconnected entity
involved in a 1:N protection the switching structure
instructs the protection interface to take on the
configuration of the faulty one and in the direction
opposite the protection interface confirms adoption of the

required configuration.

37. Frame structure in accordance with claim 1
characterized in that it calls for an internal mechanism
for monitoring the correctness of the traffic routing in a
network element and monitoring of the quality, i.e. the
network element does not cause traffic deterioration, and
the correctness of the connection i.e. the network element
ensures connection between each input port-output port pair
with which it is equipped without introducing erroneous

connections.

38. Frame structure  in accordance with claim 37

characterized in that in case of a distributed network
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element i.e. with traffic interface and switching structure
in different sites or a switching structure organized in
different stages the structure supplies support to the
monitoring of each path section of the interconnected

entity in the network element.

39. Frame structure in accordance with claim 38
characterized in that to obtain said monitoring the frame
contains an identifier of the frame source (Path Trace) and

a monitoring error code calculated after scrambling.

40. Frame structure in accordance with claim 1
characterized in that a frame section is dedicated to
implementing a path trace and a parity check of the end to

end path of the interconnected entity.

41 . Frame structure in accordance with claim 40
characterized in that another frame section is dedicated to
implementing the same controls for a segment of the path

from end to end of the interconnected entity.

42. Frame structure in accordance with claim 41
characterized in that in a overhead section three bytes are
dedicated for control of the complete input traffic
interface output traffic interface path of a network
element in case of switching of CBRx signals or ODUk
entities and of said three bytes two bytes are dedicated to
containiﬁg a unique identifier of the structure generator

while a third will contain the generated structure parity.
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Frame structure in accordance with claim 42 characterized
in that three other bytes are dedicated to pérforming the
same type of check but on the individual path sections.

43. Frame structure in accordance with claim 40
characterized in that a section of the structure is
dedicated to transport of an activation and deactivation
protocol for detection of the error to avoid that a
protection switching might cause detection of a parity

error or a path trace.

44, Frame structure in accordance with claim 32
characterized in that the frame transports time

information.

45. Frame structure in accordance with claim 45
characterized in that the frame comprises a pointer
mechanism for supporting transport together with the

traffic data of at least two timing signals.

46. Frame structure in accordance with claim 46
characterized in that the position of an edge of the timing
signal in the frame is identified by a particular pointer

value in dedicated overhead bytes of the frame.

47 . Frame structure in accordance with claim 47
characterized in that the pointer value is copied n times
in the same frame overhead to allow its correct

interpretation at the destination through majority voting.
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48. Frame structure in accordance with claim 47 comprising
means for in case of a fault condition of the timing signal
indicating that the pointer value is not valid, in which
the means comprises a particular value inserted in a part

of the frame.

49. Frame structure in accordance with claim 46
characterized in that timing signal synchronization quality
information transported from the frame through the pointer
mechanism is also contained in a dedicated section of the

inner frame.

50. Frame structure in accordance with claim 29
characterized in that to avoid protection switching because
of an error in information transmission by means of the
frame a byte dedicated to parity control is provided for
verifying the quality of the overhead section transporting
at least one of quality information and APS command and
dual ended information of the interconnected entity and

synchronization quality information of a timing signal.

51. Method for transport of traffic information from an
input interface to ah output interface of a network element
capable of switching different types of traffic information
and comprising the steps of forming an information
transport frame comprising a plurality of fixed size
sequential frames with each frame comprising at least one

overhead section, one data stuffing section and a data
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section with the data-stuffing section and the data section
being sized for containing together at least the traffic
type which requires most capacity among those expected and
upon reception on the input interface of data of a traffic
type, mapping in the frame said data filling with said data
all the data section and continuing in the data-stuffing
section and, if the traffic type requires less space than
that arranged in the frame, filling the extra space with
stuffing bytes to maintain the frame size with the change

in transported traffic type.

52. Apparatus comprising at least one input interface and
one output interface and means for transmission of data
between them in the frame structure in accordance with any

one of the above claims.
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