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(54) Method and system for wireless cellular indoor communications

(57)  The invention relates to a method for wireless
cellular indoor communications, the method comprising
at least one base station (Bs) connected to a cell man-
agement unit (CMU) through a first digital connection in-
terface (i1), the cell management unit connected to at
least one RF hub (RFH1,RFH2) through a second digital
connection interface (i2), and the at least one RF hub
connected to at least one remote radio head (RH1 to
RH5) through a third digital connection interface (i3), the
at least one remote radio head providing service in a
certain cell area (C1, C2) inside a confined environment,

Figure 3

and the cell management unit (CMU) comprising means
for providing efficient load balancing at and between base
stations through adaptive cell reconfiguration; means for
mapping carriers, time, frequency or time-frequency al-
locations to individual radio heads; means for alignment
of individual delays accumulated on the digital connec-
tions between the cell management unit and each of the
radio heads; means for synchronization of the signals
between the cell management unit and the individual re-
mote radio heads; and means for failure detection of the
individual digital links between the cell management unit
and the remote radio heads.
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Description

[0001] The presentinvention relates to indoor commu-
nications systems, and particularly to wireless cellular
communications systems in buildings and tunnels.
[0002] Wireless communications systems are becom-
ing an increasingly widespread phenomenon of modern
communications. Since many users place an increasing
number of cellular calls or data transmissions within
buildings or other confined structures, there is a need to
achieve high quality indoor coverage at appropriate ca-
pacity.

[0003] A conventional configuration to extend a wire-
less communications service e.g. GSM or UMTS, from
an outdoor environment to an indoor area is shown in
Figure 1 and is characterized by the utilization of a re-
peater R that is typically located within a building B to
retransmit within the building a wireless signal Ws re-
ceived at an external antenna Al or retransmit outside
the building the wireless signals Ws of mobile stations
Ms, e.g. mobile phones, handheld computers and the
like, located inside the building B. In the downlink, that
is when the wireless signals Ws from the external envi-
ronment are transmitted to the mobile stations Ms inside
the building B, said outdoor wireless signals are passed
along a first connection Col to the repeater R which for-
wards the signal along a second connection Co2 to a
plurality of inter-connected amplifiers Am, the amplifiers
amplify the signals which are then transmitted over the
in-building antennas A2 to A4. In the uplink direction, that
is, when the wireless signals Ws from the mobile stations
Ms are transmitted to a wireless infrastructure outside
the building B, the repeater R receives said signals along
connection Co2 and transmits them along connection
Col to the external antenna Al.

[0004] Itis also possible that the repeater R of the in-
door communications structure is replaced by a base sta-
tion connected to a communications core network along
connection Col. Typically, the information is distributed
via analogue signals inside the buildings and confined
areas.

[0005] Another known indoor communications system
providing wireless cellular service is shown in figure 2. A
core network CN is connected to a base station Bs. The
radio frequency (RF) signals from the base station or an
off-air repeater OAR are digitized into base band signals
in a base station interface BSI (and vice versa in uplink
transmission) and distributed in the form of data packets
using data cables, e.g. category 5 (CATS5) or optical fiber,
to at least one Ethernet switch ES. The Ethernet switch
ES then distributes the information to the corresponding
remote radio heads RH1 to RH4 serving a particular cell
area Cl and C2. An example of such systemis disclosed
in Patent Application US 2005/0157675 Al. An advan-
tage of such systems is that they provide a cost-effective
solution due to the use or re-use of low cost distribution
cabling which is usually already present, totally or partly,
in buildings and used for other types of digital communi-
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cations e.g. local area network LAN structures using Eth-
ernet protocol.

[0006] Using standard Ethernet switches, cell config-
urations can be achieved due to the sectorization of data
flow. Normally, an Ethernet hub is needed in each Eth-
ernet sector for data distribution in downlink and data
packaging in uplink. The hub function is placed in at least
one of the associated remote radio heads. In complex
systems, series of Ethernet switches are necessary and
bottlenecks of data flow are evident due to the 1 to n
distribution characteristic of the Ethernet switch resulting
in limiting the capacity of the network.

[0007] The object of the presentinvention is to provide
a method and a system for wireless cellular indoor com-
munications with improved cell and load balancing man-
agement.

[0008] The object is achieved by a and a wireless cel-
lular indoor communications system according to claim
1 and a method for wireless cellular indoor communica-
tions according to claim 6.

