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(57) Abstract: A repeater system (1) comprising a front end section (10) constituted to, in a downlink direction, receive signals from
at least one communication source (3, 4, 7, 8, 9) located outside of a coverage area (20) of the repeater system (1) and to, in an up-
link direction, transmit signals to the at least one communication source (3, 4, 7, 8, 9). The repeater system further comprises a back
end section (13, 14) constituted to, in the downlink direction, transmit an RF communication signal into the coverage area (20) and
to, in the uplink direction, receive an RF communication signal out of the coverage area (20). Herein, in the downlink direction the
front end section (10) combines multiple signals from multiple communication sources (3, 4, 7, 8, 9) into a combined signal and to
transmit the combined signal to the back end section (13, 14), wherein the back end section (13, 14) produces, from the combined
signal, the RF communication signal for transmission into the coverage area (20). In the uplink direction the back end section (13,
14) produces, from a received RF communication signal, a combined signal, wherein the front end section (10) produces multiple
signals from the combined signal received from the back end section (13, 14) for transmission to the multiple communication
sources (3, 4, 7, 8, 9). By these means a repeater system is provided which may provide an approved coverage in a coverage area
with the potential of high data rates for communication links in that coverage area.
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REPEATER SYSTEM AND METHOD

Cross-Reference to Related Application

This claims the benefit of European Patent Application No. 13173568.0, filed June 25,
2013 and titled “Repeater System,” the contents of which are incorporated herein by

reference.

Description

The invention relates to a repeater system according to the preamble of claim 1 and to a

method for operating a repeater system.

A repeater system of this kind comprises a front end section and a back end section. The
front end section herein is constituted to, in a downlink direction, receive signals from at
least one communication source located outside of a coverage area of the repeater
system and to, in an uplink direction, transmit signals to the at least one communication
source. The back end section in turn is constituted to, in the downlink direction, transmit
an RF communication signal into the coverage area and to, in the uplink direction, receive

an RF communication signal out of the coverage area.

A repeater system of this kind may for example be installed in a mobile environment such
as a train, a plane, a ship, a bus or the like to provide coverage on the inside of the
mobile environment. A repeater system of this kind may also be installed in a stationary
environment which is, at least to some extent, shielded from the outside, such as a
building, a tunnel or the like. The repeater system in this case provides coverage on the

inside of the shielded environment.

A conventional repeater system, as it is for example known from EP 1 109 332 A2,

serves to repeat radial frequency (RF) signals to for example provide coverage in an
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isolated or shielded environment or to improve coverage in areas in which the signal
strength is weak and/or dedicated bands, sub-bands or carriers shall be provided only.
For this purpose, the digital repeater of EP 1 109 332 A2, in a downlink direction, down-
converts a received analog RF signal and digitizes the RF signal in order to process the
digitized RF signal in the digital baseband. The processed digitized RF signal is then
converted into an analog signal, is up-converted and amplified and transmitted via a
coverage antenna into the coverage area in which coverage is to be provided. The
processing in the uplink direction takes place in an analogous fashion including a digital
baseband processing and a power amplification for transmission to an outside

communication source, for example a base station.

Such repeater system, as it is for example known from EP 1 109 332 A2, is transparent
for communication signals in that the RF signals output to the coverage area equal the

RF signals received from an outside communication source (despite an amplification).

This has the effect — especially when such repeater systems are used in a moving
environment such as a train, a ship, a plane or the like — that a (mobile) terminal in the
coverage area having established a communication link to an outside communication
source via the repeater system must perform a hand-over operation if the signal strength
of the communication link becomes weak, i.e. the signal-to-noise-and-interference ratio

(SNIR) of that communication link becomes small.

Further, a user of a terminal conventionally has subscribed for services of a signal
operator such that he is bound to the services offered by that operator. In case the
repeater system (for example including a distributed antenna system for providing
distributed coverage in the coverage area) does not belong to that operator and hence
does not provide coverage for the services provided by that operator, the user potentially
must access the services of another operator by roaming, which may be limited and at

the same time expensive.

It is an object of the instant invention to provide a repeater system and a method for
operating a repeater system which may provide an approved coverage in a coverage
area with the potential of high data rates for communication links in that coverage area.

This object is achieved by means of a repeater system comprising the features of claim 1.

