
1                 EP0344 169 B1                       2 Description
link and, initially, by the first station good quality reception of
transmissions by the second station The present invention relates to
transmission    can therefore, be achieved. Because the first sta- systems
in which signals are transmitted over a     tion's echo canceller cannot
adapt so readily to path which is wholly or partially common to both   5
variations in  transmission  path  characteristics directions of
transmission between two stations.    (indeed, in most cases its state
would be "frozen" Such is the case, for example, where a two-wire     or
switched to a slow adapting condition) this situ- telephone channel is
employed. An example of        ation does not persist. If, however, the
time for such an arrangement is described in European        which the
second station is permitted to transmit is patent application EP-A-91 014,
where first and sec-  io  sufficiently brief, this is not a problem. Thus,
over a ond stations having adaptive echo cancellers op-    given path, a
higher data rate/signal to noise ratio erate in full duplex over a common
path, transmis-  can be achieved than would be possible with full sion in
the two directions occupying overlapping    duplex. bandwidth.
Of course, assuming that the forward data rate Often it happens that, for
some unknown time   15  (or required signal-to-noise ratio) is greater than
period TP, Communication is required primarily in   that which would be
possible using full duplex, it Is the direction from one station to the
other, but    to be expected that the forward transmission by the during
this period it must be possible for the latter  first station will be
corrupted by the second sta- station to transmit short messages back to the
tion's transmission, since the latter, having been former. It is often
desired eg. for reporting errors in  20  silent, will not have available a
well-trained echo forward transmission, that such messages should
canceller. For many applications, however - for be transmitted as quickly
as possible. Commonly,    example for error reports by the second station,
or too, it is desired to maximise the data rate (in a  where the second
station desires to initiate a rever- digital system) or available bandwidth
(in an ana-  sal of the primary transmission direction - this is logue
system) in the forward direction.        25  unimportant since the
corrupted transmission either Frequency division duplex systems such as the
can be repeated, or is unwanted. CCITT Group II facsimile transmission
standard in       Preferably the total duration of the periods of which a
small portion of spectrum is reserved for   simultaneous transmission is
not more than 25%, reverse signalling inherently involve a reduction of
and preferably 10% of the total transmission time. forward channel capacity
and a slow return chan-   30   Examples of control functions are a change
of nel, as well as stringent filtering requirements,   data rate or change
of the nature of information whilst echo cancelling duplex systems (eg.
CCITT    which is to be sent. V32) provide rapid return channel signalling
but        In a further aspect, the invention provides a reduce the maximum
forward signal to noise ratio    transmission system comprising first and
second (and hence data rate) due to uncancelled talker  35  stations
connected via a transmission link having echo (particularly in the presence
of phase roll).  varying echo characteristics in at least part of According
to one aspect of the present inven-    which transmissions in two
directions travel over a tion there is provided a method of transmission
common path, the first station having a transmitter, between first and
second stations via a transmis-   a receiver and an adaptive echo canceller
and the sion link having varying echo characteristics in at  40  second
station having at least a transmitter and least part of which transmissions
in two directions  receiver, and transmissions by the second station travel
over a common path, transmissions by the     occupying a bandwidth which is
the same as or at second station occupying a bandwidth which is the   least
partially overlaps the bandwidth occupied by same as or at least partially
overlaps the bandwidth  transmissions by the first station, in which the
occupied by transmissions by the first station, in  45  system is so
arranged that simultaneous transmis- which the first station includes an
adaptive echo   sion by the stations occurs only during periods canceller
and in which simultaneous transmission    which immediately follow a period
of transmission by the stations occurs only during periods which    by the
first station alone and are of short duration immediately follow a period
of transmission by the  relative to the rate of change of the echo char-
first station alone and are of short duration relative   50  acteristics of
the path. to the rate of change of the echo characteristics of
Preferably the second station is operable in the path. The bandwidth
overlap referred to may be  response to a detected error in the signals
received intentional, or may be the result of imperfect filter-  from the
first station to transmit, simultaneously ing in a frequency division
duplex system.          with transmission by the first station, an error-
This aspect of the invention is based on the  55  indicating signal and the
first station is operable in realisation that, following a period of
transmission  receipt of the error-indicating signal to repeat trans- by
the first station alone, the station's echo cancel-  mission of at least
the portion of its transmission ler can be well adapted to the
characteristics of the  indicated by the error-indicating signal as being
in 



2    3                 EP0344 169B1                       4 error and the
portion of its transmission during      High rate transmission from station
1 to station which transmission and reception of the error-in-   2 will
employ most of the available channel band- dicating signal occurred.
width over which a good signal to noise ratio is In another preferred
arrangement, the second    obtained. For the fastest transmission of short
mes- station also includes an echo canceller and in-   5   sages back from
station 2 to station 1, all that formation is received either, in a forward
direction,  same bandwidth should preferably be employed. If by the second
station from the first or, in a reverse  a transmission from station 2
lasts only for a period direction, by the first station from the second;
and  TR (typically of the order of 100ms), then echoes repeated switching
between the forward and re-     of this transmitted signal may corrupt the
station 2 verse directions is effected by the transmission of  10  receiver
only for a period TR + TD, where TD is a signal by the station which is
receiving, the    defined as the time for the most delayed frequency
station which is transmitting responding to such   component of the
transmitted signal to travel from signal by ceasing transmission.
