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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a communica-
tions system and method and, more particularly, to a sig-
nal distribution system and method for switching and con-
necting cells in a communications network.

[0002] The use of a switching matrix for wireless com-
munications systems based on distributed antennas is
disclosed by Motley et al. in U.S.

[0003] Patent No. 5,682,256. Motley et al. uses a
switching matrix to interconnect a number of base sta-
tions on the input ports to a number of distributed anten-
nas on the output ports. The switch matrix allows any
combination of inputs to be connected to any combination
of outputs so that base stations can be connected to an-
tennas in a very flexible manner. This allows wireless
services such as cellular radio to be delivered to users
with significant cost savings for network operators. The
benefits of using a switched distributed antenna system
are outlined for example in a paper by Wake and Bea-
cham, "Radio over fiber networks for mobile communi-
cations", Proc. SPIE, vol. 5466,2004.

[0004] Thelinks between the switch matrix and the dis-
tributed antennas are accomplished in Motley et al. using
optical fiber cables using a technique known as radio
over fiber. Radio over fiber has many advantages for this
type of network with high quality transmission and low
signal attenuation as a function of distance being the pri-
mary ones. However, there are situations where optical
fiber cables are not available at economic cost at places
where they are required. An example of this type of sit-
uation is a city center where the local telecommunications
operator does not provide 'dark’ fiber cables, i.e., fiber
cables that are not part of a managed service.

[0005] Chu et al., in U.S. Patent No. 5,890,055, dis-
closes the use of wireless repeaters in a distributed an-
tenna system (DAS) with a fixed configuration. This ar-
chitecture avoids the problems of fiber availability de-
scribed above. However, the fixed configuration de-
scribed by Chu limits the operational benefits of a
switched approach.

BRIEF SUMMARY OF THE INVENTION

[0006] The present invention provides system archi-
tecture that gives the operational benefits of a switched-
DAS, without the problems caused by fiber availability,
by describing a network containing switched wireless
links. Furthermore, the presentinvention describes a sys-
tem architecture that incorporates distributed switching
within remote hubs in order to provide fine granularity in
allocating services to antennas.

[0007] In an aspect of the present invention, there is
provided a communications system as claimed in claim
1. In another aspect of the present invention, there is
provided a communications method as claimed in claim
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12.

[0008] One embodiment of the present invention is di-
rected to a transmission system for distributing signals
for outdoor wireless networks. The transmission system
comprises a number of remote hubs, each of which can
direct wireless signals to a number of antennas. The an-
tennas are used to provide wireless service to the service
users, such as mobile units, within their geographic cov-
erage area. The remote hubs are connected to main
hubs, which are usually located centrally. Each main hub
can support a number of remote hubs. The main hubs
are connected to a number of base stations (again usually
located centrally) in a flexible and re-configurable manner
using a switch matrix. The base stations are connected
tothe core wireless network via digital transmission links.
[0009] The base stations are usually grouped together
in a convenient central location, sometimes known as a
base station hotel. The radio signals from the centrally
located base stations are therefore distributed to many
remote antennas using an architecture containing main
hubs and remote hubs. The switch matrix, under software
control, is able to change the network configuration, i.e.,
to change which signals from which base stations go to
which antenna cluster. This is important in many situa-
tions, for example, to be able to move network capacity
from under-utilized coverage areas to relieve congestion
in over-utilized coverage areas. An example of this situ-
ation is the sports stadium scenario, where capacity re-
quirements are very low apart from when an event is
taking place. The switch matrix would mean that a ded-
icated base station is not necessary for the sports stadi-
um, leading to a saving in capital equipment cost. There
are many other situations where the switch matrix gives
both capital and operational cost savings; these are de-
scribed in Wake and Beacham cited above.

[0010] The connections between the main hubs and
remote hubs, and between the remote hubs and the an-
tennas are either wireless links or a mixture of wireless
links and cabled links. In most cases, the technology of
choice for the cabled links will be optical fiber, unless the
link lengths are so short that coaxial cable can be used.
This may happen for instance if the main hub and one of
the remote hubs are co-located. The technology options
available for the wireless links include in-band radio, out-
of-band radio and free-space optics. In-band radio
means that no frequency translation is used, i.e., that the
radio carrier frequency is used for transmission. Out-of-
band radio means that the transmission frequency is dif-
ferent-to that of the radio carrier and is usually at a much
higher frequency (possibly millimetre-wave) to take ad-
vantage of high antenna gain and high available band-
width. Free-space optics uses an optical carrier for trans-
mission, and is sometimes preferred to radio because it
can be used without an operating license and the avail-
able bandwidth is not subject to regulation.

[0011] In most cases, the signalthat is distributed over
the transmission links is likely to be analog (either direct
radio carriers or frequency translated radio carriers).
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However, the present invention does not preclude the
transmission of digital signals, whether the signals are
baseband or digitized radio (using fast analog to digital
converters). Baseband digital signals could for example
be those relating to the open base station initiatives
(CPRI and OBSAI), where the base stations are split into
baseband digital and radio parts and interconnected us-
ing digital links. A typical deployment scenario for the
present invention may include a mixture of analog, digi-
tized radio and baseband digital links.

