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(87} Abstract: The invention discloses a distributed antennae system including remote radio heads and a cell management set
connected o the remote radio heads via an extension hub, the cell management set connects to a BS for ransmifting downlink
radio signals to the remote radio heads, collecting vplink radio signals and transmitting them to the BS, and collecting load
mformation of the distributed antennae system and reassigning the distributed amennae sysiem based on the load information.
The invention discloses a cell management set and a reassignment method of the distributed antennae system. The invention
can dynamically effectually reassign the distributed antennae system in time based on a real-time load distributing condition,
balance the load in time and improve the efficiency of the system, and most improve the convenient character, the real-time
character and the veracity for the assignment synchronously, and schieve reassignment on line without interrupting the service,
ensure the continuity for the service,
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(57) Abstract:

The present disclosure relates to a distributed antenna system, including remote radio heads and a cell
management unit connected to the remote radio heads via an extension hub, wherein the cell management unit is
connected to a base station configured to transmit downlink radio signals to the remote radio heads, collect uplink
radio signals and transmit them to the base station, and collect the load information of the distributed antenna system
and reconfigure the distributed antenna system based on the load information. The present disclosure also relates to a
cell management unit and a reconfiguration method of a distributed antenna system. The present disclosure is capable
of dynamically reconfiguring the distributed antenna system in a timely and effective manner according to the real-
time load distribution situation, balancing the load and improve the system efficiency in a timely manner, and at the
same time greatly improving the convenience, real-time nature and accuracy of the configuration, and realizing online
reconfiguration without the interruption of services, ensuring the continuity of services.
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Cell Management Unit, Distributed Antenna System and Reconfiguration Method Thereof

Technical Field

The present disclosure relates to a distributed antenna system technology, and in particular to a cell
management unit, distributed antenna system and reconfiguration method thereof, which are capable of efficiently
reassigning carriers in a timely and efficient manner to adapt to load changes when the communication traffic of a
region varies greatly.

Background Art

A distributed antenna system (DAS) can improve the capacity and coverage area of wireless systems,
especially for improving indoor coverage area. The current trend in distributed antenna systems is to use fiber optic
or unshielded twisted pair/shielded twisted pair (UTP/STP) cables to transmit digital radio signals, which are primarily
digital baseband signals.

Fig. 1 shows the basic structure of an existing digital distributed antenna system 10. Remote radio heads
(RRHs) 17 are placed around the building. The primary hub 14 and the extension hubs 16 distribute downlink radio
signals to the remote radio heads 17 and collect uplink radio signals for the base station 11. Since the transmitted
signals are digital radio signals, it is easy to support multiple carriers and multiple base stations at the same time.

In general, once a distributed antenna system has been installed, the allocation of the radio frequency
spectrum is fixed. This mode of operation is not suitable for areas where communication traffic varies greatly, such
as auditoriums, conference halls, and the like. If too much spectrum is allocated to such areas, the spectrum resources
will be wasted when these areas are idle. However, if only a small amount of spectrum resources is allocated to these
areas, spectrum resources may be insufficient when these areas become crowded.

The disadvantages of most existing distributed antenna systems are that carriers cannot be reassigned in time
to effectively adapt to load changes when the communication traffic in an area varies greatly, so the above technical
problems cannot be effectively solved. Some of these distributed antenna systems have a manual offline
reconfiguration feature, which requires the administrator to perform manual reconfiguration based on the expected
load distribution, and this requires services to be stopped during the reconfiguration. Obviously, this reconfiguration
approach does not allow for dynamic reconfiguration in a timely and efficient manner based on real-time traffic
assignment, and does not allow for service continuity during reconfiguration.

Summary of the Invention

The present disclosure was completed in view of the above problems. The purpose of the present disclosure
is to propose a cell management unit, a distributed antenna system and a reconfiguration method thereof, which are
capable of reassigning carriers in a timely and efficient manner to adapt to load changes when the communication
traffic of a region varies greatly.
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According to one aspect of the present disclosure, a distributed antenna system is provided, comprising
remote radio heads and a cell management unit connected to the remote radio heads via an extension hub, wherein the
cell management unit is connected to a base station configured to transmit downlink radio signals to the remote radio
heads, collect uplink radio signals and transmit them to the base station, and collect the load information of the
distributed antenna system and reconfigure the distributed antenna system based on the load information.

According to another aspect of the present disclosure, a cell management unit is provided, which is connected
to a base station and connected to remote radio heads via an extension hub, configured to distribute downlink radio
signals to the remote radio heads, collect uplink radio signals and transmit them to the base station, and collect the
load information of the distributed antenna system and reconfigure the distributed antenna system according to the
load information.

According to a third aspect of the present disclosure, a method for reconfiguring a distributed antenna system
is provided, comprising: the collection of the load information of the distributed antenna system by the cell
management unit and the reconfiguration of the distributed antenna system based on the load information.

With the present disclosure, a distributed antenna system can be dynamically reconfigured in a timely and
effective manner according to the real-time load distribution, balancing the load and improving the system efficiency
in a timely manner, while greatly improving the convenience, real-time nature and accuracy of the configuration, and
it is capable of realizing online reconfiguration without the interruption of services, ensuring the continuity of services.

Brief Description of the Attached Drawings

In order to provide a clearer understanding of the above and other objectives, characteristics and advantages
of the present disclosure, the specific embodiments of the present disclosure are described in detail with the drawings
below, wherein:

Fig. 1 is a basic structural diagram of a conventional digital distributed antenna system;

Fig. 2 is a structural diagram of a distributed antenna system according to a first embodiment of the present
disclosure;

Fig. 3 is a structural diagram of a distributed antenna system according to a second embodiment of the present
disclosure;

Fig. 4 is a schematic diagram of a reconfiguration principle of a distributed antenna system according to a
second embodiment of the present disclosure;

Fig. 5 is another schematic diagram of a reconfiguration principle of a distributed antenna system according
to a second embodiment of the present disclosure;

Fig. 6 is a structural diagram of a distributed antenna system according to a third embodiment of the present
disclosure;

Fig. 7 is a process flowchart of a method for reconfiguring a distributed antenna system according to a third
embodiment of the present disclosure;