station 2 to station 1 and echo from an impedance One embodiment of the
present invention will    mismatch at station 1 back to station 2. In
addition now be described, by way of example, with refer-  15  to this
round-trip transmission time, there will al- ence to the accompanying
drawings, in which:       ways be some delay inside station 1 between re-
Figure 1 is a block diagram of one form of       ceiving a call to
re-transmit a data frame and transmission system according to the
invention;  actually applying that re-transmission from station 1 and
to the channel. It follows that with the use of GO- Figure 2 is a timing
diagram.               20   BACK-N ARQ protocol, station 2 may employ the
Figure 1 shows a digital transmission system    whole channel bandwidth for
transmitting short (eg. for facsimile transmission) in which first and
messages rapidly back to station 1, without com- second stations 1, 2 are
connected via a 2-wire    promising the reliability of data-frame
transmissions telephone circuit 3.                               from
station 1 to station 2. The only frames cor- Station 1 has a transmitter
11, receiver 12, hybrid  25  rupted by the burst of backward transmission
are circuit 13, adaptive echo canceller 14 adaptive    those which will be
re-transmitted. During the pe- equaliser 15, and control means 16. Similar
compo-  riod TR + TD in which 'talker echoes' of the nents 21-25 are
provided in station 2.             transmission burst may return to station
2, receiver It will be assumed that the primary direction of  functions in
station 2 such as AGC, carrier recov- transmission is from station 1 to
station 2, although,  3o  ery, or adaptation of its equaliser 25 should
prefer- as will be seen later, the roles of the two stations  ably be
frozen or set to a slow-adapt mode in order may be reversed. Station 1
transmits a page of     to avoid their possible corruption by echoes which
data during a time interval TP (figure 2). If the  may not be accurately
cancelled. control means 26 at station 2 recognises a trans-      Station 1
must be capable of receiving short mission error, it signals this fact
rapidly to station 1   35   messages from station 2 while station 1 is
transmit- by means of a burst of transmission during period  ting. Since
both directions of transmission employ TR so as to call for the
re-transmission from station  the same channel bandwidth, this will in most
in- 1 of digital data previously received at station 2  stances require an
echo canceller in station I to with errors in transmission (or of analogue
data   adaptively remove the effect of the transmitted received by station
2 in some unacceptably cor-  40  signal in the receiver at station 1. In
the example of rupted form). In respect of digital data, such prac-  a
2-wire telephone channel, such 'talker echoes' tice often follows the
so-called GO-BACK-N ARQ     return as the result of impedance mismatches
protocol. This is relevant to the transmission of a  which are inevitable
in any practical circuit. Adapta- series of data frames each equipped with
(typically  tion of the echo canceller can take. place continu- 16) check
bits enabling the receiver to detect most  45  ously while station 1 is
transmitting. It Is well-known error events within the frame. If, say, the
Mth frame  that such adaptation is greatly assisted in respect is received
with errors, then the GO-BACK-N ARO    of accuracy, lack of jitter and
speed of conver- protocol requires that station 1 should re-transmit  gence
if there is no significant signal at the re- frame M followed by all frames
following frame M,  ceiver input other than the talker echoes which the
whether or not these frames have already been   50  echo canceller is
adapting itself to remove. transmitted prior to the re-transmission of
frame M.   The above is particularly true when the path With this form of
protocol, any frames received by  taken by echoes in the transmission
channel cause station 2 during its brief transmission period TR  them to
be, or appear to be, time varying. A plus a subsequent period TD (defined
below) will   common example occurs in a telephone connection 



be received again after the re-transmitted frame M   55   which includes a
satellite or submarine cable link. has been received. Reliable reception is
therefore  Within such a transmission link, the two directions unnecessary
at station 2 during that combined pe-  of transmission may be separated
into different riod TR + TD.                                      frequency
bands with the result that a net 3    5                 EP0344169B1
6 -(modulation + demodulation) frequency error In one     In order to
receive brief messages at a high bit direction is not exactly cancelled by
the net fre-  rate, the receiver at station 1 must also be in a quency
error in the return direction. This imparts a  conditioned state. It is
envisaged that the receivers phase roll onto echoes returning back via that
link.  at stations 1 and 2 will be trained up at the begin- Most of the
echo cancellers at present used in   5   ning of transmission. One example
of a suitable terminal stations connected to the switched tele-  start-up
procedure appears in the CCITT recom- phone network will fail to track and
cancel an echo  mendation V32: if station 1 makes the (telephone) with a
frequency offset of about 0.1 Hz if the     call, then station 2 sends a
prescribed signal se- canceller has to adapt while the station is receiving
quence on which both the receiver at station 1 and a wanted signal; in the
absence of such a received   10  the echo canceller at station 2 can train
up; then signal, such echo cancellers will be able to track  station 1
transmits a prescribed signal sequence on and approximately cancel such an
echo. Similar     which the receiver at station 2 and the echo can-
considerations will apply to cancelling time-varying  caller at station 1
can train up. V32 then defines echoes in other transmission media, although
in    the way in which full duplex transmission should different ranges of
frequency. While station 1 is  15  ensue. In the case of the system shown
in figure 1, transmitting and not receiving, its echo canceller  as a
result of suitable control messages (sent usu- can be maintained in a
well-adjusted state even if it  ally from the 'calling' station to the
'answering' is dealing with echoes with a modest frequency     station),
one direction of transmission is initially offset (say of the order of 0.1
Hz when the trans-  assigned to be the 'forward' direction. Information
mitted modulation rate is about 2400 Baud), or with  20   may also be sent
between the stations to indicate echoes having some other form of time
variation    the highest data rates that can be received reliably slow
compared with the transmitted modulation      at the two stations given the
observed signallnoise rate. This will mean that any burst of backward
ratios following receiver training. Data transmission transmission are
likely to be received at station 1  may then proceed in the designated
forward direc- without significant interference from the forward  25  tion
at the highest data rate allowed by the relevant signal, even on the most
difficult kinds of telephone  receiver. connection. As soon as a received
signal is de-       Suppose, for example, the forward direction is tected,
the echo-canceller adaptation should either  initially from station 1 to
station 2. When forward be frozen or reduced to a very slow rate, and this
transmission of data is started, the echo canceller should be continued
throughout the period of du-  30  at station 2 and the receiver at station
1 must both plex transmission plus a period TD immediately     be frozen.