[0012] The present invention includes a communica-
tions method for distributing signals employing switched
wireless links and may further include employing distrib-
uted switching in remote hubs.

[0013] These and other features and advantages of
embodiments of the present invention will be apparent
to those skilled in the art from the following detailed de-
scription of the embodiments of the invention, when read
with the drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a schematic representation of a signal dis-
tribution system of the present invention.

FIG. 2illustrates a switch matrix to be used in a signal
distribution system, such as illustrated in FIGS. 1
and 3.

FIG. 3 is a schematic representation of another sig-
nal distribution system of the present invention.
FIG. 4 illustrates a main hub in a signal distribution
system of the present invention, such as illustrated
in FIGS. 1 or 3.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Inthefollowing description ofembodiments, ref-
erence is made to accompanying drawings which form
a part hereof and in which is shown by way of illustration
specific embodiments in which the invention may be
practiced. It is to be understood that other embodiments
may be utilized and structural changes may be made
without departing from the scope of the preferred em-
bodiments of the present invention.

[0016] FIG. 1is a schematic representation of a signal
distribution system of the present invention. The central
unit 1 comprises a number of base stations 2 and a n x
m switch matrix 3. The base station output ports are con-
nected to the input ports of the switch matrix. The output
ports of the switch matrix are connected to a number of
main hubs 4 using cables 5.

[0017] In one example, the base stations could be lo-
cated within an equipmentroom inside a building and the
main hubs could be located on the top of the building.
The cables would either be optical fiber or coaxial de-
pending on thedistance between the main hubs and base
stations. It should be noted the number of cables do not
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have to equal the number of main hubs as illustrated in
FIG. 1. The number of cables may be more or less than
the number of hubs. For example, although a cable will
typically be used to connect an output port of the switch
matrix to a main hub, awireless link may be used instead.
[0018] The main hubs each connect to a cluster of an-
tennas 6 via remote hubs 7. FIG. 1 illustrates the same
number m of main hubs and clusters, but the present
invention is not so limited. The number of main hubs can
be greater or less than the number of clusters. Connec-
tions between the main hubs and remote hubs, between
the remote hubs and antennas, and between remote
hubs are via a mixture of cable links 8 and wireless links
9 as illustrated in FIG. 1. In the case of wireless links,
connection to the antennas is made using remote units
10. The antennas transmit and receive signals to and
from mobile units or devices such as, without limitation,
cellular telephone and PDAs. FIG. 1 illustrates antenna
6 transmitting and receiving signals from a mobile unit or
a plurality of mobile units such as mobile unit 50. While
FIG. 1 only illustrates mobile units in contact with antenna
6, it is to be understood that other mobile units can be in
contact with other antennas illustrated in FIG. 1. Itis also
to be understood that one or more mobile units may be
in contact with more than one antenna.

[0019] Remote units are not required for the present
invention. The use of remote units is only necessary when
the signal needs to be processed before being radiated
by the antennas to mobile units. For example, in the case
of wireless links, a remote unit 10 functions to convert
the transmitted signal to the appropriate form (frequency,
power, etc.) for radiation from the antenna 6 to mobile
unit 50. On the other hand, remote hub 7a is directly
connected to antenna 6a without an intermediary remote
unit. Mobile units are thus in direct communication with
remote hub 7a through antenna 6a.

[0020] The wireless links may use in-band radio, out-
of-band radio or free-space optical technology. In-band
radio systems are the simplest, in that they transmit the
original radio carrier frequency band across the wireless
link. This approach may have limitations concerning in-
terference and antenna gain and so out-of-band radio
can be used to minimize these problems. In these sys-
tems, the original radio carrier frequency band is trans-
lated to a different frequency for transmission. Normally
the transmission frequency will be much higher than the
original radio carrier frequency in order to make use of
higher antenna gain and to ensure that adequate trans-
mission bandwidth is available. An alternative approach
is to use free-space optical (FSO) systems for the wire-
less links. FSO has advantages of license-free operation
and zero interference with other radio systems.

[0021] The wireless signals may be those of a cellular
radio system such as PCS or CDMA2000, or those of
otherwireless networking systems such as public mobile
radio, wireless LAN or broadband wireless access. Radio
carrier frequencies range from a few hundred MHz to
several GHz for these types of systems, but the present
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invention is not limited to this frequency range.

[0022] FIG. 1 illustrates a n x m switch matrix 3. FIG.
2 shows an embodiment of such a switch matrix, with
example size of 8 x 4. The switch matrix comprises 8
input ports 11 and 4 output ports 12. Each input port is
connected to a 1:4 splitter 13, and each output port is
connected to an 8:1 combiner 14. Each output of each
splitter is connected to a combiner inputas shown in FIG.
2 so as to ensure that any input to the switch matrix can
be available at any output of the switch matrix. The con-
nections 15 between splitters and combiners comprise
single pole single throw switch elements 16 and variable
attenuators 17 in series. There are therefore 32 switch
elements and 32 variable attenuators in total for this size
of matrix even though FIG. 2 schematically illustrates on-
ly one switch element and attenuator. The switches can
be set to either an "on" state or an "off’ state so that any
combination of input signals can be routed to any com-
bination of output ports. The variable attenuators can be
set to balance the path loss across all paths between
input and output.