Specifically, within a repeater system it is provided that

2
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- in the downlink direction the front end section is constituted to combine multiple
signals from multiple communication sources into a combined signal and to transmit
the combined signal to the back end section, wherein the back end section is
constituted to produce, from the combined signal, the RF communication signal for
transmission into the coverage area and

- in the uplink direction the back end section is constituted to produce, from a received
RF communication signal, a combined signal, wherein the front end section is
constituted to produce multiple signals from the combined signal received from the

back end section for transmission to the multiple communication sources.

The repeater system hence comprises a front end section and a back end section. In the
downlink direction, the front end section combines signals that are received from outside
communication sources into a combined signal. Hence, multiple communication links
established between outside communication sources and the front end section are
combined (aggregated) to a single combined signal using a link aggregation scheme. The
combined signal is then transmitted to the back end section, and the back end section
produces from the combined signal a common RF communication signal which is

transmitted into the coverage area for providing coverage in that coverage area.

In the uplink direction, in turn, the back end section produces a combined signal from an
RF communication signal received out of the coverage area. The received RF
communication signal herein may be constituted by multiple communication links
between terminals located in the coverage area and the back end section. The combined
signal is then forwarded to the front end section, which produces signals out of the

combined signals for transmission to the outside communication sources.

The front end section may for example, in one embodiment, comprise an RF processing
unit together with a conversion and link aggregation unit for combining the multiple
signals from the multiple communication sources into the combined signal. The RF
processing unit together with the conversion and link aggregation unit herein, in the
downlink direction, performs a conversion of signals received from the outside
communication sources (for example a demodulation) and combines several
communication links into a single, combined link. Within the combined signal the data of
the single communication links between the front end section and the outside
communication sources are contained and are transmitted in a data stream to the back
end section for further processing and transmission into the coverage area. Vice versa, in

the uplink direction, the RF processing unit together with the conversion and link

3
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aggregation unit produces multiple signals and modulates them for transmission to the

multiple communication sources.

The RF processing unit together with the conversion and link aggregation unit may, in
one embodiment, be operable to equalize the multiple signals received from the multiple
communication sources in the downlink direction. Since communication links between the
outside communication sources and the front end section may have a different, varying
link quality (signal strength, SNIR), the equalization is performed to equalize the
communication links and, hence, to bring them to a comparable level of signal strength.
Such equalized communication links may then in an easy manner be combined

(aggregated) to form the combined signal for a transmission to the back end section.

In the uplink direction, in turn, the RF processing unit together with the conversion and
link aggregation unit may individually gain adjust the multiple signals for transmission to
the multiple communication sources to take into account different distances to different
communication sources. For this, settings of a previously performed equalization may be
stored such that an individual gain adjust for individual communication sources may be

carried out based on previously obtained equalization information.

In one embodiment, the front end section is constituted as a host unit and the back end
section is constituted by one or multiple remote units remote from the host unit. The front
end section hence may be placed at a central location, for example on a train, a plane, a
ship, a bus or the like or on a building or a tunnel. The back end section with its multiple
remote units in turn may be distributed over the coverage area and hence may be placed
at different locations throughout the coverage area, for example throughout a train or a
building. By means of such distributed remote units hence a distributed coverage may be

provided.

The communication between the front end section and the back end section may be
established in different ways. For example, the host unit of the front end section may
communicate with the remote units of the back end section via wireless communication
connections, for example via WiFi connections. Instead of a wireless communication
connection, also wire line communication connections could be used, hence connecting
the host unit of the front end section to one or multiple remote units of the back end
section making use of a wire line, for example copper cables or an optical fiber. Via the
communication connections the combined signal is then transmitted to and received from

the back end section.
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The back end section, in the downlink direction, may be operable to modulate the
combined signal according to at least one modulation scheme to produce the RF
communication signal for a transmission into the coverage area. The back end section
hence modulates the data stream obtained by means of the combined signal according to
one or multiple modulation schemes. For this, the back end section may comprise a
number of different (logical) base stations, each of which is constituted to modulate a
portion of the data stream according to a particular modulation scheme for transmission
into the coverage area. Each (logical) base station hence provides coverage in the

coverage area for a particular modulation scheme (e.g. GSM, 3G, LTE or the like).

Vice versa, in the uplink direction the back end section may be operable to demodulate a
received RF communication signal to produce a combined signal for transmission to the

front end section.

