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(57) ABSTRACT 

A method for bit error rate measurements in a cell-based 
telecommunication system is presented, comprising the fol 
lowing steps of generating a first bit pattern at a first location 
of said telecommunication system, transmitting said first bit 
pattern from said first location to a second location of said 
telecommunication system, thereby obtaining a transmitted 
bit pattern, generating a second bit pattern at said second 
location, said second bit pattern being identical with the first 
bit pattern and comparing said transmitted bit pattern with 
said second bit pattern. The first bit pattern is transmitted in 
at least one unused cell (U. I), said unused cell (U. I) being 
generated during normal operation of said telecommunica 
tion system in the case of a lack of used cells to be transmit 
ted. 
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1. 

METHOD FOR BTERROR RATE 
MEASUREMENTS INA CELL-BASED 
TELECOMMUNICATION SYSTEM 

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 

The present invention relates to a method for bit error rate 
measurements in a cell-based telecommunication system. 

In cell-based telecommunication systems, the information 
is transferred by means of cells of fixed or variable byte 
length. These cells typically have an overhead section 
wherein control, management and routing information is 
embedded and a payload section, carrying user information. 

Cell-based telecommunication systems comprise for 
example ATM (Asynchronous Transfer Mode) communica 
tion networks. ATM cells for instance have a fixed length of 
53 bytes, 8 bytes of which constitute the overhead section or 
the so called ATM cell header, reserved for overhead infor 
mation. 
The whole transmitted cell-stream in a cell-based network 

is generally composed of two different types of cells: on the 
one hand used cells carrying in their payload section the 
proper user information and on the other hand unused cells 
with no user information in their payload section. The 
unused cells are generated and inserted amid the used cells 
to be transmitted in order to provide a continuous cell-stream 
between transmitting means and receiving means. 

Bit errors which occur during transmission of these cells, 
have a negative impact onto the quality of the connection. A 
bit error which occurs in the payload section of the cell 
implies a falsification of the transmitted information; 
wherein a bit error which occurs in the overhead section of 
the cell potentially implies a falsification of the destination 
address, and thus a loss of the cell. 

Therefore, in cell-based telecommunication systems, the 
bit error rates (ratio of bits transferred erroneously due to 
noise or impairments of the physical transmission medium 
in proportion to the totality of transferred bits) are tradition 
ally measured during initialisation of the system or during a 
test phase. Hereby a predetermined signal is sent from a 
transmitter to a receiver. The arriving signal is then analysed 
at the receiver's side by comparing the transmitted signal 
with a generated reference signal. 

In an ADSL (Asymmetric Digital Subscriber Line) sys 
tem for instance, the signal to noise ratio (SNR) is measured 
at the different carrier frequencies during initialisation of the 
system. This signal to noise ratio can be seen as a measure 
for the expected bit error rate. The results of these measure 
ments afterwards are used to determine the bit allocations, 
i.e. the way wherein data bits are distributed over the differ 
ent carriers that constitute a DMT (Discrete Multi Tone) 
symbol, to cope with the maximum allowable bit error rate 
of 107 prescribed by the ADSL standard. The SNR mea 
Surements and the use thereof in the bit allocation process 
are described in the ANSI (American National Standards 
Institute) ADSL Standard T1E1.4, in paragraph 12 entitled 
Initialization on pages 87-111 and in paragraph 6.5 
entitled Tone Ordering on Pages 36–37. 

Traditional bit error rate measurement methods have the 
disadvantage, that normal operation of the system has to be 
interrupted and the system has to be brought in a test phase. 
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2 
During this test phase, no transmission of proper user infor 
mation is possible. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a method 
forbit error rate measurements in a cell-based telecommuni 
cation system during normal operation of the system. 

