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RESOURCE ALLOCATION SERVER AND
COMMUNICATION SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of U.S.
provisional application Ser. No. 61/870,061, filed on Aug. 26,
2013. The entirety of the above-mentioned patent application
is hereby incorporated by reference herein and made a part of
specification.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention generally relates to a technol-
ogy of resource allocation in small-cell networks, in particu-
lar, to a resource allocation server and a communication sys-
tem in small-cell networks.

[0004] 2. Description of Related Art

[0005] The explosive growth of mobile broadband wireless
services have driven and expedited the deployment of the
Third Generation Partnership Project 3GPP) LTE (Long
Term Evolution) networks. The global mobile broadband
subscriptions and the global mobile data traffic have been
growing exponentially in the last few years. To support the
exponentially growing mobile data traffic, not only is the
wireless bandwidth a major concern, the power consumption
is also becoming a challenging issue. Statistics show that, the
total power consumption to support an operator’s hundreds of
millions of subscribers is over ten billion kilowatt hours,
wherein about 70 percent of the power is used by the base
stations (BSs).

[0006] To meet the bandwidth demands with an environ-
mental friendly transmission technology, an emerging idea is
to deploy large numbers of low-power and low cost femtocell
BSs or access points (APs) in metropolitan areas, and coor-
dinate the transmissions of the tens of thousands of BSs/APs
using a cloud-based radio access network (C-RAN). Unlike
typical RANs where the baseband units (BBUs) and the radio
function units are situated together, the C-RAN separates the
radio function units (also referred to as the remote radio heads
(RRHs)) from the BBUs, wherein the RRHs are deployed
with antennas at the remote site of a small-cell, and a pool of
BBUs (in a data center cloud) are run by high performance
and digital signal processing (DSP) processors. With such a
C-RAN, not only the data rate and power efficiency of wire-
less transmissions can be substantially increased in a much
smaller cell size, spectral usage can also be improved by
applying joint radio resource management and cooperative
multipoint processing (CoMP) in the cloud.

SUMMARY OF THE INVENTION

[0007] Accordingly, the present invention is directed to a
resource allocation server and a communication system,
which could reduce power consumption effectively and pro-
vide efficient resource usage.

[0008] The invention provides a resource allocation server.
The resource allocation server comprises a radio access
server, a computing load balancing (CLB) server, and a chan-
nel and power allocation (CPA) server. Location data of the
access points (APs) and channel request data of the APs
corresponding to the location data of the APs are received by
the radio access server. The channel request data of the APs
are grouped into clusters by the CLB server according to
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available physical channels of the APs and the channel
request data of the APs. The available physical channels of the
APs for the channel request data of the APs and transmission
power configurations on each of the allocated physical chan-
nels of the APs are allocated by the CPA server according to
the channel request data and the location data of the APs in
each of the clusters. Subsequently, allocated results of the
allocated physical channels of the APs for the channel request
data of the APs and the transmission power configurations on
each of the allocated physical channels of the APs are trans-
mitted by the radio access server.

[0009] Inanembodiment of the invention, wherein each of
the channel request data of the APs comprises sector utility
requests and signal to interference-plus-noise ratio (SINR)
requirements corresponding to the sector utility requests. The
CPA server determines whether to allocate one of the physical
channels of one of the plurality of APs to each of the sector
utility requests according to the location data of the APs and
the SINR requirements corresponding to the sector utility
requests.

[0010] In an embodiment of the invention, wherein a
received SINR of each of the sector utility requests is calcu-
lated by the CPA server according to the location data of the
APs and each of the SINR requirements, wherein the location
data of the APs comprise sector location data of the sector
utility requests. Next, one of the available physical channels
of one of the APs is allocated to one of the sector utility
requests by the CPA server when the received SINR of the one
of the sector utility requests is met to the SINR requirement
corresponding to the one of the sector utility requests.
[0011] Inanembodiment of the invention, wherein a maxi-
mum transmission power on each of the allocated physical
channels of the APs is determined by the CPA server. Next,
the transmission power configurations on each of the allo-
cated physical channels of the APs according to the maximum
transmission power on each of the physical channels of the
APs are calculated by the CPA server.

[0012] In an embodiment of the invention, wherein work-
loads of clusters of APs are calculated by the CLB server
according to the number of the available physical channels of
the APs, the number of the APs and the number of the sector
utility requests of each of the APs, then, the channel request
data of the APs are grouped into clusters according to the
location data of the APs and the workloads of the clusters,
wherein each of the workloads of the clusters is less than or
equal to a maximal workload in each of the clusters.

[0013] In an embodiment of the invention, wherein the
resource allocation server further comprises a spectrum
resource sharing (SRS) server coupled to the radio access
server. After the step of grouping the clusters, boundary APs
are determined by the SRS server from the APs wherein two
of the APs are determined as the boundary APs when the two
of the plurality of APs are adjacent in different clusters. Next,
the available physical channels of the APs are re-assigned to
the boundary APs.

[0014] In an embodiment of the invention, wherein the
resource allocation server further comprises a layer manage-
ment server coupled to the radio access server. The APs are
grouped into at least one layer by the layer management
server according to the channel request data of the APs,
wherein the at least one layer comprises at least one of the
districts.

[0015] Inanembodiment ofthe invention, wherein after the
step of grouping the APs into the at least one service layer, the
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APs are determined whether to transmit a control signal
according to the channel request data of the APs, so as to
activate or deactivate in the at least one of the districts of the
atleastone layer by the layer management server according to
the control signal.

[0016] This invention provides a communication system
that includes APs and a server. The server is coupled to the
APs. The server receives location data of the APs and channel
request data of the APs corresponding to the location data of
the APs. The server groups the channel request data of the APs
into clusters according to available physical channels of the
APs and the channel request data of the APs. The server
allocates the available physical channels of the APs for the
channel request data of the APs and transmission power con-
figurations on each of the allocated physical channels of the
APs according to the channel request data and the location
data of the APs in each of the clusters. The server transmits
allocated results of the allocated physical channels of the APs
for the channel request data of the APs and the transmission
power configurations on each of the allocated physical chan-
nels of the APs.

[0017] Inanembodiment of the invention, wherein each of
the channel request data of the APs comprises sector utility
requests and SINR requirements corresponding to the sector
utility requests. The server determines whether to allocate
one of the available physical channels of one of the APs to
each of the sector utility requests according to the location
data of the APs and the SINR requirements corresponding to
the sector utility requests.

