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ABSTRACT

To allocate time slots to terminal stations (T1...Ti...Tn} for transmission of
upstream burst in o network system wherein a central station (CS) is coupled to o
plurality of terminal stations {T1...Ti...Tn), the central station (C3) downstream
transmits access grant information {AGI) which forms part of downstream frames (DF).

Each terminal station (Ti) is equipped with a cyclic local grant counter {(LGC)
which generates a local grant counter value between zero and a predetermined limii,
and which is synchronized with a cyclic master grant counter (MGC) included in the
central station (CS). The upstream time slots are bounded by two zero crossings of
the cyclic local grant counter (LGC) and a terminal! station (Ti} is ollowed to fransfer an
upstream burst (UB) in such a fime slot provided that this time slot is allocated to the

terminal stafion {Ti) via previously received access grant information (AGI).
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The present invention relates 1o a methed, a central station, a terminal station
and a network system for fime division multiple access (TDMA) management in a
system comprising a central slation coupled to each of a plurality of terminal stations,
said central station being enabled 1o transmit downstream frames to said terminal
stations and to allow said terminal stafions to transfer upstream bursts to said central
station in fime slols assigned thereto by means of access grant information included in
said downstream frames,

Such a method, central station, terminal station and network system are
already known in the art, e.g. from the published European Patent Application EPA
0544975. Therein, a system, called a time slot management system, comprises a
central station referenced to as a main station and a plurality of terminal stations
named substations. To enable the substations fo transfer upstream bursts or upsiream
information packets, time stots are allocated fo these substations by means of access
grant information, reference to as transmit enable addresses. The access grant
information is generoted in the central siation and transmitted 1o the terminal stations.
Similar time division multiple access {TDMA) methods used in the field of satellite
communications or mobile communications are described in the European Patent
Applications EPA 0371500 and EPA 0511614 respectively. In the known solutions,
the downstream transmitied access grant information is aligned with the downstream
frames whereof it forms part and with the upsiream bursts since the fransmission of
the latter bursts from a terminal station to the central station is triggered by the arrival
of ht access grant information in this terminal station. As a result, the known solutions

lack flexibility with_respect to_downstream_frame_length, upstream burst. length_and

downstream to upstream bit rate ratio.

An object of the present invention is to provide a time division multiple access
{TDMA} method of the above known type but wherein downsiream frame length and
upstream burst length are independent from each other and wherein downstream
and upstream bit rate may have a non integer ratio.

According to the invention, there is provided a method for time division
multiple access management in a system comprising a central slation coupled to each

of a plurality of terminal stations, said central station being enabled to transmit
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downstream frames to said terminal stations and to allow said terminal stations to
transfer upstream bursts to said central station in time slots assigned thereto by
means of access grant information included in said downstream frames,
characterized in that a said time slot is bounded by a first and a second zero
crossing of a cyclic local grant counter, included in each said terminal station to
generate a local counter value between zero and a predetermined number, and that
a said terminal station is allowed to transfer a said upstream burst during a said
time slot, provided that said time slot became allocated to said terminal station by
said access grant information before said first zero crossing, said cyclic local grant
counter being synchronized with a cyclic local grant counter included in said
central station to generate a counter value between zero and said predetermined

number,

According to a further aspect of the invention, there is provided a central station
for a time division multiple access system, said central station being coupled to a
plurality of terminal stations and including a multiplexer to an input of which
digital data are applied and to another input of which access grant information,
generated by a processor which also forms part of said central station, is applied
said multiplexer being adapted to multiplex said digital data and said access grant
information to thereby generate dewnstream frames applied to a downstream
modulator, adapted to modulate said downstream frames, characterized in that
said central station further includes a cyclic master grant counter adapted to
genefate a counter value clocked on activation of a clock, a said terminal station
being allowed to transfer an upstream burst during a time slot bounded by a first

and a second zero crossing of a cyclic local grant counter included in said terminal

station, provided that said time slot Became allocated to said terminal station by
said access grant information before said first zero crossing, said cyclic local grant

counter further being synchronized with said cyclic master grant counter.

According to a still further aspect of the invention, there is provided a terminal
station for a time division multiplex system wherein a central station is coupled to
a plurality of terminal stations similar to said terminal station, said terminal station
including a downstream demodulator provided to demodulate downstream frames

transmitted from said central station to said terminal stations, and a demultiplexer
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coupled to said downstream demodulator to demultiplex said downstream frames
and to thereby generate digital data applied to an output thereof and access grant
information applied to a further output thereof, characterized in that said terminal
station further includes a cyclic local grant counter provided to generate a counter
value between zero and a predetermined number, said cyelic local grant counter
being synchronized with a cyclic master grant counter included in said central
station, an access grant buffer coupled to said further output of said demultiplexer
to temporary store said access grant information, and an upstream modulator
adapted to modulate and transfer an upstream burst to said central station between
a first and a second zero crossing of said cyclic local grant counter provided that a
time slot was allocated to said terminal station via said access grant information

previous to said first zero crossing.