[0009] The system for wireless cellularindoor commu-
nications of the invention uses a cell management unit
with complex matrix function, instead of distributed stand-
ard Ethernet switches, for flexible cell management of
multi-service and multi-operator functions.

[0010] The cell management unit is the interface be-
tween a number of base stations and the Ethernet con-
nection. It provides multi-functions for a broad scope of
complex scenarios of operation, with multi-carrier, multi-
service and multi-operator functions, and efficient data
management. In this way, the remote radio heads can
be used in parallel for different services and at different
functions, such as for frequency division duplex (FDD)
and time division duplex (TDD). The remote radio heads
are serviced by RF-Hubs similar to the original Ethernet
hub functionality. Due to a compact arrangement of the
cell management unit, data concentrations can be avoid-
ed and high data transfer can be achieved in complex
networks.

[0011] The cell management unit provides data man-
agement in terms of packaging and addressing to the
radio heads in downlink and un-packaging and address-
ing to the base stations in uplink. Since the cell manage-
ment unit performs the frequency allocation of the remote
radio heads, cell management for different services and
operators can be achieved. Cell management can be per-
formed manually, by software control or even automati-
cally adaptive to current cell scenarios.

[0012] Due to a traffic activity control, un-used carriers
in remote radio heads can be deactivated at locations of
low traffic and can be shifted and activated in remote
radio heads at locations of high traffic. The load-balanc-
ing in base stations can be performed independently of
the cell management function. In this way, capacity can
follow moving users in complex buildings, such as air-
ports, stations, etc., with dynamic distribution of hot-
spots.

[0013] Cost optimization can be achieved when cell
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architectures must no longer be designed for peak traffic
with moving users all over the whole building. Further
cost optimization is achieved using base stations with
digital interface and remote radio heads at dedicated lo-
cations, where capacity and coverage is needed. Addi-
tionally, since information is distributed in digital base-
band, cost-effective transport can be used or eventually
re-used, such as CATS5 cabling and optical fiber. Due to
the LAN characteristic of the digital distribution infrastruc-
ture, the remote radio heads can advantageously be eas-
ily relocated.

[0014] Radio heads can be designed using low-cost
technology of mobile stations avoiding high RF transmis-
sion levels.

[0015] Anembodimentexample ofthe invention is now
explained with the aid of Figures 1 to 6.

Figure 1 shows a first typical indoor communications
system structure, for analogue systems, according
to the prior art.

Figure 2 shows a wireless cellular indoor communi-
cations system, with digital distribution of signals
over Ethernet, according to the prior art.

Figure 3 shows a first example of a wireless cellular
indoor communications system, with separated cell
configuration, according to the invention.

Figure 4 shows a second example of a wireless cel-
lular indoor communications system, with overlap-
ping cell configuration, according to the invention.

Figure 5 shows an example of carrier distribution ac-
cording to the wireless cellular indoor communica-
tions method of the invention.

Figure 6 shows an example block schematic of a
wireless cellular indoor communications system ac-
cording to the invention.

[0016] Afirstexample of awireless cellularindoor com-
munications system structure according to the invention
is shown in Figure 3, comprising a core network CN, a
base station Bs, a cell management unit CMU, an off-air
repeater (OAR), digital interfaces il to i3, RF hubs RFH1
and RFH2, and remote radio heads RH1 to RH5.

[0017] Inthe downlink direction, communications core
network signals intended for the mobile station inside the
indoor environment, e.g. a building or a tunnel, are re-
ceived by the base station Bs. Said signals are then
passed in digital form through a first connection interface
i1, e.g. an electrical or optical connection using Ethernet
protocol or of other standards (e.g. OBSAI or CPRI), to
the cell management unit CMU. The cell management
unit CMU performs data packaging in downlink and for-
wards said digital packets through a second digital con-
nection interface i2, e.g. an electrical or optical connec-
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tion using Ethernet protocol, to the RF Hubs RFH1 and
RFH2, which in turn pass the packets through a third
connection interface i3, e.g. an electrical or optical con-
nection using Ethernet protocol, to the remote radio
heads RH1 to RH5.

[0018] Similarly, in the uplink direction, radio signals
Ws transmitted by the mobile stations located in the in-
door environment are received by the remote radio heads
RH1 to RH5 and sent to the core network CN with data
packaging in the RF Hubs.