For telephone channels, most receiver following the receipt of the nominal
end of the    functions at station 1 are likely to remain suitable received
signal burst (in order to allow for long-  for immediate signal reception,
eg the gain control, delayed listener echoes). If station 1 receives a  the
adaptive equalizer, the sampling-frequency and signal only for a brief
period TR (say 0.5 second in  35  the carrier frequency. Depending on the
period the case of the telephone channel) then the echo   over which no
transmission occurs from station 2 to canceller in station 1 will maintain
cancellation of  station 1, the sampling-time phase and/or the de- any
phase-rolling echoes over that period certainly  modulating carrier phase
in station 1 may need to a degree adequate for receiving at a modest bit
readjustment. To this end, each isolated brief trans- rate (eg 4800 bit/s
at 2400 baud in a telephone   40  mission from station 2 to station 1 may
include a channel). After nominal cessation of the received  brief preamble
signal specially suitable for rapid signal followed by an interval TD, the
echo cancel-  recovery of sampling-time and carrier phases. This ler in
station 1 can be switched once more to      same preamble signal can
facilitate prompt and tracking in a much faster mode in order to 'catch
accurate detection of the onset of a received signal up on' and maintain
cancellation of slowly time-  45  burst at station 1. The main priority
will be to keep varying echoes. Although in principle the station 2  the
preamble as brief as possible while allowing to station 1 transmission
could use the same data  reliable detection with low probability of false
de- rate as the forward transmission, in practice, a   tections from noise
bursts, and accurate enough lower rate may be employed, in order to (a)
allow  recovery of sampling and carrier phases for receiv- for some station
1 receiver functions not being as   so  ing at a modest bit rate in
relation to the channel 



accurately adjusted as they would for longer       handwidth (eg 4800 bit/s
with a signalling rate of periods of signal reception, (b) to allow for in-
2400 baud in a telephone channel). creased quantisation noise which occurs
in 2-wire     Although the above description envisages for- transmission
links employing non-linear digital cod-  ward transmission from station 1
to station 2, a ing (such as A-law PCM) on duplex transmission,  55
practical system may well provide the capability to and (c) to permit the
use at station 1 of a less   operate in the reverse sense as well.
sophisticated echo canceller than would be re-        In such a system
there may follow the require- quired for full symmetric duplex.
ment during forward operation from station 1 to 4    7                 EP
0344169 B1                      8 station 2 to turn the system round to
provide for-  the particular channel. Note that the period TD may ward
transmission from station 2 to station 1. This  readily be measured by each
station during the may be initiated by control messages from either
initial start-up period (see for example V32). station. In some systems, it
may be satisfactory to    References above to stations 1 and 2 may of
initiate a turn-round simply by ceasing the existing   5   course be
interchanged in a consistent manner. forward transmission. With telephone
channels, a       The mode of 'break-in duplex' discussed here short period
of overlapping duplex transmission is  may be provided by stations which
alternatively often desirable. The instruction to turn round may  and/or
from time to time operate in a mode of be carried either in the forward
transmission from  continuous duplex transmission. station I to station 2
or in a backward transmission   10  One example of an application which may
best 'burst' from station 2 to station 1. In either instance,  be met by
the burst duplex mode is the transmis- a 'backward' transmission from
station 2 to station  sion of facsimile over long-delay international cir-
1 will extend in time and become 'forward' tranmis-  cuits on which phase
rolling echoes may prevent sion. Transmission from station 1 will then
cease  the receiving of high-data-rate facsimile transmis- (unless a switch
to continuous duplex transmission   15  sion in the presence of a backward
transmission is called for). When the received signal at station 2  signal
(as discussed above). Before and between ceases, the echo canceller at
station 2 can be     facsimile transmissions, it may be efficient to use
switched to an adapt mode in which the previously  continuous duplex at a
much lower rate (eg 2400 frozen setting of the echo canceller will adapt
bit/s symmetric duplex by coded modulation as (within about 0.5 second in a
telephone channel to  20  defined in a co-pending application) for
parameter re-track any echoes which have varied with time    exchange.
