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Method for synchronizing transmissions at a constant bit
rate in ATM networks and circuit arrangements for carry-
ing out the method

Description

The invention relates to a method for synchroniz-
ing transmissions at a constant bit rate in ATM networks
and circuit arrangements for carrying out the method.

In the case of CBR (Constant Bit Rate) trans-

~missions, a uniform system clock is required throughout

the network. For this purpose, a hierarchy is established
on the basis of the generation of a central system clock,
in such a way that one of the sides communicating with
one another functions as master in respect of the clock,
and the other side functions as slave. In the case of a
transmission in STM systems, the receiver of the slave
can recover the clock from the received signal and
synchronize the processing of the receiving signal and
its own transmitter with this clock. In telecommunica-
tions systems, the respectively higher network level is
generally master in respect of the lower network level.
In the subscriber area, basically the network is the
master and the subscriber side is the slave.

CBR transmissions ‘in ATM (Asynchronous Transfer
Mode) networks specifically require measures for achiev-
ing synchronization between source and sink. This situ-
ation occurs for example when voice and video trans-
missions, are made over ATM networks. In the case of
transmissions in ATM it is not possible to recover a
clock from the received signal. Without specific measures
for achieving synchronization of the device to be defined
as slave, more malfunctiocns would occur because of the
unavoidable frequency deviation of independent systems.
In the case of an excessively low clock frequency of the
slave, data congestion occurs in its receiver and a "hole
in the data" occurs in the receiver of the master. In the
case of an excessively high clock frequency of the slave,
a '"hole in the data” occurs in its receiver and "data
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congestion" occurs in the receiver of the master. Various
methods are known for ensuring fault-free CBR trans-
missions in ATM networks and they are standardized in
"I-ETS 300 353 Broadband Integrated Services Digital
Network (B-ISDN) Asynchronous Transfer Mode (ATM) Adapta-
tion Layer (AA2) specification type 1".

All known methods have in common that an
interworking unit, which has an input for the CBR data
stream, is arranged on the transmit side (segmentation)
of the master. The interworking unit generates ATM cells
by segmentation of the CBR data stream according to AAL1,
in accordance with I-ETS 300 353 B-ISDN. The generated
ATM cells are output onto a real transmission channel via
an output of the interworking unit. The real transmission
channel is understood to be the totality of all .the
transmission link components, converters, multiplexers,
switching devices, cross connects, etc. which have to be
matched to the transmission path to the receiver of the
slave. Because of the asynchronous transmission method,
the delay time over the real transmission channel is not
constant but rather fluctuates about an average time (DTV
- Delay Time Variation). The quasi-constant cell rate at
the output of the interworking unit of the master is thus
subject to greater or lesser fluctuations at the end of
the real transmission channel. For this reason, the
reception devices always have an input buffer. The size
of the input buffer is to be dimensioned as a function of
the expected DTV of the real transmission channel, in
such a way that the buffer does not overflow even when
there is a minimum interval between ‘arriving cells and
there is no idle operation of the input buffer when there
is a maximum interval between arriving cells when con-
tinuous interrogation, in synchronism with the source
clock, takes place at the output of the input buffer-. The
receive side (reassembling) of an interworking unit is
connected to the output of the input buffer. A CBR data
stream 1is reassembled from the ATM czils by the
interworking unit according to AALl in accordance with
I-ETS 300 358 B-ISDN. A clock generated by a time base is
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fed via a further input to the interworking unit on ths
receiver side. This clock determines the data rate of the
CBR data stream which is made available at the output of
the interworking unit.