According to a still further aspect of the invention, there is provided a network
system for time division multiple access including a central station coupled to a
plurality of terminal stations, said central station including a multiplexer to an
input of which digital data are applied and to another input of which access grant
information generated by a processor which also forms part of said central station,
is applied, said multiplexer being adapted to multiplex said digital data and said
access grant information to thereby generate downstream frames applied to a
downstream modulator, adapted to modulate said downstream frames, and each
said terminal station including a downstream demodulator provided to demodulate
said downstream frames, and a demultiplexer coupled to said downstream
demodulator to demultiplex said downstream frames and to thereby generate said

digital data applied to an output thereof and said access grant information applied

to a further output thereof, characterized in that said central station further

includes a cyclic master grant counter adapted to generate a counter value clocked
on activation of a clock, and each said terminal station further includes a cyclic
local grant counter provided to generate a counter value between zero and a
predetermined number, said cyclic master grant counter, an access grant buffer
coupled to said further output of said demultiplexer 1o temporary store said access
grant tnformation, and an upstream modulator adapted to modulate and transfer an

upstream burst to said




v

o,

30

5

central station between a first and a second zero crossing of said cydlic local grant
counter provided that a time slot .wc:s allecated 1o said terminal station via said access
grant information previous to said first zero crossing.

By starting transfer of the upsiream bursts at a zero crossing of the local grant
counter, there is no need for aligning the access grant information with the upstream
bursts and with the downstream frames, the upstream burst length and bit rate thus
becoming independent from the downstream frame length and bit rate respectively,
Indeed, in the present method, transmission of upstream bursts is no longer triggered
by the reception of the access grant information but by the zero crossing of the cyclic
local grant counter having a predetermined number a count limit, provided access
was granted previous fo the zero crossing. The upstream burst langth may thus be
increased or decreased independently from the downsiream frame length by
increasing or decreasing the predetermined number respectively. To enable
reception of the upstream bursts in the central stotion, this central station has fo be
provided wilh a master grant counter, with which all local grant counters in the
terminal stations are synchronized.

In the present time division multiple access (TDMA) method, the access grant
information might be downstream transmitted at any time but has to be received by
the terminal station aligned in the access grant information previous to the zero
crossing of the local grant counter which corresponds to the beginning of the fime slot
alfocated to this terminal station. The terminal station in the present invention is thus
allowed to transfer upstream bursts only at zero crossing of its local grant counter

whereby its_access grant_buffer is.not_empty.

Another preferred feature of the present lime division multiple access (TDMA)
management method is that the master grant counter is clocked at downstream
transmission of each byte. [n this way, synchronization of the master grant counter
and local grant counters is obtained easily by increasing or decreasing the local grani
counter values a receplion of each downstream transmitted byle.

A further preferred feature of the present method is that the local grant counter
value can be restored in case synchronization with the master grant counter value is

lost. Indeed, as described in claim 3, time reference information generated by the
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master grant counter is downstream transmitted and compared in each terminal
station with the local grant counter value. Comparater means and e.g. a state
machine can be included in the terminal stations to delect loss of synchronism and 1o
restore the local grant counter value fo obtain synchronization again respectively.

Siill another preferred feature of the present invention is that a bit of the access
grant information (AGI) might be used to inform a terminal station about the fact that
The most recently transmitted upstream burst is corrupted by fransmission errors. As a
result, the central slation requests the terminal station for a new transmission of the
last upstream burst.

The present invention is indeed realized by transmitting the access grant
information aligned with the downstream frames but not necessarily aligned with the
upstream bursts, or by transmitling the access grant information af equidistant time
intervals aligned with the upstream bursts but net necessarily aligned with the
downstream frames.

When aligned with the downstream frames, the access grant information can
be made available faster to the terminal stations in those network systerns wherein the
downstream frames are interleaved in the central stalion and deinterleaved in the
terminal slations. To interleave the downstream frames, individual bytes of these
frames are given different delays according to their positions in these downstream
frames. 1n this way, burst errors on a transmission link are spread out over difference
downstream frames and can be corrected at the terminal stafions with @ minimum of
error code bytes included in each of the downstream frames. By giving the access
grant information_these_positions_in_the_downsiream frames_which_are_not.delayed _
during the interleaving ond by recovering the access grant information in the terming!
stations before deinterleaving is performed, the access grant information becomes
available fast and is transmitted from central station o terminal station with less delay
than the average delay introduced by the interleaving.