Changing to a burst duplex mode for since the initial echo canceller
training. This will  facsimile transmission may typically enable a for-
further ensure that station 2 can receive brief    ward transmission rate
of 9600, 12000, or 14400 bursts of transmission from station 1.
bit/s on such circuits. To achieve such rates with Assuming (for the
reasons discussed above)  25  continuous duplex may sometimes be impossible
that the burst is at a fairly modest transmission  on these circuits, and
in other cases possible only rate, the receiver at station 1 will meanwhile
have  with special provision In the facsimile stations for refined its
functions to a point where it will probably  dealing with phase rolling
echoes. become possible to receive at a higher bit rate.      The forward
bandwidth efficiency available in The system may provide for the
transmission of a   3o  break-in duplex operation on 2-wire circuits is the
fixed number of information bits at the initial mod-  same as that
available in half duplex operation. Use est bit rate followed by an
automatic step-up to   of echo cancellers in the manner described above
some data rate which may previously have been      does however enable
greatly improved system determined as the maximum for reliable reception
turn-round and operating efficiency compared with given the signal/noise
ratio available to the well-  35  half duplex operation. Adapting a station
echo can- adapted receiver. Alternatively, the time at which,  celler only,
or primarily, when the station is trans- and/or the data rate to which, the
step-up should  mitting without the presence of a received signal, occur
may be determined by the receiving station   overcomes most of the
difficulty in dealing with by reference to the currently prevailing
signal/noise  phase rolling echoes returning from submarine and ratio. Yet
another possibility is that the data rate  40  satellite transmission
links. Break-in duplex com- should regularly be stepped in convenient
incre-   bines many of the virtues of half duplex and full ments up to a
maximum determined either pre-       duplex operation on 2-wire telephone
channels. viously or by reference to the prevailing signallnoise ratio in
the receiver.                Claims Whenever a receiving station needs to
exert  45 influence on the transmitted data rate, it may do so  1. A method
of transmission between first (1) and 



by means of a short transmission burst tailored for    second (2) stations
via a transmission link (3) that, or any other tranmission-control
objective. The  having varying echo characteristics, in at least
transmission of such a control-signal burst is likely  part of which
transmissions in two directions to corrupt the reception of high-rate data.
With a   50  travel over a common path, transmissions by GO-BACK-N ARQ
protocol, all such corrupted data       the second station (2) occupying a
bandwidth will automatically be re-transmitted. Clearly, the     which is
the same as or at least partially over- bursts should be as brief as
possible and the total   laps the bandwidth occupied by transmissions
duration of such bursts should not exceed 10% -        by the first station
(1), and in which the first (preferably 1%) of the total transmission time.
55    station (1) includes an adaptive echo canceller Receiver functions
should always be frozen for     (14), characterised in that simultaneous
trans- the period TR at any burst transmission plus the       mission by
the stations (1,2) occurs only dur- maximum delay TD for talker echoes
returning on        ing periods which immediately follow a period    7
EP 0 344 169 B1                     8 station 2 to turn the system round to
provide for-  the particular channel. Note that the period TD may ward
transmission from station 2 to station 1. This  readily be measured by each
station during the may be initiated by control messages from either
initial start-up period (see for example V32). station. In some systems, it
may be satisfactory to    References above to stations 1 and 2 may of
initiate a turn-round simply by ceasing the existing   5   course be
interchanged in a consistent manner. forward transmission. With telephone
channels, a       The mode of 'break-in duplex' discussed here short period
of overlapping duplex transmission is  may be provided by stations which
alternatively often desirable. The instruction to turn round may  and/or
from time to time operate in a mode of be carried either in the forward
transmission from  continuous duplex transmission. station 1 to station 2
or in a backward transmission   10  One example of an application which may
best 'burst' from station 2 to station 1. In either Instance,  be met by
the burst duplex mode is the transmis- a 'backward' transmission from
station 2 to station  sion of facsimile over long-delay international cir-
1 will extend in time and become 'forward' tranmis-  cuits on which phase
rolling echoes may prevent sion. Transmission from station 1 will then
cease  the receiving of high-data-rate facsimile transmis- (unless a switch
to continuous duplex transmission   15  sion in the presence of a backward
transmission is called for). When the received signal at station 2  signal
(as discussed above). Before and between ceases, the echo canceller at
station 2 can be      facsimile transmissions, it may be efficient to use
switched to an adapt mode in which the previously   continuous duplex at a
much lower rate (eg 2400 frozen setting of the echo canceller will adapt
bit/s symmetric duplex by coded modulation as (within about 0.5 second in a
telephone channel to  20   defined in a co-pending application) for
parameter re-track any echoes which have varied with time     exchange.
Changing to a burst duplex mode for since the initial echo canceller
training. This will  facsimile transmission may typically enable a for-
further ensure that station 2 can receive brief     ward transmission rate
of 9600, 12000, or 14400 bursts of transmission from station 1.
bitts on such circuits. To achieve such rates with Assuming (for the
reasons discussed above)  25  continuous duplex may sometimes be impossible
that the burst is at a fairly modest transmission   on these circuits, and
in other cases possible only rate, the receiver at station 1 will meanwhile
have  with special provision in the facsimile stations for refined its
functions to a point where it will probably  dealing with phase rolling
echoes. become possible to receive at a higher bit rate.       The forward
bandwidth efficiency available in The system may provide for the
transmission of a   30  break-in duplex operation on 2-wire circuits is the
fixed number of information bits at the initial mod-  same as that
available in half duplex operation. Use est bit rate followed by an
automatic step-up to    of echo cancellers in the manner described above
some data rate which may previously have been       does however enable
greatly improved system determined as the maximum for reliable reception
turn-round and operating efficiency compared with given the signal/noise
ratio available to the well-  35   half duplex operation. Adapting a
station echo can- adapted receiver. Alternatively, the time at which,
celier only, or primarily, when the station is trans- and/or the data rate
to which, the step-up should   mitting without the presence of a received
signal, occur may be determined by the receiving station    overcomes most
of the difficulty in dealing with by reference to the currently prevailing
signal/noise  phase rolling echoes returning from submarine and ratio. Yet
another possibility is that the data rate  40  satellite transmission
links. Break-in duplex com- should regularly be stepped in convenient
incre-    bines many of the virtues of half duplex and full ments up to a
maximum determined either pre-        duplex operation on 2-wire telephone
channels. viously or by reference to the prevailing 



signal/noise ratio in the receiver.                 Claims Whenever a
receiving station needs to exert  45 influence on the transmitted data
rate, it may do so  1. A method of transmission between first (1) and by
means of a short transmission burst tailored for    second (2) stations via
a transmission link (3) that, or any other tranmission-control objective.