Fig. 8 is a structural diagram of a distributed antenna system according to a fourth embodiment of the present
disclosure;

Fig. 9 is a schematic diagram of a topology reconfiguration principle according to a fourth embodiment of
the present disclosure;

Fig. 10 depicts an initial state of an example of carrier reconfiguration in the fourth embodiment of the present
disclosure;

Fig. 11 depicts an intermediate state of an example of carrier reconfiguration in the fourth embodiment of the
present disclosure;

Fig. 12 depicts the final state of an example of carrier reconfiguration in the fourth embodiment of the present
disclosure;
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Fig. 13 depicts an initial state of another example of carrier reconfiguration in the fourth embodiment of the
present disclosure;

Fig. 14 depicts the final state of another example of carrier reconfiguration in the fourth embodiment of the
present disclosure;

Fig. 15 is a structural diagram of a distributed antenna system according to a fifth embodiment of the present
disclosure;

Fig. 16 is the process flowchart of the reconfiguration of a distributed antenna system according to a fifth
embodiment of the present disclosure;

Fig. 17 is a schematic diagram of a second dynamic reconfiguration module according to a fifth embodiment
of the present disclosure and the working principle of the dynamic reconfiguration module;

Fig. 18 is another schematic diagram of the second dynamic reconfiguration module according to a fifth
embodiment of the present disclosure and the working principle of the dynamic reconfiguration module;

Fig. 19 is a diagram of the second dynamic reconfiguration module according to a fifth embodiment of the
present disclosure and the process flow of the dynamic reconfiguration module.

Specific Embodiments

The embodiments of the present disclosure are explained in detail below with reference to the accompanying
drawings, and details and functions that are not necessary for the present disclosure are omitted in the description to
avoid confusion in the understanding of the present disclosure.

As shown in Fig. 2, an embodiment of the present disclosure provides a distributed antenna system 20
comprising at least one remote radio head (RRH) 26 and a cell management unit (CMU) 24 connected to the remote
radio heads 26 via at least one extension hub 25. The cell management unit 24 is connected to the base station 21, and
is configured to distribute downlink radio signals to the remote radio head 26, collect uplink radio signals and transmit
them to the base station 21, and collect the load information of the distributed antenna system 20 and reconfigure the
distributed antenna system 20 based on the load information.

According to an embodiment of the present disclosure, the cell management unit (CMU) 24 is the control
center of the distributed antenna system 20, and the cell management unit 24 is connected to the base station 21 and
connected to the remote radio heads 26 via the extension hub 25 for distributing downlink radio signals to the remote
radio heads 26, collecting uplink radio signals and transmitting them to the base station 21, and collecting the load
information of the distributed antenna system 20 and reconfiguring the distributed antenna system 20 according to the
load information. The interface 22 between the CMU 24 and the base station 21 can be the standard Open Base Station
Architecture Initiative interface (OBSAI), the Common Public Radio Interface (CPRI), or a special local
communication interface.

An extension hub 25 is used to aggregate and distribute I/Q data to an extended coverage area. The remote
radio heads (RRHs) 26 are used for digital filtering, analog/digital-to-analog conversion, and analog front-end
functions. The transmission medium 23 of the distributed antenna system 20 may be an optical fiber or a UTP/STP
cable, etc., the transmission network may be Gigabit Ethernet, and the transmitted radio signals are digital baseband
signals.

According to an embodiment of the present disclosure, the distributed antenna system 20 can support multiple
carriers and multiple base stations, of which the RRHs can also support multiple carriers. The number of carriers
supported depends on the wireless technology used and its operating bandwidth. For example, for 5 MHz WiMAX
technology, the digital baseband signal traffic is 137 Mbps. Considering an overhead of 25%, the traffic would be
171.25 Mbps, so a Gigabit Ethernet link can support five carriers.
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According to an embodiment of the present disclosure, a method for reconfiguring a distributed antenna
system is also provided, comprising: the collection of the load information of the distributed antenna system 20 by the
cell management unit 24 and the reconfiguration of the distributed antenna system 20 based on the load information.

According to the distributed antenna system 20 and its reconfiguration method provided by an embodiment
of the present disclosure, the distributed antenna system 20 is reconfigured by the CMU 24 based on the collected
load information, instead of via manual configuration during service interruption by the administrator based on the
expected situation as based on the prior art. This thus allows the distributed antenna system 20 to be dynamically
reconfigured in a timely and efficient manner based on the real-time load distribution, balancing the load and
improving the system efficiency in a timely manner, while greatly improving the convenience, real-time nature and
accuracy of the configuration, and without service interruption, ensuring the continuity of services.

As shown in Fig. 3, according to another embodiment of the present disclosure, in the above distributed
antenna system 20, the cell management unit 24 may comprise: a radio signal processing module 31, configured to
distribute downlink radio signals to the remote radio heads 26, and collect uplink radio signals and transmit them to
the base station 21; a load information collection module 32, configured to collect the load information of the
distributed antenna system 20; a reconfiguration module 33, configured to determine a new topology, reassign carriers
among the corresponding remote radio heads, and reconfigure the routing of radio signals according to the load
information collected by the load information collection module 32.

Fig. 4 and Fig. 5 are schematic diagrams showing the principle of reconfiguration of the distributed antenna
system in the embodiment. Fig. 4 shows the initial configuration of the distributed antenna system 20, with RRH A
and RRH B using carrier 1, RRH C and RRH D using carrier 2, and RRH E and RRH F using carrier 3. When the load
of carrier 2 and carrier 3 is transferred to the area of carrier 1, that is, when the CMU 4 detects that RRHA and RRH
B have become temporary hot spots of high load, the distributed antenna system 20 is reconfigured. Fig. 5 shows the
reconfigured state of the distributed antenna system 20, with RRH A using carrier 1, RRH B using carrier 2, and RRH
C, RRH D, RRH E, and RRH F using carrier 3. Clearly, by using the distributed antenna system provided by this
embodiment, for areas where communication traffic varies greatly, such as auditoriums, conference halls, etc., it is
possible to dynamically allocate radio frequency resources according to the current traffic condition, and greatly
balance the traffic load and improve system efficiency.