[0023] FIG. 3 shows another signal distribution system
of the present invention. FIG. 3 illustrates many of the
same elements of FIG. 1 as indicated by the similar ref-
erence numbers. Discussion of these elements will not
be repeated. Although FIG. 3 does not illustrate mobile
units, the system may include mobile units as in FIG. 1.
[0024] In the illustrated system of FIG. 3, some or all
of the remote hubs contain switch matrices so that a fur-
ther level of signal routing can be facilitated. These
switched remote hubs 18 enable an architecture that pro-
vides fmer granularity than the embodiment of FIG. 1, so
that each antenna can be individually addressed if re-
quired. Radio channels can therefore be routed at the
antenna level rather than at the antenna cluster level,
which allows greater flexibility in providing service. The
switched remote hubs may also be interconnected and
controlled by a common control system. The intercon-
necting links 19 may be either cable or wireless, although
a cable link is shown in FIG. 3 by way of example. Inter-
connecting the switched remote hubs gives greater net-
work resilience. Although FIG. 3 only illustrates one
switched remote hub per cluster, the present invention
can have more than one switched remote hub per cluster.
[0025] FIG. 4 shows an embodiment of a main hub
such as illustrated in FIGS. 1 and 3. In this example, the
main hub connects to two remote hubs, one uses optical
fiber cable and the other is a wireless link using out-of-
band radio. This main hub is constructed as follows. The
input signal from the switch matrix is split into forward
and reverse transmission directions using a duplexer 20.
In the forward direction, the signal is then split two ways
using a splitter 21. One of these paths goes to a laser 22
via an amplifier 23. The optical output from the laser is
transmitted to the remote hub using optical fiber cable 24.
[0026] The other forward path goes to afrequency up-
converter, which comprises an input amplifier 25, a mixer
26, a local oscillator 27 and an output amplifier 28. A
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further duplexer 29 is used at the output port of the radio
link in order to combine forward and reverse transmission
directions. The output radio signal is radiated using an
antenna 30.

[0027] In the reverse direction, the signals enter the
main hub either via the optical cable or the radio link. In
the case of the optical cable, the optical signal is con-
verted back to a radio signal using a photodiode 31, am-
plified using amplifier 32 and combined with otherreverse
path signals using a combiner 33. In the case of the radio
link, the reverse signal passes through the duplexer 29
and is frequency translated back to the original radio car-
rier frequency using a downconverter. The downconvert-
er comprises an input amplifier 34, a mixer 35, a local
oscillator 27 and an output amplifier 36. The remote hubs
in FIGS. 1 and 3 may have a similar construction to the
main hub illustrated in FIG. 4.

[0028] Features of all hubs in the present invention in-
clude: one or more input ports, converters (if necessary)
to bring a transmitted signal back to an in-band radio
signal, a duplexer to separate forward and reverse trans-
mission directions, splitter/combiners, an amplification of
an in-band radio signal, converters (if necessary) to con-
verta signalto an appropriate transmission medium (e.g.,
out-of-band radio or FSO) and one or more output ports.
[0029] The remote hubs may also be interconnected,
again using either cable links or wireless links, to provide
additional resilience to the system. The use of intercon-
necting links between the remote hubs, and the option
of having distributed switch matrices in the remote hubs,
opens up intriguing possibilities for system management
and control. In addition to greater network resilience af-
forded by such a meshed system, there are opportunities
for extending the reach and routing around obstacles in
the case of wireless links. The ability to route around
obstacles makes the network closer to a line-of-sight ra-
dio system, which increases quality of service and reduc-
es cost.

[0030] The arrangement and architecture of the
present invention described here constitutes a distribut-
ed antenna system for providing capacity and coverage
for an outdoor wireless communications network. Fea-
tures of the present invention include: the use of a switch
matrix, which allows coverage and capacity to be allo-
cated dynamically (thereby saving capital and operating
costs compared to traditional DAS architectures); the se-
lective use of wireless links between the base stations
and the antennas (thereby providing a cost-effective
transmission solution in cases where cable availability is
non-existent or impractical); an architecture that incor-
porates distributed switching within remote hubs to pro-
vide fine granularity in allocating services to antennas;
and an interconnected wireless network topology that
provides resilience to failure, routing around obstacles
and an extended reach.

[0031] The combination of such features provides a
signal distribution system and architecture that is attrac-
tive to wireless network operators due to the cost savings
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and operational flexibility compared to deployments
based on prior art systems.

[0032] Although the present invention has been de-
scribed as a communications system, the present inven-
tion discussed above can be performed as a communi-
cations method or methods. While a method will be de-
scribed as transmitting signals from the one or more base
stations to one or more distributed antennas, it is to be
understood that the method can be performed in reverse
from one or more distributed antennas to one or more
base stations.