The   having varying echo characteristics, in at least transmission of such
a control-signal burst is likely   part of which transmissions in two
directions to corrupt the reception of high-rate data. With a   50  travel
over a common path, transmissions by GO-BACK-N ARQ protocol, all such
corrupted data        the second station (2) occupying a bandwidth will
automatically be re-transmitted. Clearly, the      which is the same as or
at least partially over- bursts should be as brief as possible and the
total     laps the bandwidth occupied by transmissions duration of such
bursts should not exceed 10% -         by the first station (1), and in
which the first (preferably 1%) of the total transmission time.  55
station (1) includes an adaptive echo canceller Receiver functions should
always be frozen for      (14), characterised in that simultaneous trans-
the period TR at any burst transmission plus the        mission by the
stations (1,2) occurs only dur- maximum delay TD for talker echoes
returning on        ing periods which immediately follow a period 5    9
EP 0 344169 B1                       10 of transmission by the first
station alone and    6  A transmission system according to claim 4 or are
of short duration relative to the rate of         5 in which the first
station (1) is operable in change of the echo characteristics of the path
response to receipt of the error-indicating sig- (3).
nal to retransmit the portion of its transmission 5       indicated by the
error-indicating signal as be- 2. A method according to claim 1 in which
the             ing, or estimated as being, in error and all transmission
by the second station (2) is a           portions subsequent thereto.
control signal for communicating instructions to the first station.
7. A transmission system according to claim 4, 5 10      or 6 in which the
second station is arranged to 3. A transmission system comprising first (1)
and        transmit the error-indicating signals at a lower second (2)
stations connected via a transmis-         data rate than that employed by
the first sta- sion link (3) having varying echo characteris-       tion.
tics in at least part of which transmissions in two directions travel over
a common path, the   15  8. A transmission system according to any one of
first station (1) having a transmitter (11), a        claims 4 to 7, in
which the second station (2) receiver (12) and an adaptive echo canceller
also includes an adaptive echo canceller and (14) and the second station
having at least a         both stations are capable of acting as first
transmitter (21) and receiver (22), and trans-        station or second
station. missions by the second station (2) occupying a   20 bandwidth
which is the same as or at least        9. A transmission system according
to any one of partially overlaps the bandwidth occupied by          claims
3 to 8 in which the second station also transmissions by the first station,
characterised     includes an adaptive echo canceller and in- in that the
system is so arranged that simulta-      formation is received either, in a
forward direc- neous transmission by the stations (1,2) occurs  25  tion,
by the second station (2) from the first (1) only during periods which
immediately follow a        or, in a reverse direction, by the first
station (1) period of transmission by the first station alone     from the
second (2); and repeated switching and are of short duration relative to
the rate of     between the forward and reverse direction is change of the
echo characteristics of the path        effected by the transmission of a
signal by the (3).                                         30       station
which is receiving, the station which is transmitting responding to such
signal by 4. A transmission system according to claim 3, in         ceasing
transmission. which the second station (2) is operable In response to a
detected error in the signals       10. A transmission system according to
claim 9 in received from the first station (1) to transmit,  36  which each
station (1,2) Is arranged, upon simultaneously with transmission by the
first         commencing transmission whilst the other sta- station (1), an
error-indicating signal, and the      tion is transmitting, to do so at a
relatively first station (1) is operable in response to re-     lower data
rate, and to switch to a higher data ceipt of the error-indicating signal
to repeat        rate following the cessation of transmission by 



transmission of at least the portion of its trans-   40  the other station.
mission indicated by the error-indicating signal as being in error and the
portion of its trans-   11. A transmission system according to any one of
mission during which transmission and recep-          claims 3 to 10 in
which a station is arranged, tion of the error-indicating signal occurred.
when commencing transmission, to switch 45      adaptive receive functions
(15 or 25) from a 5. A transmission system according to claim 4 in
rapidly adaptive mode to a non-adaptive or which the first station (1) is
arranged in opera-     slowly adaptive mode. tion to estimate during an
initial start-up se- quence the sum  of the transmission delays        12.