[0018] In an embodiment of the invention, wherein the
server calculates a received SINR of each of the sector utility
requests according to the location data of the APs and each of
the SINR requirements, wherein the location data of the APs
comprise sector location data of the sector utility requests.
The server allocates one of the allocated physical channels of
one of the APs to one of the sector utility requests when the
received SINR of the one of the sector utility requests is met
to the SINR requirement corresponding to the one of the
sector utility requests.

[0019] In an embodiment of the invention, wherein the
server determines a maximum transmission power on each of
the allocated physical channels of the APs, and calculates the
transmission power configurations on each of the allocated
physical channels of the APs according to the maximum
transmission power on each of the physical channels of the
APs

[0020] In an embodiment of the invention, wherein the
server calculates workloads of clusters of APs according to
the mumber of the available physical channels of the APs, the
number of the APs and the number of the sector utility
requests of each of the Aps, the server groups the channel
request data of the APs into clusters according to the location
data of the APs and the workloads of the clusters, wherein
each of the workloads of the clusters is less than or equal to a
maximal workload in each of the clusters.

[0021] In an embodiment of the invention, wherein the
server determines boundary APs from the APs, wherein at
least two of the APs are determined as the boundary APs when
the at least two of the APs are adjacent in different clusters.
The server then re-assigns the available physical channels of
the APs to the boundary APs.

[0022] In an embodiment of the invention, wherein the
server groups the APs into at least one layer according to the
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channel request data of the APs, wherein the at least one layer
comprises at least one of the districts.

[0023] In an embodiment of the invention, wherein the
server further determines whether to transmit a control signal
according to the channel request data of the APs, so as to
activate or deactivate the APs in the at least one of the districts
of the at least one layer according to the control signal.
[0024] Based on the above descriptions, the embodiments
of the present invention provide a resource allocation server
and a communication system. The CLB server ofthe resource
allocation server groups the channel request data of the APs
into clusters; available physical channels of the APs are allo-
cated to the sector utility requests comprised in a channel
request of one of APs according to the SINR requirements of
the sector utility requests. The CPA server allocates transmis-
sion power configurations on each of the allocated physical
channels of the APs according to the sector utility requests
and the location data of the APs in each of the clusters.
Accordingly, the resource allocation server may resolve the
problem of signal interference effectively, so as to provide
effective resource allocation. Beside, the resource allocation
server may further reduce power consumption of large num-
bers of femtocell base station and the APs effectively.
[0025] In order to make the aforementioned features and
advantages of the present invention comprehensible, pre-
ferred embodiments accompanied with figures are described
in detail below. It is to be understood that both the foregoing
general description and the following detailed description are
exemplary, and are intended to provide further explanation of
the invention as claimed.

[0026] Itshould be understood, however, that this summary
may not contain all of the aspect and embodiments of the
present invention and is therefore not meant to be limiting or
restrictive in any manner. Also the present invention would
include improvements and modifications which are obvious
to one skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0028] FIG. 1isa schematic diagram illustrating a commu-
nication system according to an embodiment of the invention.
[0029] FIG. 2 is a schematic block diagram illustrating the
resource allocation server according to an embodiment of the
invention.

[0030] FIG. 3 is a flow chart illustrating a resource alloca-
tion method according to an embodiment of the invention.
[0031] FIG. 4 is an example illustrating a spectrum
resource sharing mechanism according to the embodiment of
the invention.

[0032] FIG. 5is an example illustrating a coverage area of
the AP1 of FIG. 1 according to an embodiment of the inven-
tion.

[0033] FIG. 6 is an example illustrating a multi-layer ser-
vice model according to an embodiment of the invention.
[0034] FIGS. 7A and 7B are examples illustrating a multi-
layer service activating/deactivating control according to the
embodiment of the invention.

[0035] FIG. 8 is a simulation result of the CPA algorithm
according to the embodiment of the invention.
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DESCRIPTION OF THE EMBODIMENTS

[0036] Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

[0037] In architecture of a cloud-based radio access net-
work (C-RAN), baseband processing with high computing
requirement is moved to power-efficient cloud centers, so
remote femtocell base stations (BSs) or access points (APs)
controlled by the cloud centers may save more power than
traditional BSs. In addition to increasing the power and spec-
tral efficiency in wireless transmissions, standards and regu-
latory bodies are making ways to provide wider bandwidths
for mobile services, whether in licensed (e.g. 800/900/1800/
1900/2100 MHz for telecommunications) or unlicensed
bands (e.g. commercial TV white space (TVWS)). Cognitive
radio (CR)in TVWS has transformed from a promising tech-
nology into a practical solution and new paradigm for further
broadband wireless services, wherein CR is proposed for
sensing spectrum usage in wireless environment and recon-
figuring system parameters (e.g. transmission power, modu-
lation, and coding, etc.) according to the sensing result.
[0038] Inexemplary embodiments of the present invention,
the cognitive radio technology and the architecture of C-RAN
are combined as a cloud-based cognitive RAN (C>-RAN)
model providing spectrum sharing and channel and power
allocation, wherein a resource allocation server is configured
for performing computation operation of spectrum sharing
and channel and power allocation to coordinate the transmis-
sions of large numbers (e.g. tens of thousands, millions, etc.)
of BSs or APs. By grouping channel requests of APs into
several clusters according to available physical channels (or
spectrum) of the APs and locations of the APs, the computa-
tional complexity of each virtual machine of the channel and
power allocation server may be reduced, preventing from
handling large numbers of APs in each of the clusters, and
interference affected by adjacent clusters may be eliminated.
In addition, by allocating the available physical channels of
the APs to channel requests of APs according to signal to
interference-plus-noise ratio (SINR) requirements of the
channel requests and transmission power requirements on the
physical channels of the APs, spectrum resources may be
allocated more efficiently and dynamically with granted qual-
ity of service (QoS) requirements, and power consumption of
the APs may be reduced efficiently.

[0039] FIG. 1is a schematic diagram illustrating a commu-
nication system according to an embodiment of the invention.
In this embodiment, the communication system 10 comprises
a resource allocation server 100 and APs AP1~APn, wherein
the APs AP1~APn of the embodiment are merely exemplary
examples, in the other embodiment, the amount of the APs
(i.e. n) may be, for example but not limited to, ten thousand,
two million, etc. .. ., and this invention is not limited thereto.
[0040] APs AP1~APnmay be home node Bs (referred to as
“NodeBs”), advanced nodeBs (referred to as “eNodeBs”),
femto base stations, access points, for example. APs
AP1~APn may contain at least but not limited to a transmitter
unit, a receiver unit, an analog-to-digital (A/D) converter, a
digital-to-analog (D/A) converter, a processing unit, one or
more antenna units, and a storage medium. The transmitter
and the receiver transmit downlink signals and receive uplink
signals wirelessly. The receiver may include functional ele-
ments to perform operations such as low noise aniplifying,
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impedance matching, frequency mixing, down frequency
conversion, filtering, amplifying, and so forth. The transmit-
ter may include function elements to perform operations such
as amplifying, impedance matching, frequency mixing, up
frequency conversion, filtering, power amplifying, and so
forth. The analog-to-digital (A/D) or the digital-to-analog
(D/A) converter is configured to convert from an analog sig-
nal format to a digital signal format during uplink signal
processing and from a digital signal format to an analog signal
format during downlink signal processing.