In the known SRTS (Synchronous Residual Time-
Stamp) method, an SRTS generator, to which the system
clock is fed via an input, is arranged on the master
side. The SRTS generétor generates a time stamp from the
system clock, the residue RTS (Residual Time Stamp) of
which is fed via an output to an additional input of the
interworking unit of the master. The interworking unit of
the master inserts the RTS into the AAL1l overhead of the
generated ATM cells. The generation and insertion of the
RTS are standardized in I-ETS 300 353 B-ISDN. The RTS is
the deviation from an expected value which unambiguously
describes this deviation with 4 bits (1 bit sign, 3 bits
value). Since it is a precondition that the expected
value is known to the receiver as "a priori information",
the latter can regenerate the time stamp again. From the
comparison with the receiver’s own time base, an adjust-
ment variable for the time base of the receiver can be
derived from this. To this end, an SRTS generator, to
which the clock of the time base is fed via an input, is
arranged on the receive side, for ekample. The SRTS
generator generates, similarly to the SRTS generator on
the master side, the corresponding RTS, which is fed to
an input of a desired/actual value comparison, from the
freewheeling clock of the time base. The second input of
the desired/actual value comparison is connected to an
additional output of the interworking unit on the
receiver side. The interworking unit on the receiver side
extracts the RTS of the master side from the received ATM
cells and feeds this RTS to the second input of the
desired/actual value comparator. The desired/actual value
cdmparator derives from the comparison of the two input
signals an error variable which is fed to a controller.
The controller generates from the error variable a
correcting variable, which is transferred to the time
base so that the time base adjusts its clock in accord-
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ance with the correcting variable. A detailed descriptio:n
can be found in "ATM Networks, 3xd edition, pp. 179 et
seq; Othmar Kyas, DATACOM Publishing House". The disad-
vantage of this known method is that both the master side
and the receivér side have to be modified 'in terms of
hardware and/or software, which makes the described
method very costly.

Furthermore, .the ACR (Adaptive Clock Recovery)
method, which does not require modification on the master
side, is known from I-ETS 300 353 B-ISDN. To this end,
the input buffer has an additional output on the receiver
side. A control signal, which indicates whether the input
buffer is more than half filled is present at this
additional output. This control signal is transferred to
the input of a controller. The controller generates a
correcting variable, which is fed to the time base, from
the control signal. The time base then adjusts the clock
in accordance with the correcting variable. A disadvan-
tage with this method is that a number of cells in the
input buffer have to be occupied and this buffering has
an effect on the transmission in the form of a delay
time. In the case of a transmission at 64 kbits/s, this
means an additional delay of 6 ms per cell.

The invention is therefore based on the object of
providing a method for synchronizing transmissions at a
constant bit rate in ATM networks and circuit arrange-
ments for carrYing out the method, in which short delay
times occur with minor modifications in terms of hardware
or software.

The solution of the problem is obtained by means
of the features of claims 1 and 4. Here, the transmitted
ATM cells are stored on the receive side in their input
buffer. On reception, the ATM cells are assigned a tims
stamp T which correlates with the time of reception. Thes
data stored in the ATM cells are output with a time delay
with respect to the reception time, starting at the tims
T,. At the start of the outputting of data, the delay
time (T,-Tg) is sensed and compared with a prescribed

desired value time t,.. From the difference, an error
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variable tp is generated and from this the controllex
generates a correcting variable which adjusts the clock
frequency of the time base counter to the deviation. As
a’ result, a receive-side synchronization is achieved
which does not xrequire any modification of the trans-
mitter side in terms of software or hardware. Moreover,
the prescribed desired value for the delay time can be
selected to be very small, since its minimum value is
limited only by the. variation of the transmission times
DTV of the ATM cells. Further advantageous refinements of
the invention result from the subclaims.

The invention is explained in more dstail below
with reference to a preferred exemplary embodiment. In
the figures: |

Fig. 1 shows a schematic block circuit diagram of an
ATM network,
Fig. 2 shows

o

timing diagram of the starting situ-
ation,

2]

Fig. 3 shows timing diagram of an operating state
and

Fig. 4 shows a timing diagram of the control.

