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Description

The present invention relates to a local area net-
work (a LAN) and, more specifically, to a network of the
cordless (or wireless) type, to enable data to be com-
municated by radio between a plurality of user stations
each comprising a respective data terminal, by means
of a fixed central control device.

Local networks have become increasingly wide-
spread in the informatics and telematics world for short-
range connections for enabling the transmission and
distribution of data and services between a plurality of
users within the same area, for example, in the same
building. A local network enables many data terminals
of different kinds, such as personal computers (PCs),
minicomputers, printers, etc. to be connected in an ex-
tremely flexible manner, enabling very fast transmission
speeds of the order of hundreds of thousands of Kbits/
sec.

Up to now, most local networks have been of the
wired type, that is, of the type in which the connections
between the user stations and the central control devic-
es are formed entirely by wires.

The appearance on the market of portable comput-
ers such as laptop personal computers, has created a
need for cordless LANs.

A cordless local area network reduces installation
costs because it eliminates the need to install connect-
ing cables. This type of network can also be formed in
situations in which it would be difficult or impossible to
install connecting wires, such as, in buildings which do
not have sockets for LANs or in which there are archi-
tectural constraints.

A cordless LAN network may represent the ideal so-
lution in an organisation in which the positions of the
user stations or the number of stations connected in the
network are subject to frequent changes or modifica-
tions.

A cordless LAN also represents the ideal solution
for organisations which are subject to frequent changes
of location. In this case, it would in fact be neither prac-
tical nor economical to transfer a wired LAN.

Finally, as stated above, a LAN network enables da-
ta to be communicated even by portable personal com-
puters, without limiting the mobility of these new devic-
es.

The network according to the invention operates
particularly in accordance with the DECT (Digital Euro-
pean Cordless Telecommunications) standard devel-
oped by ETSI - the European Telecommunications
Standards Institute - which defines the specifications for
radio connections between users and a network in a pri-
vate environment.

The DECT system operates in the band between
1880 MHz and 1900 MHz and provides for radio trans-
mission by means of a hybrid time and frequency mul-
tiplex system.

The characteristics of the DECT standard are de-
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scribed, for example, in "Digital European Cordless Tel-
ecommunications Services and Facilities", ETSI DR/
RES 3003, June 1991 and in "Data Services in DECT",
A. Bud, Fifth International IEE Conference on Land Mo-
bile Radio, Warwick, December 1989.

A cordless LAN employing radio to communicate
between a plurality of user stations each comprising a
respective data terminal, by means of a fixed central
control device which controls communications between
the data terminals in accordance with a predetermined
communication standard, is disclosed in EP-A-0 257
94,7. In this known cordless LAN each data terminal is
associated with a separate and distinct radio transceiver
and the central control device is connected to the fixed
radio bases.

Network systems for transmitting data by radio sig-
nals between a head end unit and a plurality of work
stations are disclosed in PATENT ABSTRACTS OF JA-
PAN, Vol. 14, No. 229 (E-928), 4172, 15 May 1990 and
JP-A-0260252.

The object of the invention is to provide a new and
improved cordless radio local area network (LAN).

This object is achieved according to the invention
with a cordless local area network having the features
defined in the attached Claim 1 and a method compris-
ing the steps of claim 9.

Typically, the data-terminals of the user stations
may, for example, be personal computers and the mi-
croprocessor adaptor device is conveniently produced
inthe form of a "half-size"-format card or daughter board
incorporatedinthe PC and connected to the bus thereof.
The electrical supply for the adaptor is thus conveniently
derived from the data-terminal bus.

Moreover, the transmitter/receiver radio module to
advantage takes its electrical supply from the associat-
ed adaptor board by means of conductors which extend
through the flexible multicore cable connecting it to the
board.

To advantage, each user station radio transmitter/
receiver module has two omnidirectional antennae for
achieving space "diversity" to improve the characteris-
tics of the radio connection with the fixed radio modules
or bases.

Conveniently, but not necessarily, the fixed central
control device may be arranged for connection to a fixed
network, for example, an Ethernet network or a Token
Ring or RS232 network.

Further characteristics and advantages of the in-
vention will become clear from the following detailed de-
scription of a cordless LAN network operating in accord-
ance with the DECT standard, the description being giv-
en with reference to the appended drawings, provided
purely by way of non-limiting example, in which:

Figure 1 is a block diagram of the LAN network,

Figure 2 is a circuit diagram showing the structure
of an adaptor and a mobile radio module associated
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with each data-terminal of the LAN network shown
in Figure 1,

Figure 3 is a time/frequency diagram relating to the
manner in which radio transmission is effected ac-
cording to a hybrid TDM/FDM system in the LAN
network of Figure 1, and

Figure 4 shows an example of a frame for an asym-
metric multi-bearer connection which can be
formed in the LAN network of Figure 1.

With reference to Figure 1, a cordless local area
network LAN formed in accordance with the specifica-
tions of the DECT standard includes a plurality of user
stations T and a fixed central control device, generally
indicated C.

Each user station T includes a respective data ter-
minal which, in general, may be constituted by any de-
vice, such as a processor, a printer, etc., which can send
and/or receive digital data by means of a communica-
tions network. In the embodiment shown by way of ex-
ample in Figure 1, the data terminals of the user stations
T are constituted by personal computers PC having
standard network and applications software of the LAN
Manager type. The personal computers may, for exam-
ple, be Olivetti 1/D33 devices, each including a key-
board K, a display screen D and a processing module M.

Each data terminal PC is connected to a respective
mobile radio transmitter/receiver (transceiver) module
indicated MRM, of a type conforming to the DECT spec-
ifications for the physical layer.