[0041] The processing unit is configured to process digital
signal and to perform procedures related to the proposed
method in accordance with exemplary embodiments of the
presentinvention. Also, the processing unit may optionally be
coupled to a memory unit to store programming codes, device
configurations, a codebook, buffered or permanent data, and
etc. . . . The functions of the processing unit may be imple-
mented using programmable units such as a micro-processor,
a micro-controller, a field programmable gate array (FPGA)
circuit, etc. The functions of the processing unit may also be
implemented with separate electronic devices or ICs, and the
processing unit may also be implemented with either hard-
ware or software.

[0042] The resource allocation server 100 may be a file
server, a database server, an application server, workstation, a
personal computer, or other computing apparatuses having
capability of computation, for example. The resource alloca-
tion server 100 is coupled to the APs AP1~APn respectively
through wired backhaul interface 101 (e.g. digital subscriber
lines (DSL), cable, or fiber), to communicate with APs
AP1~APn. The resource allocation server 100 includes at
least a processing unit (not shown) and at least a storage unit
(not shown). The storage unit stores a plurality of subscriber
registration infrmation, APs’ information, channel requests,
radio power map (RPM), spectrum management data, and
etc. The storage unit is, for example, a memory, a hard drive,
orany element used for storing the above mentioned data. The
processing unit is coupled to the storage unit. The processing
unit is capable of accessing data stored in the storage unit. The
processing unit may be a general purpose processor, a special
purpose processor, a conventional processor, a digital signal
processor, a plurality of microprocessors, a microprocessor
combining one or more digital signal processor cores, a con-
troller, a microcontroller, a application specific integrated
circuit (ASIC), a FPGA, a DSP chips, any other kind of
integrated circuit, a state machine, a processor based on an
advanced RISC machine (ARM), or the like.

[0043] For example, FIG. 2 is a schematic block diagram
illustrating the resource allocation server 100 according to an
embodiment of the invention. In this embodiment, the
resource allocation server 100 comprises a radio access server
110 comprising a home agent server 111 and a home cache
database server 113, a spectrum management (SM) database
server 130, a computing load balancing (CLB) server 140,
and a SM server 150 comprising a spectrum resource sharing
(SRS) server 151 and a channel and power allocation (CPA)
server 153. The radio access server 110 maintains the regis-
tration information, geographical locations, associated APs
(for example, APs AP1~APn in FIG. 1), and the quality-of-
service (QoS) levels (for example, bandwidth requirements
of applications like web browsing, video, voice over IP
(VoIP), file transfer protocol (FTP), and etc. . . . ) of user
equipments (UEs) (e.g. smart phone, computer, and etc. . . . ).
Besides, the home agent server 111 receives channel (or
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spectrum) requests of APs and stores the channel requests in
the SM database server 130. Based on information retrieved
from the SM database server 130, the home cache database
server 113, and RPM database server (not shown), the SM
server 150 executed in two processing servers (i.e. SRS server
151 and the CPA server 153) distributes the available spec-
trum to the APs, and controls their radiation power according
to the locations and QoS levels of channel requests. The CLB
server 140 retrieves traffic loading information and sub-
scriber registration information from the home cache data-
base server 113, and groups the APs into several clusters. The
detail steps of the above mentioned operation will be
described in the following descriptions. Furthermore, it
should be noticed that the home agent server 110, the home
cache database server 113, the SM database server 130, the
CLB server 140, the SRS server 151, and the CPA server 153
also include at least a processing unit (not shown) and at least
astorageunit (not shown) as described in the discussion of the
resource allocation server 100.

[0044] FIG. 3 is a flow chart illustrating a resource alloca-
tion method according to an embodiment of the invention.
The method disclosed in this embodiment may be executed
by the processing units of the resource allocation server 100
and APs AP1~APnin FIG. 10r FIG. 2. Steps of the method of
this embodiment are described with reference to the devices
shown in FIG. 1 and FIG. 2 in the following discussions.

[0045] 1In Step S310, the home agent server 111 receives
location data of the APs AP1~APn and channel request data
ofthe APs AP1~APn corresponding to the location data of the
APs AP1~APn from the APs AP1~APn. For example, assum-
ing the APs AP1~APn provide Internet services (e.g. web-
browsing, sending e-mail, and etc. . . . ) to UEs (e.g. smart
phone, computer, and etc. . . . ) respectively in each coverage
area of the APs AP1~APn. After the APs AP1~APn perform
association and authentication with the UEs, the UEs may
send channel access requests (e.g. requests for resource
blocks (RBs) in LTE, frequency bands (or bandwidth),
timeslots, and etc. . . . ) for the Internet services. The APs
AP1~APn may collect the channel access requests of UEs and
transform the channel access requests of UEs into channel
request data, wherein contents of channel request data will be
described later. Then, the APs AP1~APn may transmit the
channel request data and location data corresponding to the
channel request data to the resource allocation server 100 via
the wired backhaul. The location data may be coordinate
values of global positioning system (GPS), longitude/latitude
data, identifiers (IDs) of the APs AP1~APn and the UEs, and
distances and angles between the APs AP1~APn and UEs, for
example. Subsequently, the home agent server 111 may
receive the location data of the APs AP1~APn and the channel
request data of the APs AP1~APn corresponding to the loca-
tion data of the APs AP1~APn, and store the location data of
the APs AP1~APn and the channel request data of the APs
AP1~APn in the home agent database server 120 and/or the
SM database server 130.