The back end section, in one embodiment, further may comprise a multiplexer for
multiplexing, in the downlink direction, modulated signals produced from the combined
signals to form the RF communication signal for a transmission into the coverage area.
The multiplexer hence forms a common communication signal, which may be transmitted
via an appropriate antenna or antenna system, for example a distributed antenna system

or a so called leaky feeder, into the coverage area.

The operation in the uplink direction essentially works in an analogous fashion. A
common communication signal received out of the coverage area is de-multiplexed by
means of a de-multiplexer and led to the (logical) base stations of the back end section,
in which a demodulation takes place. The demodulated signals are then combined to
form a combined signal and are forwarded to the front end section, in which signals for a

transmission to the outside communication sources are produced.

In one embodiment, the front end section is operable to communicate with the at least
one communication source via a mobile communication scheme, such as GSM, GPRS,
3G, HSPA, HSPA+, LTE or WiFi. The front end section hence communicates with the
outside communication sources via an air interface making use of a known mobile

communication scheme applying a particular, standardized modulation.

In addition or alternatively, the front end section may also be operable to communicate

with one or multiple outside communication sources via a backhaul. Such backhaul may

5
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be, but is not limited to, an IP mobile backhaul via for example copper cables using
traditional E1/T1 services or using DSL services, a passive optical network (PON), an
active optical Ethernet, a fixed wireless (i.e. a fixed wireless connection between two
locations employing a radio or other wireless link such as a laser bridge), free-space-
optical communication (FSO), radiofrequency via an air interface, radiofrequency directly

out of a base station, or any other digital base station interfaces like CPRI.

A modulation scheme employed for a communication link between an outside
communication source and the front end section herein may be different than a
modulation scheme employed for the RF communication signal transmitted to and
received from the coverage area. The back end section may communicate with terminals
located in the coverage area for example via the air (so called air interface). A modulation
scheme employed for producing the common RF communication signal may for example
adhere to the GSM, GPRS, 3G, HSPA, HSPA+, LTE or WiFi standard.

In one embodiment, the signals received from and transmitted to the outside
communication sources and the RF communication signal transmitted into and received
out of the coverage area use different frequency bands. The communication links
between the front end section and the outside communication sources and the
communication signal transmitted from the back end section to terminals located in the
coverage area hence are distinct in their frequency bands, such that interference of
signals of the communication links between the front end section and the outside
communication sources with communication signals within the coverage area is avoided
or at least kept to a minimum.

In principle it however is also possible that the communication links between the front end
section and the outside communication sources and the common RF communication
signal transmitted by the back end section into the coverage area at least partially use
one or multiple common frequency bands. In that case, if the coverage area lies within a
shielded, isolated environment, there may be small or no interference between the
outside communication links and communication links in the coverage area. If the
coverage area however does not lie in an isolated, shielded environment, it should be
made sure that the signal strength of signals transmitted into the coverage area by
means of the back end section is limited such that the RF communication signal
transmitted into the coverage area does not interfere with the outside signals. This in
general does not pose a problem since for example passengers in a passenger train or

another moving environment are seated close to antennas of for example a distributed

6
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antenna system or close to leaky feeder cable, such that a communication signal having

limited signal strength generally is sufficient.

The object furthermore is achieved by means of a method for operating a repeater
system. The repeater system herein comprises:

- a front end section which, in a downlink direction, receives signals from at least
one communication source located outside of a coverage area of the repeater
system and, in an uplink direction, transmits signals to the at least one
communication source and

- a back end section which, in the downlink direction, transmits an RF
communication signal into the coverage area and, in the uplink direction, receives
an RF communication signal out of the coverage area.

Herein it is provided that

- in the downlink direction the front end section combines multiple signals from
multiple communication sources into a combined signal and transmits the
combined signal to the back end section, wherein the back end section produces,
from the combined signal, the RF communication signal for a transmission into the
coverage area and

- in the uplink direction the back end section produces, from a received RF
communication signal, a combined signal and the front end section produces
multiple signals from the combined signal received from the back end section for a

transmission to the multiple communication sources.

The advantages and advantageous embodiments described above with regard to the
repeater system equally are applicable also to the method for operating the repeater

system, such that it shall be referred to the above.

