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FREQUENCY SPECTRAL MANAGEMENT
APPARATUS AND METHOD,
GEOGRAPHICAL LOCATION DATABASE
AND SECONDARY SYSTEM APPARATUS

FIELD OF THE INVENTION

[0001] The present invention generally relates to the field of
wireless communication, and particularly relates to fre-
quency spectral management in a radio system. More particu-
larly, the present invention relates to a frequency spectral
management apparatus, a geographical location database, a
secondary system apparatus and a frequency spectral man-
agement system including these apparatus as well as a fre-
quency spectral management method, for achieving reason-
able usage of frequency spectral resources in a cognitive radio
system.

BACKGROUND OF THE INVENTION

[0002] With the evolution of the wireless communication
system, the users have higher and higher demand for services
with high quality, high speed and new services. The wireless
communication operators and equipment manufacturers are
required to continuously improve systems to meet the users’
demand. It requires a large amount of frequency spectral
resources (The frequency spectral resources can be evaluated
numerically for example with parameters such as time, fre-
quency, bandwidth, allowable maximum emission power.) to
support new services and satisfy the demand for high speed
communication. However, the frequency spectral resources
are limited, and are already distributed to fixed operators or
services. New available frequency spectral resources are
either rare or quite expensive.

[0003] In this context, the concept of dynamic frequency
spectral usage is proposed, where those frequency spectral
resources already authorized (distributed) to some services
but not sufficiently made use of are dynamically utilized. The
current cognitive radio system is based on this idea. The
cognitive radio system can automatically detect the surround-
ing wireless environments, and allow other users or systems
(secondary users or secondary systems) to make use of fre-
quency spectral resources for an authorized user or system
(primary user or system) in the case that no harmful interfer-
ences will be caused to the authorized user or system. With the
development of the cognitive radio system, various secondary
systems will access to request the usage of the frequency
spectral resources for the primary system in the future, and it
is necessary to solve the problem of coordinating the fre-
quency spectral resources allocation among various types of
secondary systems efficiently in the case that competition
occurs among a plurality of secondary systems.

SUMMARY OF THE INVENTION

[0004] In the following, an overview of the present inven-
tion is given simply to provide basic understanding to some
aspects of the present invention. It should be understood that
this overview is not an exhaustive overview of the present
invention. It is not intended to determine a critical part or an
important part of the present invention, nor to limit the scope
of the present invention. An object of the overview is only to
give some concepts in a simplified manner, which serves as a
preface of a more detailed description described later.

[0005] Inview of the above demand, the present invention
aims to provide a frequency spectral management apparatus
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and a frequency spectral management method, which divides
priority levels for the secondary systems coexisting with the
primary system that competes with each other in the cognitive
radio system and manage the frequency spectral usage of
secondary systems with different priority levels. The present
application also provides a geographical location database
with a relatively simplified function which cooperates with
the frequency spectral management apparatus, corresponding
secondary system apparatus in the secondary systems, and a
frequency spectral management system including the fre-
quency spectral management apparatus, the geographical
location database and the secondary system apparatus.
[0006] According to an aspect of the present invention, a
system is provided that receives a request for resources from
a first system of a plurality of systems having different levels
of priority; identifies resources that are available in a second
system different from the plurality of systems based on the
received request; and determines whether to adjust a resource
assigned to the plurality of systems based on the priority level
of the first system and the resources that are available in the
second system.

[0007] The system realizes efficient usage of the frequency
spectral resources by dividing the secondary systems into
different priority levels, processing the frequency spectral
usage requests of secondary systems with different priority
levels, and adjusting the frequency spectral used by the sec-
ondary systems with a low priority level.

[0008] These and other advantages of the present invention
will be more apparent by illustrating in detail a preferred
embodiment of the present invention in conjunction with
accompanying drawings below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] To further set forth the above and other advantages
and features of the present invention, detailed description will
be made in the following taken in conjunction with accom-
panying drawings in which identical or like reference signs
designate identical or like components. The accompanying
drawings, together with the detailed description below, are
incorporated into and form a part of the specification. It
should be noted that the accompanying drawings only illus-
trate, by way of example, typical embodiments of the present
invention and should not be construed as a limitation to the
scope of the invention. In the accompanying drawings:
[0010] FIG. 1 is a schematic drawing illustrating the con-
stitution of a cognitive radio system according to an embodi-
ment of the invention;

[0011] FIG. 2 shows the structural block diagram of the
frequency spectral management apparatus in the cognitive
radio system according to an embodiment of the invention;
[0012] FIG. 3 shows the structural block diagram of the
frequency spectral usage adjusting unit in the frequency spec-
tral management apparatus according to an embodiment of
the invention;

[0013] FIG. 4 is a schematic drawing illustrating how to
select an existing second level secondary system to be
adjusted;