When aligning the access grant information with the upstream frames, it
should be avoided that overhead bytes which form part of the downstream
transmitted frames are disturbed by the access grant information. Therefore it will be

impossible to always transmit the access grant information af fixed fime intervals. To
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prevent domaging overhead bytes, these averhead bytes could be included in the
downstream frames after time equidistant inserfion of the access grant information or
alernatively, the predetermined fime intervals may equal a second fixed fime interval
instead of a first fixed time interval whenever the access grant information, when
instead after the first fixed fime inferval , would damage the overhead bytes. In the
terminal stations the first and second fixed time intervals are known in such a way that
the access grant information can be found in the downstream frames even if it is not
located at the first fixed time interval.

The above mentioned and other objects and features of the invention will
become more apparent and the invention itself will be best understood by referring to
the following description of an embodiment taken in conjunction with the
accompanying drawings wherein :

Figure 1 is a representation of downstream frame strudiures and

associated upstream burst siructures according to the known solution;

Figure 2 is a represeniation of a downstream frame siructure and an

upstream burst structure in a first embodiment of the network system

according to the present invention;

Figure 3 is a represeniation of a downstream frame structure and an upstream

burst structure in a second embodiment of the network systern according to the

present invention;

Figure 4 is a representation of a downstream frame structure and an upstream
burst structure in a third embodiment of the network system according to the present

iavention;
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30

Figure 5 is a block scheme of an embodiment of the network system according
to the present invention;

Figure 6 is a block scheme of means included in an embodiment of the
terminal station according to the present invention to enable restoration of the Icoal
grant counter value,

Figure 1A and figure 1B show a downstream frame stream DS and upstream
burst stream US structure as used in known network systermns wherein downstream

frams DF are transmitted from a central station to a plurality of terminal stations over
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the cascade connection of a common transmission path and an individuol
transmission path, and wherin upstream bursts UB or upstream packets are
transferred from the terminal stations to the central station via fime division multiple
access [TOMA). Such a network is used e.g. for interactive services as video on
demand. In figure 1A the upstream and downstream bit rales are equal to 155 Mb/s.
In figure 1B on the ather hard, the downstream bhit rate is equal to §22 Mby/s, whilst
the upstream bit rate is a factor 4 lower and equals 155 Mb/s. These specific bit rates
are used in known optical transmission networks. The upstream channel is shared by
the plurality of terminal stations and is therete divided in fime slots, TS2,TS8, TS3,

T35, ollocated to the terminal stations by means of access grant information AGH
included in the downstream frame stream DS,

The downstream frames DF in the known systems comprise acess grant
information AGI and data including both paylood data and overhead data. The
contents of the upstream bursts UB in figure 1A and figure 18 is not further specified
as it is not relevant for the subject invention. The access grant informotion AGI
occupies equal postions in each downstream frame DF and is thus aligned with these
downstream frames DF. The terminal station which is allocated a time slot, is
triggered fo transfer an upstream burst UB by the reception of the access grant
inforamtion AGI. The access grant information AGI is therefore also aligned with the
upstrearn time slots. As a result, the downstream frame length and the upstream time
slots are submitted to specfici conditions: in the implementation of figure 1A where the

upstream and downsiream bit rates are equal, the upstream time slofs necessarily

4 times os large as the downstream frame length. In the latter implementation, only 1
of each 4 downstreamn frames DF includes access grant information AGI different from
zero and thus really allocated an upstraam time slot to a terminal station.

From figure 1A and figure 1B and the above paragraphs, it is clear that
network systems wherein the transmission of access grant information AGI is
synchronized with the downstream frames DF as well as with the upstream bursts UB,
lack flexibility in frame length and bit rate. Therefore, in the following paragraphs,

first, implementations of downstream and upstream burst stream strctures and their
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use according to the present invention, which do not lack such flexibility, are
described and thereafter a detailed description is given of o network system using
these structures and of the components thereof.

In a first implementation of the present invention, access grant information AGI
is fransmitted still aligned withthe downstream frames DF but unaligned with the
upstream fime slots, 752, TS8, TS3.

The downsir;eqm frames DF, as shown in figure 2, include access grant
information AGI, time reference information TRl and data compirsing overhead data
and payload dota. The time reference information TRI represents a copy of the
counter value of cyclic master grant counter MGC included in the cnetral station CS,
at the momenl of fransmission of this time reference information TRI. The value of this
master grant counter MGC is increased by 1 each time a byte is downstream
transmitted. Each terminal station is provided with a cyclic local grant counter which
generates a local grant counter value, increased from zero to a predetermined upper
limit. The local grant counter value therefore is increased by 1 each time a
downstream byte is received by the respective termindl station whereof it forms part.