By means of the repeater system a local roaming cell corresponding to the coverage area
is provided for obtaining coverage in the coverage area. Herein, instead of retransmitting
signals into the coverage area of the same kind as received from outside communication
sources, an available capacity from communication links with outside communication
sources is collected and summed up to produce a common RF communication signal for
transmission into the coverage area. This common RF communication signal may be
distributed in the coverage area for example by a distributed antenna system or by a

leaky feeder or by multiple remote units each comprising an antenna.
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Such (small) local roaming cells may for example be used in moveable environments,
such as trains, planes, ships, busses or the like or in stationary environments, such as

buildings (malls, campuses, office buildings etc.) or tunnels or the like.

By providing such a local roaming cell base band, intermediate frequency band and radio
frequency band signals may be combined to a common RF communication signal. Such
common RF communication signal can then be used to provide coverage in one or

multiple roaming cells which are somehow shielded from outside communication sources.

By means of such approach a homogeneous data rate for users in the local roaming cell
may be provided. In particular, users having subscribed to services of an operator are not
bound to the backhaul performance of such operator, but may obtain an improved data
rate due to the link aggregation leading to a combining of communication links of multiple

operators.

Further, within the local roaming cell advanced modulation schemes may be employed
and the full available bandwidth may be used, allowing for high data rates in the local

roaming cell.

In addition, because a terminal located in the coverage area establishes a communication
link only to the repeater system, which then communicates with outside communication
sources, the terminal must not perform a handover. If a handover for a particular
communication link between an outside communication source and the repeater system
is required, a terminal in general will not notice, because the hand over solely takes place
between the front end section of the repeater system and outside communication

sources.

The idea underlying the invention shall subsequently be described in more detail with

respect to the embodiments shown in the Figures. Herein:
Fig. 1 shows in a schematic view a repeater system in a mobile environment of a
train in communication with outside communication sources in the shape of

base stations;

Fig. 2 a schematic view of an embodiment of a repeater system;
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Fig. 3A a schematic view of frequency bands of communication links of outside

communication sources;

Fig. 3B a schematic view of frequency bands of a communication signal transmitted

into a coverage area of the repeater system;

Fig. 4 a schematic view of another example of frequency bands of a
communication signal transmitted into the coverage area of the repeater

system; and

Fig. 5 a schematic view of an embodiment of a repeater system connected with

multiple different outside communication sources.

Fig. 1 shows in a schematic view a setup of a repeater system 1 on a train 2, the repeater
system 1 being in communication connection with outside communication sources 3, 4 in
the shape of base stations. The repeater system 1 herein serves to provide coverage in a
coverage area 20 on the inside of the train 2 and, for this purpose, is constituted to
translate communication links 30, 40 into a communication signal to be distributed in the

coverage area 20.

An embodiment of such a repeater system 1 is schematically shown in Fig. 2. The
repeater system 1 comprises a front end section 10 having an antenna 100 and an RF
processing unit 101 for receiving RF signals from and transmitting RF signals 2 to outside
communication sources 3, 4 via RF communication links 30, 40. In the particular example
of Fig. 2 the repeater system 1 is set up to communicate with the outside communication

sources 3, 4 via the air, i.e. wirelessly by means of RF signals.

The repeater system 1 further comprises a back end section in the shape of one or
multiple remote units 13, 14 being in communication connection with the front end section
10 and serving to provide coverage in the coverage area 20. The remote units 13, 14
comprise antennas 135, 143 for establishing communication links 50, 60 to terminals 5, 6

located in the coverage area 20.

The repeater system 1 provides a local roaming cell corresponding to the coverage area
20. For this, instead of retransmitting the same kind of signals that have been received
via communication links 30, 40 from outside sources 3, 4 into the coverage area 20, the

available capacity of communication links 30, 40 is aggregated to form a common RF

9
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communication signal for transmission into the coverage area 20 via the remote units 13,
14. This common RF communication signal, potentially having a unique identifier, is
distributed within the coverage area 20 such that a combined common RF

communication signal is radiated into the coverage area 20.

For this, in a downlink direction signals of communication links 30, 40 are received via
antenna 100 and RF processing unit 101 at the front end section 10. The RF processing
unit 101 herein serves to perform a filtering and amplification of incoming RF signals and

to forward such signals to a conversion and link aggregation unit 102.

