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(57) ABSTRACT

In a method of transmitting user data over a synchronous
digital communication network (SDH), the user data are
packed in multiplex units by a peripheral device (10; 40). If a
greater bandwidth than the capacity of the multiplex unit 1s
required, several multiplex umts are contiguously concat-
enated (VC-4-4¢) and transmitted in a common transport
module (STM-4). At the gateway to the synchronous com-
munication network, the contiguous concatenation of the
multiplex units (VC-4-4c¢) 1s converted to a virtual concat-
enation ol multiplex units (VC-4-Nv). To adapt the number
ol concatenated multiplex units to the bandwidth actually
required, only part of the multiplex units are filled with user
data, and during the conversion, those multiplex units which
are not filled with user data are omaitted.

17 Claims, 2 Drawing Sheets

13a

14 16

e

STM-4 |Router
VC-4-4c

VC-4-4y
\________\/____—__/

SDH



U.S. Patent Jun. 30, 2009 Sheet 1 of 2 US RE40.809 E

14 16

10 GE’
" ‘-0' P
T A e 13407 /ST
;4 VC-4- 4C

VC-4-4c
VC-4-4y
\____\/_______/
- SDH
ﬁﬂ' 1
12
N N e
Router] STM-4 *—4 STM-4 |Router

VC-4-4c -

VC-4-3v

~
ﬁ,ﬂ 2 SDH

VC-4-4c¢

12
3b

VC44<:

V(- 4-4:

VC-4-2v

7
?'g 3 SDH



U.S. Patent Jun. 30, 2009 Sheet 2 of 2 US RE40.809 E

40
44

43
STM-4 Processing
I
" /O

V(C-4-4c

VC-4 Processing 46

4]

P 45
02.3

IP-Matrix

' Iii‘i

20
51 52

STM-4 Processing
VC-4-4c | |/O >3 >0
VC-4 Processing
Control

:
58

26 VC-4 Processing
>/ \['STM-4 Processing

/O VC-4-Ny




US RE40,809 E

1

CONVERSION OF CONTIGUOUS
CONCATENATION OF VIRTUAL

CONCATENATION IN A SYNCHRONOUS
DIGITAL COMMUNICATION NETWORK

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

This invention relates to a method of transmitting user
data over a synchronous digital communication network to a
multiplexer for a synchronous digital communication net-
work and to a peripheral device transmitting user data over a
synchronous digital communication network.

In a synchronous digital communication network such as
in SDH or SONET systems, messages are transmitted as
payloads of multiplex units. Such multiplex units are
referred to 1n SDH systems as virtual containers and in
SONET as virtual tributaries. The multiplex units are trans-
mitted 1n synchronous transport modules STM-N (N=1, 4,
16, 64), 1n which they can be positioned freely. In SDH, the
largest multiplex unit 1s the virtual container VC-4 with a
payload capacity of 149.760 Mb. Together with a pointer in
the overhead of the transport module STM-1, which points
to the beginning of the container, the VC-4 1s called an AU-4
(administrative unit). In SONFET, the largest multiplex unit 1s
a V'I-3 with a capacity of 48.384 Mb, which, together with a
corresponding pointer, 1s called an AU-3. If payload signals
whose bit rate 1s greater than the payload of the largest mul-
tiplex unit are to be transmitted, a concatenation of multiplex
units 1s formed.

IUT-T G. 707, Chapter 8.1.7, describes two methods of
concatenation, which can be used alternatively: “contiguous
concatenation”, or “concatenation of contiguous AU-4s”
(Chapter 8.1.7.1), and ““virtual concatenation” (Chapter
8.1.7.2). In the contiguous concatenation method, successive
multiplex units are concatenated which are transported
together 1n a larger transport module, e.g., four AU-4s 1n a
single STM-4, sixteen AU-4s 1n a single STM-16, three
AU-3s 1n a single STM-1, or twelve AU-3s 1n a single STM-
4. When the concatenated multiplex units are accessed, only
the pointer to the first multiplex unit of the concatenation 1s
evaluated, and this pointer value 1s also used for all subse-
quent multiplex units in the concatenation. In the virtual
concatenation methods, the individual multiplex units are
transported independently of each other and are combined at
the data sink, 1.e., 1n the destination network element. The
individual multiplex units may even be transmitted over dii-
terent paths and exhibit differential delays at the data sink,
which must be compensated for by bullering. Usually, only
like multiplex units, 1.e., multiplex units of the same size, are
concatenated.