The ATM network 1 comprises an interworking unit
2 with an input 3 and an output 4 for the transmit
direction, only the transmit direction being illustrated
in the block circuit diagram. The CBR data stream to be
transmitted is transferred to the interworking unit 2 via
the input 3. ATM cells are generated by the interworking
unit 2 by segmentation of the CBR data stream in accord-
ance with AAL1. The generated ATM cells are transferred
to a real transmission channel 5 via the output 4. The
real transmission channel 5 constitutes the sum of all
the transmission link components as far as the receiver.
The receiver side of the ATM network 1 comprises an input
buffer 6 with an input 7 and an output 8, an interworking
unit 9 with a data oﬁtput 10 and a signal output 11, a
desired/actual value comparator 12, a controller 13 and
a time base 14. The ATM cells transmitted via the real



15

20

25

30

35

-6 -

transmission channel 5 then pass via the input 7 into thsz
input buffer 6 where they are stored. At the reception of
the ATM cells at the input buffer 6, the ATM cells are
each assigned a time stamp Ts which correlates with the
time of the reception. This takes place by mean§ of =
connection 15 between an additibnal output of the time
base 14 and an additional input of the input buffer .
Since this time stamp T, does not have to be inserted at
the ATM position which has been input, but rather only
has to be assigned to it, and the tinme stamp does not
have to be transmitted from the transmitter to the
receiver, the need for costly compressions (for example
residue - RTS) can be avoided. The time base 14 has a
further output which is connected via a connection 16 to
an input of the desired/actual value comparator 12 and
via which the current time information T, is continuously
transmitted. If the ATM cells are transferred from the
input buffer 6 to the interworking unit 9, the CBR data
stream is reassembled again, a desired value ty being
prescribed for the delay time betwesen the reception of an
ATM cell up to the start of the outputting in the CBR
data stream. The actual delay time is dependent on ths
fluctuations of the transmission time from the transmit-
ter to the receiver and on the clock frequency at which
the CBR data stream is output. This clock frequency is
fed to the interworking unit 9 from the time base 14 via
a connection 17. Via the signal output 11, the time stamp
Ty of a reassembled ATM cell is output and fed to the
other input of the desired/aétual value comparator 12.
The desired/actual value comparator 12 derives an error
variable typ from the comparison of the difference between
the two input signals T, and T, and the prescribed
desired value of the delay time ty. The error variable t,
is transferred from the output of the desired/actual
value comparator 12 to an input of the controller 13 via
a connection 18. The éontroller 13 generates from tha
error variable tp a correcting variable which is trans-
ferred from the output of the controller 13 to an input
of the time base 14 via a connection 19. The transferred
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correcting variable adjusts the clock frequency of ths
time base 14 counter to the error variable t;.

Fig. 2 illustrates the starting situation, i.e.
the reception and the outputting of a first ATM cell. The
time axis 20 represents the timing diagram at the input
7 of the input buffer 6. The time axis 21 represents the
timing diagram at the output of the interwerking unit 9.
The first incoming ATM cell 22 is provided with a time
stamp T; 23. The interworking unit 9 receives this first

- ATM cell 22 and delays the start of the outputting by the

delay time ty 24 up to the time t, 25. The error variable
tg = ty - (Tp-Tg) = 0 is thus determined for this starting
situation by the desired/actual value comparator 12. This
value is transferred to the controller 13 which accord-
ingly does not output any correcting variable to the time
base 14. The data of the first ATM cell 22 which has been
output is therefore output at the data output 10 of the
interworking unit 9 with the still uncontrolled clock of
the time base 14 as data stream section 26. The data of
an ATM cell 27 which has subsequently been input is
added,'without interruption, to the data stream section
of the first ATM cell 22 as data strsam section 28.