[0019] The base station is a conventional base station
without radio equipment. The cell management unit CMU
provides transparent operation of the radio heads RH1
to RH5 from the base station and comprises standard
digital interfaces to the base station Bs and to the off-air
repeater OAR, at least one Ethernet interface to connect
the RF Hubs RFH1 and RFH2, an intelligent switching
unit for data distribution and cell organization configura-
ble in size and functionality according to system dimen-
sions, a complex matrix function to combine different
base stations with a number of RF hubs, multi-service
and multi-operator functionality for full transparency, flex-
ible cell management for static cell configurations, auto-
matic cell management for adaptive cell configurations.
[0020] The CMU preferably comprises the following
functionality (in a form independent of the used air inter-
face standard):

- means for supporting efficient load balancing at and
between base stations through adaptive cell recon-
figuration, especially through the shifting of un-used
carriers from radio heads inside areas of low traffic
load to radio heads inside areas of high traffic load,
e.g. means for individual load identification for each
carrier on each of the radio heads by air interface
activity detection and interference sensing. Air inter-
face activity detection thereby isrealized on the basis
of the individually supported air interface protocols;
means for de-activation of un-used carriers per radio
head on an individual basis; means for shifting car-
riers from radio heads, where these carriers are not
used for radio heads with high load on their active
carriers, means for activation of the shifted carriers
at locations (radio heads) of high loading. The cell
management unit mechanism of adaptive cell re-
configuration thereby will neither require any chang-
es to the load balancing mechanisms at or between
the access nodes (e.g. BTS, Node-B, WiMAX base
station) nor any dedicated messaging between ac-
cess nodes and CMU for supporting load balancing.

- mapping means from carriers or time, frequency or
time-frequency allocations to individual radio heads,
as identified e.g. through their MAC addresses or
the connectors of the respective digital lines to which
the radio heads are connected,

- delay management means for alignment of the indi-

T-Mobile v. Dali Wireless Inc.
T-Mobile Ex. 1034



5 EP 1924 109 A1 6

vidual delays accumulated on the digital connections
between the cell management unit and each of the
radio heads,

- means for synchronization of the signals between
the cell management unit and the individual radio
heads,

- failure detection means for the individual digital links
between the cell management unit and the radio
heads.

[0021] The RF hubs provide data distribution to the
remote radio heads in downlink and data packaging in
uplink

[0022] The remote radio heads RH1 to RH5 are RF air
interfaces to users providing a digital interface to the net-
work. They are part of the BTS according to standards,
such as OBSAI or CPRI. The remote radio heads are
equipped to transmit four carriers over the full RF band-
width of each service but channel-selective at least in
uplink. In this way, a remote radio head can operate in-
dividually for dedicated operators only. Since frequency
allocation of each carrier can be tuned remotely by the
cell management unit CMU, the remote radio heads RH1
to RH5 can represent an individual cell and/or can be
part of a greater cell. Thus, in both cases, extension of
capacity and/or coverage, can be achieved. Different
types of remote radio heads can be planned either for
FDD or for TDD operation.

[0023] InFigure 3, the wireless cellularindoor commu-
nications system, according to the invention, is illustrated
with separated cell configuration, that is, a first RF Hub
RFH1 is connected to two remote radio heads RH1 and
RH2 which provide service in a first cell area C1 inside
a certain first indoor location area Al, and a second RF
Hub RFH2 is connected to three remote radio heads RH3
to RH5 which provide service in a second cell area C2
inside a certain second indoor location area A2, and the
first and second indoor location areas A1 and A2 being
isolated or separated. On the other hand, Figure 4 illus-
trates a wireless cellular indoor communications system,
according to the invention, which presents overlapping
cell configuration, that is, now the first RF Hub RFH1 is
connected to two remote radio heads RH1 and RH2, RH1
providing service in cell C1, and RH2 providing service
in cell C2, and cells C1 and C2 overlapping in the same
indoor location area Al, and the second RF Hub RFH2
is connected to three remote radio heads RH3, RH4 and
RH5 which also provide service in different overlapping
cells C1, C2 at the same indoor location area A2.
[0024] For the sake of generalization, other cell con-
figurations, as the onesiillustrated in the examples of Fig-
ures 3 and 4, are possible according to the invention.
Each remote radio head can service a different cell area,
or two, or more, remote radio heads can belong the same
cell area, said cell areas overlapping inside a certain in-
door location area or being in different location areas.
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The RF hubs can be connected to remote radio heads
which serve the same cell or serve different cells.
[0025] Figure 5 shows an example of carrier distribu-
tion according to the wireless cellular indoor communi-
cations method of the invention considering four carriers
per remote radio head RH-1 to RH-N. The base station
Bs provides the M carriers Cal to CaM to the cell man-
agement unit CMU which in turn distributes it between
the at least one RF Hub RFH 1 to X of the next stage.
The one or more RF Hubs distribute carriers 1to 4to a
first remote radio head RH-1 according to medium ac-
cess control (MAC) addresses MA1 to MA4 in the Eth-
ernet packets, carriers 5 to 8 to a second remote radio
head RH-2 according to MAC addresses 5 to 8, and car-
riers M-3 to M to an N remote radio head RH-N according
to MAC addresses M-3 to M, where M = N x 4.