In accordance with another embodiment of the present disclosure, two embodiments of the CMU 24 in the
distributed antenna system 20 for obtaining load information and the corresponding structures and methods are
provided. The CMU 24 works in a lower sublayer of the physical layer and is not involved in baseband processing, so
the CMU 24 does not have direct access to load information.
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As shown in Fig. 6, according to the present embodiment, the distributed antenna system 20 comprises remote
radio heads (RRH) 26, an extension hub 25, and a cell management unit (CMU) 24 connected to the remote radio
heads 26 via the extension hub 25. The cell management unit 24 is connected to the base station 21, and is configured
to distribute downlink radio signals to the remote radio heads 26, collect uplink radio signals and transmit them to the
base station 21, and collect the load information of the distributed antenna system 20 and reconfigure the distributed
antenna system 20 according to the load information.

The cell management unit 24 comprises: a radio signal processing module 31, configured to distribute
downlink radio signals to the remote radio heads 26, collect uplink radio signals and transmit them to the base station
21; a load information collection module 32, configured to collect the load information of the distributed antenna
system 20; a reconfiguration module 33, configured to determine a new topology, reassign carriers among the
corresponding remote radio heads, and reconfigure the routing of radio signals according to the load information
collected by the load information collection module 32.

The remote radio heads 26 comprise a received power detection module 41 configured to detect the total
broadband power received by the remote radio heads 26 and transmit the detected power value to the load information
collection module 32.

The load information collection module 32 comprises a first decision module 42 configured to receive the
power value transmitted by the received power detection module 41 and notify the reconfiguration module 33 to
reconfigure the distributed antenna system according to the power value when the power value exceeds a threshold
value.

The reconfiguration module 33 comprises: a topology reconfiguration module 44, configured to determine a
corresponding new topology according to the load information collected by the load information collection module
32; a routing reconfiguration module 45, configured to update the radio signal route by reconfiguring the 1/Q packet
addresses and updating the routing table stored in the cell management unit 24 and extension hub 25 according to the
new topology determined by the topology reconfiguration module 44; a carrier reconfiguration module 46, configured
to switch the carrier of the corresponding remote radio heads 25 [sic: 26] according to the new topology determined
by the topology reconfiguration module 44.

According to the above configuration, the cell management unit 24 receives the power information detected
and transmitted by the RRH 26, compares it with a predetermined threshold, and then decides whether to reconfigure
the intelligent distributed antenna system. This embodiment does not require any changes to the base station and
allows fine-grained load information (specific to each RRH) to be obtained. However, if the CMU wants to know
more detailed load information, such as the traffic load for different QoS, the number of users, etc., it must turn to the
base station or the base station control center.

In addition, as shown in Fig. 6, the base station 21 may include a load information detection module 210,
configured to collect load information and send the information to the cell management unit. The cell management
unit 24 comprises a second decision module 43, configured to receive the load information and notify the
reconfiguration module 33 to reconfigure the distributed antenna system 20 according to the load information when
the load information meets the reconfiguration conditions.
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The load information detection module 210 is provided in each base station 21, and it is configured to collect
various load information (for example, throughput, number of connections, number of registered users, etc.) and
transmit the collected load information to the CMU through the OBSAI/CPRI interface or a local management
interface. This embodiment is easily implemented and provides detailed and accurate load information, but the load
information is more granular (for each carrier, instead of each RRH).

Fig. 7 is a process flowchart of the method for the reconfiguration of the distributed antenna system in this
embodiment. If the first method of collecting load information is used, first, in step 701, the remote radio heads 26
will detect the total broadband power received by them, and transmit the detected power value to the cell management
unit 24.

Then, in step 702, the cell management unit 24 receives the power value transmitted by the remote radio
heads 26 via the extension hub 25, and when the power value exceeds the threshold, determines the need to reconfigure
the distributed antenna system 20 according to the power value (step 71). Otherwise, step 701 continues to be repeated.

If the second method of collecting load information is used, first in step 703, the base station 21 collects the
load information and transmits it to the cell management unit 24. Then, in step 704, the cell management unit 24
receives the load information transmitted by the base station 21, and when the load information meets the
reconfiguration conditions, the need to reconfigure the distributed antenna system 20 according to the load information
(step 71) is determined. Otherwise, step 703 is repeated.

After step 71, the cell management unit 24 will determine the new topology based on the load information in
step 72. Then in step 73, the cell management unit 24 updates the radio signal route by reconfiguring the 1/Q packet
addresses and updating the routing table stored in the cell management unit 24 and the extension hub 25 according to
the new topology determined, and switch the carrier of the corresponding remote radio heads 26 according to the new
topology determined.

It should be understood by those skilled in the art that the structure and method of the foregoing two methods
for obtaining load information may be flexibly selected according to the needs of the actual application scenario, or a
combination thereof may be applied, and they are all within the scope defined by the claims of the present disclosure.

According to another embodiment of the present disclosure, as shown in Fig. 8, the distributed antenna system
20 comprises remote radio heads (RRHs) 26, an extension hub 25, and a cell management unit 24 connected to the
remote radio head 26 via the extension hub 25. The cell management unit 24 is connected to the base station 21, and
is configured to distribute downlink radio signals to the remote radio heads 26, collect uplink radio signals and transmit
them to the base station 21, and collect the load information of the distributed antenna system 20 and reconfigure the
distributed antenna system 20 according to the load information.
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The cell management unit 24 comprises: a radio signal processing module 31, configured to distribute
downlink radio signals to the remote radio heads 26, collect uplink radio signals and transmit them to the base station
21; a load information collection module 32, configured to collect the load information of the distributed antenna
system 20; a reconfiguration module 33, configured to determine a new topology, reassign carriers among the
corresponding remote radio heads, and reconfigure the routing of radio signals according to the load information
collected by the load information collection module 32.

The remote radio heads 26 comprise a received power detection module 41 configured to detect the total
broadband power received by the remote radio heads 26 and transmit the detected power value to the load information
collection module 32.

The load information collection module 32 comprises a first decision module 42 configured to receive the
power value transmitted by the received power detection module 41 and notify the reconfiguration module 33 to
reconfigure the distributed antenna system according to the power value when the power value exceeds a threshold
value.