In the conversion and link aggregation unit 102 the signals associated with the
communication links 30, 40 are demodulated, converted and combined to obtain, by
means of link aggregation, a combined signal which, essentially, is represented by the
pure data contained in the signals of the communication links 30, 40. Such combined

signal is then provided to the one or multiple remote units 13, 14.

In the depicted embodiment the front end section 10 is constituted as a host unit, which
for example may be located at a central location of a shielded or isolated environment
such as train 2. From the front end section 10 in the shape of the host unit the combined
signal is transmitted to one or multiple remote units 13, 14 (together forming the back end
section), wherein multiple remote units 13, 14 may be distributed throughout the shielded
or isolated environment such as train 2 for providing distributed coverage in the coverage

area 20.

In principle, different possibilities for establishing a connection between the front end
section 10 in the shape of the host unit and the remote units 13, 14 of the back end

section are conceivable.

In a first example, shown in Fig. 2 on the left, the conversion and link aggregation unit
102 of the front end section 10 may provide the combined signal to a wireless
communication unit 103 for establishing a wireless connection 11 to a wireless
communication unit 131 of an associated remote unit 13. The wireless communication
link 11 herein may be a WiFi link, wherein signals are wirelessly transmitted between
antennas 104, 130 of the host unit of the front end section 10 on the one hand and the

remote unit 13 of the back end section on the other hand.

10
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Via the wireless communication unit 103 of the front end section 10 multiple remote units

13 may be connected to the host unit of the front end section 10.

In a second example, the host unit of the front end section 10 may be connected to one
or multiple remote units 14 by means of one or multiple wire line communication
connections 12. For this, the conversion and link aggregation unit 102 of the front end
section 10, via a connection 106, provides the combined signal to a splitter 105 of the
front end section 10, via which the combined signal is split and via wire line

communication connections 12 distributed to one or multiple remote units 14.

In this regard, different kinds of remote units 13, 14 can be used in a repeater system 1 in
a combined fashion. A repeater system 1 hence may comprise both remote units 13
being in wireless connection with the host unit of the front end section 10 and remote

units 14 being in wired connection with the host unit of the front end section 10.

Independent of the specific connection of a remote unit 13, 14 to the host unit of the front
end section 10, the remote unit 13, 14 comprises a splitter 132, 140 for splitting the
incoming combined signal to multiple base stations 133a-133d, 141a-141d. Such base
stations 133a-133d, 141a-141d, which may be implemented on a single chip within a
remote unit 13, 14, modulate portions of the incoming combined signal according to a
predefined modulation schemes. The modulated signals provided by the base stations
133a-133d, 141a-141d are then forwarded to a multiplexer 134, 142, which combines the
modulated signals to form a common RF communication signal. The common RF
communication signal is then transmitted via one or multiple antennas 135, 143, which for
example may be set up as a distributed antenna system or a so called leaky feeder for

providing distributed coverage throughout the coverage area 20.

The repeater system 1 hence is set up to combine (aggregate) communication links 30,
40 established with outside communication sources 3, 4 to obtain a combined signal and
to transmit the combined signal as a common RF communication signal into the coverage
area 20. The communication links contained in that RF communication signal transmitted
into the coverage area 20 herein may be of a different kind than the outside
communication links 30, 40. In particular, the common RF communication signal
transmitted into the coverage area 20 may employ different modulation schemes and may

cover one or multiple different frequency bands.

11
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This is shown in an example in Figs. 3A and 3B. Herein Fig. 3A shows frequency bands
of communication links 30, 40 established between outside communication sources 3, 4
and the front end section 10 of the repeater system 1. Fig. 3B, in turn, shows frequency
bands covered by the common RF communication signal which is to be transmitted into

the coverage area 20 by means of the remote units 13, 14 of the back end section.

In the particular example, the signals of the communication links 30, 40 lie in the
frequency bands of

- LTE 800 (between 791 MHz und 821 MHz),

- GSM 900 (between 925 MHz and 960 MHz),

- LTE 1800 (between 1805 MHz und 1880 MHz),

- UMTS 2100 (between 2110 MHz und 2170 MHz) and

- WIiFi 2.4G (between 2,4 GHz and 2,4835 GHz).
Precisely, a first operator may be assigned one LTE 800 carrier having a band width of
10 MHz, a second operator may be assigned three UMTS 900 carriers each having a
band width of 5 MHz, the first operator in addition may be assigned eight GSM 900
carriers each having a band width of 200 kHz, a third operator may be assigned one LTE
1800 carrier having a band width of 20 MHz, the first operator may be additionally
assigned one LTE 1800 carrier having a band width of 20 MHz, and a fourth operator
may be assigned a UMTS 2100 carrier having a band width of 15 MHz. In addition a
single WiFi 2.4G 40MHz carrier is present.