[0014] FIG. 5 is a schematic drawing illustrating the
equivalent interference lines for selecting an existing second
level secondary system to be adjusted;

[0015] FIG. 6 shows the structural block diagram of the
frequency spectral management apparatus in the cognitive
radio system according to another embodiment of the inven-
tion;
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[0016] FIG. 7 is a schematic drawing illustrating the con-
stitution of a cognitive radio system according to another
embodiment of the invention;

[0017] FIG. 8 shows the structural block diagram of the
geographical location database in the cognitive radio system
according to an embodiment of the invention;

[0018] FIG. 9 shows the information flow in the cognitive
radio system when the target secondary system is a second
level secondary system;

[0019] FIG. 10 shows the information flow in the cognitive
radio system when the target secondary system is a first level
secondary system;

[0020] FIG. 11 shows the structural block diagram of the
secondary system apparatus in the cognitive radio system
according to an embodiment of the invention;

[0021] FIG. 12 shows the flowchart of the frequency spec-
tral management method in the cognitive radio system
according to an embodiment of the invention;

[0022] FIG. 13 shows the flowchart of the sub-steps of the
frequency spectral adjusting step in the frequency spectral
management method according to an embodiment of the
invention;

[0023] FIG. 14 is a detailed flowchart for the frequency
adjusting performed when the target secondary system is a
first level secondary system; and

[0024] FIG. 15 is an exemplary block diagram illustrating
the structure of a general purpose personal computer capable
of realizing the method and/or apparatus and/or system
according to the embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025] An exemplary embodiment of the present invention
will be described hereinafter in conjunction with the accom-
panying drawings. For the purpose of conciseness and clarity,
not all features of an embodiment are described in this speci-
fication. However, it should be understood that multiple deci-
sions specific to the embodiment have to be made in a process
of developing any such embodiment to realize a particular
object of a developer, for example, conforming to those con-
straints related to a system and a business, and these con-
straints may change as the embodiments differs. Further-
more, it should also be understood that although the
development work may be very complicated and time-con-
suming, for those skilled in the art benefiting from the present
disclosure, such development work is only a routine task.
[0026] Here, it should also be noted that in order to avoid
obscuring the present invention due to unnecessary details,
only a device structure and/or processing steps closely related
to the solution according to the present invention are illus-
trated in the accompanying drawing, and other details having
little relationship to the present invention are omitted.

Cognitive Radio System

[0027] First, the cognitive radio system where the fre-
quency spectral management apparatus is located is simply
described. Generally, the cognitive radio system includes a
primary system and secondary systems. The primary system
is a system with right to use the frequency spectral, which can
includes multiple users (primary users). The secondary sys-
tem can be a system without right to use the frequency spec-
tral which can perform communication using the frequency
spectral appropriately only when the primary system does not
use the frequency spectral. The secondary system can have
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multiple users (secondary users). Alternatively, the secondary
system can also be a system with right to use the frequency
spectral but have a lower priority level than the primary sys-
tem in the using of the frequency spectral. For example, when
the operators deploy new base stations to provide new ser-
vices, the existing base station and the provided services are
taken as the primary system, having priority in using the
frequency spectral.

[0028] To be noted, the available frequency spectral
resources here can be referred as time, frequency band, trans-
mission power, etc.

[0029] FIG. 1 shows a schematic drawing illustrating the
constitution of a cognitive radio system 100 according to an
embodiment of the invention, as an application instance. In
the cognitive radio system 100, since the TV broadcast fre-
quency spectral itself'is allocated to the TV broadcast system,
therefore, the TV broadcast system is the primary system 101,
including a primary user base station 1011 and multiple pri-
mary users (televisions) 1012. The mobile communication
system 102, 103 and 104 are secondary systems, including
secondary user base stations 1021, 1031, 1041 and secondary
users 1022, 1032, 1042 respectively. In the cognitive radio
system 100, the frequency spectral of a channel where no
program is broadcast or the frequency spectral of an adjacent
channel in the digital TV broadcast frequency spectral can be
dynamically used and wireless mobile communication can be
performed, in the case of not interfering the receiving of the
TV signals.

[0030] Specifically, UHF frequency band is allocated to the
TV broadcast service, and thus the TV broadcast system has
the highest priority level in this frequency band and is the
primary system. In addition, the frequency spectral resources
in the UHF which are not used in a time period and in an area
by the TV broadcast system can be allocated to other com-
munication system for use.