The operational situation, i.e. reception and
outputting of ATM cells after the starting situation, and
the associated control mechanism, are illustrated in Fig.
3. The time axis 29 represents the timing diagram at the
input 7 of the input buffer 6. The time axis 30 repre-
sents the timing diagram at the output of the
interworking unit 9. The interworking unit 9 terminates
the outputting of the data 31 of a cell (i-1) (not
illustrated) at the time T,(;,32 and starts the outputting
of the data 33 of the next incoming ATM cell (i) 34 which
is ready in the input buffer 6 and has the time stamp
Ts(i)
interworking wunit 9 to the desired/actual value

35. The time stamp Tg(;, 35 is transferred from the

comparator 12. The desired/actual value comparator 12
compares the difference between the time stamp T (;, 35
and the current time T,(;, 32, which difference is con-
tinuously made available by the time base 14 via the
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connection 16, with the permanently prescribed delay tims -
tvy 24. The error variable where t, = ty - (Tp~Tg) = 0 is
determined from this. The error variable ty is trans-
ferred via the connection 18 to the controller 13 which
derives from it a correcting variable which is trans-
ferred via the connection 19 to the time base, and' the
clock frequency of the time base 14 is corrected. Fig. 3
illustrates the case in which, as a result of the delayed
inputting of the ATM cell 34 or an excessively high clock
rate of the time base 14 at its output, the interval
(Tp-Ts) has become s t,, and thus the error variable t,
has assumed a positive wvalue. The described control
procedure is therefore set in such a way that, in this
case, it leads to a reduction in the clock frequency of
the time base 14 at its output. If the data of the ATM
position 34 of the ATM cell 34 were to be output as data
section 33 in the data stream at the data output 10 of
the interworking unit without this control, the out-
putting would be terminated at the time 35. As a result
of the effects of the control, displacement to the tims
Ta(isry 37 takes place. Ths entire brocedure is now
continuously repeated in the same way for the outputting
of the next ATM cell 38 as data section 39 at the data
output 10 of the interworking unit 9, & time stamp Ts(i+1)
40 being assigned to the naw ATM cell 38.

An embodiment of the'control circuit, which is
based on an integrating controller, is illustrated in
Fig. 4. The timing diagram 41 at the input of the inﬁﬁt'
buffer 6 is illustrated. The incoming ATM cells 42 are
illustrated, the illustration of the different intervals
between the ATM cells 42 owiﬁg to the DTV having been
dispensed with. The timing diagram 43 represents the
error variable t; 44, as it is determined by the
desired/actual value comparator 12 at the respective
times Ta(i) and is transferred to the controller 13. The
timing diagram 45 represents the sign curve 46 which is
derived in the controller from the timing diagram 43 of
the error variable tr 44. The timing diagram 47 repre-
sents the cloqk frequency at the output of the time base



10

15

20

25

30

35

-9 -

14. Also illustrated are the magnitude of the desirzd
frequency, which is identical to the time axis of ths=
timing diagram 47, the permitted maximum value 48, the
permitted minimum value 49 and the actual value profile
50 affected by the control. Thes actual wvalue profile 50
is the integral of the sign curve 46 in that the clock
frequency at the output of the time base 14 is increased
by - one step at each time Tp(;, by the controller 13 via
the connection 19 using a correction signal if the sign
curve has a value of -1, or is decreased by one step if
the sign curve 46 has a value of 1. The magnitude of the
steps by which the clock freguency of the time base 14 is
changed is selected such that there is a sufficiently
large number of steps in the range between the maximum
value 48 and the minimum value 49 of the clock frequency.
The error variable is obtained for the method frow che
superimposition of thes freguency offset of the clock of
the time base 14 and the DTV. Since the freguency oifset

'0of the clock is very low owing to the use of highly

stable oscillators with 4£s200 ppm, the individual value
the error variable is determined essentially by means
the DTV. However, owing to the fact that the ATM cells

h

o}

th

o
on the transmitter sids are fed with a coznstant cell
rate, the influence of said error variable is eliminated
by means of the relation IDTV; = 0 over relatively long
time periods. The magnitude of the steps by which the
clock frequency of the time base 14 is changed is there-
fore oriented toward the possible'frequency ciffset of the
clock and is not aimed at compensating the error variable
t; to 0 during the outputting of an ATM cell. Therefore,
an integrated controller which evaluates ths sign curve
produces bstter control characteristics than a propor-
tional controller which would correct the DTV.