While 1n peripheral devices, e.g., in IP routers, which use
a synchronous digital communication network as a back-
bone network, contiguous concatenation 1s preferred,
because 1t 1s easier to handle, from a network point of view,
virtual concatenation 1s preferred because of 1ts greater flex-
ibility. Conversion from contiguous concatenation to virtual
concatenation 1s known per se. Each of the individual multi-
plex units 1s provided with 1ts own pointer. An 1ndicator in
the overhead of the multiplex units indicates the concatena-
tion. For the indicator, bits 1 and 2 of the H4 byte are cur-
rently used; the use of other overhead bytes 1s conceivable.
The virtually concatenated multiplex units can then be trans-
ported 1n separate transport modules.
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As mentioned, peripheral devices, such as IP routers, pret-
erably use contiguous concatenation. In an article about the
Cisco 12008 Gigabit Switch Router, retrievable from the
Internet at URL “http://www.c1sco.com/univercd/cc/td/doc/
product/core/c 1512008/ miricg/product] .htm™, 1t 1s described
that the device can be equipped with an OC-3¢/STM-1c¢
interface or an OC-12¢/STM-4¢ interface. Both interface
types use contiguous concatenation ol multiplex units. Since
the number of contiguously concatenated multiplex units
depends on the iterface type of the router, always the same

number of multiplex units are transmitted regardless of the
bandwidth actually used for the IP payload.

SUMMARY OF THE INVENTION

It 1s an object of the mvention to provide a method of
transmitting user data over a synchronous digital communi-
cation network wherein the number of concatenated multi-
plex units can be adapted to the actually required bandwidth.
Further objects of the invention are to provide a multiplexer
for a synchronous digital communication network and a
peripheral device which are suited for carrying out the
method according to the mvention.

These objects are attained by the features of claims 1, 5,
and 6, respectively. Further developments of the mmvention
are apparent from the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will become more apparent by reference to
the following description of an embodiment taken in con-
junction with the accompanying drawings, 1n which:

FIGS. 1 to 3 show an IP router which 1s connected to a
synchronous digital communication network and generates a
synchronous message signal with contiguously concatenated
multiplex units, the contiguous concatenation being con-
verted to virtual concatenation 1n a multiplexer of the com-
munication network;

FIG. 4 1s a block diagram of an IP router as a peripheral
device for a synchronous communication network; and

FIG. 5 15 a block diagram of a multiplexer that performs
the conversion.

DETAILED DESCRIPTION OF THE INVENTION

A basic 1dea of the mvention 1s to generate a contiguous
concatenation of multiplex units 1n the peripheral device, but
to use only part of the concatenated multiplex units for the
payload and keep the remainder free or fill 1t with a fill
pattern. Another basic 1dea of the imvention consists 1n the
fact that the multiplexer at the interface to a synchronous
digital communication network performs a conversion from
contiguous concatenation to virtual concatenation and in this
process omits those multiplex units which are not filled with
payload, thus adapting the number of concatenated multi-
plex units to the actually needed bandwidth.

In explaining the transmission method according to the
invention, only one direction of transmission will be consid-
cred for the sake of clarity. It 1s to be understood, however,
that the transmission can also be bidirectional.

FIG. 1 1llustrates how a payload 1s transmitted from a first
peripheral device 10 over a synchronous digital communica-
tion network SDH to a second peripheral device 16. The
peripheral devices are IP routers, and the payload consists of
data packets that are structured according to the Internet
protocol. In the first IP router 10, a synchronous message
signal 11 1s generated. It 1s a framed multiplex signal of the

STM-4 type. The STM-4 frame consists of four-byte-
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interleaved STM-1 transport modules. Each of the four
STM-1irames contains a multiplex unit VC-4. The four
V(C-4 multiplex units are contiguously concatenated. This
gives a maximum payload of 4x149 Mb=596 Mb, which is
filled by the IP router with the IP packets to be transmitted.
To pack the IP packets in the multiplex units, use can be
made ol the Point-to-Point Protocol (PPP), for example,
which was defined by the IE'TF (Internet Engineering Task
Force). The concatenation method described 1s referred to as
V(C-4-4c. The IP routers 10, 16 form part of a data network
and use the synchronous digital communication network
SDH as a backbone network.