Such communication links 30, 40 hence represent data links for transmitting data (e.g.
LTE, UMTS, WiFi) or voice call links for transmitting speech data (e.g. GSM). Such
communication links 30, 40 are, in the front end section 10, converted and combined to
form a combined signal containing the data contained in the single communication links
30, 40.

Such combined signal is forwarded, in the downlink direction, to the remote units 13, 14,
which modulate by means of their base stations 133a-133d, 141a-141d the combined
signal to provide a local communication cell in the coverage area 20 employing, in the
example of Fig. 3B, the schemes of

- LTE 2.6 (in a frequency band between 2620 MHz and 2680 MHz),

- LTES3.5 (in a frequency band between 3510 MHz and 3590 MHz) and

- WIFi 5G (in a frequency band between 5.15 GHz and 5.85 GHz).

12
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In the particular example, data and speech carriers in the frequency bands of the
communication links 30, 40 with the outside communication sources 3, 4 hence are
translated into two LTE 2.6 carriers having of a band width of 20 MHz each, two LTE 3.5
carriers having a band width of 20 MHz each, and one WiFi 5G carrier having a band
width of 40 MHz. The signals of such carriers are combined by a multiplexer 134, 142
and transmitted as a common RF communication signal into the coverage area 20 for

reception by one or multiple terminals 5, 6 located in the coverage area 20.

Terminals 5, 6 located in the coverage area 20 may for example be mobile phones, such
as smartphones, or portable computer devices, such as laptop or tablet computers.
Herein, in the particular example given in Fig. 3B, viathe LTE 2.6 and LTE 3.5 carriers in
particular mobile phones may establish a connection to the repeater system 1, whereas
computer devices, such as laptops or tablets, may communicate with the repeater system
1 via the WIiFi carrier (with an appropriate chip set or USB dongle it may also be possible

for laptops or tablets to communicate via the LTE carriers).

The carriers of the outside communication links 30, 40 may belong to different operators.
By means of the repeater system 1 the signals of such carriers are combined to an RF
communication signal common to all operators such that a user may communicate with
the repeater system 1 and via the repeater system 1 with outside communication sources
3, 4 substantially independent on the communication capacity of a particular operator the

user has subscribed with.

In the example of Figs. 3A and 3B, the frequency bands of the outside communication
links 30, 40 and the local roaming cell in the coverage area 20 are different from each
other. It however is also possible, as shown in Fig. 4, that the frequency bands of the
outside communication links 30, 40 and the common RF communication signal in the

coverage area 20 partially or fully overlap.

In the particular example of Fig. 4, the communication signal is transmitted into the
coverage area 20 via GSM / LTE 1800 carriers in the frequency band of 1805 MHz to
1880 MHz, via UMTS 2100 carriers in the frequency band of 2110 and 2170 MHz and via
a WIiFi 2.4G carrier in the frequency band between 2.4 GHz and 2.4835 GHz. Precisely,
eight GSM 1800 carriers having a band width of 200kHz each, two LTE 1800 carriers
having a band width of 20MHz each, three UMTS 2100 carriers having a band width of 15
MHz each, and one WiFi 2.4G carrier having a band width of 40 MHz are employed.
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Such frequency bands are at least in a partial match with a subset of the frequency bands

of the outside communication links 30, 40 as shown in Fig. 3A.

In this case, interference will not be a problem if the coverage area 20 of the common RF
communication signal transmitted by the remote units 13, 14 lies in an isolated, shielded

environment.

If however the environment of the coverage area 20 is not fully shielded, it is to be made
sure that the signal strength of the RF communication signal transmitted into the
coverage area 20 is limited in order not to interfere with outside signals. This in general
poses no problem since for example passengers in a train 2 usually are seated close to
antennas or leaky feeder cables, such that an RF communication signal of limited signal

strength in general is sufficient.