[0031] Such a communication manner of primary system
and secondary systems coexisting requires that the applica-
tions of the secondary systems do not produce negative affect
onthe applications of the primary system. In other words, the
affect incurred by the frequency spectral usage of the second-
ary systems can be controlled within the primary system
allowable range. In the situation that the interference to the
primary system is maintained within certain range, that is,
does not exceed the primary system’s threshold, a plurality of
secondary systems can share the frequency spectral resources
for the primary system which can be used by these system.
[0032] Those skilled in the art can understand that,
although FIG. 1 shows the case of the primary system being
the TV broadcast system, the present application is not lim-
ited to this, and the primary system can also be a mobile
communication system with the right of frequency spectral
usage, while the secondary systems can also be other systems
requiring to use the frequency spectral resources to perform
communication, such as the smart meter reading system. In
addition, the number of mobile communication system is not
limited to 3, but can be more or less.

[0033] Currently, one of the main manners for protecting
the primary system is to store the coverage information of the
primary system into a database, which further stores the inter-
ference threshold the primary system can allow. The second-
ary system in the same as area as that the primary system is
located first has to access this database and submit the state
information of the secondary system such as position infor-
mation, spectrum emission mask, transmission bandwidth
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and carrier frequency, before beginning to make use of the
frequency spectral for the primary system. Then, the database
calculates the amount of interference to be produced by the
secondary system to the primary system according to the state
information of the secondary system, and compute the pre-
estimated available frequency spectral resources for the sec-
ondary system under the current state according to the calcu-
lated amount of interference the secondary system produced
to the primary system under the current state.

Frequency Spectral Management Apparatus

[0034] InFIG. 1, the cognitive radio system 100 can adopt
the frequency spectral management apparatus 105 to manage
the allocation of frequency spectral resources among differ-
ent secondary systems.

[0035] According to an embodiment of the application, the
cognitive radio system 100 comprises a primary system 101,
a first level secondary system (for example, the secondary
system 102), and a second level secondary system (for
example, the secondary system 103, 104), the first level sec-
ondary system making use of frequency spectral resources for
the primary system with a higher priority level than the sec-
ond level secondary system. As shown in FIG. 2, the fre-
quency spectral management apparatus 105 in the cognitive
radio system 100 includes: a communication unit 501, con-
figured to receive information of a target secondary system
requesting usage of the frequency spectral resources for the
primary system; an available frequency spectral acquiring
unit 502, configured to acquire pre-estimated available fre-
quency spectral for the target secondary system; and a fre-
quency spectral usage adjusting unit 503, configured to deter-
mine adjustment with respect to the pre-estimated available
frequency spectral for the target secondary system so as to
determine available frequency spectral for the target second-
ary system, and/or determine adjustment with respect to the
frequency spectral used by existing second level secondary
systems, according to the priority level of the target secondary
system.

[0036] In addition, the frequency spectral usage adjusting
unit 503 can further provide the adjusting information to the
communication unit 501, so as to provide the same directly or
via the geographical location database to be mentioned latter
to corresponding secondary systems. For example, the fre-
quency spectral usage adjusting unit 503 can be configured to
adjust the frequency spectral usage of the corresponding
existing second level secondary systems according to the
determined adjustment with respect to the frequency spectral
used by the existing second level secondary systems.

[0037] In the cognitive radio system 100, the secondary
systems are classified into the first level secondary systems
and the second level secondary systems according to their
priority levels in the terms of the frequency spectral usage.
The priority level of the first level secondary systems is higher
than that of the second level secondary systems. By control-
ling their usage of the frequency spectral resources for the
primary system according to the priority levels of the second-
ary systems, the communication quality of the secondary
systems with a high priority level can be ensured as much as
possible, and the available frequency spectral resources to the
secondary systems with a low priority level can be maximized
in the case that the secondary systems with a high priority
level do not use the frequency spectral.

[0038] The priority levels of the secondary systems can be
preset in advance, or vary according to the variation of the
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application types of the systems. For example, a mobile com-
munication system with QoS guarantee (for example, using
the frequency spectral resources for the primary system by
paying) provided by the operators is a first level secondary
system, and a system without QoS guarantee which uses the
frequency spectral randomly (for example, using the fre-
quency spectral resources for the primary system for free) is
a second level secondary system. However, the setting of the
priority level of a secondary system is not limited thereto, and
can be set according to the practical application.

[0039] When a target secondary system (for example, can
be any one of the secondary systems 102, 103 and 104) files
a request for using the frequency spectral resources for the
primary system 101 to the frequency spectral management
apparatus 105 directly, the communication unit 501 in the
frequency spectral management apparatus 105 receives this
request information, and provides it to the available fre-
quency spectral acquiring unit 502. The request information
includes related information regarding the target secondary
system. Further, as will be discussed in the embodiments
hereinafter, this request is not necessary to be received from
the target secondary system directly, but can also come from
the geographical location database in the cognitive radio sys-
tem.