The processing module M of each data-terminal PC
incorporates a respective microprocessor adaptor de-
vice, indicated LM. The microprocessor adaptor is suit-
able for acting as an interface between the respective
data terminal and the associated mobile radio module
MRM. For this purpose, as shown schematically in Fig-
ure 2, the microprocessor adaptor LM is connected to
the data bus DB of the processing module M of the data
terminal. The adaptor LM is also connected to the mo-
bile radio module MBM associated with the data termi-
nal by means of a multicore flexible cable CC (Figure 1
and 2).

The central control device C includes a multiplicity
of fixed radio modules or bases FRM installed in respec-
tive predetermined fixed positions for transmitting/re-
ceiving packets of data to/from the mobile radio module
MRM of one or more user stations T.

The radio bases RB are connected, for example, by
electrical wires L, to a microprocessor concentrator MC
which is installed in a fixed position and is programmed
to control the communications between the user sta-
tions T by predetermined procedures and protocols, in
accordance with the DECT standard, by means of radio
connections established between the mobile radio mod-
ules MRM and the radio bases RB.

Preferably, but not necessarily, the concentrator MC
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may be arranged for connection to a fixed network FN,
for example an Ethernet network or a Token Ring or RS
232 network. Concentrators MC of other local networks
LAN may possibly be connected to the fixed network.

The integrated system described with reference to
Figure 1 can perform the function of an MAC (medium
access control) level multi-port bridge to enable the user
stations T to transmit and receive packets of data which
are packaged in accordance with the DECT standard
format and are exchanged by radio, by means of the
fixed portion C of the system. This portion acts as a very
rapid packet-switching system and directs the packets
received towards the destination user stations or to-
wards the wired network FN.

The system described operates in accordance with
the DECT standard. The DECT standard connection be-
tween the user stations T and the fixed portion C of the
system replaces only the MAC level of the Ethernet sys-
tem.

By virtue of the lines L, the radio bases RB can be
installed up to distances of the order of 100 metres from
the concentrator MC. By carrying out functions, such as
connection handover, which are provided for in the
DECT standard, almost complete continuity of service
between the two or more radio bases RB used can be
established.

The concentrator MC may be constituted, for exam-
ple, by an Olivetti M300 personal computer with an Intel
386Sx processor operating at 16 MHz.

This concentrator incorporates baseband proces-
sors BBP connected in an orderly manner to respective
associated radio bases RB.

Conveniently, the baseband processors BBP of the
concentrator MC and the interface adaptors LM of the
user station T may be in the form of half-size format PC
circuit boards and, in practice, may conveniently have
the same structure at the hardware level and be differ-
entiated only at the software level. The structure of an
interface adaptor LM of a user station will be described
in greater detail below with reference to Figure 2.

The concentrator MC as a whole is responsible for
controlling the entire system and, in particular:

- the functioning of the high levels of the DECT pro-
tocols,

- the control of the various resources of the network,
- the switching of the packets of data, and possibly

- the interfacing between the cordless network LAN
and the wired network FN.

The high levels of the DECT protocols provide for
services such as fast handover, user authentication and
the creation of virtual connections which enable physical
connections to be established without massive ex-
changes of data.
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Before the merits of the structure of the functions of
the LM devices and of the band base processors BBP
are discussed further, some characteristics relating to
the mobile radio modules MRM and to the radio bases
RB will be set out.

Structurally, the modules MBM and RB are almost
identical. As already stated they are transceivers con-
forming to the DECT specifications for the Physical Lay-
er. In accordance with the DECT specifications, the ra-
diomodules operate in the band between 1880 MHz and
1900 MHz on ten channels spaced at 1.728 MHz inter-
vals.

Typically, the modules can instantaneously transmit
a power of about 250 mW with an envisaged activity cy-
cle according tothe DECT standard of between 4% and
96%.

The modules can transmit signals modulated ac-
cording to filtered Gaussian FSK which is a non-coher-
ent version of GMSK in which BT =0.5 (BT is the product
of the bandwidth B of the filter used and the duration T
of the individual symbol).

Radio communications between the MRM modules
and the radio bases RM take place according to a hybrid
time and frequency multiplex system (TDM/FDM) with
double simplex and duplex connections.

Transmission takes place within time cycles or
frames having durations d of (for example) 10 ms, divid-
ed (for example) into 24 slots, of which, in accordance
with the DECT specifications, a first half (12) normally
serve for transmissions from the radio bases RB to the
portable radio modules MBRM and the second half (12)
for transmissions in the opposite direction.

Figure 3 shows the grid of the slots (240) available
with ten channels for each frame. In the grid, the time t
is indicated on the abscissa and the frequency f is indi-
cated on the ordinate. The frequencies associated with
the ten channels are indicated f;-f;o and the slots into
which each individual frame is divided are numbered
1-24.

With frames each of 10 ms divided into 24 slots,
each slot has a duration of 416.667 s of which 364.667
1s can be used for a packet of data and 51 pus as atime
interval (a guard space).

Conveniently, a time-division duplex (TDD) is used
for duplex connections and slots at all the frequencies
are used for multiple connections.

The radio modules MRM and RB therefore need to
be able to retune themselves between two channels at
opposite ends of the band and to switch between trans-
mission and reception within the time interval (the guard
space) between two slots.

The receiving portions of the radio modules MRM
and of the radio bases RB conveniently have superhet-
erodyne architecture with a single conversion stage.

As is clear from Figure 1, each radio base RB has
a respective antenna A and the mobile radio modules
MRM of the user stations each have two antennae Al
and A2 for achieving space diversity in order to improve
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the quality of the radio connections.