From the first IP router 10, synchronous message signal
11 1s transterred to a multiplexer 12 of the synchronous sig-
nal communication network SDH. Multiplexer 12 provides
the gateway from the synchronous communication network
SDH]1 to the data network. It converts the seamless concat-
enation of the four VC-4 multiplex units to a virtual concat-
enation. To accomplish this, as mentioned above, each of the
four multiplex units 1s provided with 1ts own pointer, and an
indicator 1s inserted in the overhead of the multiplex units
which indicates the concatenation. The four virtually concat-
enated VC-4 multiplex units can now be transmitted through
the communication network SDH independently of each

other 1n separate smaller or common larger transport mod-
ules. In the embodiment 1t 1s indicated that each of the four

concatenated multiplex umits 1s transmitted over a separate
path 13a—d. The virtual concatenation 1s designated as VC-4-
4v.

The virtually concatenated multiplex units are transmitted
through the communication network SDH to the data sink, a
second multiplexer 14. The latter converts the virtual concat-
enation back to a contiguous concatenation and transiers the
four seamlessly concatenated multiplex units, 1n a message
signal 15 organized into STM-4 frames, to the second IP
router 16.

The multiplexers may be add/drop multiplexers or termi-
nal multiplexers which terminate individual or all paths that
are contained in the received, framed multiplex signals.

During periods of high traffic loads in the data network,

all multiplex units are packed full of IP packets, and the
above-described data transmission over the synchronous
digital communication network acting as a backbone net-
work 1s fast and etficient.
During packet transmission, however, there also are pro-
longed periods 1n which the number of IP packets to be
transmitted does not suffice to pack all four multiplex units
tull. Then, according to the invention, only part of the multi-
plex units are used 1n IP router 10 for the transport of data
packets, and the other multiplex units remain empty or are
filled with a fill pattern.

This situation 1s illustrated i FI1G. 2. IP router 10 packs
only three of the four concatenated multiplex units VC-4-4c.
The fourth multiplex unit remains empty. Message signal 11,
however, which 1s sent by IP router 10 to multiplexer 12, still
has the same structure, namely an STM-4 frame with four
contiguously concatenated multiplex units VC-4-4c¢. In mul-
tiplexer 12, the contiguous concatenation 1s converted to a
virtual concatenation, with the fourth multiplexer unit, 1.e.,
the unit not packed with data packets, being omitted. A vir-
tual concatenation of three multiplex units VC-4-3v 1s thus
obtained, which 1s transmitted over the paths 13a—cto the
second multiplexer 14. There, the virtual concatenation 1s
converted back to a contiguous concatenation, which,
complemented by an empty multiplex unit to form VC-4-4c,
1s transierred to the second IP router 16.

As the STM-4 frame consists of four byte-interleaved
STM-1 frames, it 1s very simple for the IP router to leave one
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multiplex umt free: it simply inserts a dummy byte (e.g.,
hex00) after every three bytes. To convert the contiguous
concatenation of four multiplex units to a virtual concatena-
tion of three multiplex units, the multiplexer needs the infor-
mation that one of the four multiplex units, and which of
them, 1s to be omitted. In one embodiment, this information
1s provided by the IP router, either over a dedicated control
channel in the overhead of the multiplex units or transport
modules or via a higher-level network management system.
In another embodiment, the multiplexer detects
automatically, e.g. by the fill pattern or by missing IP
headers, that one of the multiplex units 1s not packed with IP
packets, and this empty multiplex unit 1s then omitted in the
conversion. The automatic detection can be performed either
by monitoring the payload in the multiplexer or by arranging
for the IP router to label unused multiplex units 1n the over-
head.

If a vaniant of the Point-to-Point Protocol (PPP, IETF) or a
similar variant 1s used, IP packets will be framed in HDLC
frames. Bytes between the HDLC frames are fill patterns.

FIG. 3 shows that only two of the four multiplex units are
used to transport IP packets and that the multiplexer, when
converting to virtual concatenation, omits the two unused
multiplex units and transmuits only two of the originally four
multiplex units over the communication network SDH. This
concatenation 1s then denoted as V(C-4-2v. Similarly, the
contiguous concatenation can also be converted 1nto a single
multiplex unit by omitting three empty multiplex units.