[0033] The communications method can comprise
transmitting signals from a plurality of base stations to a
switch matrix. As illustrated in FIG. 1, the base station 2
is connected to a switch matrix 3 for transmitting and
receiving signals therebetween. A plurality of base sta-
tions can thus transmit signals to the switch matrix.
[0034] The method can further comprise routing the
signals by the switch matrix as, for example, illustrated
in FIG. 2. The method can further comprise transmitting
the routed signals to a plurality of distributed antennas
via communication links. The communication links can
be wireless, cable ora combination of wireless and cable.
[0035] The communications method can further com-
prise transmitting the routed signals to a hub, such as
main hub 4 in FIG. 1, and then transmitting those routed
signals from the hub to the plurality of distributed anten-
nas. If the distributed antennas are in clusters, the com-
munications method may comprise transmitting those
routed signals from the hub to only one cluster. FIG. 1
illustrates an example of this procedure. Main hub 4 only
transmits the routed signals that it receives to cluster 1.
Cluster 1 is a subset of all the distributed antennas in the
system.

[0036] The communications method can further com-
prise sending routed signals from the hub to a remote
hub and having the remote hub transmit the signals to
the cluster of distributed antennas or some smaller group
of distributed antennas in that cluster. For example, in
FIG. 1, the main hub 4 transmits at least some of the
routed signals that it receives to remote hub 7 which, in
turns, sends the signals to certain distributed antennas
in the cluster.

[0037] The communications method can further com-
prise routing signals by a switch matrix in the remote hub
to the distributed antennas in the cluster or some smaller
group of distributed antennas in the cluster. Forexample,
FIG. 3 shows a remote hub 18 having a switch matrix for
such routing.

[0038] The communications method can further com-
prise transmitting signals by more than one remote hub
to the distributed antennas in the cluster. As shown in
FIG. 1, for example, two remote hubs send signals to
different groups of distributed antennas in the cluster. It
should be noted that a distributed antenna can simply be
an antenna (as in 6a of FIG. 1) or comprise a remote unit
with an antenna (as in 10 and 6 in FIG. 1). The commu-
nications method can further comprise connecting the
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remote units in a cluster. For example, as illustrated in
FIG. 1, remote units in cluster 1 are connected by con-
nection 8 emanating from remote unit 7. The communi-
cations method is not limited to connecting remote units
in a cluster. Remote units from different clusters can be
connected as illustrated in FIG. 3.

[0039] Although the present invention has been fully
described in connection with the embodiments thereof
and with reference to the accompanying drawings, it is
to be noted that various changes and modifications will
become apparent to those skilled in the art. Such chang-
es and modifications are to be understood as being in-
cluded within the scope of the present invention as de-
fined by the claims.

Claims
1. A communications system comprising:

a plurality of base stations (2) transmitting sig-
nals;

a plurality of distributed antennas in communi-
cation with mobile devices (50); and

a switch matrix (3) in operation with the plurality
of base stations (2) to route the signals to the
plurality of distributed antennas;
characterised in that the communications sys-
tem further comprises:

a plurality of remote hubs (7);

a plurality of main hubs (4) between the
switch matrix (3) and the plurality of remote
hubs (7) for transmitting routed signals to
the plurality of remote hubs (7), the plurality
of remote hubs (7) are remote from the plu-
rality of main hubs (4), and are between the
plurality of main hubs (4) and the plurality
of distributed antennas and transmit the
routed signals to the plurality of distributed
antennas; and

a plurality of links (5, 8, 9) for transmitting
the routed signals from the switch matrix (3)
to the plurality of distributed antennas,
wherein at least one (9) of the plurality of
links comprises a wireless link.

2. The communications system of claim 1, wherein the
plurality of distributed antennas are arranged in a
plurality of clusters and each remote hub transmits
routed signals only to an associated cluster of dis-
tributed antennas.

3. The communications system of claim 2, wherein at
least one antenna in the cluster of distributed anten-

nas comprises a remote unit (10) with anantenna (6).

4. The communications system of claim 2, wherein at



10.

1.

12.

9 EP 1 807 939 B1

leastone (18) of the remote hubs comprises a switch
matrix to route signals from at least one of the main
hubs to a group of distributed antennas in the asso-
ciated cluster of distributed antennas.

The communications system of claim 1, further com-
prising a control system, wherein each of the remote
hubs (7) comprises a switch matrix controlled by the
control system.

The communications system of claim 1 wherein the
at least one wireless link (9) transmits routed signals
at a radio carrier frequency band of at least one of
the plurality of base stations (2).

The communications system of claim 1 wherein the
at least one wireless link (9) transmits routed signals
at a radio carrier frequency band different from a
radio carrier frequency band of at least one of the
plurality of base stations (2).

The communications system of claim 1 wherein the
at least one wireless link (9) is a free space optical
link that transmits routed signals at an optical fre-
quency.

The communications system of claim 1 wherein all
the plurality of links comprise wireless links.

The communications system of claim 1, wherein the
wireless link (9) is between at least one of the main
hubs and at least one of the remote hubs.