In the embodiment shown in Figure 2, each inter-
face device LM associated with each data terminal in-
cludes a main microprocessor 50 and a signal processor
51.

The main microprocessor 50 which is constituted,
for example, by a V40 device produced by Nippon Elec-
tric Company, can converse with the bus DB of the as-
sociated data terminal by means of a dual-port RAM
memory 52 and with the other microprocessor 51 by
means of another dual-port RAM memory 53.

The microprocessor 50 is associated with a pro-
gram memory 54, for example, of the EPROM type and
a RAM buffer memory 55 for the data.

The microprocessor 50 and the memory 55 are as-
sociated with a device 56 for controlling the interfacing
with the memory and decoding the I/O ports. This device
is conveniently formed as a large-scale integration ASIC
integrated circuit (an application-specific integrated cir-
cuit).

The microprocessor 51 is a device for processing
digital signals, for example, a TMS320 device produced
by Texas Instruments and is programmed to control low-
level MAC functions such as the formatting and defor-
matting of the frames and of the slots, the synchronisa-
tion of slots and frames, the detection of errors, the
scanning of the communication channels, etc.

The processor 51 is also connected to a device 57
which extracts the clock signals from the signals re-
ceived by the mobile radio module MRM and generates
the timing signals and also effects any coding for pro-
tecting the data to be transmitted. The device 57 may
also conveniently be produced in the form of a single
ASIC integrated circuit.

This device is associated with a buffer 58 which acts
as a protection latch. The processor 51 is connected by
means of the buffer and the multicore cable CC to a de-
vice 59 within the mobile radio module MRM for control-
ling the radio transmission/reception circuits 60. The de-
vice 59 may also conveniently be produced in the form
of an ASIC integrated circuit.

Conveniently, the device LM draws its electrical
supply from the bus DB of the data terminal, for exam-
ple, by means of the two conductors indicated 60 in Fig-
ure 2. Moreover, the electrical supply of the mobile radio
module MRM to advantage is derived from that of the
adaptor device LM, for example, by means of two con-
ductors indicated 61 in Figure 2, which extend through
the multicore interconnecting cable CC.

As stated above, from a hardware point of view, the
baseband processors BBP of the concentrator device
MC have the same structure as the logic modules LM
fitted in the data terminals of the user stations T. In fact
most of the functions of the baseband processors cor-
respond to functions carried out by the modules LM.
These functions include, in particular:

- the creation and dismantling of the slot structures,
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- the creation and dismantling of logic channels,

- the monitoring of the free channels in the incoming
communications,

- the propagation of "connectionless" and "paging"
messages,

- handover between logic and "inter-cell" channels,

- the control of rapid procedures for detecting and
correcting errors.

The interface adaptors LM of the data terminals are
arranged also to perform the following functions:

- the creation and updating of a map of the usage of
the physical communications channels and the se-
lection of the channel for each connection to be es-
tablished, and

- the decision to effect either intra-cell or inter-cell
handover and the initiation thereof.

The adaptor modules LM also act as interfaces be-
tween the DECT environments and the applications en-
vironments of the respective data terminals. The module
LM thus responds to the network operating system (the
LAN manager) resident in the data terminal in exactly
the same manner as an Ethernet network adaptor by
means of a Microsoft Network Driver Interface Specifi-
cation standard interface.

Two critical requirements for the application of the
DECT specifications in a local area network LAN are the
need to use the spectral resources with maximum effi-
ciency and the need to minimise the delay introduced
by the DECT. In order to achieve both these objectives,
it is necessary to use specific protocols.

Since the data traffic is characterised by shorttrans-
actions interposed between long silences it is inconceiv-
able to keep the connections between the user stations
and the radio bases open permanently since they would
be massively underused. The radio connections are
therefore established in the network only when there are
data to transmit and are closed during periods of inac-
tivity in order to free radio channels for use by other us-
ers.

For this purpose, the main processor 50 of each
module LM is programmed to operate in the following
manner.

Each time data are admitted to the buffer memory
55 for transmission by means of the associated mobile
radio module MRM, the main microprocessor 50 sets up
a radio connection by means of the microprocessor 51
(with a radio base determined in the manner which will
be described below and with the use of slots of a channel
or frequency determined in the manner which will also
be described below). The radio connection thus opened
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is maintained throughout the time necessary for the
transmission of the data in the memory 55. Afterthe data
have been transmitted the radio connection is not closed
immediately but is kept open for a predetermined period
of time. Conveniently, the main microprocessor 50 is ar-
ranged to process a short-term statistic relating to the
communications traffic of the data terminal (for example,
over a period of half an hour or an hour). The radio con-
nection opened for the transmission of data is then
closed with a delay after the moment at which the trans-
mission of data is completed, the delay being deter-
mined adaptively on the basis of the mean traffic which
has affected the data terminal. This reduces useless pe-
riods since, in many cases, it is not necessary to reopen
the radio connection when a further flow of data arrives
for transmission.

In order to select the radio base with which to es-
tablish the connection, each user station adaptor mod-
ule LM operates in the following manner.

In accordance with the DECT standard, the main
microprocessor 50 of the adaptor (LM) of each user sta-
tion is arranged cyclically to scan all the slots of all the
channels by means of the associated mobile radio mod-
ule MBM in order to detect the level of the signal emitted
by each fixed radio base RB in each slot for each chan-
nelor frequency. On the basis of the levels of the signals
thus detected, the microprocessor 50 can establish
which is the nearest fixed radio base RB. The processor
is also arranged, during the scanning, to decode the sig-
nals indicative, for each slot, of the radio base RB which
is (possibly) active.