According to the invention, this problem is solved by a 
method for bit error rate measurements in a cell-based tele 
communication system in accordance to claim 1. 
The method for bit error rate measurements in a cell 

based telecommunication system, comprises the steps of 
generating a first bit patternata first location of the telecom 
munication system, transmitting the first bit pattern from the 
first location to a second location of the telecommunication 
system, thereby obtaining a transmitted bit pattern, generat 
ing a second bit pattern at the second location, the second bit 
pattern being identical with the first bit pattern and compar 
ing the transmitted bit pattern with the second bit pattern. 
According to the invention the first bit pattern is transmitted 
in at least one unused cell, the unused cell being generated 
during normal operation of the telecommunication system in 
the case of lack of used cells, carrying user information, to 
be transmitted. The number of discrepancies counted during 
the comparison serves as a measure for the bit error rate. 

It has to be noted, that in this context, the expression 
“unused cell' means cells, which do not carry user data in 
their payload section. In other words “unused cell' can 
either designate an idle cell or an unassigned ATM cell. 
One essential advantage of the invention, compared with 

conventional methods is that the bit error rate measurements 
are performed during normal operation of the telecommuni 
cation system. Accordingly the telecommunication system 
has not to be interrupted and brought in a test phase in which 
no transmission of proper user information is possible. 

In a cell-based telecommunication system, e.g. an ATM 
network, where unused cells, carrying no user information, 
are generally inserted amid the used cells in order to provide 
a continuous cell-stream between transmitting means and 
receiving means, bit error rate measurements according to 
the present method advantageously need no additional band 
width by using those unused cells. 

It has to be noted, that the generated bit patterns are inde 
pendent from any transmitted user information and that the 
bit pattern generated at the first location and the reference bit 
pattern generated at the second location are identical. This 
means, that the number of detected discrepancies between 
the transmitted bit pattern and the second bit pattern really 
represents a measure for the bit error rate at the moment of 
transmission, because the bit errors only can occur in the test 
bit pattern itself. This is not the case in systems, where con 
trol information, calculated on the basis of user data to be 
transmitted, is transmitted together with said user informa 
tion and the transmitted control information is compared to 
control information calculated on the basis of the transmitted 
user data. In fact, in these systems, bit errors can occur as 
well in the transmitted user data as in the transmitted control 
information, thus leading to a possible falsification of the 
measurement results. 

In a preferred embodiment, the steps for bit error rate 
measurements according to the present method are repeated 
at each generation of an unused cell. The accuracy of the 
achieved bit error rates is increasing with the number of 
repetitions, i.e. with the number of comparisons between 
transmitted bit patterns and generated bit patterns at the 
receiver. 
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The comparison between the transmitted bit pattern and 
the second bit pattern is preferably bit synchronised, which 
enables a fast evaluation of bit error rates during measure 
mentS. 

The generation of the second bit pattern may be synchro 
nised with the arrival of the transmitted bit pattern at a com 
parator means for comparing said transmitted bit pattern 
with said second bit pattern. 

The first bit pattern is advantageously a predetermined bit 
sequence or an algorithm-based counter bit-sequence. Both 
types of bit patterns may be easily reproduced at the receiv 
ing means. 
The present invention also relates to a device for bit error 

rate measurement in a cell-based telecommunication system. 
A device according to the invention comprises a transmitter, 
a receiver, a first bit pattern generator for generating a first 
bit pattern to be transmitted from the transmitter to the 
receiver in order to obtain a transmitted bit pattern, a second 
bit pattern generator for generating a second bit pattern at the 
receiving means, the second bit pattern being identical to the 
first bit pattern, a comparator for comparing the transmitted 
bit pattern with the second bit pattern and means for insert 
ing the first bit pattern in at least one unused cell, said 
unused cell being generated during normal operation of said 
telecommunication system in the case of lack of used cells to 
be transmitted. 

In a preferred embodiment, the device for bit error rate 
measurements comprises a synchroniser for activating the 
second bit pattern generator at each arrival of an unused cell 
at said comparator. 