The time reference information TRI received from the central station is used in
the terminal stations to overwrite the local grant counter value in order to obtain
synchronization of the cyclic local grant counter with the cyclic master grant counter.
In another embodiment, described later on by means of figure 6, the fime reference
information TRI is compared with the local grant counter value (see downward arrows

in figure 2) in a state machine included in the terminal stations. The local grant

-——=-— - -counter.value-is-then.odapted-only-when-synchronism is lost-and-not-permanently.

25

30

After receipt of the access grant information AGI, a terminal station may
transmit data in fime slots for upstream bursts UB are bounded by two successive zero
crossings of the cyclic local grant counters. This is illustrated by the upward arrows in
figure 2 which indicate that terminel station 2 fransmits an upstream burst UB during
a time slot TS2, terminal station 8 transmits an upstream burst UB during a time slot
TS8, and ferminal station T3, transmits an upstream burst UB during a time slot TS3.

It should be noticed that access grant information AGI which is received before

the beginning of an upstream time slot that is already allocated to a terminal stafion
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by previously transmitted access grant information AG!, is filled with zero, If however,
; which is not shown in Figure 2, the downstream frames DF are longer than the

upstream time slots, the access grant information AG! in a single downstream frame

5 DF might allocate a plurality of time slots to a plurality of terminal stations.

Itis further remarked that an upstream time slot in the time division multiple
access {TODMA)] method according to the present invention is bounded by a first and
second zero crossing of a ¢eyclic local grant counter which are not necessarily
successive zero crossings. In this way, longer time slots can be allocoted to services or

10 terminal slaticns which require a large upsiream bandwidth.
. From the above paragraphs, it follows that the upstream burst length is
::f::. dependent only on the cyclic local and master grant counters, and is changed easily
i-._.: by increasing or decreasing the upper limit of these counters. From the above, it is
::::. also clear that each terminal station has to include an access grant buffer to store the
ais received access grant information (AGI) from the reception thereof to the first zero
.. crossing of its cyclic local grant counter.
‘:E;:: lt has to be remarked that in an alternative embodiment of the above
. mentioned network sysiem, the cyclic local grant counter and cyclic master grant
LD counter may be decreasing counters instead of increasing counters. The time
20 reference information TRI in such an embodiment would then represent the delay be
e, taken into account with respect to the beginning of the next upstream time slot in
.:_::: counter units.
Furthermore, in another specific embodiment of the above described network
o --systemwherein-the.downstream.frames DF are-inlerleaved-inthe. central station ond
25 deinterleaved in the terminal stations, the access grant information AGI can be made
available to the terminal stations with less delay than the average delay introduced by
the interleaving. Indeed, a plurality of downsiream frames DF are interleaved to
spread out burst errors over this plurality of downstream frames DF thereby enabling
to correct these burst errors with a minimum of error correction coding added to the
30 downstream frames DF. By embedding the access grant information AGI in positions

of the frames DF which are transmilted without delay, and by recovering the access

grant information AGI from the downstream frame stream DS before deinterleaving is
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executed, the access grant information AGI becomes available very quickly 1o the
terminal stations.

A well known problem with upstream transmission are the burst errors. Error
correction coding in combination with interleoving is no sclution hereto since the
upstream bursts UB from different terminals are independent and can not be
combined. In accordance with the present invention, upstream burst errors are
corrected via retransmission. An error detecting code added to the upstream bursts
UB allows the ceniral station to detect burst errors. The central station then sets a
retransmission bit which is included thereto in the access grant information AGL At
reception of the access grant information AGI, the terminal station recognizes that the
refransmission bit is set and retransmits the last ransmitted vpstream burst UB. To
allow this retransmission, each terminal station is equipped with a buffer, not shown
in the figures, to Témprocrily stroe its last transmitied upstream burst UB, The
refransmission bit necessarily has to be recived by the terminal siation befare a new
upstream burst UB is transmitted thereby.

In still another implementation of hle present invention, the access grant
information AG! is aligned with the upstream bursts UB but not necéssorily with the
downsiream frames DF. The structure of downstream frame streams DS and
upstream burst streams US according to this sacond implementation are shown in
figure 3 and figure 4.