By virtue of this "mapping", in order to transmit data,
the main processor 50 of the device LM of each user
terminal can select the nearest radio base of which not
all the slots are occupied at the time in question.

This procedure avoids futile attempts to establish a
radio connection with a radio base which, although it is
the nearest, is fully occupied at the time in question.

In accordance with the DECT standard, the base-
band processors BBP of the concentrator device MC are
arranged to scan the channels or frequencies f;-f;q cy-
clically by means of the associated radio bases RB. In
particular, the scanning takes place in synchronism with
the cyclical scanning effected by the devices LM of the
user terminals. Moreover, the main processors 50 of the
interface adaptor modules LM are arranged to carry out
the scanning one channel in advance. In other words,
if, in the course of their scanning, the fixed radio bases
RB are "interrogating” the channel or frequency f;, at the
same moment, the mobile radio modules are "interro-
gating" the channel or frequency f;, ;.

This minimises the time needed to establish a radio
connection between a user terminal and a fixed radio
base.

Conveniently, the main processors 50 of the inter-
face adaptors LM of the user stations and the baseband
processors BBP of the concentrator MC are arranged
to carry out the DECT Multibearer and Asymmetric Con-
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nection procedures in order to determine in which slot
to transmit.

The multibearer procedure enables several slots
(bearers) to be assigned simultaneously to the connec-
tion associated with a single user station. The bandwidth
available for a user station may thus be increased from,
for example, 32 kb/s duplex (single bearer) up to (theo-
retically), for example, 384 kb/s duplex with all twelve
pairs of slots (12 bearers) in use.

Since the traffic in a local area network is typically
very asymmetrical with the need to have considerable
bandwidths available in one direction in particular, the
DECT specifications include mechanisms which enable
the uplink and downlink slots of a connection to be used
in a single direction. A connection of this type must form
part of a multibearer connection in which at least one
other connection remains duplex to provide a route for
control data in the opposite direction. The result is that
a user can access almost the whole of the bandwidth
(852 kb/s) by occupying half of the slots as shown in
Figure 4, which relates to an asymmetric multibearer
connection (5, 1).

Finally, the software used in the network LAN con-
veniently includes procedures for detecting and correct-
ing errors in accordance with the DECT specifications.
The specifications provide for, at the level 2 (MAC/DLC),
some mechanisms which have been developed appro-
priately for this purpose, and the main characteristics of
which are the following:

- the MAC provides a service defined as an "Ip" (a
protected information channel) with a throughput of
25 .6 kb/s per connection and an error factor of 10°5;
this service is based on a retransmission mecha-
nism which is quick and simple by virtue of the use
of a single window packet;

- the DLC (data link control) provides a service de-
fined as "Frame Relay" which protects the data
against any errors introduced during handover and
connection changes and against residual errors of
the Ip channel.

Claims

1. Acordless local area network (LAN) for radio com-
munications of data in accordance with the DECT
communication standard between a plurality of user
stations (T), through a central control device (C) in-
stalled in a fixed position, each user station (T) com-
prising a data terminal (PC) having a data bus (DB),
a mobile radio module (MRM) which is separate and
distinct from said data terminal (PC), and an inter-
face adaptor device (LM) incorporated physically in
said data terminal (PC) and connected to said mo-
bile radio module (MRM) by multicore connecting
means (CC) and to said data bus (DB), said central
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control device (C) comprising a plurality of radio
bases (RB) installed in respective predetermined
fixed positions for providing cordless two-way com-
munications of packets of data with said mobile ra-
dio modules (MRM) and a microprocessor concen-
trator (MC) connected to said radio bases (RB) by
connecting lines (L) and programmed to control the
communication between the user stations (T) by
means of said radio bases (RB), according to said
communication standard, said interface adaptor de-
vice (LM) comprising:

- activating/de-activating means (51-58) for acti-
vating/de-activating said cordless two-way
communications,

- abuffer memory (55), and

- amain microprocessor (50) which is connected
to said data bus (DB), to said buffer memory
(55), and to said activating/de-activating

means (51-58), said main microprocessor (50)

being arranged:

to control the exchange of data with said
data base (DB) in a predetermined man-
ner,

1o store said data into said buffer memory
(55), and

to pilot said activating/de-activating means
(51-58) in such a manner that said cordless
two-way communications are activated
each time said data are stored in said buff-
er memory (55) and are kept open for a de-
termined period of time after the transmis-
sion of said data has been completed.

A local area network according to Claim 1, wherein
said main microprocessor (50) is arranged to deter-
mine said determined period of time on the basis of
a communications traffic statistic relating to said da-
ta terminal (PC) associated to said adaptor device
(LM) and calculated over a predetermined period of
time.

A local area network according to any one of the
preceding claims in which said radio communica-
tions between said mobile radio modules (MRM)
and said radio bases (RB) take place according to
amixed time and frequency multiplex system (TDH,
FDM) on n channels or frequencies (f; - f;o) within
a predetermined band with time cycles or frames of
predetermined duration, divided into a predeter-
mined number (2m) of time slots, and in which said
main microprocessor (50) is arranged to scan said
predetermined number of time slots by said n chan-
nels (f; - f;o) cyclically by means of the associated
mobile radio module (MRM) and to detect the level
of the signal emitted by each of said radio bases
(RB) in each slot for each channel or frequency and
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thus to determine which radio base (RB) is nearest
to said user station (T);

said main microprocessor (50) being also ar-
ranged, during the scanning, to decode the sig-
nals indicative of the radio base (RB) which is
possibly active in each slot and to select - in
order to transmit data - the nearest radio base
(RB) for which not all the slots are occupied.