[0026] Figure 6 shows an example block schematic of
a wireless cellular indoor communications system ac-
cording to the invention. In the example of the figure the
cell management unit CMU operates on eight base sta-
tions BS1 to BS8 and on eight RF Hubs RFH1 to RFH8
(but, of course, more or less base stations Bs and RF
Hubs could also be connected to the CMU). Each base
station can provide four carriers at individual services.
The eight BS can cover different services of different op-
erators. The network between interfaces 11 and I3 is fully
transparent, while the remote radio heads RH1 to RH32
are dedicated for individual services.

Claims

1. A wireless cellular indoor communications system
comprising at least one base station (Bs) connected
to a cell management unit (CMU) through a first dig-
ital connection interface (i1), the cell management
unit connected to at least one RF hub (RFH1,RFH2)
through a second digital connection interface (i2),
and the at least one RF hub connected to at least
one remote radio head (RH1 to RH5) through a third
digital connection interface (i3), the at least one re-
mote radio head providing service in a certain cell
area (C1, C2) inside a confined environment,
the cell management unit (CMU) comprising

- means for providing efficient load balancing at
and between base stations through adaptive cell
reconfiguration,

- means for mapping carriers, time, frequency
or time-frequency allocations to individual radio
heads,

- means for alignment of individual delays accu-
mulated on the digital connections between the
cell management unit and each of the radio
heads,

- means for synchronization of the signals be-
tween the cell management unit and the individ-
ual remote radio heads,

T-Mobile v. Dali Wireless Inc.
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- means for failure detection of the individual dig-
ital links between the cell management unit and
the remote radio heads.

The wireless cellularindoor communications system
of claim 1 wherein the means for supporting efficient
load balancing comprise means for shifting un-used
carriers from remote radio heads inside areas of low
traffic load to remote radio heads inside areas of high
traffic load.

The wireless cellularindoor communications system
of claim 2 wherein the means for shifting un-used
carriers from remote radio heads inside areas of low
traffic load to remote radio heads inside areas of high
traffic load comprise

- means for individual load identification for each
carrier on each of the radio heads by air interface
activity detection and interference sensing,

- means for de-activation of un-used carriers per
remote radio head on an individual basis;

- means for shifting carriers from radio heads,
where these carriers are not used for radio
heads with high load on their active carriers,

- means for activation of the shifted carriers at
locations where the remote radio heads are
loaded over a predetermined value.

The wireless cellularindoor communications system
of claim 1, wherein the carriers, time, frequency or
time-frequency allocations are identified through
their MAC addresses or the connectors of the re-
spective digital lines to which the radio heads are
connected.

The wireless cellularindoor communications system
of claim 1, wherein the first, second and third digital
interface is an electrical or optical connection using
Ethernet protocol.

A method for wireless cellular indoor communica-
tions, the method comprising

a base station (Bs) transmitting or receiving call or
data information to/from a cell management unit
(CMU) through afirst digital connection interface (i1),
the cell management unit transmitting or receiving
call or data information to/from at least one RF hub
(RFH1,RFH2) through a second digital connection
interface (i2), and

the at least one RF hub transmitting or receiving call
or data information to/from at least one remote radio
head (RH1 to RH5) through a third digital connection
interface (i3), the at least one remote radio head pro-
viding service in a certain cell area (C1, C2) inside
a confined environment,
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- providing efficient load balancing at and be-
tween base stations through adaptive cell recon-
figuration,

- mapping carriers, time, frequency or time-fre-
quency allocations to individual radio heads,

- aligning individual delays accumulated on the
digital connections between the cell manage-
ment unit and each of the radio heads,

- synchronizing signals between the cell man-
agement unit and the individual remote radio
heads,

- detecting failure of the individual digital links
between the cell management unit and the re-
mote radio heads.

Amended claims in accordance with Rule 137(2)
EPC.