In the case of a bi-directional communication system, 
each Subscriber station is simultaneously sending and 
receiving cells, thus provided with transceivers, each trans 
ceiver comprising transmitting means and receiving means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more apparent from the fol 
lowing description of a not limiting embodiment with refer 
ence to the attached drawings, wherein 

FIG. 1 shows a schematic view of a cell-transfer between 
a first transceiver and a second transceiver in a cell-based 
telecommunication network, 

FIG. 2 shows a schematic view of a transmitter of a device 
for bit error measurements; 

FIG. 3 shows a schematic view of a receiver of a device 
for bit error measurements. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 shows a schematic communication link between a 
first transceiver TRX1 and a second transceiver TRX2 in a 
cell-based network, e.g. an ATM-Network. 

both transceivers TRX1 and TRX2 are interconnected via 
a physical transmission medium, for example an optical fibre 
cable, or via a wireless transmission path represented here 
by link L. 

The information transferred between the first transceiver 
TRX1 and the second transceiver TRX2 is packed in cells of 
fixed or variable length. These cells typically have an over 
head section wherein control, management and routing 
information is embedded, and a payload section, carrying 
user information. 

Cell-based telecommunication systems comprise for 
example ATM (Asynchronous Transfer Mode) communica 
tion networks. ATM cells for instance have a fixed length of 
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4 
53 bytes, 8 bytes of which constitute the overhead section or 
the so called ATM cell header, reserved for overhead infor 
mation. 
The cells are transmitted via link L either from the first 

transceiver TRX1 to the second transceiver TRX2. In the 
case of a bi-directional communication system, each trans 
ceiver TRX1 and TRX2 is simultaneously sending and 
receiving cells. Accordingly, each of the transceivers TRX1 
and TRX2 comprises a transmitter for sending and a receiver 
for receiving cells. 
The whole transmitted cell-stream in a cell-based network 

is generally composed of two different types of cells: on the 
one hand used cells carrying in their payload section the 
proper user information and on the other hand unused cells 
with no user data in their payload section. The unused cell 
can be either an idle cell I or an unassigned cell U. 

FIG. 2 shows a schematic view of a transmitter TX, com 
ponent of transceiver TRX1 and transceiver TRX2 in an 
ATM-network. The transmitter TX comprises an ATM 
transmitter circuitry ATM-TC for converting an arriving bit 
stream of user information at the input IN into used ATM 
cells, an unused cell generator UCG for generating unused 
cells in the case of a lack of used ATM-cells to be transmitted 
and a multiplexer MUX for collecting the used ATM-cells 
and the unused cells to a common and continuous cell 
stream at the output O. The multiplexer MUX may comprise 
a waiting queue (not shown) for storing cells, for example a 
FIFO-queue (First In First Out-queue). 
A first bit pattern generator PG1 is present at the transmit 

ter TX for generating a first reproducible bit pattern and for 
inserting said reproducible bit pattern into unused cells gen 
erated in said unused cell generator UCG. It has to be noted 
that the first bit pattern generator PG1 is advantageously 
integrated into the unused cell generator UCG. 

FIG. 3 shows a schematic view of a receiver RX, compo 
nent of transceiver TRX1 and transceiver TRX2 in an ATM 
network. The receiver RX comprises a demultiplexer 
DMUX for splitting up the arriving cell-stream at the input 
IN' in used ATM-cells and unused cells. An ATM-receiving 
circuitry ATM-RC is connected to the demultiplexer DMUX 
for delineating the used cells in the received bit stream and 
for decoding the proper user information at the output O1. 
The receiver further comprises a synchroniser SYN for acti 
vating a second bit pattern generator PG2 with each arrival 
of an unused cell I, U, whereby the second bit pattern gen 
erator PG2 is generating a copy of the reproducible bit 
pattern, and a comparator CMP for comparing the transmit 
ted bit pattern with the bit pattern generated the second bit 
pattern generator PG2 at the output O2". 