A local area network according to Claim 3, wherein
said microprocessor concentrator (MC) includes a
plurality of baseband processors (BBP) each of
which is associated with and connected to a respec-
tive radio base (RB), said baseband processors
(BBP) being arranged to scan the transmission
channels or frequencies (f; - f;4) cyclically, in ac-
cordance with a predetermined sequence, by
means of said respective radio bases (RB), and
wherein said main micro-processors (50) of said us-
er stations (T) are arranged 1o scan the transmis-
sion channels or frequencies (f; - 1) in synchro-
nism with said baseband processors (BBP) but one
channel in advance thereof.

A local are network according to any one of Claims
1 to 4, wherein said main microprocessors (50) of
said user stations (T) and said baseband proces-
sors (BBP) of said microprocessor concentrator
(MC) are arranged to effect the multibearer and
asymmetric connection procedures in order to de-
termine the slots in which to transmit.

A local area network according to any one of the
preceding claims, wherein each of said mobile radio
modules (MRM) has a pair of antennae (A1, A2) for
achieving space "diversity".

A local, area network according to Claim 6, wherein
each of said radio bases (RB) has a single antenna
(A).

A local area network according to claim 1, wherein
said microprocessor concentrator (MC) comprises
exchange means for exchanging data with a fixed
network (FN) by using a predetermined communi-
cation standard, such as Ethernet or Token Ring.

A method for exchanging data in a cordless local
area network (LAN) between a plurality of user sta-
tions (T). through a central control device (C), in-
stalled in a fixed position, by applying the DECT
communication standard which utilises a multifre-
quency band divided into a plurality (n) of channels
(f1-f10) @and into a predetermined number of time
slots (2m); said method being characterised by the
following steps:
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10.

11.

12.

- periodically emitting, by means of radio bases
managed by said central control device (C), sig-
nals for each one of said plurality (n) of chan-
nels (f;-f;4) and for each one of said time slots
(2m);

- periodically scanning, by means of interface
adaptor devices associated to said plurality of
user stations (T), said signals in order to detect
the signal level of each one of said plurality (n)
of channels (f;-f,) and respectively which time
slots (2m) are free or occupied,;

- creating and periodically updating, by means of
the interface adaptor device associated to each
of said user stations (T), a map representative
of said signal level and of the free time slots;

- setting up a radio connection between a select-
ed one of said user stations (T) and said central
control device (C) only when said selected user
station (T) has data to exchange; and

- exchanging said data between said selected
user station (T) and said central control device
(C) by selecting from said map the free time
slots having the signal level with the best signal
to noise ratio.

Amethod accordingto claim 9, characterised by the
further step of keeping open said radio connection
for a determined period of time when the exchange
of said data has been completed.

A method according to claim 10, characterised in
that said determined period of time is determined
adaptively, on the basis of a communications traffic
statistic relating to said selected user station (T),
and calculated over a predetermined period of time.

Amethod according to claim 9, characterised by thc
further step of carrying out multibearer and asym-
metric connection procedures by enabling a plural-
ity of slots of said predetermined number of time
slots (2m) to be assigned simultaneously to said ra-
dio connection.

Patentanspriiche

1.

Drahtloses lokales Netzwerk (LAN), um Daten ge-
méaB der DECT-Ubertragungsnorm mit Funk zwi-
schen einer Vielzahl von Benutzerstationen (T)
Uber eine zentrale Steuereinheit (C) zu Ubertragen,
die an einer ortsfesten Stelle eingebaut ist, wobei
jede Benutzerstation (T) ein Datenendgerat (PC)
mit einem Datenbus (DB), einen mobilen Funkmo-
dul (MRM), der vom Datenendgeréat (PC) getrennt
und eigenstandig ist, sowie eine Schnittstellen-Ad-
apterstufe (LM) enthalt, die physikalisch im Daten-
endgerat (PC) enthalten und mit dem mobilen Funk-
modul (MRM) Uber eine mehradrige Verbindung
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(CC) sowie mit dem Datenbus (DB) verbunden ist,
wobei die zentrale Steuereinheit (C) eine Vielzahl
von Funkstellen (RB), die an entsprechenden vor-
gegebenen, ortsfesten Stellen eingebaut sind, um
drahtlose Zweiwegibertragungen von Datenpake-
ten mit den mobilen Funkmodulen (MRM) zu liefern,
sowie einen Mikroprozessor-Konzentrator (MC)
enthalt, der mit den Funkstellen (RB) uber Verbin-
dungsleitungen (L) verbunden und so programmiert
ist, um die Ubertragung zwischen den Benutzers-
tationen (T) mit Hilfe der Funkstellen (RB) geman
der Ubertragungsnorm zu steuern, wobei die
Schnittstellen-Adapterstufe (LM) enthalt:

- eine Aktivierungs/Deaktivierungs-Stufe
(51-58), um die drahtlosen Zweiweglbertra-
gungen zu aktivieren/deaktivieren,

- einen Pufferspeicher (55) sowie

- einen Hauptmikroprozessor (50), der mit dem
Datenbus (DB), mit dem Pufferspeicher (55)
und mit der Aktivierungs/Deaktivierungs-Stufe
(51-58) verbunden ist, wobei der Hauptmikro-
prozessor (50) so angeordnet ist, um:

- den Austausch von Daten mit der Datenbasis
(DB) auf vorgegebene Art zu steuern,

- die Daten im Pufferspeicher (55) zu speichern
und

- die Aktivierungs/Deaktivierungs-Stufe (51-58)
s0 zu steuern, dass die drahtlosen Zweiweg-
Ubertragungen immer dann aktiviert werden,
wenn die Daten im Pufferspeicher (55) gespei-
chert sind, und fir ein vorgegebenes Zeitinter-
vall offengehalten werden, nachdem die Daten-
Ubertragung beendet ist.