The reconfiguration module 33 comprises: a topology reconfiguration module 44, configured to determine
the corresponding new topology according to the load information collected by the load information collection module
32; a routing reconfiguration module 45, configured to update the radio signal route by reconfiguring the I/Q packet
addresses and updating the routing table stored in the cell management unit 24 and extension hub 25 according to the
new topology determined by the topology reconfiguration module 44; and a carrier reconfiguration module 46,
configured to switch the carrier of the corresponding remote radio heads 25 [sic: 26] according to the new topology
determined by the topology reconfiguration module 44.

The base station 21 further comprises a load information detection module 210 for collecting load information
and transmitting it to the cell management unit. The cell management unit 24 further comprises a second decision
module 43, configured to receive the load information and notify the reconfiguration module 33 to reconfigure the
distributed antenna system 20 according to the load information when the load information meets the reconfiguration
conditions.

The topology reconfiguration module 44 comprises: a storage module 51, configured to store a predefined
topology, wherein the predefined topology corresponds to load information or a combination of load information; and
a topology searching module 52, configured to find, based on the load information or combination of load information
collected by the load information collection module 32, a topology stored in the storage module 51 that corresponds
to the load information or combination of load information, and determine the found topology as the corresponding
new topology.

The carrier reconfiguration module 46 comprises: a power control module 53, configured to notify the base
station to gradually reduce the transmit power of the carrier of the corresponding high-load remote radio heads
according to the new topology determined by the topology reconfiguration module 44; a carrier switching module 54,
configured to notify the high-load remote radio heads to switch carriers to carriers of corresponding low-load remote
radio heads according to the new topology determined by the topology reconfiguration module 44.
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This embodiment provides a manner of implementation for determining a new topology and the
corresponding structure and method thereof. In most cases, temporary hot spots are predictable, such as auditoriums,
halls, conference rooms, etc., in which case, the manner of implementation provided by this embodiment can be used
to predefine all possible topologies, which can be stored in the CMU as alternatives.

According to this embodiment, the processing flow by which the topology reconfiguration module 44
determines the new topology according to the load information comprises: pre-storing predefined topologies, which
correspond to load information or a combination of load information; searching for a pre-stored topology, based on
and corresponding to the load information or the combination of load information, and determining the found topology
as the corresponding new topology.

Preferably, the processing flow of the topology reconfiguration module 44 may further comprise: pre-storing
an initial topology; configuring the distributed antenna system according to the initial topology when the distributed
antenna system is started; and after the antenna system is reconfigured and it is monitored that the load information
or the combination of the load information has returned to normal, reconfiguring the distributed antenna system based
on the initial topology.

Fig. 9 is a schematic diagram of the topology reconfiguration principle of the embodiment, where the
distributed antenna system 20 is configured according to the topology of the basic configuration 91 after startup.
Taking two areas, Hall 1 and Hall 2 as an example, when the load in Hall 1 is high, the distributed antenna system is
reconfigured according to the topology of the corresponding pre-stored temporary configuration 92, or when the load
in Hall 2 is high, the distributed antenna system is reconfigured according to the topology of the corresponding pre-
stored temporary configuration 93, or when the loads in both halls are high, the distributed antenna system is
reconfigured according to the corresponding pre-stored temporary configuration 94. After the distributed antenna
system switches from the basic configuration to the temporary configuration 92, if the load in Hall 1 becomes low,
the distributed antenna system will be reconfigured again based on the original basic configuration 91, and the same
shall apply in other similar cases.

This embodiment also provides a manner of implementation of carrier reconfiguration and its corresponding
structure and method. When the CMU carries out carrier reconfiguration, although the base station can force mobile
stations to switch carriers, it cannot notify the base station to force mobile stations to switch carriers because the CMU
only knows the RRH of the carriers to be switched, but does not know which mobile stations are using the RRH and
need to switch carriers. In order to avoid service interruption to mobile stations (MS) caused by the carrier switching
of the RRH and ensure service continuity, the embodiment of the present disclosure provides a manner of
implementation for carrier reconfiguration and the corresponding structure. By gradually reducing the transmit power
of the carriers to be switched, a situation in which mobile stations leave the cell is simulated, and this makes the mobile
stations actively send a request to the base station to switch carriers, thus enabling the base station to be informed of
the specific mobile stations that need a switch of carriers and switch these mobile stations to the target carriers through
the base station.
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According to this embodiment, the processing flow of the carrier reconfiguration module 46 comprises:
gradually reducing the transmit power of the carrier of the corresponding high-load remote radio heads according to
the determined new topology, and then notifying the high-load remote radio heads to switch carriers to the carriers of
corresponding low-load remote radio heads according to the new topology determined.

The carriers of the corresponding low-load remote radio heads may be a neighboring available carrier. If
there is no neighboring available carrier, the base station switches the mobile station to a specific target carrier after a
predetermined delay time, with the target carrier being a low-load target carrier to which the RRH corresponding to
the mobile station should be switched according to the determined new topology. Obviously, the delay time should be
greater than the time for the RRH to switch carriers in order to switch the mobile station to the target carrier after the
RRH has switched to the target carrier.

An example of carrier reconfiguration in this embodiment is described in Figs. 10, 11 and 12. The base station
101 transmits carriers C1 and C2, and assigns them to RRH 104 and RRH 105. The base station 102 transmits carriers
C3 and C4, and assigns them to RRH 106 and RRH 107. The mobile station (MS) 108 is in the area al and uses carrier
C2. In this example, the CMU 103 detects that the area al is a hot spot according to the collected load information
and that part of the RRHs from the high-load carrier C2 needs to be switched to the low-load carriers C3 and C4.

In the initial state shown in Fig. 11, the gradual reduction of the transmit power of carrier C2 causes the MS
108 to send a switch request to the base station 101, thereby notifying the base station 101 that the MS 108 is using
carrier C2 in the hot spot al. In the intermediate state shown in Fig. 12, the base station 101 switches the MS 108 to
the neighboring carrier C1, and switches the RRH 105 to carrier C3. Since the CMU 103 detects that the high load
situation in the area al is still not relieved according to the collected load information, the MS 108 continues to be
switched to carrier C4 and the RRH 105 is switched to carriers C3 and C4 in the same way. Thus, in the final state
shown in Fig. 13, load balancing is achieved.