[0046] Next, after the CLB server 140 retrieves the location
data of the APs AP1~APn and the channel request data of the
APs AP1~APn from the home agent database server 120, the
CLB server 140 groups the channel request data of the APs
AP1~APninto several clusters (e.g. the amount of the clusters
is 3, 5,andetc. . . . ) according to available physical channels
of the APs AP1~APn and the channel request data of the APs
AP1~APn (step $330). With the growth of the mobile traffic,
more APs are deployed in metropolitan areas, so that enor-

Feb. 26, 2015

mous amount of computational complexity may become a
heavy load on the resource allocation server 100 (or cloud
center), and the computation may take much execution time
and thus fails to meet the real-time demand. Based on both the
computation complexity and computation time constraint,
the APs AP1~APn are partitioned into several clusters and
multiple layers and each cluster is handled by a virtual
machine (VM) of the CPA server 153, wherein the detail
description of CPA algorithm of each VM of the CPA server
153 and multi-layer management method of layer manage-
ment server (not shown) will be described later, and the fol-
lowing description will be the method of grouping of the
embodiment of the invention.

[0047] In one embodiment, the CLB server 140 calculates
workloads of clusters of APs according to the number of the
available physical channels of the APs, the number of the APs
and the number of the sector utility requests of each of the APs
AP1~APn. Next, the CLB server 140 groups the channel
request data of the APs into the clusters according to the
location data of the APs and the workloads of the clusters,
wherein each of the workloads of the clusters is less than or
equal to a maximal workload in each of the clusters. In this
embodiment, each of the channel request data of the APs
AP1~APn comprises sector utility requests and signal to
interference-plus-noise ratio (SINR) requirements corre-
sponding to the sector utility request.

[0048] Specifically, at first, determining location relations
between each of the APs AP1~APn according to the location
data of the APs AP1~APn. Let diagram G=(V.E) represent a
layer of the APs AP1~APn in the considered cognitive radio
network (CRN) (i.e. the communication system 10), wherein
V is a set of the APs AP1~APn and E is a set of links. Then,
assuming all APs AP1~APn are identical, and their maximum
transmission radius is D. Let be the edge and (i,j) be the
distance between APi and APj which are two of the APs
AP1~APn, wherein 1,jEV. If distance (i,j)<2D, then ¢, =,
otherwise e; =0. Besides, assuming the coverage area of APi
is A, |A | is the area of A, and A, represents the coverage
overlapping area of APi and AP;j.

[0049] Next, assuming APi and APj have Y, and Y, SU
requests, the available physical channels of APi and AP;j are
M, and M, and the number of the available physical channels
of APi and APj, namely the cardinality of' M, and M, are [M,|
and IM], respectively. The number of the available physical
channels of APiand APj (i.e. IM,| and IM,[) may be less than
or equal to the number of physical channels of the layer
(denoted by M).

[0050] Afterwards, suppose that the coverage area of an AP
(e.g. AP1 . . . APn) may overlap with many others in the
communication system 10 with densely deployed APs (e.g.
AP1 ... APn). For simplicity of system design, assuming that
the associated SUs of an AP (e.g. AP1, . .., APn) are uni-
formly distributed in its coverage area given that an SU can
initially choose to associate with any AP from which it
receives the highest radio strength. Under such an operating
condition, further assuming that the average number of SUs
that are associated with APi and reside in the coverage over-
lapping arca among APi and its neighboring APs is equal to
(Y/IADxIU, A, ] Normalizing the number of neighboring
APswith%,_ e, ;, and thus the average number of SUs that are
associated with APi or another APj in their coverage overlap-
ping area A, can be defined as the following equation (1):
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[0051] On the other hand, if also assuming that available
physical channels will be uniformly allocated to SUs, then the
average number of available physical channel to SUs that are
associated with APi or APj in A, can be defined as:
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orH,,, or the maximum of them, max{H,,,H,,}. The nota-
tion H; stands for the physical channel set available for AP,
and IH/H,| represents the physical channels that are in H, but
not in H,. Based on the above definitions for available physi-
cal channels and SUs in the coverage overlapping area A, of
APi and APj, we further define a penalty, denoted by p, ;, for
channel shortage in A, as well, given by the following pen-
alty equation (3):

s, max{0. i mmax{Hr Hye ), VijE Viizf 3)

Ifthere are more SUs than channels in a coverage overlapping
area, then a penalty results. Otherwise, if there are more
available physical channels than SUs, or A, =@, then p, =0.
It should be noted that the available physical channels for a
layer is determined by the SM server 150 according to the
RPM database server in the resource allocation server 100.
Available physical channels of different APs may vary
according to their locations and the spectrum availability in
that areas. For simplicity, the available physical channels for
APiis denoted by H;, with |H,/sM and M being the number of
available physical channels assigned to a layer. Although
available physical channels for different APs inside a cluster
are likely to be the same, the available physical channels truly
set for the boundary APs of a cluster will be determined only
after the cluster is formed and the SRS is done for all clusters
in alayer. For clarity, the channel set H, available for APi here
is, thus, denoted differently from the channel set M, assigned
for APi (i.e. M,=H)).

[0052] The penalty equation (3) can be readily extended
and applied to the coverage overlapping area of multiple APs,
allowing us to estimate the cost of clustering before doing
SRS. Specifically, boundary APs of neighboring clusters will
incur a penalty if channels available in their coverage over-
lapping area are not enough to provide full interference avoid-
ance among them. For the embodiment of the invention, the
objective of clustering is to result in as low a penalty as
possible in clustering. To this end, defining two neighboring
APs as a boundary AP pair (taking APi and APj as examples)
if they belong to different clusters (or VMs), and further
defining a boundary edge indicator e, Jb whose value is one if
aboundary AP pair, (APi, APj), has e, =1 and zero otherwise.
Following these definitions, the overall penalty for partition-
ing a diagram G=(V,E) into disjoint clusters can be evaluated
as:
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[0053] Then, suppose that there are in average d; APs per
kilometre squared (km?), and the number of the available
physical channels for APs in a cluster are still M. The average
number of links for an SU is thus equal to L, & aD*d, M.
Now considering an extreme case where all SUs see different
links, then the number of tests for N SUs will becomey ,, (M,
N)2L,, +(N —l)Lavgz. Thus, the computational complexity
for CPA is upper bounded by the equation (5) (i.e. the work-
load of a cluster):

Yy(M,N,L)= S

XYM N) T ] o)
e NLaR|EVZRYERt

fCP(/

wherein ., is the CPU clock frequency, and ¢, is a scaling
constant to account for the CPU cycle overhead of program-
ming language. The value of the equation (5) increases rap-
idly with the maximal numbers of APs, L, ina cluster. If we do
not consider the computational loading for each cluster, then
the best way to minimize the penalty is to use one cluster for
all APs (e.g. AP1,...,APn)inV.