Lokales Netzwerk gemaB Anspruch 1, wobei der
Hauptmikroprozessor (50) so angeordnet ist, um
das vorgegebene Zeitintervall aufgrund einer Stati-
stikk des Ubertragungsverkehrs festzulegen, die
sich auf jenes Datenendgerét (PC) bezieht, das der
Adapterstufe (LM) zugeordnet ist, wobei die Be-
rechnung Uber ein vorgegebenes Zeitintervall er-
folgt.

Lokales Netzwerk geman irgendeinem der bisheri-
gen Anspriiche, wobei die Funklbertragungen zwi-
schen den mobilen Funkmodulen (MRM) und den
Funkstellen (RB) gemaB einem gemischten Zeit-
multiplex- und Frequenzmultiplex-System (TDM,
FDM) in n Kanélen oder Frequenzen (f;-f;¢) inner-
halb eines vorgegebenen Bands mit Zeitintervallen
oder Paketen von vorgegebener Dauer erfolgen,
die in eine vorgegebene Anzahl (2m) von Zeitschlit-
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Zen unterteilt sind, und wobei der Hauptmikropro-
zessor (50) so angeordnet ist, um die vorgegebene
Anzahl von Zeitschlitzen mit den n Kanalen (f;-f1q)
mit Hilfe des zugeordneten mobilen Funkmoduls
(MBRM) zyklisch abzutasten und den Pegel des Si-
gnals, das von jeder Funkstelle (RB) ausgesendet
wird, in jedem Schlitz fir jeden Kanal oder Fre-
quenz festzustellen, um dadurch zu bestimmen,
welches die nachstgelegene Funkstelle (RB) der
Benutzerstation (T) ist;

wobei der Hauptmikroprozessor (50) weiters so
angeordnet ist, um wahrend der Abtastung Si-
gnale zu dekodieren, die jene Funkstelle (RB)
angeben, die méglicherweise in jedem Schlitz
aktiv ist, und fiir eine Datenlbertragung die
nachstgelegene Funkstelle (RB) auszuwahlen,
bei der nicht alle Schlitze besetzt sind.

Lokales Netzwerk gemaB Anspruch 3, wobei der
Mikroprozessor-Konzentrator (MC) eine Vielzahl
von Basisband-Prozessoren (BBP) aufweist, von
denen jeder einer entsprechenden Funkstelle (RB)
zugeordnet und mit dieser verbunden ist, wobei die
Basisband-Prozessoren (BBP) so angeordnet sind,
um die Ubertragungskandle oder Frequenzen (f4-
f10) N Ubereinstimmung mit einer vorgegebenen
Folge mit Hilfe der entsprechenden Funkstellen
(RB) zyklisch abzutasten, und wobei die Hauptmi-
kroprozessoren (50) der Benutzerstationen (T) so
angeordnet sind, um die Ubertragungskanale oder
Frequenzen (f;-f;o) synchron mit den Basisband-
Prozessoren (BBD) jedoch um einen Kanal im Vor-
aus abzutasten.

Lokales Netzwerk gemaB irgendeinem der Anspru-
che 1 bis 4, wobei die Hauptmikroprozessoren (50)
der Benutzerstationen (T) sowie die Basisband-
Prozessoren (BBP) des Mikroprozessor-Konzen-
trators (MC) so angeordnet sind, um Verfahren fir
eine Mehrfachtrager-Verbindung und eine asym-
metrische Verbindung auszufihren, um jene Schlit-
ze festzulegen, in denen Ubertragen werden soll.

Lokales Netzwerk geman irgendeinem der bisheri-
gen Anspriiche, wobei jeder mobile Funkmodul
(MBM) ein Paar von Antennen (A1, A2) besitzt, um
ein Raumdiversity zu erreichen.

Lokales Netzwerk gemafl Anspruch 6, wobei jede
Funkstelle (RB) eine einzige Antenne (A) besitzt.

Lokales Netzwerk gemaB Anspruch 1, wobei der
Mikroprozessor-Konzentrator (MC) eine Aus-
tauschstufe enthalt, um Daten mit einem ortsfesten
Netzwerk (FN) unter Verwendung einer vorgegebe-
nen Ubertragungsnorm auszutauschen, beispiels-
weise mit einem Ethernet oder einem Token Ring.
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Verfahren, um Daten in einem drahtlosen lokalen
Netzwerk (LAN) zwischen einer Vielzahl von Benut-
Zerstationen (T) Uber eine zentrale Steuereinheit
(C), die an einer ortsfesten Stelle eingebaut ist, ge-
méB der DECT-Ubertragungsnorm auszutauschen,
wobei das Verfahren ein mehrfrequentes Band ver-
wendet, das in eine Vielzahl (n) von Kanalen (f;-f;)
sowie in eine vorgegebene Anzahl von Zeitschlit-
Zen (2m) unterteilt ist, wobei das Verfahren dadurch
gekennzeichnet ist, dass es folgende Schritte ent-
halt:

- periodisches Aussenden mit Hilfe von Funk-
stellen, die von der zentralen Steuereinheit (C)
verwaltet werden, von Signalen flr jeden der
vielen (n) Kanéle (f;-f;¢) sowie flr jeden der
Zeitschlitze (2m);