The central staticn and terminal stations in the network system corresponding
to this second implementation alsc include a cyclic master grant counter and cyclic
local-grant-counters.respectively.—The access grant-information-AG! s included.in_the
downstream frame DF at zero crossings of the master grant counter and therefore
appear unaligned in the downstream frames DF at equidistant fime intervals.
Upstream bursts UB are transmitted at the arrival of the access grant information AGI.
In the downstream frames DF, the access grant information AGI is preceded by a sync
byte S which is searched for af the terminal stations. Such a sync byte S is necessary
to enable the terminal stations to recognize the first access grant information AGL.
Otherwise, a terminal statien cannot distinguish the access grant information AGI

from other data in the downstream frames DF. In other words, the terminal slations
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become synchronized to the central station via the sync byte S.

Part of the data transmitted in downstream frames DF is overhead information
OHI. By including the access grant information AGI in an unaligned way in the
downstream frames DF, this overhead information OHI might be domaged if no
precautions are taken,

In the embodiment according to figure 3, damage of overhead information
OHl is avoided by including the sync byte S and access grant information AGI at
equidistant time intervals in a data stream D, which is then embedded in the payload
sections oft he downstream frames DF. As a result, the overhead sections of these
downstream frames DF can not be destroyed. The embedment of the data stream D
in the payload sections implies a bit rate adapiation which is performed by a phase
locked loop in combination with a buffer according to a well known mechanism.

In an alternative embodiment according to figure 4, the sync byte S and access
grant information AGI are included in the downstream frames DF at g first fixed time
FT1 interval or at a second fixed time interval FT2 if overhead information OH! is
deemed to be damaged when the sync byte S and access grant information AG! are
included at the first fixed time interval FT1. The terminal stafions in this embodiment
of the network system are adapted to search for the sync byte S after the first FT1 and
second fixed time interval FT2 and are thus always able to find the access grant
information AGl. Compared to the above alternative, this embodiment has the
advantage that no phase locked toop has to be provided.

Referring to figure 5 an embodiment of a network system according fo the

present.invention will_be_described.in_detail .

The network systern shown includes a central station C$ coupled to a plurality
of terminal station, T1...Ti...T, via the cascade connection of a common fransmission
link and an individual transmission link. Of these terminal station only Ti is shown in
detail, the other stations being identical. The central station CS includes o clock unit
CK, a processor P, a cyclic master grant counter MGC, an access grant buffer B1, a
multiplexer MUX, a dqwnsfreom modulator DM, an upstream demodulater UD and
an upstream/downstream splitter $1. The terminal station Ti is equipped with an

upstream/downstream splitter 32, an upstream modulator Um, a downstream
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demedulater DD, a demultiplexer DEMUX, a cyclic local grant counter LGC, an access
grant buffer B2 and a logical and gate AND.

In the central station CS, a first input i1 of the multiptexer MUX is o data input
D. An output of the cyclic master grant counter MGC and an output of the access
grant buffer B1 are coupled to a second i2 and third input i3 of the multiplexer MUX
respectively. Via the downstream modulator DM, an output of the multiplexer MUX is
coupled to the upstream/downstream splitter S1 which is in the upstream direction
further coupled to an upsiream burst output UB vio the upstream demodulator UD.
An output of the clock unit CK is connected to control inputs of the cyclic master grant
counter MGC and of the downstraam modulator DM respedively, whilst a processor
output of P is coupled to an input of the access grant buffer B1.

In Ti, the transmission links are coupled to the demultiplexer DEMUX via the
cascade connection of the upstream/downstream splitter $2 and the downstream
demodulator Dd. A first output 01 of the demultiplexer DEMUX is a data output,
whilst second 02 and third outputs 03 thereof are coupled to the cyclic local grant
counter LGC and access grant buffer B2 respectively. An output of the cyclic local
grant counter LGC is connecied to a zero crossing input ZC of the logical and gate
AND, whilst an output of the access grant buffer B2 is connected to an access grant
input AG of the logical and gate AND, whose output is coupled 1o a control input of
the upstream modulator UM which couples and upsiream burst input Ubi o the
upstream/downsiream splitter $2. A clock aulput of the downstream modulator DD
and a control input of the cyclic local grant counter LGC are also interconnected.

. In.CS, data D, time_reference.informaticn TRl.a nd_access_grant-information
AGI are multiplexed in to downstream frames DF and therefore applied tot he first i1,
second i2 and third input i3 of the multiplexer MUX respectively. On activation of a
clock signal applied to its control input, the downstream modulator medulates these
downstream frames DF and applies them 1o the upstream/downstream splitter S1.
Also under the control of this clock signal the cyclic master grant counter MGC
increases its grant counter value. In this way, the master grant counter value is
increased each time a downstream byte is transmitied by the central station CS. The

above time reference information TRl is a copy of the master grant counter value
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generated by the cyclic moster grant counter MGC. The access grant information AG!
on the other hand, is generated by the processor P, temporarily stored in the access

grant buffer B1, and supplied to the third output 03 of the multiplexer MUX.