If the transfer of the ATM cells to the input
buffer 6 takes place by means of a UTOPIA (Universal Test
and Operations Physical Interface for ATM), the tims Tg
can be derived from the SOC (Start of Cell) signal. The
delay.time ty can be set very low and does not cause a

plurality of cells to be received, as is the case with
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the ACR method. It is a condition that the delay tim: ty
is definitely longer than the variation in the interv.:?
between two received cells (Transmission Delay Time
Variation) occurring in the physicél ATM network. In an
ATM network in which the switching and transmission
capacities are not utilized up to the limit wvalues, this
variation is small. In the case of a physical appli-
cation, the conditions are, for example, such that the
variation is smaller than the outputting time for an ATM
cell, so that the outputting can start even before a
second ATM cell has been input.

An acceptable disadvantage of this method is that
the sequénce of time stamps T, generated on the receive
side has the DTV superimposed on it. However, the control
circuit therefore corrects the clock frequency of the
time base 14 in accordance with the DTV. Therefore, the
actual frequency curve 50 has a fluctuation which is due
to the DTV. In contrast with this, the SRTS method is not
influenced by the DTV. However, control-related fluctu-
ations in the actual frequency ¢urve occur here too,
since the RTS is subject to a digital residual error.
This also leads, as an instantaneous value, to a correc-
tion procedure and is only averaged out over a certain

number of transmissions.
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Patent claims

1. A method for synchronizing transmissions at a
constant bit rate in ATM networks (1) in which a data
stream at a constant bit rate is converted on the trans-
mitter side into an ATM cell stream by an interworking
unit (2), by means of a receiving device comprising an
input buffer (6), an interworking unit (9), a time base

(14) and a controller (13) .in which

a) the ATM cells are stored on the receive side in the
input buffer (6) after. transmission,

b) the ATM cells in the input buffer (6) each have
assigned to them a time stamp Tg which correlates

" with the time of its reception,

c) the outputting of the data, stored in the ATM cells,
by the interworking unit (9) as a data stream at a
constant bit rate is begun at a time Tp, delayed
with respect to the reception time,

d) a desired value t, is prescribed for this delay

' time, this desired value ty being greater than the
variation of the transmission time DTV of the ATM
cells from the transmitter to the receiver,

e) the actual delay time is determined by forming the
‘difference Tp-Tg, '

f) an error variable tr = ty - (Tp-Tg) is produced and
transferred to the controller (13), _

g) the controller (13) generates a correcting variable

' from the error variable tr, '

h) the correcting variable is.transferred to the time
base (14) and '

i) the clock frequency of the time base (14) 1is’
adjusted according to the correcting variable,
counter to the deviation.

2. The method as claimed in clalm 1, wherein the

controller (13) is designed as an 1ntegrat1ng controller.
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3. ~ The method as claimed in claim 2, wherein the
controller (13) derives the sign value from the error
variable tp and adjusts the clock frequency of the time
base (14) in accordance with Af=-KEZ(SIGga (i) -

4. A receiver station for ATM networks, comprising
an input buffer, an -interworking unit, a time base, a
desired/actual value comparator and a controller, in
which station an output of the input buffer is connected
to an input of the interworking unit, an output of the
interworking unit "is connected to an input of the
desired/actual value’ comparatér, an output of the
desired/actual value comparator is connected to an input
of the controller, an output of the controller is con-
nected to an input of the time base and an output of the
time base 1is connected to asn input of the interworking
unit, .

wherein a further output of the time base (14) is con-
nected to an input of the input buffer (16) and a further
output of the time base (14) is connected to an input of
the desired/actual value comparator (12).

5. The receiver station as claimed in claim 4,
wherein the controller (13) is designed as an integrating

controller.