The mvention 1s not limited to a concatenation of virtual
containers VC-4. It 1s also possible, for example, to use
V(C-12s with a payload of 2 Mb. The mvention can also be
used 1 SONET systems with containers VC-3 or VC-11
(VT-1.5). Larger concatenations of, e.g., 8, 16, or 64 con-
tainers are also possible.

The conversion 1nto a smaller number of virtually concat-
enated multiplex units can also be predefined, so that at
given times, for example, the tull bandwidth of all multiplex
units 1s available, while at other times, only a reduced capac-
ity 1s available. For instance, a concatenation of three VC-4s
can be chosen from 8:00 to 10:00 a.m. and from 4:00 to 6:00
p.m., a virtual concatenation of all four VC-4s during busy
periods from 10:00 a.m. to 4:00 p.m., and a virtual concat-
enation of only one or two VC-4s during periods of light
traffic from 6:00 p.m. to 8:00 a.m. In this way, the actually
transmitted payload can be adapted to the statistical utiliza-
tion of the data network. Alternatively, a dynamic adaptation
according to a measured traific volume can be performed
approximately every 10 min. IT a default value 1s used, the
transier from the IP router to the multiplexer of information
as to which multiplex units are currently being used for data
packets 1s not necessary.

This results 1n a considerable advantage to the operator of
the data network, since he must pay fees only for the actually
transmitted multiplex units to the operator of the synchro-
nous communication network that he uses as a backbone.

Another preferred application of the method according to
the 1nvention 1s 1n the transmission of data packets that are
structured according to the protocol for the asynchronous
transier mode (ATM). The peripheral device 1n that case 1s
an ATM switch which packs the payload, consisting of ATM
cells, 1n contiguously concatenated multiplex units and
transiers the latter to the multiplexer of the synchronous
communication network.

A turther preferred application of the method according to
the 1invention 1s 1n the transmission of data packets that are
structured according to the Ethernet protocol. The Ethernet
frames are framed in HDLC frames and are transported
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transparently in concatenated SDH containers. A fill pattern
may be inserted between the HDLC frames, which 1s
removed during the compression according to the mnvention
in order to reduce the number of concatenated containers.

So far, only one direction of transmission has been consid-
ered. In the case of bidirectional transmission, however, a
turther advantageous field of application results. In the case
of classic calls, the same transmission rate 1s necessary 1n
both directions (“upstream” and “downstream”). During
data transmission, however, things are different. For
instance, 1n future data networks, such as in ADSL
(Asymmetrical Digital Subscriber Line), traffic 1s expected
to be highly asymmetrical. The compression according to
the invention can therefore be used to advantage 1n only one
direction of transmission, while in the other direction, the
tull capacity of all concatenated multiplex units 1s available.
Here, the compression according to the invention 1s particu-
larly advantageous since, as a rule, the physical interfaces of
the peripheral devices offer the same bandwidth in both
directions. Thus, the transmission capacity can be adapted to
an asymmetrical traffic volume even 1f such symmetrical
interfaces are present.

The IP router 40 of the embodiment 1s shown 1n FI1G. 4 in
a schematic block diagram. It has several LAN interfaces 43
(LAN=local area network), which use an asynchronous
transmission method with collision detection according to
IEEE Standard 802.3 for Ethernet. Connected to each of the
L AN 1nterfaces 1s a local area network, and IP router 40
receives data packets IP that are structured according to the
Internet protocol. The packets are routed from the LAN
interfaces to an IP matnix 41. The latter decides on the basis
of the destination address of each packet where the packet 1s
to be sent. Packets that are destined for another local area
network connected to the IP router are sent to the corre-
sponding LAN interface. The other packets, 1.e., the packets
that are not intended for any of the local area networks con-
nected to the LAN interfaces, are switched through IP matrix
41 to a processing unit 42. There, four VC-4 multiplex units
are formed and packed with the packets. The packed multi-
plex units are routed to a processing unit 43 for STM-4
transport modules, where the four multiplex units are con-
tiguously concatenated and byte-interleaved to form a
framed multiplexed signal STM-4, VC-4-4c, which 1s then
sent as a synchronous message signal to an interface 1/0 44.
In the STM-4 processing unit, a pointer that points to the
beginning of the first multiplex unit 1s determined and writ-
ten 1n the overhead of the transport modules. Interface 44 1s
an optical interface.