A transmission system according to any one of from the first to second and
second to first  50      claims 3 to 11 in which a station is arranged,
stations, and is operable in response to receipt      upon receipt during
transmission of the com- of the error-indicating signal when the received
mencement of transmission from the other sta- error-indicating signal
itself contains errors to    tion, to switch its echo canceller (14 or 24)
retransmit that portion of its transmission es-      from a rapidly
adaptive mode to a non-adap- timated as containing the error giving rise to
55  tive or slowly adaptive mode. the error-indicating signal and the
portion of its transmission during which the error-indicating    13. A
transmission system according to claim 11 signal occurred.
or 12 in which the stations (1,2) are arranged    11                EP 0
344169 B1                    12 in operation to estimate during an initial
start-  Sender (21) und elnen Empfanger (22) auf- up sequence the sum of
the transmission de-       weist, und wobel Obertragungen von der zwei-
lays from the first to second and second to       ten Station (2) eine
Bandbreite belegen, die die first stations, and thereby estimate the time
for  gleiche ist wie die Bandbreite, die von Obertra- which such switching
is to remain effective.  5   gungen von der ersten Station belegt ist oder
sich zumindest teilweise mit dieser Bandbreite 14. A transmission system
according to any one of     Oberlappt, dadurch gekennzeichnet, daB das
claims 3 to 13, which is also capable of opera-   System so angeordnet ist,
daB eine simultane tion in full duplex mode and/or half duplex
Obertragung von den Stationen (1, 2) nur wah- and/or asymmetric duplex.
10      rend Perioden auftritt, die unmittelbar einer Obertragungsperiode
folgen von der ersten 15. A method according to claim 1 or 2 in which
Station alleine und die von kurzer Dauer relativ the total duration of the
periods of simulta-     zu der Anderungsrate der Echocharakteristiken neous
transmissions is not more than 25% of       des Pfades (3) sind. the total
transmission time.              15 4. Obertragungssystem  nach Anspruch 3,
bei 16. A method according to claim 16 in which the       dem die zweite
Station (2) in Antwort auf einen total duration of the said periods in not
more    erfaften Fehler in den Signalen, die von der than 10% of the total
transmission time.          ersten Station (1) empfangen sind, betrieben 20
werden kann, um gleichzeitig mit einer Ober- Patentansprliche
tragung von der ersten Station (1) ein Fehler- anzeigesignal zu Ubertragen,
und bei dem die 1. Verfahren zur Obertragung zwischen einer er-       erste
Station (1) in Antwort auf einen Empfang sten Station (1) und einer zweiten
Station (2)    des Fehleranzeigesignals betrieben werden Uber elne
Obertragungsverbindung (3) mit sich   25  kann, um eine Obertragung
zumindest des Snderrden Echocharakteristiken, wobei wenig-      Tells ihrer
Obertragung zu wiederholen, der stens emn Teil der Obertragungen in zwei
Rich-    von dem Fehleranzeigesignal als fehlerhaft an- tungen Ober einen
gemeinsamen Pfad laufen,         gezeigt ist, sowie des Tells ihrer
Obertragung, wobei Obertragungen von der zweiten Station       wahrend dem
eine Obertragung und ein Emp- (2) elne Bandbreite belegen, die die gleiche
ist  30  fang des Fehleranzeigesignals erfolgte. wie die Bandbreite, die
von Obertragungen von der ersten Station (1) belegt ist oder zumindest  5.
Obertragungssystem  nach Anspruch 4, bei teilweise mit dieser Oberlappt,
und wobel die      dem die erste Station (1) bei Betrieb angeord- erste
Station einen adaptiven Echokompensa-       net ist, um wahrend einer
anfanglichen Auf- tor (14) aufweist,                        35
bausequenz die Summe der Obertragungsver- dadurch gekennzelchnet,
z6gerungen von der ersten zu der zweiten und 



daB eine simultane Obertragung von den Sta-       von der zweiten zu der
ersten Station abzu- tionen (1, 2) nur wahrend Perioden erfolgt, die
schatzen, und in Antwort auf einen Empfang unmittelbar elner
Obertragungsperiode der er-     des Fehleranzeigesignals betrieben werden
sten Station alleine folgen und die von Kurzer  40  kann, wenn das
empfangene Fehleranzeigesig- Dauer relativ zur Anderungsgeschwindigkeit
nal selbst Fehler enthalt, um diesen Teil ihrer der Echocharakteristiken
des Pfades (3) sind.     Obertragung erneut zu Ubertragen, von dem
geschatzt wird, den Fehler zu enthalten, der 2. Verfahren nach Anspruch 1,
bei dem die Ober-       das Fehleranzeigesignal ausloste, sowie den tragung
von der zweiten Station (2) ein Steuer-  45  Teil ihrer Obertragung,
wahrend dem das Feh- signal fOr Kommunikationsanweisungen zu der
leranzeigesignal aufgetreten ist. ersten Station ist. Obertragungssystem
nach Anspruch 4 oder 5, 3  Obertragungssystem, das eine erste Station (1)
bei dem die erste Station (1) in Antwort auf und elne zweite Station (2)
aufweist, die Ober  50  einen Empfang des Fehleranzeigesignals be- eine
Obertragungsverbindung (3) mit sich an-      trieben werden kann, um den
Teil ihrer Ober- demden Echocharakteristiken verbunden sind,       tragung
emeut zu Obertragen, der von dem wobei zumindest ein Teil dieser
Obertragungen      Fehleranzeigesignal als fohlerhaft angezeigt in zwei
Richtungen Ober einen gemeinsamen         wird oder als fehlerhaft
eingeschatzt wird, so- Pfad laufen, wobei die erste Station (1) einen   55
wie alle danach nachfolgenden Teile. Sender (11). einen Empfanger (12) und
elnen adaptiven Echokompensator (14) aufweist und    7. Obertragungssystem
nach Anspruch 4, 5 oder wobei die zweite Station (2) zumindest einen
6, bei dem die zweite Station angeordnet ist, 7    13                EP 0
344 169 B1                    14     1 *111111 111111M iISI1s  II urn die
Fehleranzeigesignale bei elner niedri-    zweiten Station und von der
zweiten zu der geren Datenrate zu llbertragen als jene, die       ersten
Station abzuschatzen und dadurch die von der ersten Station verwendet
werden.           Zeit abzuschatzen, far die ein solches Schal- ten wirksam
bleiben soll. 8. Obertragungssystem nach einem der Anspri-   s che 4 bis 7,
bei dem die zweite Station (2)    14. Obertragungssystem nach einem der
AnsprUl- auch einen adaptiven Echokompensator auf-         che 3 bis 13,
das auch far einen Betrieb im weist und be! dem beide Stationen fahig sind,
Voll-Duplexmodus   und/oder   Halb-Duplex als erste Station oder als zweite
Station zu      und/oder asymmetrischen Duplex fahig ist. arbeiten.