[0054] Inthis embodiment, itis considered that a computer
resource balancing algorithm that will minimize the sum of
penalties for all clusters upon each of the clusters has a maxi-
mal workload 1, to satisfy the real time performance con-
straint. Let V, be the index set of APs in cluster k. Besides, let
Path(i,j) be the Boolean test to explore a feasible path between
APi and APj. If there exists a path between APi and APj,
Path(i,j)=1, otherwise Path(i,j)=0. Therefore, the objective
and constraints of the CLB problem are formulated as the
following equation (6):

. ©)
argmin Z eﬁjp;,j
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Yw (HVe), NV, Vi) <y &¥w(H(V), N(V)),
Vi) >y, AV, CV, Yk
s.t.Uk Ve =V, Vi NV =0, Y (k, D, k1

Path(i, ) = LY (i, e Vi, Yk

where we define N(V,)4 L, N,, with N, being the number of
SUs associated with APi, H(V)2X_,[HI, and V'
£ V,U{AP},3e, "=1,EV,j&V,. The first constraint ensures
that each cluster has included as many APs as possible to save
the computation resources for CPA. Suppose that the number
of clusters is large enough, this constraint also makes the
workload for CPA equally distributed to the VMs, and the
workload for CPA does not exceed the maximal workload .
The second constraint means that each of the APs AP1~APn
must be served by exact one VM (or in a cluster). The third
constraint indicates that the formed cluster must be con-
nected. Afterwards, the channel request data of the APs
AP1~APn may be grouped into the clusters, and the VMs in
each of the clusters may operate with acceptable complexity
of computation.
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[0055] However, these VMs simultaneously and indepen-
dently perform CPA algorithm and will not share with others
how they allocate channels to the APs AP1~APn. It may occur
that multiple adjacent APs, which are served by different
VMs (i.e. in different clusters), share the same physical chan-
nel. This situation would result in severe co-channel interfer-
ences. Followed, it is presented the problem formulation of
the spectrum resource balancing problem.

[0056] Inoneembodiment, the SRS server 151 determines
boundary APs from the APs AP1~APn, wherein at least two
of the APs AP1~APn are determined as the boundary APs
when the at least two of the APs AP1~APn are adjacent in
different clusters. The SRS server 151 then re-assigns the
available physical channels of the APs AP1~APn to the
boundary APs.

[0057] Specifically, assuming that there are B boundary
APs among the clusters after performing the computer
resource balancing problem. The next step is to allocate chan-
nels to the boundary APs such that they at least have different
channels if they belong to different clusters and have over-
lapping service areas, too. Recall that the sets of available
physical channels for the boundary APi, M,, will be allocated,
from its available channel set H,. In order to allocate as many
channels as needed by every AP, therefore, the embodiment of
the invention would design a spectrum resource sharing
(SRS) method that can additionally maximize the worst aver-
age number of channels per SU among the boundary APs.
This motivates us to formulate an SRS problem as follows.
[0058] Defining an arbitrary set of channel assignments for
boundary APs as M4 {M,i€V,} with V,, defined as the
index set of all boundary APs. The objectives of the spectrum
resource sharing among boundary APs is to maximize the
physical channel reuse, and thus this problem can be formu-
lated as the following equation (7):
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Two constraints of the spectrum resource sharing problem
are: the allocated physical channels of any two adjacent
boundary APs are mutually exclusive, and the allocated chan-
nels of a boundary AP must be a subset of its available
physical channels. Furthermore, it should be noted that the
step of the above mentioned CLB and SRS computation may
be operated in a period of reallocating time (e.g. a hour, 3
hours, or etc. . . . ), and the allocation result may also be
updated in the home cache database server 113 and SM data-
base server 130 in the period of the reallocating time, and
those having ordinary skills in the art may modify the period
of reallocating time for the design requirement to implement
the present invention.

[0059] For example, FIG. 4 is an example illustrating a
spectrum resource sharing mechanism according to the
embodiment of the invention. In this example, assuming the
number of available physical channels is two (i.e. physical
channels CH1 and CH2), and each of the APs AP1~AP6 has
a coverage area with maximal transmission power. After the
clusters are determined by the CLB server 140, a boundary
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line may separate the APs AP1~AP6 into two clusters. Con-
sidering the coverage area with maximal transmission power,
AP3 and AP4 are the boundary APs in this example (AP3 and
AP4 are belonged to different clusters, and the coverage areas
of AP3 and AP4 are overlapped). If the available physical
channels allocated to AP3 and AP4 are both physical channels
CH1 and CH2, in a situation of without knowing a transmis-
sion power of each other, it may cause serious co-channel
inference. Therefore, the SRS server 151 allocates different
available physical channels to AP3 and AP4, wherein AP3
uses the physical channels CH2, and AP4 uses the physical
channels CH1. On the other hand, non-boundary APs (i.e.
AP1, AP2, APS5, and AP6) may use all available physical
channels (i.e. both physical channels CH1 and CH2) under a
condition that power transmission configurations of the APs
AP1, AP2, APS, and AP6 are feasible.

[0060] Itshouldbe noted that, in order to make efficient use
of available physical channels, and to make the computation
with acceptable complexity, the coverage area of an AP (e.g.
AP1, AP2, or etc. . . . ) is partitioned into several sectors.
Taking AP1 of FIG. 1 as an example, FIG. 5 is an example
illustrating a coverage area of the AP1 of FIG. 1 according to
an embodiment of the invention. In this embodiment, the
coverage area of the AP1 is partitioned into 12 sectors as
shown in FIG. 5, with four inner sectors 510 and eight outer
sectors 520. Channel access requests from a sector of the AP1
are first transformed by the AP1 into a number of SU requests
and corresponding to SINR requirements. Each SU request
will occupy one physical channel, if granted, over the dura-
tion of a transmission time interval (TTT) in, for example but
not limited to, the LTE media access control (MAC) frame
format. As a result, each SU request may support a number of
channel access requests issued by the same or different UEs in
the same sector. Furthermore, it should be noted that the
coverage area of the AP1 is merely an exemplary example, in
the other embodiment, number, shape, position, and size of
each grouped sector of each of the APs AP1~APn may be
different, and this invention is not limited thereto.