The communications system of claim 1, wherein the
wireless link (9) is between at least one of the remote
hubs and at least one of the distributed antennas.

A communications method comprising:

transmitting signals from a plurality of base sta-
tions (2) to a switch matrix (3); and character-
ised by further comprising:

routing the signals by the switch matrix (3)
to a plurality of distributed antennas via a
plurality of main hubs (4) and a plurality of
remote hubs (7), the plurality of main hubs
(4) are between the switch matrix (3) and
the plurality of remote hubs (7) and are for
transmitting routed signals to the plurality of
remote hubs (7), the plurality of remote hubs
(7) are remote from the plurality of main
hubs (4), between the plurality of main hubs
(4) and the plurality of distributed antennas
and transmit the routed signals to the plu-
rality of distributed antennas; and

transmitting the routed signals to the plural-
ity of distributed antennas via a plurality of
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13.

14.

15.

16.

10

links (5, 8, 9) wherein at least one (9) of the
plurality of links comprises a wireless link.

The communications method of claim 12, wherein
the step of transmitting the routed signals comprises
transmitting the routed signals to the plurality of main
hubs (4), from the plurality of main hubs (4) to the
plurality of remote hubs (7), and from the plurality of
remote hubs (7) to the plurality of distributed anten-
nas.

The communications method of claim 13, wherein
the plurality of distributed antennas are arranged in
a plurality of clusters and each remote hub transmits
routed signals only to an associated cluster of dis-
tributed antennas of the plurality of distributed an-
tennas.

The communications method of claim 14, wherein
at least one (18) of the remote hubs uses a switch
matrix to route signals to a group of distributed an-
tennas in its associated cluster of distributed anten-
nas.

The communications method of claim 15, wherein:

the signals are routed from a first remote hub to
a second remote hub, and from the second re-
mote hub to an associated cluster of distributed
antennas of the plurality of distributed antennas.

Patentanspriiche

1.

Kommunikationssystem, aufweisend:

mehrere Basisstationen (2), die Signale Uber-
tragen;

mehrere verteilte Antennen in Kommunikation
mit mobilen Vorrichtungen (50);

eine Schaltmatrix (3) in Betrieb mit den mehre-
ren Basisstationen (2) zum Leiten der Signale
zu den mehreren verteilten Antennen;
dadurch gekennzeichnet, dass das Kommu-
nikationssystem ferner Folgendes aufweist:

mehrere Fernhubs (7);

mehrere Haupthubs (4) zwischen der
Schaltmatrix (3) und den mehreren Fern-
hubs (7) zum Ubertragen der geleiteten Si-
gnale zuden mehreren Fernhubs (7), wobei
die mehreren Fernhubs (7) von den mehre-
ren Haupthubs (4) entfernt sind und zwi-
schen den mehreren Haupthubs (4) und
den mehreren verteilten Antennen ange-
ordnet sind und die geleiteten Signale zu
den mehreren verteilten Antennen leiten;
und
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mehrere Links (5, 8, 9) zum Ubertragen der
geleiteten Signale von der Schaltmatrix (3)
zu den mehreren verteilten Antennen, wo-
bei mindestens ein (9) der mehreren Links
einen Funklink aufweist.

Kommunikationssystem nach Anspruch 1, wobeidie
mehreren verteilten Antennen in mehreren Clustern
angeordnet sind und jeder fernliegende Hub gelei-
tete Signale nur an einen zugeordneten Cluster von
verteilten Antennen Ubertragt.

Kommunikationssystem nach Anspruch 2, wobei
mindestens eine Antenne im Cluster eine Fernvor-
richtung (10) mit einer Antenne (6) aufweist.

Kommunikationssystem nach Anspruch 2, wobei
mindestens einer (18) der Fernhubs eine Schaltma-
trix zum Leiten von Signalen von mindestens einem
der Haupthubs zu einer Gruppe von verteilten An-
tennen im zugeordneten Cluster von verteilten An-
tennen aufweist.

Kommunikationssystem nach Anspruch 1, ferner
aufweisend ein Steuersystem, wobeijeder der Fern-
hubs (7) eine vom Steuersystem gesteuert Schalt-
matrix aufweist.

Kommunikationssystem nach Anspruch 1, wobeider
mindestens eine Funklink (9) geleitere Signale in ei-
nem Funktrager-Frequenzband von mindestens ei-
ner der mehreren Basisstationen (2) Ubertragt.

Kommunikationssystem nach Anspruch 1, wobeider
mindestens eine Funklink (9) geleitete Signale in ei-
nem Funktrager-Frequenzband Ubertragt, das sich
von einem Funktrager-Frequenzband von mindes-
tens einer der mehreren Basisstationen (2) unter-
scheidet.

Kommunikationssystem nach Anspruch 1, wobeider
mindestens eine Funklink (9) ein optischer Freiraum-
link ist, der geleitete Signale mit einer optischen Fre-
quenz Ubertragt.

Kommunikationssystem nach Anspruch 1, wobei al-
le der Links Funklinks aufweisen.