IP router 40 further includes a controller 46, which 1s
connected to IP matrix 41 and to processing unit 42 for VC-4
multiplex units. IP matrix 41 measures a current traffic vol-
ume and passes the measured value to controller 46. The
latter then decides at regular intervals based on the traffic
volume or on a predetermined time schedule how many of
the four multiplex units are to be packed with data packets,
and communicates this to VC-4 processing unit 42.
Accordingly, only the selected multiplex units are packed in
processing unit 42, and the others are filled with a fill pat-
tern. In processing unit 42, multiplex units that are not
packed are labeled 1n the overhead. For this, one of the over-
head bytes reserved for proprietary purposes can be used.

The IP router may also be configured so that only two or
three of the four contiguously concatenated multiplex units
are filled with user data. In that case, a controller 46 1s not
necessary. Processing unit 42 1s then adjusted so that only
the predetermined multiplex units are packed with IP pack-
ets and the others remain empty.

10

15

20

25

30

35

40

45

50

55

60

65

6

From the example it 1s apparent that IP matrix 41 per-
forms a filter function, since only those IP packets are routed
from the matrix to the VC-4 processing unit which are to be
transported over the synchronous digital communication
network to other local area networks that are not connected
directly to a LAN interface of the IP router. IP matrix 41 may
also perform a further filter function by eliminating packets
that cannot be delivered over the synchronous digital com-
munication network, or by returning such packets to the
sender along with a corresponding error message. Such a
filter function can also be performed through corresponding
entries 1n the routing table of the IP matrix. This makes 1t
possible to filter out nonexisting IP addresses or IP addresses
that are erroneous due to a configuration error. In addition, a
protection function similar to a firewall can be implemented
in this way.

The multiplexer 50 which recetves the synchronous mes-
sage signal, converts the contiguous concatenation to a vir-
tual concatenation, and transmits the multiplex units over the
synchronous communication system, 1s shown schemati-
cally in FIG. 5. At a first interface 1/0 51, 1t receives the
synchronous message signal from the peripheral device. In a
first processing unit 52 for, STM-4 transport modules, the
byte interleaving 1s resolved and the pointer to the first mul-
tiplex unit 1s evaluated. According to the pointer value, the
four concatenated multiplex units are read and transierred to
a first processing unit 53 for VC-4 multiplex units, where the
overhead of the individual multiplex units 1s evaluated. An
indicator which indicates that the respective multiplex unit 1s
not filled with user data 1s detected, and the respective mul-
tiplex unit 1s eliminated. The information about this 1s also
transierred to a controller 35. The other multiplex units are
stored 1n a buffer 54, from which they are read by a second
processing unit 56 for VC-4 multiplex units. The controller
informs the second VC-4 processing unit 56 which and how
many multiplex units are to be virtually concatenated. The
virtual concatenation 1s initiated by a corresponding indica-
tor 1n the overhead of the multiplex units. For this, the H4
byte 1s currently used.

The concatenated multiplex units are then transferred to a
second processing unit 57 for STM-4 transport modules,
where they are packed in separate STM-1 frames. The
STM-1 frames are byte-interleaved to form a synchronous
message signal consisting of STM-4 transport modules,
which 1s then sent via a second interface I/O 58 into the
synchronous digital communication network. The second
STM-4 processing unit 56 also determines a pointer for each
of the multiplex units, which points to the beginning of the
respective multiplex unit and 1s entered 1n the overhead of
the respective STM-1 transport modules.

In the embodiment, the mput signal of the multiplexer
contains a contiguous concatenation VC-4-4¢ of four VC-4
multiplex units. However, one of the four multiplex units 1s
not used for the transport of user data, for example, and 1s
identified as such in the overhead. In the first VC-4 process-
ing unit, this multiplex unit 1s eliminated. Via the controller,
the information that the other three multiplex units are to be
virtually concatenated is passed to the second VC-4 process-
ing unit, which performs the concatenation. An output signal
1s thus formed which contains a virtual concatenation VC-4-
3v of three VC-4 multiplex umits. The remaining transmis-
sion capacity can be used for additional traflic, e.g., for a
bundle of telephone connections. Advantageously, the multi-
plexer informs the network management system how many
multiplex units the virtual concatenation comprises, so that
the free transmission capacity can be assigned for other pur-
poses via the network management system.
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Instead of i1dentitying unused multiplex units of the con-
tiguous concatenation 1n the overhead, the information as to
which of the concatenated multiplex units are used for the
transport of user data can also be transferred from the
peripheral device to the multiplexer via the network manage-
ment system. Alternatively, an evaluation of the payload
contained 1n each multiplex umt takes place in the multi-
plexer to determine which of the multiplexer units are
packed with user data and which are unused.