[0061] Next, in the step S350, the CPA server 153 allocates
the physical channels of the APs AP1~APn for the channel
request data of the APs AP1~APn and transmission power
configurations on each of the allocated physical channels of
the APs AP1~APn according to the channel request data and
the location data of the APs AP1~APn in each of the clusters.
[0062] Inone embodiment, the CPA server 153 determines
whether to allocate one of the physical channels of one of the
plurality of APs AP1~APn to each of the sector utility
requests according to the location data of the APs AP1~APn
and the SINR requirements corresponding to the sector utility
requests. Specifically, as above mentioned, the channel
access requests inside a sector of one ofthe APs AP1~APn are
lumped and transformed into a number of SU requests, say N.
In addition, each sector’s SU request is further associated
with an SINR requirement 1;, 1EIS,, wherein for conve-
nience, an index set of {1, . . . N} is denoted by IS,, in the
sequel. The location data of an SU request is thus considered
as the geographical center of its serving UEs. Next, assuming
there are L. APs (e.g. AP1~APL, wherein 1<[.<n) inside a
cluster. Recall that the sets of available physical channels and
the number of physical channels for the boundary AP1 are M,
and Ml

[0063] Since each SU request will be allocated to one of the
APs AP1~APn only if its SINR requirement is satisfied, and
may carry channel access requests from a number of UEs.
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Therefore, it is considered that the CPA algorithm will maxi-
mize the number of granted SU requests subject to (s.t.) a
transmit power limitation on each of the physical channels. In
addition, to best reuse the spectrum resources of a cluster, the
SU requests in the coverage overlapped areas of two of the
APs AP1~APL will be reallocated to their best one of the APs
AP1~APL, considering the relative interferences among SU
requests and their individual SINR requirements, even if they
are issued from different ones of the APs AP1~APL. There-
fore, it is defined that for each SU,,, request, mEISV, and an
allocation variable X ;. The Value of X, is set to one
when SU,, is allocated to AP1 on the k-th physmal channel,

with kEMZ, otherwise X, ;, is set to zero.

[0064] Inthis embodiment, the CPA server 153 calculates a
received SINR of each of the SU requests according to the
location data of the APs AP1~APn and each of the SINR
requirements, wherein the location data of the APs AP1~APn
comprise sector location data of the SU requests, and allo-
cates one of the physical channels of one of the APs AP1~APn
10 one of the SU requests when the received SINR of the one
of the SU requests is met to the SINR requirement corre-
sponding to the one of the SU requests.

[0065] Specifically, inaddition to the above system require-
ments, it is considered a multiple access scheme in the com-
munication system 10 of the invention where each of the
physical channels of one of the APs AP1~APn can be
assigned to one SU request only, namely, e IVX," =l As
aresult, it is satisfied that 2,2, X iisM, . Besides,

each SU request can be allocated to one phy51ca1 channel of
one of the APs AP1~APn at most, namely, 2, X,, , ,<1 and
I I X451, YmEIS,.

[0066] On the other hand, to incorporate QoS in the com-
munication system 10 of the invention and performance
evaluations, it 1s considered a typical mapping between the
QoS and the channel capacity C=log(1+SINR), which leads
10 a capacity and, hence, an average SINR constraint on each
of the physical channel, given by the following equation (4):

A Pri Gt . “
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wherer,, ,, stands for the received SINR at SU,, on the k-th
physical channel of AP1, and N, is the noise power. The
transmit power (i.e. the transmission power configuration) of
AP1 on its k-th physical channel is denoted by P, ;, whose
propagation pathloss G, ; , along the path from AP1 to SU,,
request is defined in decibel (dB) as the following equation

)
10 loglO(Gm,l,k):_ﬁ(dO)_ 10pe log,o(d, /o) &)

where PL(d,)) is the reference free space pathloss in dB mea-
sured at a close-in reference distance d,,, and pe is the pathloss
exponent that indicates the rate at which the pathloss
increases with distances. The separation distance between
SU,, and AP1 is denoted by d,, ;, which may be comprised in
the sector location data of the SU_ request.

[0067] Afterwards, the CPA server 153 determines a maxi-
mum transmission power on each of the physical channels of
the APs AP1~APL, and calculates the transmission power
configurations on each of the allocated physical channels of
the APs AP1~APL according to the maximum transmission
power on each of the physical channels of the APs AP1~APL.
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[0068] Specifically, the transmit power (i.e. the transmis-
sion power configuration) on each of the physical channels is
limited to P,"** (i.e. the maximum transmission power), lead-
ing to a power constraint of 0<P, ;<P,™** Then, it is formu-
lated a downlink CPA criterion to best reutilize the channel
resource as the following equation (6):
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From this CPA formulation, it follows immediately that a
valid solution set X,,, ,, satisfies

N L L
Z Z Xm,l,k = min{N, Z A’Vll}.
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Besides, for a set of the valid SU-AP link pairs (m,1), in
physical channel k, defined as L, {(m,]),1X,,, , ,=1,Vm€EIS,,
1€1S, }, it follows by the equation (4):
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Renumber the SU-AP pairs of L, as (m,1,);, . . ., (mq,lq)k,
wherein q4& ILkI it may be defined an qx1 vector of u,4 [N,

/G s Or /Gm - 1" whose s-thentry corresponds
to the (m 1 )A palr of Lk Accordmgly, it is also defined p,
P Plz,q] and an qxq matrix A, as
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Let I, be an qxq identity matrix. The SINR constraint of
equation (7) can thus be rewritten as

I~ Apizuy, 9

Given that the equality holds for the optinum solution set L,
the corresponding transmit power (i.e. the transmission
power configuration) of the APs AP1~APL equal to p,~(I -

A,)™"u,. The computational complexity of solving this matrix
equality with the Gaussian elimination method is

1, 1
g +q2-=q.
39 +a2-34
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Since the maximum value q is equal to the number of APs in
the cluster, L, the complexity is bounded from above by

1
i S o

Furthermore, it should be noted that the step of the above
mentioned CPA algorithm may be computed every, for
example but not limited to, 2 seconds or a second, the alloca-
tion result may also be updated in the home cache database
server 113, and those having ordinary skills in the art may
modify the computing time for the design requirement to
implement the present invention.

[0069] Furthermore, the resource allocation server 100 fur-
ther comprises a layer management server (not shown)
coupled to the home agent server 111. The layer management
server groups the APs AP1~APn into at least one layer
according the channel request data of the APs AP1~APn,
wherein the at least one layer comprises at least one of the
districts. The districts may be administrative districts, clusters
as above mentioned, or any other geographical districts, for
example.

[0070] Specifically, to manage the data traffics with a com-
mon but scalable mechanism in different districts and in dif-
ferent times of a day, the APs AP1~APn inside a district of the
communication systems 10 of the invention are further parti-
tioned into a number of layers. For example, FIG. 6 is an
example illustrating a multi-layer service model according to
anembodiment of the invention. There are 3 districts, wherein
district 1 is grouped into 3 layers, district 2 is grouped into 2
layers, and district 3 is grouped into 1 layer. This is because
the number of APs AP1~APn deployed and activated in a
certain district of the service area is determined based on the
statistics of its local mobile bandwidth requirement and traffic
density, which may be analyzed from the channel request data
ofthe APs AP1~APn retrieved from the home cache database
server 113. Using a multi-layer service model, the densities of
the APs AP1~APn of different layers can be kept the same,
and the number of available physical channels assigned to a
layer can also be equal, even though the radio frequencies, or
TV channels, used in different districts of a layer may not be
the same. Under this network architecture, local districts with
high bandwidth demands can be deployed more layers of APs
as district 1 with 3 layers shown in FIG. 6. It should be noted
that, the numbers of APs in a district and in a cluster encircled
by a cluster border may be the same or different.