During the transmission of user information in an ATM 
network from the first transceiver TRX1 to the second trans 
ceiver TRX2, the user information to be transmitted, which 
is present in a bit stream form at the input IN, is converted by 
the ATM-transmitter circuitry ATM-TC into ATM-cells. 
Thereby the user bits are embedded in the payload section of 
the ATM-cells, forming the so called used cells. The over 
head section or header of each used ATM-cell carries a des 
tination address—in this case the address of the transceiver 
TRX2 and routing information. 
On transmit, the used cells are mapped by the multiplexer 

MUX into a Time Division Multiplexing (TDM) frame for 
mat. Generally ATM-networks are used for the simultaneous 
transmission of multiple cell streams belonging to several 
services, for example video, moved pictures, Sound, and 
data, whereby the multiple cell streams are multiplexed 
together in the multiplexer MUX. In the example repre 
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sented in the figures however, the transmitter TX only trans 
mits one single cell stream (only one ATM-transmission cir 
cuitry ATM-TC). 

During the multiplexing process, if an ATM-slot is not 
immediately available, the arriving used ATM-cell at the 
input of the multiplexer MUX is stored in the waiting queue 
(not shown) of the multiplexer MUX. Otherwise, if there is 
no used ATM-cell to transmit and if the queue of the multi 
plexer MUX is empty when the time arrives to fill the next 
synchronous cell time slot, then an unused cell U, I, gener 
ated by the unused cell generator UCG, is inserted instead of 
a used ATM-cell. In other words, those unused cells U, I are 
generally inserted amid the used ATM-cells so as to provide 
a continuous cell-stream between a first and a second 
transceiver, TRX1 and TRX2. By sending unused cells U, I, 
an ATM-network performs cell rate decoupling when it is 
not provided with used cells. This function allows an ATM 
network to operate with a wide range of different speed 
physical interfaces, i.e. to operate with a wide range of dif 
ferent services. 

According to the present invention, these unused cells I, U. 
are used for bit rate measurements during normal operation 
of the system, i.e. during transmission of used ATM-cells for 
instance from a transmitter TX of the first transceiver TRX1 
to a receiver RX of the second transceiver TRX2. 
A first bit pattern generator PG1 generates a first repro 

ducible bit pattern and inserts said first bit pattern into the 
payload section of an unused cell U, I generated by the 
unused cell generator UCG of the transmitter TX. In the case 
of lack of used ATM-cells at the multiplexer MUX, the 
unused cell U, I carrying the bit pattern is inserted by the 
multiplexer MUX amid used ATM-cells in the cell-stream. 

Both types of cells, the used ATM-cells (carrying user 
information) generated by the ATM-transmission circuitry 
and the unused ATM-cells U, I (carrying reproducible bit 
patterns) generated by the unused cell generator UCG, are 
collected to a common and continuous cell-stream at the 
output O of the multiplexer MUX and sent via link L. (FIG. 
1) to the receiver RX (FIG. 3) of the second transceiver 
TRX2 (FIG. 1). 
On the reception at the input IN" of the demultiplexer 

DMUX, the arriving cell-stream is split up the demultiplexer 
DMUX on the one hand into the used ATM-cells and on the 
other hand into the unused ATM-cells I, U (FIG. 3). Both 
types of cells are distinguished by means of their overhead 
section, carrying a different identification pattern. 
The used ATM-cells are relayed to the ATM-receiving 

circuitry ATM-RC, where the individual cells are delineated 
in the received bit stream and decoded in the proper user 
information. 
On arrival of a cell, identified as an unused cell U, I, the 

second bit pattern generator PG2 of the receiver RX is acti 
vated. To make the system work properly, the operation of 
the second bit pattern generator PG2 and the comparator 
CMP in the receiver RX of the Second transceiver TRX2 
needs to be synchronised. This is the task of the synchroniser 
SYN, which activates the second pattern generator PG2 with 
each new arrival of an unused cell U, I, i.e. with the arrival of 
the transmitted predetermined bit pattern at the comparator 
CMP. 
The second bit pattern generator PG2 generates bit-by-bit 

a bit pattern, identical to the reproducible bit pattern inserted 
in the payload section of that cell U, I by the unused cell 
generator UCG of the transceiver TX. Simultaneously the 
comparator CMP compares bit-by-bit the transmitted bit pat 
tern carried in the payload section of the arrived cell U, I 
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6 
with the reproduced bit pattern generated by the second bit 
pattern generator PG2. 
The number of discrepancies counted during comparison 

between the transmitted bit patterns and the copied bit pat 
terns serve as a measure for the bit error rate. 