In the above description it primarily has been referred to the downlink in the direction from
outside communication sources 3, 4 to terminals 5, 6 located in the coverage area 20.
The uplink works essentially in an opposite fashion in that in the uplink direction in the
remote units 13, 14 a combined signal is produced and forwarded to the front end section
10, and the conversion and link aggregation unit 102 of the front end section 10
translates the combined signal into signals for the different outside communication links
30, 40. The RF processing unit 101 then transmits, via antenna 100, corresponding RF

signals to the communication sources 3, 4.

In the example of Figs. 1 to 4, outside communication sources 3, 4 communicate via an
air interface with the repeater system 1. This in particular is applicable for moving
environments such as trains, planes, ships or vehicles such as busses. A repeater
system 1 of the kind described herein however may also be used in stationary
environments such as in buildings or tunnels for providing coverage in isolated areas of

such environments.

For such stationary environments it is also conceivable, as shown in an embodiment in
Fig. 5, that the repeater system 1 via a backhaul 96 is directly connected to outside
communication sources 9 of communication networks. For example, via backhaul 96 the
front end section 10 of the repeater system 1 may be connected to a communication
source providing E1/T1 services 90, to a communication source providing DSL services
91, to a passive optical network (PON) 92, to an active optical Ethernet 93, to a free-

space optical communication network 94, or to a fixed wireless communication link 95.
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Via such backhaul 96 data may, in the digital baseband, be provided directly to the

conversion and link aggregation unit 102.

Further, a communication source 8 in the shape of a base station may be connected via a
so called Common Public Radio Interface (CPRI) to the conversion and link aggregation

unit 102 of the front end section 10.

In addition, a communication source 7 may via an RF cable be connected to the RF
processing unit 101, hence providing RF signals in the RF frequency band to the RF

processing unit.

By means of the conversion and link aggregation unit 102 such different signals are
combined to a single combined signal containing the data comprised in the several
communication links. The distribution of the communication data stream within the

coverage area 20 takes place similarly as described above.

The idea underlying the invention is not limited to the embodiments described above, but

may be implemented in an entirely different fashion in completely other solutions.
In particular, a repeater system of the noted kind may operate in entirely different

environments than the ones stated above. Further, entirely different modulation schemes

and/or frequency bands may be employed other than the ones mentioned in this text.
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List of Reference Numerals

1 Repeater system

10 Front end section (host unit)
100 Antenna

101 RF processing unit

102 Conversion and link aggregation unit
103 Wireless communication unit
104 Antenna

105 Splitter

106 Connection line

11 Wireless communication connection
12 Wire line communication connection
13 Back end section (remote unit)
130 Antenna

131 Wireless communication unit
132 Splitter

133a-133c Remote base station

133d WiFi hub

134 Multiplexer

135 Antenna port

14 Back end section (remote unit)
140 Splitter

141a-141c Remote base station

141d WiFi hub

142 Multiplexer

143 Antenna port

2 Train

20 Coverage area

3.4 Base station

30, 40 Communication link

56 Terminal

50, 60 Communication link

7,8 Base station

9 Signal sources

90-95 Signal source

96 Backhaul
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Claims:

1. A repeater system (1), comprising:

a front end section (10) constituted to, in a downlink direction, receive signals from
at least one communication source (3, 4, 7, 8, 9) located outside of a coverage
area (20) of the repeater system (1) and to, in an uplink direction, transmit signals
to the at least one communication source (3, 4, 7, 8, 9) and

a back end section (13, 14) constituted to, in the downlink direction, transmit an
RF communication signal into the coverage area (20) and to, in the uplink

direction, receive an RF communication signal out of the coverage area (20),

characterized in

that

in the downlink direction the front end section (10) is constituted to combine
multiple signals from multiple communication sources (3, 4, 7, 8, 9) into a
combined signal and to transmit the combined signal to the back end section (13,
14), wherein the back end section (13, 14) is constituted to produce, from the
combined signal, the RF communication signal for transmission into the coverage
area (20) and

in the uplink direction the back end section (13, 14) is constituted to produce, from
a received RF communication signal, a combined signal, wherein the front end
section (10) is constituted to produce multiple signals from the combined signal
received from the back end section (13, 14) for transmission to the multiple

communication sources (3, 4, 7, 8, 9).