[0071] In this embodiment, the layer management server
further determines whether to transmit a control signal
according the channel request data of the APs AP1~APn, so
as to activate or deactivate the APs AP1~APn in the at least
one of the districts of a layer according to the control signal.
The number of active layers in different districts can be
dynamically adjusted according to the data traffic loading in
different times of a day (e.g. per 6 hours, 12 hours, or a day,
etc. . . . ). The layer management server may transmits a
control signal (e.g. terminating power, turning on, or sus-
pending transmission of the selected APs in one layer, etc. . .
.) for deactivating/activating the APs AP1~APn via the home
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agent server 111 according to the data traffic loading, which
may beanalyzed from the channel request data of the plurality
of APs AP1~APn.

[0072] For example, FIGS. 7A and 7B are examples illus-
trating a multi-layer service activating/deactivating control
according to the embodiment of the invention. Referring to
FIG. 7A, there are three districts, and each of the districts is
grouped into two layers. In the daytime (e.g. from 9:00 to
18:00), there are more people needed to be served by the
Internet service in the district 2, and there are fewer people in
the district 2. The layer management server may deactivate
the APs in the layer 2 of the district 2 in the daytime. Then,
referring to FIG. 7B, the layer management server may acti-
vate the APs in the layer 2 of the district 2 and deactivate the
APs in the layer 2 of the district 3 in the nighttime (e.g. from
18:00 to 9:00).

[0073] Subsequently, after the home agent server 111
retrieves the grouping result and allocated result of CPA from
the home cache database server 113 and/or the SM database
server 130, in the step S370, the home agent server 111
transmits allocated results of the physical channels of the APs
AP1~APn for the channel request data of the APs AP1~APn,
and the plurality of transmission power configurations on
each of the allocated physical channels of the APs AP1~APn
to the APs AP1~APn. For example, the radio access server
110 may receive the channel request data of the APs
AP1~APn every two second, the CPA server 153 may make a
VM responsible for a layer’s CPA algorithm within two sec-
onds, and then home agent server 111 retrieves the CPA result
and transmits to the APs AP1~APn.

[0074] For a simulation of CPA algorithm, FIG. 8 is a
simulation result of the CPA algorithm according to the
embodiment of the invention. Parameters of the simulation
are configured as, maximum transmission radius D=0.2357
km, density of distributed APs in a layer d,=16 AP/km"2, the
number of physical channels of the layer M=6, and the num-
ber of SU requests N=6xL, wherein there are L APs. As a
result, in a condition that the number ofthe SU requests is less
than 6, the numbers of granted SU requests of the optimal and
the heuristic algorithms are almost the same, and a ratio of the
allocation is nearly 80%. However, with the increase of the
number of the SU requests, there is a gap between the two
algorithms, and the ratio of the allocation is decreased to 60%.

[0075] Inaddition, table (1)is a performance comparison of
the optimal and the heuristic algorithms of CLB server 140
and SRS server 151. The environment parameters of the
simulation comprises nine APs arranged in square shape, four
available physical channel, 1~4 randomly distributed physi-
cal channels for channel access request of each AP, maximal
computational loading of VM configured at 40, and the simu-
lation result with an average of 100 times of simulation. Nine
APs are respectively grouped into 2.75 and 2.87 districts by
the optimal and the heuristic algorithms of CLB server 140,
and the optimal CLB algorithm has a better performance of
computational loading balancing in different VMs (the stan-
dard deviation of the loading is 2.22). On the other hand, the
number of the available physical channels allocated to each
AP by the optimal SRS algorithm with the optimal CLB
algorithm is the largest (average is 2.53 physical channels),
and the number ofthe available physical channels allocated to
each AP by the heuristic SRS algorithm with the heuristic
CLB algorithm is 2 because of the complexity.
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TABLE 1
Number
of assigned Satisfaction
physical channels degree
Penalty (1, 0) .0)
Number  Loding (edge Optimal Heuristic Optimal Heuristic
of VMs (1, o) cost) SRS SRS SRS SRS
Optimal 275  (32.8,2.22) 158  (2.553,0.45) (2.47,0.26) (1.038,0.236) (1.010,0.133)
CLB
Heuristic ~ 2.87  (31.4,298) 1.99  (2.10,055)  (2.0.28) (0.864,0.270)  (0.818,0.142)
CLB

[0076] To sum up, the resource allocation server and the
communication system, disclosed in the embodiments of this
invention, are configured to calculate workloads of the APs to
group the APs into several clusters by the CLB server, to
reallocate the physical channels to the boundary APs which
are adjacent in different clusters by the SRS server, to allocate
a physical channel of one of the APs to a SU request when the
received SINR of the SU request is met to the SINR require-
ment of the SU request, and to allocate a suitable transmission
power configuration to each of the APs without unacceptable
co-channel interferences. Accordingly, the invention may
reduce the computational complexity of the server and power
consumption of the APs substantially, and the spectrum effi-
ciency of the communication system of the invention has
better performance. Furthermore, the communication system
of the invention with multi-layer may further control the APs
for each district dynamically and effectively, so as to reduce
power consumption effectively and provide green energy
communication.

[0077] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present invention cover modifications and
variations of this invention provided they fall within the scope
of the following claims and their equivalents.

What is claimed is:

1. A resource allocation server, comprising:

a radio access server, receiving location data of a plurality
of access points (APs) and channel request data of the
plurality of APs corresponding to the location data of the
plurality of APs;

a computing load balancing (CLB) server coupled to the
radio access server, the CLB server groups the channel
request data of the plurality of APs into a plurality of
clusters according to a plurality of available physical
channels of the plurality of APs and the channel request
data of the plurality of APs; and

achannel and power allocation (CPA) server coupled to the
radio access server and CLB server, the CPA server
allocates the plurality of available physical channels of
the plurality of APs for the channel request data of the
plurality of APs and a plurality of transmission power
configurations on each of the plurality of allocated
physical channels of the plurality of APs according to
the plurality of channel request data and the location
data of the plurality of APs in each of the plurality of
clusters, wherein the radio access server transmits allo-
cated results of the plurality of allocated physical chan-
nels of the plurality of APs for the channel request data

of the plurality of APs and the plurality of transmission
power configurations on each of the plurality of allo-
cated physical channels of the plurality of APs.