The multiplexer may be a terminal multiplexer, an add/
drop multiplexer, or a digital crossconnect. It may also
include further modules, such as a time- and space-division
switching matrix for multiplex units and further interfaces to
the communication network. In that case, the individual mul-
tiplex units of the virtual concatenation can be transmaitted to
the destination network element via different interfaces and
different paths. Instead of VC-4 multiplex units, other,
smaller subunits from the multiplex hierarchy of the commu-
nication system can be used, such as VC-12s or VC-3s.

An alternative form of the peripheral device 1s an ATM
switch. Such a switch 1s similar in design to the IP router of
FIG. 4 but has ATM terfaces in place of the LAN interfaces
and a switching matrix for ATM cells 1n place of the IP
matrix.

What 1s claimed 1s:

1. A method of transmitting user data over a synchronous
digital communication network (SDH), comprising:

structuring the user data into user data units;

packing the user data units 1n multiplex unaits;

contiguously concatenating a plurality of multiplex units
(VC-4-4c¢);

transmitting the contiguously concatenated multiplex
units 1 a common transport module (STM-4); and

converting the contiguous concatenation of the multiplex
units (VC-4-4c¢) to a virtual concatenation of multiplex
units (VC-4-Nv),

wherein only part of the multiplex units are filled with

user data units, and wherein 1n the conversion, those
multiplex umits which are not filled with user data units
are omitted.

2. A method as claimed 1n claim 1 wherein the user data
units are data packets structured according to the Internet
Protocol, wherein the packing of the data packets in multi-
plex units 1s performed 1n an IP router (10; 40), wherein the
conversion of the contiguous concatenation (VC-4-4c¢) to the
virtual concatenation (VC-4-Nv) 1s performed 1 a multi-
plexer (12; 50) of the synchronous digital communication
network (SDH), and wherein the IP router (10; 40) informs
the multiplexer (12; 50) which of the concatenated multiplex
units are {illed with data packets.

3. A method as claimed 1n claim 1 wherein the user data
units are data packets structured according to the protocol
for the asynchronous transfer mode (ATM), wherein the
packing of the data packets in the multiplex units 1s per-
formed 1n an ATM switch, wherein the conversion of the
contiguous concatenation to the virtual concatenation 1s per-
formed 1n a multiplexer (12; 50) of the synchronous digital
communication network (SDH), and wherein the ATM
switch informs the multiplexer (12; 50) which of the concat-
enated multiplex units are filled with data packets.

4. A method as claimed i claim 1 wherein the virtual
concatenation 1s subsequently converted back to a contigu-
ous concatenation, adding empty multiplex units corre-
sponding to the previously omitted multiplex units.

5. A multiplexer (12; 50) for a synchronous digital com-
munication network (SDH), comprising:
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a first mterface (51) for receiving a first message signal
which 1s organized into transport modules and contains
a plurality of contiguously concatenated multiplex
units carrying user data to be transmitted;

a conversion facility (53, 54, 55, 56) for converting the
contiguous concatenation to a virtual concatenation of
the multiplex units; and

at least a second interface (58) for sending at least a sec-
ond message signal which 1s organized into transport
modules and contains the virtually concatenated multi-
plexer units,

characterized 1n that the user data consists of user data
units, and that 1f only part of the contiguously concat-
enated multiplex units are filled with the user data unaits,
the conversion facility (33, 54, 55, 56), when convert-
ing the contiguous concatenation to the virtual
concatenation, omits those multiplex units which are
not filled with user data unaits.
6. A peripheral device (10, 40) for transmitting user data
over a synchronous digital communication network, the
peripheral device (10; 40) comprising:

a signal-generating unit (43) for generating a message sig-
nal which 1s organized into transport modules and con-
tains a plurality of contiguously concatenated multiplex
unmits carrying user data, consisting of the user data
units, to be transmitted; and

a multiplexing facility (42, 46) for packing the user data
units 1n the multiplex units,

characterized 1n that the multiplexing facility (42, 46) fills
only part of the multiplex units with user data units.
7. A method of transmitting user data over a digital com-
munication network, comprising:

structuring the user data into user data units;
packing the user data units in multiplex units;
contiguously concatenating a plurality of multiplex units;

transmitting the contiguously concatenated multiplex
units in a common transport module; and

converting the contiguous concatenation of multiplex
units to a virtual concatenation of multiplex units,

wherein only part of the multiplex units ave filled with user
data units, and wherein in the conversion, those multi-
plex units which are not filled with user data units are
omitted.