2. The repeater system (1) according to claim 1, characterized in that the front end

section (10) comprises a conversion and link aggregation unit (102) for combining the

multiple signals from the multiple communication sources (3, 4, 7, 8, 9) into the

combined signal.
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3. The repeater system (1) according to claim 2, characterized in that the conversion

and link aggregation unit (102)
- is operable to, in the downlink direction, demodulate the multiple signals and
to combine the demodulated signals to form the combined signal and/or
- is operable to, in the uplink direction, produce the multiple signals and to
modulate the multiple signals for transmission to the multiple communication
sources (3,4,7,8,9).

The repeater system (1) according to claims 2 or 3, characterized in that an RF
processing unit (101) together with the conversion and link aggregation unit (102) is
operable to, in the downlink direction, equalize the multiple signals received from the
multiple communication sources (3, 4, 7, 8, 9) and/or, in the uplink direction,
individually gain adjust the multiple signals for transmission to the multiple

communication sources (3, 4, 7, 8, 9).

The repeater system (1) according to one of the preceding claims, characterized in
that the front end section (10) is constituted as a host unit and the back end section
as at least one remote unit (13, 14), wherein the front end section (10) is operable to
communicate with the back end section (13, 14) via a wireless communication
connection (11) or a wire line communication connection (12) for transmitting a
combined signal to and receiving a combined signal from the back end section (13,
14).

The repeater system (1) according to one of the preceding claims, characterized in
that the back end section (13, 14), in the downlink direction, is operable to modulate
the combined signal according to at least one modulation scheme to produce a RF
communication signal for transmission into the coverage area (20) and/or, in the
uplink direction, is operable to demodulate a received RF communication signal to
produce a combined signal.
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10.

11.

12.

13.

The repeater system (1) according to one of the preceding claims, characterized in
that the back end section (13, 14) comprises a multiplexer (134, 142) for multiplexing
modulated signals produced from the combined signal to form the RF communication

signal for transmission into the coverage area (20).

The repeater system (1) according to one of the preceding claims, characterized in
that the front end section (10) is operable to communicate with the at least one

communication source (3, 4) via an air interface.

The repeater system (1) according to one of the preceding claims, characterized in
that the front end section (10) is operable to communicate with the at least one

communication source (3, 4) via a mobile communication scheme.

The repeater system (1) according to claim 9, characterized in that the mobile
communication scheme is at least one of GSM, GPRS, 3G, HSPA, HSPA+, LTE and
WiFi.

The repeater system (1) according to one of the preceding claims, characterized in
that the front end section (10) is operable to communicate with the at least one

communication source (9) via a backhaul (96).

The repeater system (1) according to one of the preceding claims, characterized in
that a modulation scheme of the signals received from the at least one
communication source (3, 4, 7, 8, 9) is different than a modulation scheme of the RF

communication signal transmitted into the coverage area (20).

The repeater system (1) according to one of the preceding claims, characterized in
that a modulation scheme of the RF communication signal transmitted into the
coverage area (20) is at least one of GSM, GPRS, 3G, HSPA, HSPA+, LTE and WiFi.
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14. The repeater system (1) according to one of the preceding claims, characterized in

15.

that the signals received from and transmitted to the at least one communication

source (3, 4, 7, 8, 9) and the RF communication signal transmitted into and received

out of the coverage area (20) lie, at least partially, in different frequency bands.

A method for operating a repeater system (1), the repeater system 1) comprising:

a front end section (10) which, in a downlink direction, receives signals from at
least one communication source (3, 4, 7, 8, 9) located outside of a coverage area
(20) of the repeater system (1) and, in an uplink direction, transmits signals to the
at least one communication source (3, 4, 7, 8, 9) and

a back end section (13, 14) which, in the downlink direction, transmits an RF
communication signal into the coverage area (20) and, in the uplink direction,

receives an RF communication signal out of the coverage area (20),

characterized in

that

in the downlink direction the front end section (10) combines multiple signals from
multiple communication sources (3, 4, 7, 8, 9) into a combined signal and
transmits the combined signal to the back end section (13, 14), wherein the back
end section (13, 14) produces, from the combined signal, the RF communication
signal for transmission into the coverage area (20) and

in the uplink direction the back end section (13, 14) produces, from a received RF
communication signal, a combined signal and the front end section (10) produces
multiple signals from the combined signal received from the back end section (13,

14) for transmission to the multiple communication sources (3, 4, 7, 8, 9).
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