2. The resource allocation server according to claim 1,
wherein each of the channel request data of the plurality of
APs comprises a plurality of sector utility requests and signal
to interference-plus-noise ratio (SINR) requirements corre-
sponding to the plurality of sector utility requests, and the
CPA server determinates whether to allocate one of the plu-
rality of available physical channels of one of the plurality of
APs to each of the plurality of sector utility requests accord-
ing to the location data of the plurality of APs and the SINR
requirements corresponding to the plurality of sector utility
requests.

3. The resource allocation server according to claim 2,
wherein the CPA server calculates a received SINR of each of
the plurality of sector utility requests according to the loca-
tion data of the plurality of APs and each of the SINR require-
ments, wherein the location data of the plurality of APs com-
prises a plurality of sector location data of the plurality of
sector utility requests, and allocates one of the plurality of
available physical channels of one of the plurality of APs to
one of the plurality of sector utility requests when the
received SINR of the one of the plurality of sector utility
requests is met to the SINR requirement corresponding to the
one of the plurality of sector utility requests.

4. The resource allocation server according to claim 3,
wherein the CPA server determines a maximum transmission
power on each of the plurality of allocated physical channels
of the plurality of APs, and calculates the plurality of trans-
mission power configurations on each of the plurality of
allocated physical channels of the plurality of APs according
to the maximum transmission power on each of the plurality
of physical channels of the plurality of APs.

5. The resource allocation server according to claim 3,
wherein the CLB server calculates workloads of a plurality of
clusters according to the number of the plurality of available
physical channels of the plurality of APs, the number of the
plurality of APs and the number of the plurality of sector
utility requests of each of the plurality of APs, and groups the
channel request data of the plurality of APs into the plurality
of clusters according to the location data of the plurality of
APs and the workloads of the plurality of clusters, wherein
each of the workloads of the plurality of clusters is less than
or equal to a maximal workload in each of the clusters.

6. The resource allocation server according to claim 5,
wherein the resource allocation server further comprises:

a spectrum resource sharing (SRS) server coupled to the

radio access server, determining boundary APs from the
plurality of APs, wherein at least two of the plurality of
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APs are determined as the boundary APs when the at
least two of the plurality of APs are adjacent in different
clusters, and re-assigning the plurality of available
physical channels of the plurality of APs to the boundary
APs.

7. The resource allocation server according to claim 1,
wherein the resource allocation server further comprises:

a layer management server coupled to the radio access
server, grouping the plurality of APs into at least one
layer according to the channel request data of the plu-
rality of APs, wherein the at least one layer comprises at
least one of a plurality of districts.

8. The resource allocation server according to claim 7,
wherein the layer management server determines whether to
transmit a control signal according to the channel request data
of the plurality of APs, so as to activate or deactivate the
plurality of APs in the at least one of the plurality of districts
of the at least one layer according to the control signal.

9. A communication system, comprising:

a plurality of access points (APs); and

aserver, coupled to the plurality of APs, wherein the server
is configured to receiving location data of the plurality of
APs and channel request data of the plurality of APs
corresponding to the location data of the plurality of
APs, grouping the channel request data of the plurality
of APs into a plurality of clusters according to a plurality
ofavailable physical channels of the plurality of APs and
the channel request data of the plurality of APs, allocat-
ing the plurality of available physical channels of the
plurality of APs for the channel request data of the plu-
rality of APs and a plurality of transmission power con-
figurations on each of the plurality of allocated physical
channels of the plurality of APs according to the plural-
ity of channel request data and the location data of the
plurality of APs in each of the plurality of clusters, and
transmitting allocated results of the plurality ofallocated
physical channels of the plurality of APs for the channel
request data of the plurality of APs and the plurality of
transmission power configurations on each of the plu-
rality of allocated physical channels of the plurality of
APs.

10. The communication system according to claim 9,
wherein each of the channel request data of the plurality of
APs comprises a plurality of sector utility requests and signal
to interference-plus-noise ratio (SINR) requirements corre-
sponding to the plurality of sector utility requests, and the
server determines whether to allocate one of the available
plurality of physical channels of one of the plurality of APs to
each of the plurality of sector utility requests according to the
location data of the plurality of APs and the SINR require-
ments corresponding to the plurality of sector utility requests.
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11. The communication system according to claim 10,
wherein the server calculates a received SINR of each of the
plurality of sector utility requests according to the location
data of the plurality of APs and each of the SINR require-
ments, wherein the location data of the plurality of APs com-
prises a plurality of sector location data of the plurality of
sector utility requests, and allocates one of the plurality of
allocated physical channels of one of the plurality of APs to
one of the plurality of sector utility requests when the
received SINR of the one of the plurality of sector utility
requests is met to the SINR requirement corresponding to the
one of the plurality of sector utility requests.

12. The communication system according to claim 11,
wherein the server determines a maximum transmission
power on each of the plurality of allocated physical channels
of the plurality of APs, and calculates the plurality of trans-
mission power configurations on each of the plurality of
allocated physical channels of the plurality of APs according
to the maximum transmission power on each of the plurality
of physical channels of the plurality of APs.

13. The communication system according to claim 11,
wherein the server calculates workloads of a plurality of
clusters according to the number of the plurality of available
physical channels of the plurality of APs, the number of the
plurality of APs and the number of the plurality of sector
utility requests of each of the plurality of APs, and groups the
channel request data of the plurality of APs into the plurality
of clusters according to the location data of the plurality of
APs and the workloads of the plurality of clusters, wherein
each of the workloads of the plurality of clusters is less than
or equal to a maximal workload in each of the clusters.

14. The communication system according to claim 13,
wherein the server determines boundary APs from the plural-
ity of APs, wherein at least two of the plurality of APs are
determined as the boundary APs when the at least two of the
plurality of APs are adjacent in different clusters, and re-
assigns the plurality of available physical channels of the
plurality of APs to the boundary APs.

15. The communication system according to claim 9,
wherein the server groups the plurality of APs into at least one
layer according to the channel request data of the plurality of
APs, wherein the at least one layer comprises at least one of
the plurality of districts.

16. The communication system according to claim 15,
wherein the server further determines whether to transmit a
control signal according to the channel request data of the
plurality of APs, so as to activate or deactivate the plurality of
APs in the at least one of the plurality of districts of the at least
one layer according to the control signal.
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