Figs. 13 and 14 depict another example of an embodiment of carrier reconfiguration in the present
embodiment, with the base station 131 transmitting carrier C1 and assigning it to the RRH 134 and RRH 135. The
base station 132 transmits carrier C2 and assigns it to RRH 136 and RRH 137. The mobile station (MS) 138 is in the
area al and uses carrier C1. In this example, the CMU 133 detects that the area al is a hot spot according to the
collected load information and that part of the RRHs from the high-load carrier C1 needs to be switched to the low-
load carrier C2.

In the initial state shown in Fig. 14, the gradual reduction of the transmit power of carrier C1 causes the MS
138 to send a switch request to the base station 131, thereby notifying the base station 131 that MS 138 is using carrier
Cl1 in the hot spot al. In the final state shown in Figure 15, the base station 131 switches MS 138 to the neighboring
low-load carrier C2, and switches the RRH 135 to carrier C2, thus achieving load balancing.
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According to another embodiment of the present disclosure, as shown in Fig. 15, the distributed antenna
system 20 comprises remote radio heads (RRHs) 26, an extension hub 25, and a cell management unit 24 connected
to the remote radio heads 26 via the extension hub 25.

The cell management unit 24 is connected to the base station 21, and is configured to distribute downlink
radio signals to the remote radio heads 26, collect uplink radio signals and transmit them to the base station 21, and
collect the load information of the distributed antenna system 20 and reconfigure the distributed antenna system 20
according to the load information.

The cell management unit 24 comprises: a radio signal processing module 31, configured to distribute
downlink radio signals to the remote radio heads 26, collect uplink radio signals and transmit them to the base station
21; a load information collection module 32, configured to collect the load information of the distributed antenna
system 20; a reconfiguration module 33, configured to determine a new topology, reassign carriers among the
corresponding remote radio heads, and reconfigure the routing of radio signals according to the load information
collected by the load information collection module 32.

The remote radio heads 26 comprise a received power detection module 41 configured to detect the total
broadband power received by the remote radio heads 26 and transmit the detected power value to the load information
collection module 32.

The load information collection module 32 comprises a first decision module 42 configured to receive the
power value transmitted by the received power detection module 41 and notify the reconfiguration module 33 to
reconfigure the distributed antenna system according to the power value when the power value exceeds a threshold
value.

The reconfiguration module 33 comprises: a topology reconfiguration module 44, configured to determine a
corresponding new topology according to the load information collected by the load information collection module
32; a route reconfiguration module 45, configured to update the radio signal route by reconfiguring the I/Q packet
addresses and updating the routing table stored in the cell management unit 24 and extension hub 25 according to the
new topology determined by the topology reconfiguration module 44; and a carrier reconfiguration module 46,
configured to switch the carrier of the corresponding remote radio heads 25 [sic: 26] according to the new topology
determined by the topology reconfiguration module 44.

The base station 21 further comprises a load information detection module 210 for collecting load information
and transmitting it to the cell management unit. The cell management unit 24 further comprises a second decision
module 43, configured to receive the load information and notify the reconfiguration module 33 to reconfigure the
distributed antenna system 20 according to the load information when the load information meets the reconfiguration
conditions.
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The topology reconfiguration module 44 comprises: a first dynamic reconfiguration module 61, configured
such that when the total received broadband power transmitted by the remote radio heads 26 is received, it determines
the high-load remote radio heads based on the power value and the predetermined threshold value, and determines the
new topology by exchanging the assigned carriers of high-load remote radio heads with those of low-load remote
radio heads (for example, in Figs. 4 and 5, RRH B is switched from carrier 1 to carrier 2, and RRH C and RRH D are
switched from carrier 2 to carrier 3); a second dynamic reconfiguration module 62, configured such that when the cell
management unit 24 receives the load information transmitted by the base station 21, it determines the high-load areas
based on the load information transmitted by the base station 21, and determines the new topology by exchanging the
assigned carriers of a predetermined percentage (e.g. 50%) of remote radio heads in the high-load areas with those of
a corresponding number of remote radio heads in low-load areas; a dynamic tracking configuration module 63,
configured such that after the distributed antenna system 20 is reconfigured according to the new topology determined
by the second dynamic reconfiguration module 62, if the high-load areas are still detected with a high load according
to the received load information, it obtains a new topology by exchanging the assigned carriers of a predetermined
percentage of remote radio heads in high-load areas that have yet to be switched with those of a corresponding number
of remote radio heads in low-load areas, and repeats the steps for determining a new topology until the high-load areas
are no longer detected with a high load according to the received load information.

The carrier reconfiguration module 46 comprises: a power control module 53, configured to notify the base
station to gradually reduce the transmit power of the carrier of the corresponding high-load remote radio heads
according to the new topology determined by the topology reconfiguration module 44; a carrier switching module 54,
configured to notify the high-load remote radio heads to switch carriers to carriers of corresponding low-load remote
radio heads according to the new topology determined by the topology reconfiguration module 44.

This embodiment provides another manner of implementation for determining a new topology and its
corresponding structure and method. In the case of indeterminate hot spots, such as a moving crowd in an airport or a
moving train in a tunnel, the implementation provided by this embodiment may be appropriately employed for
dynamically constructing a topology according to the load situation, and spectrum resources may be appropriately
assigned to mobile hot spots through the continuous dynamic reassignment of carriers in remote radio heads.

According to this embodiment, predetermined topologies do not need to be pre-stored in the CMU 24. The
distributed antenna system 20 is configured according to the topology of the basic configuration after startup. When
CMU 24 receives the load information, it determines if there is a high-load area based on the load information and
constructs a new topology to transfer low-load carriers to the high-load area.

If the load information received by the CMU 24 is a power report from the RRH 26, then the CMU 24 is
notified of high-load RRHs, and a new topology assigning low-load carriers to the high-load RRHs can be constructed
directly via the first dynamic reconfiguration module 61 to achieve load balance.