5 Generated downstream frames DF are shown in figure 2 and described above.
Upstream bursts UB received by the central station CS are applied to the upstream
burst output after being demodulated in the upstream demodulator UD.

| Modulated downstream frames received by terminal station Ti are guided fo

} the downstream demodulator DD by the upstream/downstream splitter $2. The

| 10 modulated downstream frames then become demodulated and are applied to the

demultiplexer input. Demultiplexer DEMUX demultiplexes the dawnstream frames DF

to thereby generate the data Di, the time reference information TRl and the access
grant information AGIi, applied to the data output, the cyclic local grant counter LGC

and the access grant buffer B2 respectively via the oulputs 01, 02 and 03. For each

downstream byte received by the downstream demcdulator DD, this downstream
demodulator DO, via the clock output thereof, applies a control signal to the cydlic
.":_: local grant counter LGC to make it increase its local grant counter value. This local
grant counter value is furthermore overwritten by the time reference information TRIi

stee whenever such information is received. As o result, eyclic local grant counter LGC
s, and cyclic master grant counter MBC remain synchronized. The cyclic local grant

counter LGC further generates a zero crossing message at zero crossing moments of
; its local grant counter value, and supplies this message to the zero crossing input ZC
:

of the logical and gate AND. Similarly, the access grant buffer B2 in terminal Ti

generates_an_access.grant_message whenever.an_upstream time_slot_is_allocated.to

25 the terminal Ti by the access grant information AGIi. This access grant message is
applied to the access grant input AG of the logical and gate AND. Only when both
messages are present at the logical and gate inputs, ZC and AG. The logical and
gate AND then generates an upstream allowed message and applies this message to
the control input of the upstream modulator UM, thereby adfivating this upstiream

30 modulator UM to transfer an upsiream’ burst UB +o the central station CS.

In an alternative embodiment (not shown), instead of permanently overwriting

the local grant counter value whenever time reference information TRl is received, as
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already mentioned above, the local grant counter value can be adapted only when
synchronization between cyclic local grant counter LGC and cyclic masier grant
counter MGC is lost. Means enabled to deted loss of synchrenization are therefor
shown in figure 6 and will be described in the following paragraphs.

To obtain the above alternative embodiment, the cyclic local grant counter
LGC of figure 5 has to be replaced by comparator means C, a cyclic local grant
counter LGC' and a state machine SM shown in figure 6. Furthermore the logical and
gate AND has to be replaced by a logical and gate AND' provided with an additional
input CV, called a counter valid input. The second output 02 and third output 03 of
the demultiplexer DEMUX in figure 5 are represented alse by 02 and 03 in figure 6.

The second output 02 of demultiplexer DEMUX and an output of the cyclic local
grant counter LGC' of figure 6 are coupled to a first input C11 and second input CI2
of the comparator means C respectively. The second output 02 in addition also is
coupled to an input of the ¢yclic local grant counter LGC'. A comparator means
output is coupled to an input of the stale machine SM, having a first oulput connected
to a control input of the cyclic local grant counter LGC' and a second output
connected to the counter valid input CV of the logical and gate AND'. Similar to
figure 5, outputs of the cyclic local grant counter LGC' and of an access grant buffer
B2 having the same fundtion as B2 in figure 5, are connected fo a zero crossing input
ZC'and to an access grant input AG!, similar to ZC and AG in figure 5, of the logical
and gate AND' respectively. Although not shown in figure 6, an output of the logical

and gale AND' again is coupled to a control input of on upstream modulator also

The comparalor means compares the time reference information TRI', which is
a copy of the master grant counter value, with the local grant counter value and
applies a signal to the state machine SM if both differ. The siate machine SM has to
decide whether synchronization between the eydiic lical grant counter and cyclic
master grant counter still exists or is lost. When synchronism is lost, the state machine
SM activates the cyclic local grant counter LGC' to averwrite its local grant counter
value with the time reference information TRI' applied thereto via the multiplexer

oulput 02. Otherwise, the state machine SM applies a counter valid message to the
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counter valid input CV of the logical and gote AND', The decision with respect to
synchronization is taken by the state machine SM in accordance with a predefined
algorithm. The state machine SM e.g. waits until 5 consecutive local grant counter
values differ frim the received time reference information TRI' and then applies the
activation signal fo the cyclic lacal grant counter LGC'. An occasional difference
between local grant counter value and time reference information TRI' is then
regarded as a corrupted reception of the time reference information TRI'. The logical
and gate AND' drawn in figure 5 thus only activales the upstream modulator ot zero
crassings of the cyclic local grant counter LGC', whereon an upstream time slot is
allocated to the terminal station and whereon synchronization between the cyclic local
and master grant counters still exists,

The working of the embodiment of the present network system shown in figure
5 and figure & is made only by way of a functional description of the blocks shown
therein,

Based on the above description, imp/mentation of the functional blocks MUX,
DEMUX, DM, DD, MGC, LGC, ... however is obvious to a person skilled in the art
and will therefore not be described in further defails.