- periodisches Abtasten mit Hilfe von Schnittstel-
len-Adapterstufen, die der Vielzahl von Benut-
zerstationen (T) zugeordnet sind, der Signale,
um den Signalpegel eines jeden der vielen (n)
Kanale (f;-f;o) zu ermitteln, um festzustellen,
welche Zeitschlitze (2m) frei oder besetzt sind,

- Erzeugen und periodisches Auffrischen mit Hil-
fe der Schnittstellen-Adapterstufe, die jeder
Benutzerstation (T) zugeordnet ist, eines
Plans, der den Signalpegel und die freien Zeit-
schlitze angibt;

- Errichten einer Funkverbindung zwischen einer
ausgewahlten Benutzerstation (T) und der zen-
tralen Steuereinheit (C) nur dann, wenn die
ausgewahlte Benutzerstation (T) Daten auszu-
tauschen hat; und

- Austauschen der Daten zwischen der ausge-
wahlten Benutzerstation (T) und der zentralen
Steuereinheit (C), indem aus dem Plan jene
freien Zeitschlitze ausgewahlt werden, die den
Signalpegel mit dem besten Rauschabstand
aufweisen.

Verfahren gemaB Anspruch 9, dadurch gekenn-
zeichnet, dass das Verfahren einen weiteren Schritt
besitzt, bei dem die Funkverbindung flr ein vorge-
gebenes Zeitintervall offengehalten wird, wenn der
Austausch von Daten beendet wurde.

Verfahren gemaB Anspruch 10, dadurch gekenn-
Zeichnet, dass das vorgegebene Zeitintervall an-
passungsfahig aufgrund einer Statistik des bertra-
gungsverkehrs festgelegt wird, die sich auf die aus-
gewahlte Benutzerstation (T) bezieht, wobei die Be-
rechnung Uber ein vorgegebenes Zeitintervall er-
folgt.
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12. Verfahren gemaB Anspruch 9, dadurch gekenn-

zeichnet, dass das Verfahren einen weiteren Schritt
enthalt, bei dem Mehrfachtrager- und asymmetri-
sche Verbindungsverfahren ausgefiihrt werden, um
der Funkverbindung gleichzeitig eine Vielzahl von
Schlitzen der vorgegebenen Anzahl von Zeitschlit-
zen (2m) zuordnen zu kdnnen.

Revendications

Réseau local (LAN) non céblé destiné & des com-
munications radio de données conformément a la
norme de communications DECT entre une plurali-
té de postes d'utilisateurs (T), par l'intermédiaire
d'un dispositif central de commande (C) installé a
une position fixe, chaque poste d'utilisateur (T)
comprenant un terminal de données (PC) compor-
tant un bus de données (DB) un module radio mo-
bile (MBM) qui est séparé et distinct dudit terminal
de données (PC) et un dispositif d'adaptateur d'in-
terface (LM) incorporé physiquement dans ledit ter-
minal de données (PC) et relié audit module radio
mobile (MRM) par un moyen de connexion a con-
ducteurs multiples (CC) ainsi qu'audit bus de don-
nées (DB), ledit dispositif central de commande (C)
comprenant une pluralité de bases radio (RB) ins-
tallées a des emplacements fixes prédéterminés
respectifs afin de permetire des communications bi-
directionnelles non céblées de paquets de données
avec lesdits modules radio mobiles (MRM), et un
concentrateur & microprocesseur (MC) relié auxdi-
tes bases radio (RB) par des lignes de connexion
(L) et programmé de fagon a commander les com-
munications entre les postes d'utilisateurs (T) au
moyen desdites bases radio (RB), conformément a
ladite norme de communications, ledit dispositif
d'adaptateur d'interface (LM) comprenant :

- un moyen d'activation/désactivation (51 & 58)
destiné a activer/désactiver lesdites communi-
cations bidirectionnelles non cablées,

- une mémoire tampon (55), et

- un microprocesseur principal (50) qui est relié
audit bus de données (DB), a ladite mémoire
tampon (55), et audit moyen d'activation/dé-
sactivation (51 & 58), ledit microprocesseur

principal (50) étant agencé de fagon a:

commander 'échange de données avec le-
dit bus de données (DB) d'une maniére
prédéterminée,

mémoriser lesdites données dans ladite
mémoire tampon (55), et

piloter ledit moyen d'activation/désactiva-
tion (51 & 58) de telle maniére que lesdites
communications bidirectionnelles non céa-
blées soient activées chaque fois que les-
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dites données sont mémorisées dans ladi-
te mémoire tampon (55) et soient mainte-
nues ouvertes pendant un intervalle de
temps déterminé aprés que la transmis-
sion desdites données ait été achevée.

Réseau local selon la revendication 1, dans lequel
ledit microprocesseur principal (50) est agencé de
facon & déterminer ledit intervalle de temps déter-
miné sur la base d'un élément statistique de trafic
de communications se rapportant audit terminal de
données (PC) associé audit dispositif d'adaptateur
(LM) et calculé sur un intervalle de temps prédéter-
miné.