According to this embodiment, the processing flow of the first dynamic reconfiguration module 61 comprises:
determining the high-load remote radio heads based on the load information transmitted by the remote radio heads,
and exchanging the assigned carriers of high-load remote radio heads with those of low-load remote radio heads to
determine a new topology.
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If the load information received by the CMU is the load information from the base station 21, then the CMU
24 is only notified of the high-load areas and does not know of the specific high-load RRHs, and it will need to
construct a new topology via the second dynamic reconfiguration module 62 and/or the dynamic tracking
configuration module 63.

According to this embodiment, the processing flow of the second dynamic reconfiguration module 62
comprises: determining the high-load areas based on the load information transmitted by the base station, and
exchanging the assigned carriers of a predetermined percentage of remote radio heads in the high-load areas with
those of a corresponding number of remote radio heads in low-load areas to determine a new topology. Preferably,
according to this embodiment, the processing flow of the dynamic tracking configuration module 63 comprises: after
the distributed antenna system is reconfigured according to the new topology determined, if the high-load areas are
still detected with a high load according to the received load information, the assigned carriers of a predetermined
percentage of remote radio heads in high-load areas that have yet to be switched are exchanged with those of a
corresponding number of remote radio heads in low-load areas to obtain a new topology, and the steps for determining
anew topology are repeated until the high-load areas are no longer detected with a high load according to the received
load information.

Preferably, the predetermined ratio may be 50%, that is, a dichotomous distribution method is adopted, and
the assigned carriers of 50% of the remote radio heads in the high-load areas are exchanged with those of a
corresponding number of remote radio heads in low-load areas to obtain a topology that is determined as the new
topology. After the distributed antenna system is reconfigured according to the new topology determined by the second
dynamic reconfiguration module, if the high-load areas are still detected with a high load according to the received
load information, the assigned carriers of 50% of remote radio heads in high-load areas that have yet to be switched
are exchanged with those of a corresponding number of remote radio heads in low-load areas to obtain a topology that
is determined as the new topology. The steps for determining a new topology are repeated until the high-load areas
are no longer detected with a high load according to the received load information. Clearly, the new determined
topology based on this embodiment is dynamically constructed and is not unique.

Fig. 16 is a process flowchart of the reconfiguration of the distributed antenna system in this embodiment. If
the first method of collecting load information is used, first, in step 701, the remote radio heads 26 will detect the total
broadband power received by them, and transmit the detected power value to the cell management unit 24.

Then, in step 702, the cell management unit 24 receives the power information transmitted by the remote
radio heads 26, and when the power information exceeds the threshold value, determines the need to reconfigure the
distributed antenna system 20 according to the power value (step 71). Otherwise, step 701 is repeated.

If the second method of collecting load information is used, first in step 703, the base station 21 collects the
load information and transmits it to the cell management unit 24.
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Then, in step 704, the cell management unit 24 receives the load information transmitted by the base station
21, and when the load information meets the reconfiguration conditions, the need to reconfigure the distributed antenna
system 20 according to the load information (step 71) is determined. Otherwise, Step 703 is repeated.

After step 71, when the total broadband power transmitted by the remote radio heads 26 is received, in step
721, the cell management unit 24 determines the high-load remote radio heads based on the load information
transmitted by the remote radio heads, and exchanges the assigned carriers of high-load remote radio heads with those
of low-load remote radio heads to determine the new topology.

When the load information transmitted by the base station 21 is received, in step 722, the high-load areas are
determined according to the load information transmitted by the base station, and the assigned carriers of a
predetermined percentage of remote radio heads in the high-load areas are exchanged with a corresponding number
of those in low-load areas to determine the new topology. Following this, in step 730, the cell management unit 24
updates the radio signal route by reconfiguring the I/Q packet addresses and updating the routing table stored in the
cell management unit 24 and extension hub 25 according to the new topology determined; and it also gradually reduces
the transmit power of the carrier of the corresponding high-load remote radio heads according to the new topology
determined, and notifies the high-load remote radio heads to switch carriers to the carriers of corresponding low-load
remote radio heads according to the new topology determined.

Figs. 17 and 18 are schematic diagrams of the working principles of the second dynamic reconfiguration
module 62 and the dynamic reconfiguration module 63 described in this embodiment.

As shown in Fig. 17, in the initial topology of the distributed antenna system, the carrier m in the temporary
hot spot determined according to the load information has a high load. In the intermediate topology state, after
switching the carriers of half of the RRHs in the temporary hot spot to carrier n, the carrier m is still found to have a
high load according to the load information. Therefore, half of the remaining RRHs with unswitched carriers in the
temporary hot spot continue to be switched to carrier n, and load balance is achieved in this final topology state.

As shown in Fig. 18, in the initial topology of the distributed antenna system, the carrier m in the temporary
hot spot determined according to the load information has a high load. In the intermediate topology state, after
switching the carriers of half of the RRHs in the temporary hot spot to carrier n, the carrier n is found to become
heavily load according to the load information. Therefore, half of the remaining RRHs with unswitched carriers in the
temporary hot spot continue to be switched to carrier n, and load balance is achieved in this final topology state.

Fig. 19 is a diagram of the processing flow of the second dynamic reconfiguration module 62 and the dynamic
reconfiguration module 63 in this embodiment.
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In step 191, the CMU 24 receives the load information transmitted by the base station 21.

In step 192, the CMU 24 determines whether there is any high-load carrier based on the load information; if
there is none, it continues to monitor the load information, and if there is, step 193 is executed, i.e., the RRHs in the
high-load carrier area are divided into two groups.

Then, in step 194, one group of RRHs is switched to a low-load carrier.

In step 195, after the distributed antenna system is reconfigured, if the initially heavily loaded carrier is still
heavily loaded, step 196 and step 197 will be executed, i.e., the remaining RRHs with unswitched carriers will be
divided into two groups in step 196, and one group of RRHs will be switched to a low-load carrier in step 197.

If an initially high-load carrier becomes low-load and an initially low-load carrier becomes high-load (step
198), steps 199 and 200 will be executed, i.e., the RRHs in the new high-loaded carrier area will be divided into two
groups in step 199, and one group of RRHs will be switched back to the initially high-load carrier in step 200.