In this way, statistical bit error rate measurements are per 
formed during normal operation of the telecommunication 
system, which has not to be interrupted and brought in a test 
phase. 
The bit error rate measurements according to the present 

invention occupy no additional bandwidth on the link L. 
between the transceivers TRX1, TRX2 and the required 
additional equipment in the transceivers TRX1, TRX2 is 
simple. The unused cell generator UCG of the transmitter 
TXjust needs to be able to embed in a payload section of an 
unused cell U, I a reproducible pattern, that will be transmit 
ted and then used for statistical bit error rate measurements. 
What is claimed is: 
1. A method for bit error rate measurements in a cell 

based telecommunication system, comprising: 
a) generating a first bit pattern at a first location of said 

telecommunication system, 
b) transmitting the first bit pattern from said first location 

to a second location of said telecommunication system, 
thereby obtaining a transmitted bit pattern, 

c) generating a second bit pattern at said second location, 
said second bit pattern being identical with the first bit 
pattern, and 

d) comparing said transmitted bit pattern with said second 
bit pattern, 

wherein said first bit pattern is transmitted in at least one 
unused cell, said unused cell being generated, without the 
need to enter a dedicated test mode, during normal operation 
of said telecommunication system in the case of lack of used 
cells to be transmitted. 

2. The method according to claim 1, wherein the steps of 
a)-d) are repeated at each generation of an unused cell. 

3. The method for bit error rate measurements according 
to claim 1, wherein the comparison between said transmitted 
bit pattern and said second bit pattern is bit synchronized. 

4. The method for bit error rate measurements according 
to claim 1, wherein the generation of the second bit pattern is 
synchronized with the arrival of the transmitted bit pattern at 
a comparator means for comparing said transmitted bit pat 
tern with said second bit pattern. 

5. The method for bit error rate measurements according 
to claim 1, wherein said first bit pattern is a predetermined 
bit pattern or an algorithm-based counter bit-sequence. 

6. A device forbit error rate measurements in a cell-based 
telecommunication system, comprising: 

transmitting means, 
receiving means, 
a first bit pattern generator for generating a first bit pattern 

to be transmitted from said transmitting means to said 
receiving means, thereby obtaining a transmitted bit 
pattern, 

a second bit pattern generator for generating a second bit 
pattern at said receiving means, said second bit pattern 
being identical to said first bit pattern, 

a comparator means for comparing said transmitted bit 
pattern with said second bit pattern, and 

means for inserting said first bit pattern into at least one 
unused cell generated, without the need to enter a dedi 
cated test mode, during normal operation of said tele 
communication system in the case of lack of used cells 
to be transmitted. 
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7. The device for bit error rate measurements according to 
claim 6, further comprising a synchronizer for activating 
said second bit pattern generator at an arrival of an unused 
cell at said comparator means. 

8. A device for bit error rate measurements in a cell-based 5 
telecommunication system, comprising: 

transmitting means; 
receiving means; 
a first bit pattern generator for generating a first bit pattern 

to be transmitted from said transmitting means to said 10 
receiving means, thereby obtaining a transmitted bit 
pattern; 

a second bit pattern generator for generating a second bit 
pattern at said receiving means, said second bit pattern 
being identical to said first bit pattern; 15 

an unused cell generator for generating unused cells; 
a comparator means for comparing said transmitted bit 

pattern with said second bit pattern; and 
means for inserting said first bit pattern into at least one 

said unused cell, which is being generated, without the 
need to enter a dedicated test mode, during normal 
operation of said telecommunication system in the case 
of lack of used cells to be transmitted, 

wherein said first bit pattern is integrated into said unused 
cell generator. 