8. A method as claimed in claim 7,

wherein the user data units arve data packets structured
according to the Internet Protocol, wherein the packing
of the data packets in multiplex units is performed in a
IP router,

wherein the conversion of the contiguous concatenation to

the virtual concatenation is performed in a multiplexer

of the digital communication network, and wherein the

[P router informs the multiplexer which of the concat-
enated multiplex units are filled with data packets.

9. A method as claimed in claim 7, wherein the user data

units are data packets structured according to the protocol

for the asynchronous transfer mode (ATM), wherein the
packing of the data packets in the multiplex units is per-

60 formed in an ATM switch, whervein the conversion of the
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contiguous concatenation to the virtual concatenation is

performed in a multiplexer of the digital communication

network, and whevein the ATM switch informs the multi-

plexer which of the concatenated multiplex units ave filled

with data packets.
10. A method as claimed in claim 7, wherein the virtual

concatenation is subsequently converted back to the contigu-
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ous concatention, adding empty multiplex units correspond-
ing to a previously omitted multiplex units.
11. A multiplexer for a digital communication network,
COmprising:
a first interface for veceiving a first message signal which
is organized into transport modules and contains a plu-

rality of contiguously concatenated multiplex units car-
rving user data to be transmitted,

a conversion facility for converting the contiguous con-
catenation to a virtual concatenation of the multiplex
units; and

at least a second interface for sending at least a second
message signal which is organized into transport mod-
ules and contains the virtually concatenated multiplex
Units,

wherein the user data consists of user data units, and
wherein if only part of the contiguously concatenated
multiplex units ave filled with the user data units, the
conversion facility, when converting the contiguous
concatenation to the virtual concatenation, omits those
multiplex units which are not filled with user data units.
12. A peripheral device for transmitting user data over a
digital communication network, the peripheral device com-
prising:
a signal-generating unit for generating a message signal
which is organized into transport modules and contains
a plurality of contiguously concatenated multiplex units

carrying user data, consisting of the user data units, to
be transmitted; and

a multiplexing facility for packing the user data units in
the multiplex units, wherein the multiplexing facility
fills only part of the multiplex units with user data units.

13. A method of transmitting user data over a digital com-

munication network, comprising:

packing user data into a plurality of packets;
contiguously concatenating the plurality of packets;
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transmitting the contiguously concatenated units in a
common interface; and

converting the contiguous concatenation of the packets to
a virtual concatenation of packets, wherein only part of
the packets ave filled with user data, and wherein in the
conversion, those units which are not filled with user
data are omitted.

14. A multiplexer for a digital communication network,

COmprising.

a first interface for veceiving a signal containing a plural-
ity of contiguously concatenated units carrying user
data to be transmitted;

a conversion facility for converting the contiguous con-
catenation to a virtual concatenation of the units; and

at least a second interface for sending a signal containing
the virtually concatenated multiplex units, whevein the
user data consists of user data units, and wherein if
only part of the contiguously concatenated multiplex
units are filled with the user data units, the conversion
facility, when converting the contiguous concatenation
to the virtual concatenation, omits those multiplex units
which are not filled with user data units.

15. A multiplexer as claimed in claim 14, wherein the
multiplexer comprises an add/drop multiplexer or a terminal
multiplexer.

16. A multiplexer as claimed in claim 14, wherein the
conversion facility changes a number of virtual concatena-
tion units depending on time.

17. A peripheral device for transmitting user data over a
digital communication network, the pervipheral device com-

3g PrIsSing:
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a signal-generating unit for generating a signal orvganized
into a plurality of contiguously concatenated packets
carrying user data to be transmitted; and

a multiplexing facility for packing the user data into the
packets, wherein the multiplexing facility fills only part
of the packets with user data units.
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