Kommunikationssystem nach Anspruch 1, wobeider
Funklink (9) zwischen mindestens einem der Haupt-
hubs und mindestens einem der Fernhubs angeord-
net ist.

Kommunikationssystem nach Anspruch 1, wobeider
Funklink (9) zwischen mindestens einem der Fern-
hubs und mindestens einer der verteilten Antennen
angeordnet ist.
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12
Kommunikationsverfahren, aufweisend:

Ubertragen von Signalen von mehreren Basis-
stationen (2) an eine Schaltmatrix (3);

und dadurch gekennzeichnet, dass es ferner
Folgendes aufweist:

Leiten der Signale durch die Schaltmatrix
(3) zu mehreren verteilten Antennen Uber
mehrere Haupthubs (4) und mehrere Fern-
hubs (7), wobei die mehreren Haupthubs
(4) zwischen der Schaltmatrix (3) und den
mehreren Fernhubs (7) angeordnet sind
und zum Ubertragen geleiteter Signale zu
den mehreren Fernhubs (7) dienen, wobei
die mehreren Fernhubs (7) von den mehre-
ren Haupthubs (4) zwischen den mehrere
Haupthubs (4) und den mehreren verteilten
Antennen angeordnet sind und die geleite-
ten Signale zu den mehreren verteilten An-
tennen Ubertragen; und

Ubertragen der geleiteten Signale an die
mehreren verteilten Antennen Uber mehre-
re Links (5, 8, 9), wobei mindestens einer
(9) der mehreren Links einen Funklink auf-
weist.

Kommunikationsverfahren nach Anspruch 12, wo-
bei der Schritt des Ubertragens der geleiteten Sig-
nale das Ubertragen der geleiteten Signale an die
mehreren Haupthubs (4), von den mehreren Haupt-
hubs (4) an die mehreren Fernhubs (7) und von den
mehreren Fernhubs (7) an die mehreren verteilten
Antennen umfasst.

Kommunikationsverfahren nach Anspruch 13, wo-
bei die mehreren verteilten Antennen in mehreren
Clustern angeordnet sind und jeder Fernhub gelei-
tete Signale nur an einen zugeordneten Cluster von
verteilten Antennen der mehreren verteilten Anten-
nen Ubertragt.

Kommunikationsverfahren nach Anspruch 14, wo-
bei mindestens einer (18) der mehreren Fernhubs
eine Schaltmatrix zum Leiten der Signale zu einer
Gruppe von verteilten Antennen in seinem zugeord-
neten Cluster von verteilten Antennen benutzt.

Kommunikationsverfahren nach Anspruch 15, wo-
bei:

die Signale von einem ersten Fernhub an einen
zweiten Fernhub und von einem zweiten Fern-
hub an einen zugeordneten Cluster von verteil-
ten Antennen der mehreren verteilten Antennen
geleitet werden.
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Revendications

1.

Systéme de communications comprenant :

une pluralité de stations de base (2) transmet-
tant des signaux ;

une pluralité d’antennes réparties en communi-
cation avec des dispositifs mobiles (50) ; et
une matrice de commutation (3) en fonctionne-
ment avec la pluralité de stations de base (2)
pour acheminer les signaux a la pluralité d’an-
tennes réparties ;

caractérisé en ce que le systtme de commu-
nications comprend en outre :

une pluralité de concentrateurs distants
(7

une pluralité de concentrateurs principaux
(4) entre la matrice de commutation (3) et
la pluralité de concentrateurs distants (7)
pour transmettre des signaux acheminés a
la pluralité de concentrateurs distants (7),
la pluralité de concentrateurs distants (7)
est distante de la pluralité de concentra-
teurs principaux (4) et est entre la pluralité
de concentrateurs principaux (4) et la plu-
ralité d’antennes réparties et transmet les
sighauxacheminés a la pluralité d’antennes
réparties ; et

une pluralité de liaisons (5, 8, 9) pour trans-
mettre les signaux acheminés depuis la ma-
trice de commutation (3) a la pluralité d’an-
tennes réparties, dans lesquelles au moins
une (9) de la pluralité de liaisons comprend
une liaison sans fil.

Systéme de communications selon la revendication
1, dans lequel la pluralité d’antennes réparties est
agencée en une pluralité de groupes et chaque con-
centrateur distant transmet des signaux acheminés
seulement a un groupe associé d’antennes répar-
ties.

Systéme de communications selon la revendication
2,dans lequel au moins une antenne dans le groupe
d’antennes réparties comprend une unité distante
(10) avec une antenne (6).

Systéme de communications selon la revendication
2, dans lequel au moins un (18) des concentrateurs
distants comprend une matrice de commutation pour
acheminer des signaux provenantd’au moins undes
concentrateurs principaux a un groupe d’antennes
réparties dans le groupe associé d’antennes répar-
ties.

Systéme de communications selon la revendication
1, comprenant en outre un systéme de commande,
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10.

1.

12.

dans lequel chacun des concentrateurs distants (7)
comprend une matrice de commutation commandée
par le systéme de commande.