9. The device for bit error rate measurements in a cell 
based telecommunication system as set forth in claim 8, fur 
ther comprising a synchronizer for activating said second bit 
pattern generator. 

10. The device for bit error rate measurements in a cell 
based telecommunication system as set forth in claim 8. 
wherein said transmitted bit pattern is synchronized with 
said second bit pattern at said comparator means. 

11. The device for bit error rate measurements in a cell- is 
based telecommunication system as set forth in claim 8. 
wherein cells generated by said unused cell generator are 
combined with used cells at an output of a multiplexer. 

12. A method for bit error rate measurements in a tele 
communication system, comprising: 

a) transmitting a sequence of bits having a transmitted bit 
pattern, from a first location to a second location of 
said telecommunication system, 

b) receiving said sequence of bits at said second location 
as a received bit sequence having a received bit 45 
pattern, and 

c) at said second location, comparing said received bit 
pattern with a reference bit pattern identical to said 
transmitted bit pattern, 

wherein said transmitted sequence of bits is inserted into at 50 
least one unused cell, said unused cell being generated dur 
ing normal operation of said telecommunication system in 
the case of lack of used cells to be transmitted, without a 
need to enter a dedicated test mode. 

13. The method according to claim 12, wherein the steps 
ofa)-c) are repeated at each generation of an unused cell. 
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14. The method for bit error rate measurements according 

to claim 12, wherein the comparison between said received 
bit pattern and said reference bit pattern is bit synchronized. 

15. The method for bit error rate measurements according 
to claim 12, wherein said reference bit pattern is generated 
at said second location in synchronism with the arrival of the 
received bit pattern at a comparator means for comparing 
said received bit pattern with said reference bit pattern. 

16. The method for bit error rate measurements according 
to claim 12, wherein said transmitted bit pattern is a prede 
termined bit pattern Or an algorithm-based counter bit 
Sequence. 

17. A transmitting unit for use in a telecommunication 
system, comprising: 

a transmitter for providing a first bit pattern and for trans 
mitting said first bit pattern to a receiving unit, to be 
compared for bit error rate measurements with a sec 
Ond bit pattern provided at said receiving unit and iden 
tical to said first bit pattern, 

wherein said transmitter further includes an insertion unit 
for inserting said first bit pattern into at least one 
unused cell generated during normal operation of said 
telecommunication system in the case of lack of used 
cells to be transmitted, without the need to enter a dedi 
cated test mode. 

18. The transmitting unit according to claim 17, wherein 
said first bit pattern is a predetermined bit pattern Or an 
algorithm-based counter bit-sequence. 

19. The transmitting unit according to claim 17, wherein 
unused cells generated by said transmitter are combined 
with used cells at an output of a multiplexer: 

20. A receiving unit for use in a telecommunication 
system, comprising: 

a receiver for providing a first bit pattern and for receiv 
ing a transmitted bit pattern from a transmitting unit, 
and including a comparator for comparing said first bit 
pattern with said transmitted bit pattern for bit error 
rate measurements, 

wherein said receiver filrther includes an extraction unit 
for extracting said transmitted bit pattern from at least 
One unused cell generated during normal operation of 
said telecommunication system in the case of lack of 
used cells to be transmitted, without a need to enter a 
dedicated test mode. 

21. The receiving unit according to claim 20, wherein the 
comparison between said first bit pattern and said transmit 
ted bit pattern is bit synchronized. 

22. The receiving unit according to claim 20, wherein the 
receiver firther comprises a synchronizer for activating the 
providing of said first bit pattern at the arrival of said trans 
mitted bit pattern at said comparator: 

23. The receiving unit according to claim 20, wherein said 
first bit pattern is a predetermined bit pattern Or an 
algorithm-based counter bit-sequence. 