1. Awireless cellularindoor communications system
comprising at least one base station (Bs) connected
to a cell management unit (CMU) through a first dig-
ital connection interface (i1), the cell management
unit connected to at least one RF hub (RFH1,RFH2)
through a second digital connection interface (i2),
and the at least one RF hub connected to at least
one remote radio head (RH1 to RH5) through a third
digital connection interface (i3), the at least one re-
mote radio head providing service in a certain cell
area (C1, C2) inside a confined environment,

the cell management unit (CMU) comprising

- means for providing efficient load balancing at
and between base stations through adaptive cell
reconfiguration,

- means for shifting un-used carriers from re-
mote radio heads inside areas of low traffic load
to remote radio heads inside areas of high traffic
load,

- means for mapping carriers, time, frequency
or time-frequency allocations to individual radio
heads,

- means for alignment of individual delays accu-
mulated on the digital connections between the
cell management unit and each of the radio
heads,

- means for synchronization of the signals be-
tween the cell management unit and the individ-
ual remote radio heads,

- means for failure detection of the individual dig-
ital links between the cell management unit and
the remote radio heads.

2. The wireless cellular indoor communications sys-
tem of claim 1 wherein the means for shifting un-
used carriers from remote radio heads inside areas
of low traffic load to remote radio heads inside areas
of high traffic load comprise

T-Mobile v. Dali Wireless Inc.
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- means for individual load identification for each
carrier on each of the radio heads by air interface
activity detection and interference sensing,

- means for de-activation of un-used carriers per

mote radio heads.

6. A cell management unit (CMU) comprising:

remote radio head on an individual basis; 5 - means for providing efficient load balancing at
- means for shifting carriers from radio heads, and between base stations through adaptive cell
where these carriers are not used for radio reconfiguration, the base stations connected to
heads with high load on their active carriers, the cell management unit
- means for activation of the shifted carriers at - means for shifting un-used carriers from re-
locations where the remote radio heads are 10 mote radio heads inside areas of low traffic load
loaded over a predetermined value. to remote radio heads inside areas of high traffic
load, the remote radio heads connected to at
3. The wireless cellular indoor communications sys- least one RF Hub, the RF Hub connected to the
tem of claim 1, wherein the carriers, time, frequency cell management unit,
or time-frequency allocations are identified through 15 - means for mapping carriers, time, frequency
their MAC addresses or the connectors of the re- or time-frequency allocations to individual radio
spective digital lines to which the radio heads are heads,
connected. - means for alignment of individual delays accu-
mulated on the digital connections between the
4. The wireless cellular indoor communications sys- 20 cell management unit and each of the radio
tem of claim 1, wherein the first, second and third heads,
digital interface is an electrical or optical connection - means for synchronization of the signals be-
using Ethernet protocol. tween the cell management unit and the individ-
ual remote radio heads,
5. A method for wireless cellular indoor communica- 25 - means for failure detection of the individual dig-
tions, the method comprising ital links between the cell management unit and
a base station (Bs) transmitting or receiving call or the remote radio heads.
data information to/from a cell management unit
(CMU) through afirst digital connection interface (i1), 7. The management unit (CMU) according to claim
the cell management unit transmitting or receiving 30 6, wherein the means for shifting un-used carriers
call or data information to/from at least one RF hub from remote radio heads inside areas of low traffic
(RFH1,RFH2) through a second digital connection load to remote radio heads inside areas of high traffic
interface (i2), and load comprise
the at least one RF hub transmitting or receiving call
or data information to/from at least one remote radio 35 - means for individual load identification for each
head (RH1 to RH5) through a third digital connection carrier on each of the radio heads by air interface
interface (i3), the at least one remote radio head pro- activity detection and interference sensing,
viding service in a certain cell area (C1, C2) inside - means for de-activation of un-used carriers per
a confined environment, remote radio head on an individual basis;
and 40 - means for shifting carriers from radio heads,
the cell management unit (CMU) where these carriers are not used for radio
heads with high load on their active carriers,
- providing efficient load balancing at and be- - means for activation of the shifted carriers at
tween base stations through adaptive cell recon- locations where the remote radio heads are
figuration, 45 loaded over a predetermined value.
- shifting un-used carriers from remote radio
heads inside areas of low traffic load to remote
radio heads inside areas of high traffic load,
- mapping carriers, time, frequency or time-fre-
guency allocations to individual radio heads, 50
- aligning individual delays accumulated on the
digital connections between the cell manage-
ment unit and each of the radio heads,
- synchronizing signals between the cell man-
agement unit and the individual remote radio 55
heads,
- detecting failure of the individual digital links
between the cell management unit and the re-
6
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