10 15. Verfahren nach Anspruch 1 oder 2, bei dem Q  Obertragungssystem nach
einem der AnsprU-          die Gesamtdauer der Perioden simultaner che 3
bis 8, bei dem die zweite Station (2)       Obertragungen nicht grfBer als
25 % der Ge- auch einen adaptiven Echokompensator auf-
samttbertragungszeit ist. weist und bei dem elne Information entweder  is
in einer Vorwartsrichtung durch die zweite Sta-  16. Verfahren nach
Anspruch 15, bei dem die Ge- tion (2) von der ersten Station (1) empfangen
samtdauer dieser Perioden nicht groBer als 10 wird oder in einer
Umkehrrichtung durch die       % der Gesamt0bertragungszeit ist. erste
Station (1) von der zweiten Station (2) empfangen wird; und bei dem ein
wiederholtes  20   Revendlcatlons Schalten zwischen der Vorwarts- und der
Um- kehrrichtung durch die Obertragung eines Si-   1. Un procede de
transmission entre des premlb- gnals von der Station bewirkt wird, die
gerade    re (1) at deuxieme (2) stations par l'interm6- empfangt, wobel
die Station, die gerade sen-      diaire d'une voie de transmission (3)
compre- det, auf ein solches Signal durch Beendung   25   nant des
caract6ristiques d'echo variable dans, einer Obertragung antwortet.
au moins, une partie de ladite transmission dans les deux directions sur un
trajet commun, 10. Obertragungssystem  nach Anspruch 9, bei         les
transmissions de la deuxieme station (2) dem jede Station (1, 2) angeordet
ist, beim        occupant une largeur de bande equivalente ou Beginnen
einer Obertragung, wahrend die an-  30   recouvrant, au moins
partiellement, la largeur dere Station gerade sendet, dies bei einer rela-
de bande occup~e par les transmissions de la tiv niedrigeren Datenrate zu
tun, und um zu       premibre station (1) et dans lequel la premibre 



einer hoheren Datenrate zu schalten, nach Be-     station (1) comprend un
suppresseur d'6cho endigung der Obertragung durch die andere
adaptable (14), caract6rise en ce que la tran- Station.
35      smission simultanee des stations (1, 2) ne se font que pendant des
periodes suivant imm6- 11. Obertragungssystem nach einem der AnsprU-
diatement une periode de transmission de la che 3 bis 10, bei dem eine
Station angeordnet      premiere station seule et sont de courte durde ist,
urn beim  Beginnen einer Obertragung         par rapport a la vitesse de
modification des adaptive Empfangsfunktionen (15 oder 25) von   4o
caract6ristiques d'echo de la voie (3). einem schnellen adaptiven Modus zu
einem nicht-adapfiven Modus oder langsamadaptiven    2. Un proced6 salon la
revendication 1, dans Modus umzuschalten.
lequel l'emission de la deuxieme station (2) est un signal de commande,
communiquant des 12. Obertragungssystem nach einem der Anspra-  45
instructions A la premiere station. che 3 bis 11, bei dem eine Station
angeordnet ist, urn nach Empfang w~hrend einer Obertra-   3  Un systeme de
transmission comprenant des gung des Beginns einer Obertragung der ande-
premibre (1) et deuxieme (2) stations reliees ren Station ihren
Echokompensator (14 oder        par l'interm6diaire d'une liaison de
transmis- 24) von einem schnellen adaptiven Modus zu  so    sion  (3)
comprenant des caract6ristiques einem nicht-adaptiven oder
langsam-adaptiven      d'echo variables dans, au moins, une partie Modus zu
schalten.                                des transmissions dans les deux
directions s'effectuant sur un trajet commun, la premiere 13.