By using the distributed antenna system reconfiguration method and the corresponding distributed antenna
system and cell management unit provided by the embodiments of the present disclosure, the distributed antenna
system can be dynamically reconfigured in a timely and effective manner according to the real-time load distribution,
balancing the load and improving the system efficiency in a timely manner; and there is no need for service interruption,
with service continuity ensured. Therefore, the embodiments are capable of improving the performance of distributed
antenna systems, such as by realizing high spectral efficiency, and they are suitable for complex applications and are
easy to use and maintain. In addition, they are capable of providing users with as much bandwidth as possible at
anywhere and at any time.

The above embodiments are only intended to illustrate the technical solutions of the present disclosure, and
are not to be construed as limiting. Although the present disclosure has been particularly described with reference to
preferred embodiments thereof, it should be apparent to those of ordinary skill in the art that modifications and
equivalent substitutions may be made to the technical solutions of the present disclosure, without departing from the
spirit and scope of the present disclosure. In the claims, the terms “comprising” and the like do not exclude elements
or steps other than those listed in any claim or the overall specification. The present disclosure may be implemented
by hardware comprising several separate elements, or by a suitable programmed computer. In the claims enumerating
several methods, several of these methods can be implemented by one and the same hardware. Certain solutions stated
in mutually distinct dependent claims are not indicative that combinations of these solutions cannot be used for
optimization.
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Claims

1. A distributed antenna system comprising remote radio heads and a cell management unit connected to the
remote radio heads via an extension hub, wherein the cell management unit is connected to a base station for
transmitting downlink radio signals to the remote radio heads, collecting uplink radio signals and transmitting them
to the base station, and collecting the load information of the distributed antenna system and reconfiguring the
distributed antenna system based on the load information.

2. The distributed antenna system according to Claim 1, wherein the cell management unit comprises:

a radio signal processing module, configured to distribute downlink radio signals to the remote radio heads,
and collect uplink radio signals and transmit them to the base station;

a load information collection module, configured to collect the load information of the distributed antenna
system,;

and a reconfiguration module, configured to determine a new topology, reassign carriers among the
corresponding remote radio heads, and reconfigure the routing of radio signals according to the load information
collected by the load information collection module.

3. The distributed antenna system according to Claim 2, wherein the remote radio heads a received power
detection module for detecting the total broadband power received by the remote radio heads and transmitting the
detected power value to the load information collection module;

and the load information collection module comprises a first decision module, configured to receive the
power value transmitted by the received power detection module and notify the reconfiguration module to reconfigure
the distributed antenna system according to the power value when the power value exceeds a threshold value.

4. The distributed antenna system according to Claim 2, wherein the base station comprises a load
information detection module, configured to collect load information and transmit it to the cell management unit;

and the cell management unit comprises a second decision module, configured to receive the load information,
and notify the reconfiguration module to reconfigure the distributed antenna system according to the load information
when the load information meets the reconfiguration conditions.

5. The distributed antenna system according to any one of Claims 2 — 4, wherein the reconfiguration module
comprises:

a topology reconfiguration module, configured to determine a corresponding new topology according to the
load information collected by the load information collection module;

a routing reconfiguration module, configured to update the radio signal route by reconfiguring the I/Q packet
addresses and updating the routing table stored in the cell management unit and extension hub according to the new
topology determined by the topology reconfiguration module;
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and a carrier reconfiguration module, configured to switch the carrier of the corresponding remote radio
heads according to the new topology determined by the topology reconfiguration module.

6. The distributed antenna system according to Claim 5, wherein the topology reconfiguration module
comprises:

a storage module, configured to store a predefined topology, wherein the predefined topology corresponds to
load information or a combination of load information;

and a topology searching module, configured to find, based on the load information or combination of load
information collected by the load information collection module, a topology stored in the storage module that
corresponds to the load information or combination of load information, and determine the topology found as the
corresponding new topology.

7. The distributed antenna system according to Claim 5, wherein the topology reconfiguration module
comprises: a first dynamic reconfiguration module, configured to determine high-load remote radio heads according
to the load information transmitted by the remote radio heads, and determine a new topology by exchanging the
assigned carriers of high-load remote radio heads with those of low-load remote radio heads.

8. The distributed antenna system according to Claim 5, wherein the topology reconfiguration module
comprises:

a second dynamic reconfiguration module, configured to determine high-load areas according to the load
information transmitted by the base station, and determine a new topology by exchanging the assigned carriers of a
predetermined percentage of remote radio heads in the high-load areas with those of a corresponding number of remote
radio heads in low-load areas;

a dynamic tracking module, configured such that after the distributed antenna system is reconfigured
according to the new topology determined by the second dynamic reconfiguration module, if the high-load areas are
still detected with a high load according to the received load information, it obtains a new topology by exchanging the
assigned carriers of a predetermined percentage of remote radio heads in high-load areas that have yet to be switched
with those of a corresponding number of remote radio heads in low-load areas, and repeats the steps for determining
a new topology until the high-load areas are no longer detected with a high load according to the received load
information.

9. The distributed antenna system according to Claim 5, wherein the carrier reconfiguration module
comprises:

a power control module, configured to notify the base station to gradually reduce the transmit power of the
carrier of the corresponding high-load remote radio heads according to the new topology determined by the topology
reconfiguration module;

a carrier switching module, configured to notify the high-load remote radio heads to switch carriers to carriers
of corresponding low-load remote radio heads according to the new topology determined by the topology
reconfiguration module.

10. A cell management unit, which is connected to a base station and connected to remote radio heads via an
extension hub, configured to distribute downlink radio signals to the remote radio heads, collect uplink radio signals
and transmit them to the base station, and collect the load information of the distributed antenna system and
reconfigure the distributed antenna system according to the load information.
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11. The cell management unit according to Claim 10, comprising:

a radio signal processing module, configured to distribute downlink radio signals to the remote radio heads,
and collect uplink radio signals and transmit them to the base station;

a load information collection module, configured to collect the load information of the distributed antenna
system,;

and a reconfiguration module, configured to determine a new topology, reassign carriers among the
corresponding remote radio heads, and reconfigure the routing of radio signals according to the load information
collected by the load information collection module.

12. The cell management unit according to Claim 11, comprising a first decision module configured to
receive the power value of the total received broadband power detected and transmitted by the remote radio heads,
and notify the reconfiguration module to reconfigure the distributed antenna system according to the power value
when the power value exceeds a threshold value.