Systéme de communications selon la revendication
1,danslequel 'au moins une liaison sans fil (9) trans-
metdes sighaux acheminés a une bande de fréquen-
ces de porteuse radio d’au moins une de la pluralité
de stations de base (2).

Systéme de communications selon la revendication
1,danslequel 'au moins une liaison sans fil (9) trans-
metdes sighaux acheminésaune bandedefréquen-
ces de porteuse radio différente d’une bande de fré-
quences de porteuse radio d’au moins une de la plu-
ralité de stations de base (2).

Systéme de communications selon la revendication
1, dans lequel 'au moins une liaison sans fil (9) est
une liaison optique dans I'espace libre qui transmet
des signaux acheminés a une fréquence optique.

Systéme de communications selon la revendication
1, dans lequel toute la pluralité de liaisons comprend
des liaisons sans fil.

Systéme de communications selon la revendication
1,dans lequel la liaison sans fil (9) est entre au moins
undes concentrateurs principaux etau moins un des
concentrateurs distants.

Systéme de communications selon la revendication
1, dans lequella liaison sans fil (9) est entre au moins
un des concentrateurs distants et au moins une des
antennes réparties.

Procédé de communications comprenant :

la transmission de sighaux provenant d’'une plu-
ralité de stations de base (2) a une matrice de
commutation (3) ; et caractérisé par compre-
nant en outre :

'acheminement des signaux par la matrice
de commutation (3) a une pluralité d’anten-
nes réparties via une pluralité de concen-
trateurs principaux (4) et une pluralité de
concentrateurs distants (7), la pluralité de
concentrateurs principaux (4) est entre la
matrice de commutation (3) et la pluralité
de concentrateurs distants (7) et sert a
transmettre des signaux acheminés a la
pluralité de concentrateurs distants (7), la
pluralité de concentrateurs distants (7) est
distante de la pluralité de concentrateurs
principaux (4), entre la pluralité de concen-
trateurs principaux (4) et la pluralité d’an-
tennes réparties et transmet les signaux
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acheminés a la pluralité d’antennes
réparties ; et

la transmission des signhaux acheminés ala
pluralité d’antennes réparties via une plura-
lité de liaisons (5, 8, 9) dans lesquelles au
moins une (9)de la pluralité de liaisons com-
prend une liaison sans fil.

Procédé de communications selon la revendication
12, dans lequel I'étape de transmission des signaux
acheminés comprend la transmission des signaux
acheminés a la pluralité de concentrateurs princi-
paux (4), depuis la pluralité de concentrateurs prin-
cipaux (4) a la pluralité de concentrateurs distants
(7), et depuis la pluralité de concentrateurs distants
(7) a la pluralité d’antennes réparties.

Procédé de communications selon la revendication
13, dans lequel la pluralité d’antennes réparties est
agencée en une pluralité de groupes et chaque con-
centrateur distant transmet des signaux acheminés
seulement a un groupe associé d’antennes réparties
de la pluralité d’antennes réparties.

Procédé de communications selon la revendication
14, dans lequel au moins un (18) des concentrateurs
distants utilise une matrice de commutation pour
acheminer des sighaux a un groupe d’antennes ré-
parties dans son groupe associé d’antennes répar-
ties.

Procédé de communications selon la revendication
15, dans lequel :

les signaux sont acheminés depuis un premier
concentrateur distant a un second concentra-
teur distant, et depuis le second concentrateur
distant @ un groupe associé d’antennes répar-
ties de la pluralité d’antennes réparties.
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1.

KOMMUNIKACIOS RENDSZER ES ELJARAS
Szabadalmi igénypontok

Kormmunikdcids rendszer, amely a kdvetkezdket tartalmazza:

jeleket add bazisallomasok {2) sokasags;

glosziolt antenndk sokasdga mobil esskdzdkkel (50} vald kommunikacid-

han, és

kaposold matrix (3) bazisallomasok {2) sokasagaval vald miikddésban a

jeleknek az slosziolt antenndk sokasdgahoz vald rényitdsars,

azzal jellemezve, hogy a kommunikacios rendszer tovabba s kivetkezd-

ket tartaimazza:
tavoll ceomdpontok {7) sokasaga;
& csomdpontok (4) sokasags a kapesold matrix (3) ds a WBvoll oso-
mopontok {7} kozalt, iranyitolt jeleknek a Bvoll csomopontok (7} so-
kasagahoz vald atvitelérs, a tavoll csomdponiok (7} sokasags a 6
caomapontok (4) sokasdgatd! tavol van, valamint a 18 coomdpaontok
{4) sokasdga és aw elosziolt antennak sokasaga kézdtt van, €3 ag
ranyitolt jeleket alpsztolt antenndk sokasdgara adig,; és
kaposolatok (8, 8, §) sokasdga az irdnyitolt jeleknek a kapesold mat-
rixbdl (3) az slosztoll antennak sokasagahoz vald adasara, ahol a
kapesolatok sokasagabd! legaldbb sgy {9) vezeték ndlklli kapesolat.