Réseau local selon I'une quelconque des revendi-
cations précédentes, dans lequel lesdites commu-
nications radio entre lesdits modules radio mobiles
(MRM) et lesdites bases radio (RB) se font confor-
mément & un systéme de multiplexage mixte en
temps et en fréquence (TDM, FDM) sur n canaux
ou fréquences, (f; a fig) & l'intérieur d'une bande
prédéterminée avec des cycles temporels ou tra-
mes d'une durée prédéterminée, divisées en un
nombre prédéterminé (2m) de tranches de temps,
et dans lequel ledit microprocesseur principal (50)
est agencé de fagon a balayer ledit nombre prédé-
terminé de tranches de temps a |'aide desdits n ca-
naux (f, & f,g) de fagon cyclique au moyen du mo-
dule radio mobile associé (MRM) et a détecter le
niveau du signal émis par chacune desdites bases
radio (RB) dans chaque tranche pour chaque canal
ou fréquence, et déterminer ainsi quelle base radio
(RB) est la plus proche dudit poste d'utilisateur (T),

ledit microprocesseur principal (50) étant éga-
lement agencé, pendant le balayage, de facon
a décoder les signaux indicatifs de la base radio
(RB) qui est éventuellement active dans cha-
que tranche et & sélectionner, de fagon a trans-
mettre les données, labase radio la plus proche
(RB) pour laguelle les tranches ne sont pas tou-
tes occupées.

Réseau local selon la revendication 3, dans lequel
ledit concentrateur & microprocesseur (MC) com-
prend une pluralité de processeurs en bande de ba-
se (BBP) dont chacun est associé et relié a une ba-
se radio respective (RB), lesdits processeurs en
bande de bas (BBP) étant agencés de fagon & ba-
layer les canaux ou fréquences de transmission (f;
a f1g) de fagon cyclique, conformément a une sé-
quence prédéterminée, au moyen desdites bases
radio respectives (RB), et dans lequel lesdits micro-
processeurs principaux (50) desdits postes d'utili-
sateurs (T) sont agencés de fagon a balayer les ca-
naux ou fréquences de transmission (f; & f;q) en
synchronisme avec lesdits processeurs en bande
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10

de base (BBP) mais avec un canal davance par
rapport & ceux-ci.

Réseau local selon I'une quelconque des revendi-
cations 1 & 4, dans lequel lesdits microprocesseurs
(50) desdits postes d'utilisateurs (T) et lesdits pro-
cesseurs en bande de base (BBP) dudit concentra-
teur a microprocesseur (MC) sont agencés de facon
a effectuer les procédures de connexion asymétri-
ques et a circuits supports multiples de maniére a
déterminer les tranches dans lesquelles transmet-
tre.

Réseau local selon I'une quelconque des revendi-
cations précédentes, dans lequel chacun desdits
modules radio mobiles (MRM) comporte une paire
d'antennes (A1, A2) afin d'obtenir une "diversité"
spatiale.

Réseau local selon la revendication 6, dans lequel
chacune desdites base radio (RB) comporte une
seule antenne (A).

Réseau local selon la revendication 1, dans lequel
ledit concentrateur & microprocesseur (MC) com-
prend un moyen d'échange destiné & échanger des
données avec un réseau fixe (FN) en utilisant une
norme de communication prédéterminée, telle que
Ethernet ou anneau a jeton (Token Ring).

Procédé d'échange de données dans un réseau lo-
cal (LAN) non céblé entre une pluralité de postes
d'utilisateurs (T), par l'intermédiaire d'un dispositif
central de commande (C), installé & un emplace-
ment fixe, en appliquant la norme de communica-
tions DECT qui utilise une bande multifréquence di-
visée en une pluralité (n) de canaux (f; & f;g) et en
un nombre prédéterminé de tranches de temps
(2m), ledit procédé étant caractérisé par les étapes
suivantes :

- émetlre périodiquement, au moyen de bases
radio gérées par ledit dispositif central de com-
mande (C), des signaux pour chaque canal par-
mi ladite pluralité (n) de canaux (f; & ;) et pour
chaque tranche parmi lesdites tranches de
temps (2m),

- balayer périodiquement, au moyen de disposi-
tifs d'adaptateurs d'interface associés a ladite
pluralité de postes d'utilisateurs (T), lesdits si-
gnauxde maniére & détecter le niveau de signal
de chacun de ladite pluralité (n) de canaux (f;
a fyq) et, respectivement, quelles tranches de
temps (2m) sont libres ou occupées,

- créer et mettre a jour périodiquement, au
moyen du dispositif d'adaptateur d'interface as-
socié a chacun desdits postes d'utilisateurs (T),
une table représentative dudit niveau de signal
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et des tranches de temps libres,

- établir une connexion radio entre un poste sé-
lectionné parmi lesdits postes d'utilisateurs (T)
et ledit dispositif central de commande (C) uni-
quement lorsque ledit poste d'utilisateur (T) sé-
lectionné a des données a échanger, et

- échanger lesdites données entre ledit poste
d'utilisateur (T) sélectionnée et ledit dispositif
central de commande (C) en sélectionnant, a
partir de ladite table, les tranches de temps dis-
ponibles ayant le niveau de signal présentant
le meilleur rapport signal sur bruit.

Procédé selon la revendication 9, caractérisé par
I'étape supplémentaire consistant & maintenir
ouverte ladite connexion radio pendant un intervalle
de temps prédéterminé lorsque I'échange desdites

données a été achevé.

Procédé selon la revendication 10, caractérisé en
ce que ledit intervalle de temps déterminé est dé-
terminé de fagon adaptative, sur la base d'un élé-
ment statistique de trafic des communications se
rapportant audit poste d'utilisateur (T) sélectionné,
et calculé sur un intervalle de temps prédéterminé.

Procédé selon la revendication 9, caractérisé par
I'étape supplémentaire consistant & exécuter des
procédures de connexion asymétriques et a circuits
supports multiples en permettant qu'une pluralité de
tranches dudit nombre prédéterminé de tranches
de temps (2m) soient affectées simultanément a la-
dite connexion radio.
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