Obertragungssystem  nach Anspruch 11 oder         station (1) comprenant un
6metteur (11), un 12, bei dem die Stationen (1, 2) bei Betrieb   ss
r~cepteur (12) et un suppresseur d'6cho adap- angeordnet sind, um wahrend
einer anfangli-       table (14) et la deuxibme station comprenant, chen
Aufbausequenz die Summe der Obertra-         au moins, un emetteur (21) et
un recepteur gungsverz6gerungen von der ersten zu der          (22), et les
emissions de la deuxieme station 8    15                EP 0 344 169 B1
16    11111 111 11111 IIM     I (2) occupant une largeur de bande identique
8. Un systeme de transmission selon I'une quel- ou recouvrant, au moins
partiellement, la lar-     conque des revendications 4 a 7, dans lequel
gour de bande occupeo par les emissions de         la deuxieme station (2)
comprend 6galement la premibre station, caracterise on co quo le      un
suppresseur d'dcho adaptable et les deux systbme est agenc4 de manibre quo
l'emission   5   stations sont susceptibles de fonctionner corn- simultande
des stations (1, 2) no se fait quo      me premibre station ou deuxibme
station. pendant des periodes suivant immediatement une p6riode de
transmission de la premibre     9. Un systeme de transmission solon l'une
quel- station soule et sont de courte dureo par rap-     conque des
revendications 3 k 8, dans lequel port a la vitesse de modification des
caracte-  0o  la deuxieme station (2) comprend egalement ristiques d'echo
du trajet (3).                    un suppresseur d'6cho adaptable et les
infor- mations sont regues soit A I'aller par la douxib- 4. Un systeme de
transmission solon la revendi-        me station (2), vonant de la premibre
(1), soit cation 3, dans loquel la deuxibme station (2)      on retour par
la premiere station (1), vonant de pout fonctionner en reponse & une erreur
de-  15   la deuxieme (2); et la commutation repdt6e tect6e dans les
signaux regus de la premibre       entre la direction aller et retour est
effectuee station (1) pour transmettre, on m~me temps        par I'6mission
d'un signal par la station r6cep- quo la transmission de la premibre
station (1),    trice, la station 4mettrice repondant & ce signal un signal
d'indication d'erreur, et la premibro    en interrompant la transmission.
station (1) pout agir en rtponse a la reception   20 du signal d'indication
d'erreur pour repeter la  10. Un systeme de transmission solon la revendi-
transmission d'au moins la partie de son emis-     cation 9, dans lequel
chaque station (1, 2) est sion indiqueo par le signal d'indication d'erreur
agencde, en debut d'6mission, pendant quo comme etant erroneo, et la partie
de son emis-     I'autre station 6met, pour emettre a un d6bit sion pendant
laquelle l'emission et la reception   25  de donndes relativement
inferieur, et pour pas- du signal d'indication d'erreur a ou lieu.
ser & un debit de donndes superieur apres l'interruption de la transmission
par l'autre sta- 5. Un systbme de transmission solon la revendi-
tion. 



cation 4, dans loquel la pemiere station (1) est agencoe on service pour
4valuer, pendant une   30  11. Un systeme de transmission solon l'une quel-
s9quence de mise en route initiale, la somme       conque des
revendications 3 a 10, dans lequel des retards de transmission de la
premibre         une station est agenceo, on debut d'6mission, vers la
douxieme et de la deuxieme vers la         pour commuter les fonctions de
reception premibre station, et pout 8tre actionnoe en        adaptables (15
ou 25) d'un mode adaptatif reponse & la reception du signal d'indication
35  rapide sur un mode non-adaptatif ou lentement d'erreur lorsque le
signal d'indication d'errour   adaptatif. regu contient lui-m8me des
erreurs, pour re- transmettre la partie de sa transmission esti-  12. Un
systeme de transmission solon l'une quel- mee comme contonant l'errour
motivant signal       conque des revendications 3 a 11, dans loquel
d'indication d'erreur et la partie de son 6mis-  40  une station est
agencee, a la r6ception en sion au cours de laquelle signal d'indication
cours de transmission du d6but de l'emission d'errour a ou lieu.
de l'autre station, pour commuter son suppres- sour d'echo (14 ou 24) d'un
mode adaptatif 6. Un systeme de transmission solon la revendi-       rapide
sur un mode non-adaptatif ou lentement cation 4 ou 5 dans lequel la
premibre station   45  adaptatif. (1) pout 8tre actionneo on rdponse a la
rdcep- tion du signal d'indication d'errour pour retran-  13. Un systeme de
transmission solon l'uno quel- smettre la partie de son emission indiquee
par     conque des revendications 11 ou 12, dans le signal d'indication
d'errour comme dtant or-    loquel les stations (1, 2) sont agencees, en
roneo ou estimde comme telle ainsi quo toutes   50  service, pour dvaluer
au cours de la sdquence les parties suivantes.
de mise on route initiale, la somme des retards de transmission de la
premibre & la douxibme 7. Un systbme de transmission solon la revendi-
ot de la deuxibme a la premibre station, et cation 4, 5 ou 6 dans loquel la
douxibme           evaluer ainsi le temps pendant loquel cette station est
agenceo pour transmettre les si-  55   commutation doit rester effective.
gnaux d'indication d'erreur a une cadence de transfert de donn6es
infdrieure a celle om-     14. Un systeme de transmission solon l'une quel-
ploy~e par la premibre station..                   conque des
revendications 3 a 13, susceptible 9    17                 EP 0 344 169 B1
18        lium     lull s          i de fonctionner dgalement en mode
duplex, el/ou semi-duplex el/ou duplex asymetrique. 15. Un procedd selon la
revendication 1 ou 2, dans lequel la dur6e totale des pdriodes de tran-   6
smission simultande ne ddpasse pas 25 % du temps de transmission total. 16
Un proced6 selon la revendication 15, dans lequel la duree totale desdites
periodes ne   1o ddpasse pas 10 % du temps de transmission total. 15 20 25
30 35 40 45 50 55 10    