13. The cell management unit according to Claim 11, comprising a second decision module configured to
receive the load information collected and transmitted by the base station, and notify the reconfiguration module to
reconfigure the distributed antenna system according to the load information when the load information meets the
reconfiguration conditions.

14. The cell management unit according to any one of Claims 11 — 13, wherein the reconfiguration module
comprises:

a topology reconfiguration module, configured to determine a corresponding new topology according to the
load information collected by the load information collection module;

a routing reconfiguration module, configured to update the radio signal route by reconfiguring the I/Q packet
addresses and updating the routing table stored in the cell management unit and extension hub according to the new
topology determined by the topology reconfiguration module;

and a carrier reconfiguration module, configured to switch the carrier of the corresponding remote radio
heads according to the new topology determined by the topology reconfiguration module.

15. The cell management unit according to Claim 14, wherein the topology reconfiguration module comprises:

a storage module, configured to store a predefined topology, wherein the predefined topology corresponds to
load information or a combination of load information;

and a topology searching module, configured to find, based on the load information or combination of load
information collected by the load information collection module, a topology stored in the storage module that
corresponds to the load information or combination of load information, and determine the topology found as the
corresponding new topology.
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16. The cell management unit according to Claim 14, wherein the topology reconfiguration module comprises:
a first dynamic reconfiguration module, configured to determine high-load remote radio heads according to the load
information transmitted by the remote radio heads, and determine a new topology by exchanging the assigned carriers
of high-load remote radio heads with those of low-load remote radio heads.

17. The cell management unit according to Claim 14, wherein the topology reconfiguration module comprises:

a second dynamic reconfiguration module, configured to determine high-load areas according to the load
information transmitted by the base station, and determine a new topology by exchanging the assigned carriers of a
predetermined percentage of remote radio heads in the high-load areas with those of a corresponding number of remote
radio heads in low-load areas;

a dynamic tracking configuration module, configured such that after the distributed antenna system is
reconfigured according to the new topology determined by the second dynamic reconfiguration module, if the high-
load areas are still detected with a high load according to the received load information, it obtains a new topology by
exchanging the assigned carriers of a predetermined percentage of remote radio heads in high-load areas that have yet
to be switched with those of a corresponding number of remote radio heads in low-load areas, and repeats the steps
for determining a new topology until the high-load areas are no longer detected with a high load according to the
received load information.

18. The cell management unit according to Claim 14, wherein the carrier reconfiguration module comprises:

a power control module, configured to notify the base station to gradually reduce the transmit power of the
carrier of the corresponding high-load remote radio heads according to the new topology determined by the topology
reconfiguration module;

a carrier switching module, configured to notify the high-load remote radio heads to switch carriers to carriers
of corresponding low-load remote radio heads according to the new topology determined by the topology
reconfiguration module.

19. A method for reconfiguring a distributed antenna system, comprising:

the collection of the load information of the distributed antenna system;

and the reconfiguration of the distributed antenna system according to the load information.

20. The reconfiguration method according to Claim 19, wherein the collected load information of the
distributed antenna system comprises:

the remote radio heads detecting the total broadband power received by the remote radio heads and
transmitting the detected power value to the load cell management unit;

and the cell management unit receiving the power value transmitted by the remote radio heads and
determining the need to reconfigure the distributed antenna system according to the power value when the power value
exceeds a threshold value.

21. The reconfiguration method according to Claim 19, wherein the collected load information of the
distributed antenna system comprises:
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the base station collecting the load information and transmitting it to the cell management unit;

and the cell management unit receiving the load information transmitted by the base station and determining
the need to reconfigure the distributed antenna system according to the load information when the load information
meets the reconfiguration conditions.

22. The reconfiguration method according to Claim 20 or Claim 21, wherein the reconfiguration of the
distributed antenna system according to the load information comprises:

the cell management unit determining a new topology according to the load information;

updating the radio signal route by reconfiguring the I/Q packet addresses and updating the routing table stored
in the cell management unit and extension hub according to the new topology determined;

and switching the carriers of the remote radio heads according to the new topology determined.

23. The reconfiguration method according to Claim 22, wherein the determination of a new topology
according to the load information comprises:

pre-storing predefined topologies, wherein the predefined topologies correspond to load information or a
combination of load information;

searching for a pre-stored topology, based on and corresponding to the load information or the combination
of load information, and determining the found topology as the corresponding new topology.

24. The reconfiguration method according to Claim 22, further comprising:

pre-storing an initial topology;

configuring the distributed antenna system according to the initial topology when the distributed antenna
system is started,

after the antenna system is reconfigured and it is monitored that the load information or the combination of
the load information has returned to normal, reconfiguring the distributed antenna system based on the initial topology.

25. The reconfiguration method according to Claim 22, wherein the determination of a new topology
according to the load information comprises: determining the high-load remote radio heads based on the load
information transmitted by the remote radio heads, and exchanging the assigned carriers of high-load remote radio
heads with those of low-load remote radio heads to determine a new topology.

26. The reconfiguration method according to Claim 22, wherein the determination of a new topology
according to the load information comprises: determining high-load areas according to the load information
transmitted by the base station, and determining a new topology by exchanging the assigned carriers of a
predetermined percentage of remote radio heads in the high-load areas with those of a corresponding number of remote
radio heads in low-load areas.
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27. The reconfiguration method according to Claim 26, wherein the determination of a new topology
according to the load information comprises: after the distributed antenna system is reconfigured according to the new
topology determined, if the high-load areas are still detected with a high load according to the received load
information, the assigned carriers of a predetermined percentage of remote radio heads in high-load areas that have
yet to be switched are exchanged with those of a corresponding number of remote radio heads in low-load areas to
obtain a new topology, and the steps for determining a new topology are repeated until the high-load areas are no
longer detected with a high load according to the received load information.

28. The reconfiguration method according to Claim 22, wherein the switching of carriers of corresponding
remote radio heads according to the new topology determined comprises:

gradually reducing the transmit power of the carrier of the corresponding high-load remote radio heads
according to the new topology determined,

and notifying the high-load remote radio heads to switch carriers to the carriers of corresponding low-load
remote radio heads according to the new topology determined.
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