It is noted that the time division multiple access (TDMA) method according to
the present invention can be implemented in radio communication systems and
satellite communication systems as well as in elecirical or optical cable networks.
Although the central station CS in figure 5 is coupled to the plurality of terminal
stations, T1...Ti...Tn, by means of the cascade connection of a common link and
individual link,the-present method.is-not restrictedto-network systers_having-such
physical links.

Furthermore it is noticed that the present method might be combined with
frequency division mulfiplexing (FDM]. The present method might for example be
implemented for subgroups of @ plurality of terminal stafions, these subgroups further
separated from each other by frequency division mulliplexing (FDM).

While the princiiples of the invention have been described above in connedtion
with specific apparatus, it is 1o be clearly understood that this description is made only

by way of example and not as a limitation on the scope of the invention.
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The claims defining the invention are as follows:

A method for time division multiple access management in a system comprising a central
station coupled to each of a plurality of terminal stations, said central station being
enabled to transmit downstream frames to said terminal stations and to allow said
terminal stations to transfer upstream bursts to said central station in time slots assigned
thereto by means of access grant information included in said downstream frames,
wherein a said time slot is bounded by a first and secend zero crossing of a cyclic local
grant counter, included in each said terminal station to generate a local counter value
between zero and a predetermined number, and wherein a said terminal station is allowed
to transfer a said upstream burst during a said time slot, provided that said time slot
became allocated to said terminal station by said access grant information before said first
zero crossing, said cyclic local grant counter being synchronized with a cyclic local grant
counter included in said central station to generate a counter value between zero and said

predetermined number.

A method for time division multiple access management as claimed in claim 1, wherein
said cyclic master grant counter is clocked each time a byte of a said downstream frame is

transmitted by said central station.

A method for time division multiple access management according to claim 1, wherein
time reference information generated by said cyclic master grant counter is included in
said downstream frames to enable said terminal stations to adapt said cyclic lecal counter
value whenever said cyclic local grant counter is no longer synchronized with said cyclic

master grant counter.

A method for time division multiple access management according to claim !, wherein
each said terminal station stores-its least transferred-upstreamn-burst-in-a-buffer included
thereto in said terminal station, and that said access grant information includes a
retransmission bit which is activated by said central station each time an upstream
transmission error is detected to thereby ask said terminal station to retransmit said latest

transferred upstream burst.

A method for time division multiple access management according to claim 1, wherein
said access grant information is aligned with said downstream frames and comprises

identifiers of a number of said terminal stations which are allowed to
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transfer a said upstream burst during o said time slot.

6. A method for time division multiple access management according to claim 4,
wherein a said downstream frame comprises 4 Digital Video Broadcast frames
according to the European Telecommunication Standard ETS 300 429, each said
Digital Video Broadcast frame including 14 Asynchronous Transfer Mode cells, 4 bytes
of said access grant information identifying 2 of said terminal stations and 2 bytes of
said time reference information, said Asynchronous Transfer Mode cells and said time
reference information being aligned in a said downsiream frame.

7. A method for time division multiple access management according to claim 4,
wherein a said downstream frame comprises 1 Digital Video Broadcast frame
according to the European Telecommunication Standard ETS 300 429, said Digital
Video Broadcast frame including 4 bytes of said access grant information and a
plurality of Asynchronous Transfer Mode cells, said access grant information and said
time reference information being oligned with said Digital Video Broadcast frame,
and Asynchronous Transfer Mode cells being not aligned with said Digital Video
Broadcast frame.

8. A method for time division mulliple access management according fo claim 4,

wherein said downstream frames are interleaved in said central station and

deinterleaved in said terminal stations and that said access grant information occupies

predetermined positions in said downstream frames thereby making said access grant
information available to said terminal stations with less delay than the average delay
introduced by said interleaving, provided that said access grant information is
separated-from said-downstreom-frames-before said downstream-frames become .
deinterleaved.