Az 1. jgénypont szerntl kommunikacios rendszer, ahol az elogziolt antenndk
asokasags furtdk sokasagaban van elrendezye, &5 minden egyes csomopont el
osziol antennaknak osak egy @rsitolt firjéher viss &t rdnyitolt jeleket.

A 2. igénypont szerintl kommunikdcids rendszer, ahol 3z eloszioll antenndk furt-
iehen legaldbb gy anlenna tartalmaz egy dvoll egységet (16) antennaval {6,

A 2. igénypont szenindl kommunikdcids rendszer, ahol 8 tavell csomdponiokbd!
legalabb egy (18) tartalmar egy kapesold matrixot a isleknek legaldbb egy @&
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csomapantbal elosziolt antennak caoportighoz vald ranyitasdra az elosziott an-

tenndk Brsitott firiében,

Az 1. igénypont szerintl kemmunikacids rendszer, amely tovdbha tertalmaz egy
vezérld rendszert, ahol mindegyik tavoli csomdpont {7} fartalmas egy kapasold

matrixed, amelyet a vezérnid rendszer vezérel

Az 1. igdnypont szerintl kommunikacids rendszer, ahol g legalabb gy vezaték
nélk il kaposolat {9} ranyitolt jeleket tovabbit a bazisdllomasok (2) sokasagabdl
fegaldbb sgynek & radidovivé frekvencidjan,

Az 1. igénypont szerintl kommunikacids rendszer, ahol a legalabb egy vezetdk
néltkil kaposolal (8) iranyitolt jeleket tovabbit a bazisdllomasok (2} sokasagabdl

lagalabb egynek a radicvive frekvencigiatol kilonbézd radidvive frekvencidn,

Az 1. igénypont szerintl kommunikacids rendszer, ahol a legaldbb egy vezetdk
nélkl kaposolat (9) szabadiér optikat kapesolat, amsly ranyitefl jeleket ad op-

{ikat frakvencian.

Az 1. igeénypont szerintl Kommunikcids rendszer, ahal a kaposolatok sokasaga
vezetek nelkiill kaposalatokat tartabmaz.

Az 1. igénypont szerintl Kommunikacios rendseer, ahol a vezetek nékil kap-
csolat (8) legalabb egy 16 csomdpont és legaldbb egy tavoll csomdpont kdzott

V¥ail.

Az 1. igénypont szerint kommuniioios rendszer, ahol a vereisk nelkiifl kap-
caolat (8} legaldbb ogy tavoll csombpont és legaidbb egy slosziolt antenna k-
26 van.

Kommunikacios eliaras, amely a kévetkezdket tartabmazss;
ielek adaza bazissllomasok (2} sokasagabo! egy kaposold matrixhoz (3}

és azzal jellemszve, hogy tovatba a kdvetkezdket tartalmazea;
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& jelek iranyitdsa a kaposold malix (3) dltal elosztoft anlennak soka-
ségdhoz & csomopontak (4) &s tavoll csomdpontok (7) sckasagan
kereszitl, a 0 csomdponiok {4} sokasiga a kapesolé matrix (3) és a
tavoli casomdpontok {73 sokasdga kdzOit van, és az rdnyitott jeleknek
a tavoli csomoponiokhoz (73 vald adasara van, a tBvol csemdpontok
{7} sokasaga a f& csomopontok (4) sokasdgdtdl thvol van, a 16 ¢so-
moponiok {4} és az elosziol antenndk sokasiga kBzil, és az iranyi-
tolf jpleket az elosziolt antennak sokasdgars adia; és

az ranyitolt jelek adass az elosziolt antennak sokasagéhoz kapeso-
lalok {5, 8, 9) sckasdgan kereszild, ahol a kaposolatok sokasaga
legalabb eqy (9) vezeték nélkil kapesolatot tartalmaz.

ATE. wenypont szerint kommunikacios eljaras, ahol az rdnyitott jelek adasa-
nak lpése fartaimazza az irdnvitot! jeleknek az adasa! a 5 csomdpontok (4)
sokasdgahoz, a 10 csomdpontok {4) sokasdgaio! a tavall csomdponiok (7) so-
kasagahoz, és a tavoll csomdpontok (7} sokasdgatd! az elosstolt antenndk so-
kasagahoz.

A 130 igenypont szerinll kommunikacios eljdras, ahol az sloszioft antennak so-
kasags fintdk sokasdgaban van slendezve, és minden egyes csomdpont al-
oszioll antennak sokasaga sloszioft antenndinak csak egy tarsitolt firtiéhez
visz at ranyitoH jelsket.

A 14, igénypont szerinll kommunikacids elidras, ahol 8 tavoll csomdpontokbél
legalabb egy (18} hasandl egy kaposold mabrixot a jeleknek elosstolt antenngk
csoporiidhoz vald ranyitdsara az elosstolt antennak tarsitolt firiében.

A 18 igénypont sserintl kormmunikacios eljaras, sholb
a jelek iranyitva vannak egy elsd tavoll csombponiis! egy masodik tavoli
csomaponthoz és a masodik tavoll csomdponttd! az slosziolt antennak

sokasage slosstolt antenndjanak Warsitott fitjghez.
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