9. A method for time division multiple access management according fo claim 1,
wherein said access grant information is transmitted at predetermined time infervals
in such @ way that said access grant information is oligned with said upstream bursts.
10. A method for time division multiple access management according 1o claim 8,
wherein each said predetermined time interval equals either a first fixed fime interval
or a second fixed time interval depending on the fact whether sad access gront

information, when transmitted at said first fixed time interval, would not or would
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disturb overhead information included in said downstream frames respediively.

11. A central station for a time division multiple access system, said central station
being coupled to a plurality of terminal stations and including a multiplexer to an
input of which digital data are applied and to another input of which access grant
information, generated by a processor which also forms part of said central station, is
applied said mulliplexer being adapted to multiplex said digital data and said access
grant information to thereby generate downstream frames applied to a downstream
modulator, adapted to modulate said downsiream frames, wherein said central
station further includes a cyclic master grant counter adapted to generate a counter
value clocked on adtivation of a clock, a said terminal station being alfowed to
transfer an upstream burst during a time slot bounded by a first and o second zero
crossing of a cyclic local grant counter included in said terminal station, provided that
said fime slot became allocaled to said terminal stalion by said access grant
informaticn before said first zero crossing, said cyclic local grant counter further being
synchronized with said cyclic master grant counter.

12, Aterminal siation for a time division multiplex system wherein a central station
is coupled to a plurality of terminal stations similar to said ferminal station, said
terminal station including o downstream demodulator provided to demodulate
downstream frames transmitted from said central station to said terminal stations, and
a demultiplexer coupled 1o said downstream demodulator 1o demultiplex said
downstream frames and 1o thereby generate digital data applied to an output thereof
and access gront information applied to a further output thereof, wherein said
terminal-station-further-includes-a-cyclic local-grant-counterprovided 1o generate-a
counter value between zero and a predetermined number, said cyclic local grant
counter being synchronized with a cyclic master grant counter included in said central
station, an access grant buffer coupled to said further outpul of said demultiplexer 1o
temporary store said access grant information, and an upstream modulator adapted
to modulate and transfer an upstream burst 1o said central station between a first and
a second zero crossing of said cyclic local grant counter provided that a time slot was
allocated to said terminal station via said access grant information previous to said

first zero crossing.
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13 A network system for time division multiple access including a central station coupled to
a plurality of terminal stations, said central station including a multiplexer to an input of
which digital data are applied and to another input of which access grant information
generated by a processor which also forms part of said central station, is applied, said
multiplexer being adapted to multiplex said digital data and said access grant information
to thereby generate downstream frames applied to a downstream modulator, adapted to
modulate said downstream frames, and each said terminal station including a downstream
demodulator provided to demodulate said downstream frames, and a demultiplexer
coupled to said downstream demodulator to demultiplex said downstream frames and to
thereby generate said digital data applied to an output thereof and said access grant
information applied to a further output thereof, wherein said central station further
includes a cyclic master grant counter adapted to generate a counter value clocked on
activation of a clock, and each said terminal station further includes a cyclic local grant
counter provided to generate a counter value between zero and a predetermined number,
said cyclic master grant counter, as access grant buffer coupled to said further output of

said demultiplexer to temporary store said access grant information, and an upstream
modulator adapted to modulate and transfer an upstream burst to said central station
between a first and second zero crossing of said cyclic local grant counter provided that a
time slot was allocated to said terminal station via said access grant information previous

to said first zero crossing.

1 A network system for time division multiple access according to claim 13, wherein said
central station is coupled to said plurality of terminal stations by means of a hybrid fibre
coax network comprising the cascade connection of an optical fibre, a converting unit

including an electro-optical convertor and opto-electrical convertor, and coax cables, and

that subgroups of said plurality of termifals are séparated in dowiistream and TUpstrigam
direction by frequency division multiplexing, each said subgroup including. terminals
which share a single upstream carrier by time division multiple access and which receive
equal access grant information via individual downstream channels, said individual

downstream channels are also being separated via frequency division multiplexing.
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A network system for time division multiple access arrangement according to claim 13,
wherein said central station is coupled to said plurality of terminal stations by means of a

satellite communication path.

A network system for time division multiple access according to claim 13, wherein said
central station is coupled to said plurality of terminal stations by means of a cellular radio

network path.

A method substantially as herein described with reference to Figures 2 - 6 of the

accompanying drawings.

A central station substantially as herein described with reference to Figures 2 - 6 of the

accompanying drawings.

A terminal station substantially as herein described with reference to Figure 6 of the

accompanying drawing.

A network substantially as herein described with reference to Figure 5 of the

accompanying drawing.

DATED THIS FIRST DAY OF APRIL 1996

ALCATELN.V
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