[0040] As an example, the request information can include
priority information of the secondary system explicitly. Alter-
natively, the request information can include only identifica-
tion (ID) of the secondary system, and the frequency spectral
management apparatus 105 query a stored list of system IDs
and corresponding priority levels according to this ID to
determine the priority level of the secondary system. It should
be understood that the kinds of information which can be
contained in the request information are not limited thereto.
[0041] For example, the request information can include
the geographical location of the target secondary system. In
addition, the request information can further include system
parameters of the target secondary system, the quality
requirement of the frequency spectral usage of the target
secondary system and the interference threshold for the target
secondary system, etc.

[0042] The available frequency spectral acquiring unit 502
acquires the pre-estimated available frequency spectral for
the target secondary system in response to the received
request information, to preliminarily confirm the frequency
spectral which may be used by the target secondary system
according to the interference the primary system 101 is sub-
jected to.

[0043] Inan embodiment, the available frequency spectral
acquiring unit 502 is configured to acquire the pre-estimated
available frequency spectral under a condition that interfer-
ence the primary system is subjected to is expected not to
exceed an interference threshold for the primary system when
the target secondary system makes use of the frequency spec-
tral resources for the primary system.

[0044] Specifically, the available frequency spectral
acquiring unit 502 can acquire the pre-estimated available
frequency spectral by calculating on the basis of the request
information, or acquire information about the pre-estimated
available frequency spectral from an outside database
directly. The calculating of the pre-estimated available fre-
quency spectral can be achieved by virtue of any prior art.
[0045] Then, the frequency spectral usage adjusting unit
503 determines adjustment with respect to the pre-estimated
available frequency spectral for the target secondary system,
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and further determines adjustment with respect to the fre-
quency spectral used by existing second level secondary sys-
tems as necessary, according to the priority level of the target
secondary system acquired based on the request information.
Subsequently, the adjusting information is provided to the
communication unit 501, which feeds the adjusting informa-
tion back to corresponding secondary systems or the outer
apparatus such as the geographical location database which
sends the request information.

[0046] By using the frequency spectral usage adjusting unit
503, it can be ensured that the allocation of the frequency
spectral resources to the target secondary system does not
affect the frequency spectral usage of the existing primary
system and secondary systems with a high priority level.
Moreover, the efficiency of the frequency spectral usage can
be maximized by allocating the frequency spectral resources
according to the priority levels of the secondary systems.
[0047] FIG. 3 shows the structural block diagram of the
frequency spectral usage adjusting unit 503 according to an
embodiment of the invention. As shown in FIG. 3, the fre-
quency spectral usage adjusting unit 503 includes: a system
priority level judging module 3001, configured to judge the
priority level of the target secondary system; an interference
calculating module 3002, configured to calculate pre-esti-
mated interferences existing first level secondary systems are
subjected to when the target secondary system makes use of
the frequency spectral resources for the primary system in
accordance with the pre-estimated available frequency spec-
tral therefor; and an adjusting module 3003, configured to
determine adjustment with respect to the pre-estimated avail-
able frequency spectral for the target secondary system so as
to determine the available frequency spectral therefor.
[0048] Wherein, the system priority level judging module
3001 can judge the priority level of the target secondary
system according to the request information therefrom, and
the specific manner depends on the type of the request infor-
mation, as discussed above.

[0049] In order to keep the effect to the communication of
the existing first level secondary systems within a certain
range, the interference calculating module 3002 estimates the
pre-estimated interferences the existing first level secondary
systems are subjected to when the target secondary system
performs communication making use of the pre-estimated
available frequency spectral therefor acquired by the avail-
able frequency spectral acquiring unit 502. Then, the adjust-
ing module 3003 determines adjustment with respect to the
pre-estimated available frequency spectral for the target sec-
ondary system according to the result of the estimating, so as
to determine the frequency spectral which can be actually
used by the target secondary system.

[0050] In one embodiment, the adjusting module 3003
determines frequency spectral less than the pre-estimated
available frequency spectral as the available frequency spec-
tral for the target secondary system, in the case that the pre-
estimated interferences calculated by the interference calcu-
lating module 3002 exceed interference thresholds for the
existing first level secondary systems. In other words, when
the result of estimating indicates that if the target secondary
system performs communication using the pre-estimated
available frequency spectral, intolerable affect will be caused
to the quality of communication of the existing first level
secondary systems, the adjusting module 3003 reduces this
pre-estimated available frequency spectral, for example, by a
fixed amount or by an amount of frequency spectral corre-
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sponding to the amount of interferences exceeding the each of
the interference thresholds for the existing first level second-
ary systems.

[0051] However, the following case might occur: when the
target secondary system is a first level secondary system with
QoS (Quality of Service) requirement, the reduction of the
pre-estimated available frequency spectral for the target sec-
ondary system will lead to a result that the quality of commu-
nication of the target secondary system cannot be guaranteed.
[0052] To solve this problem, if the system priority level
judging module 3001 judges that the target secondary system
is a first level secondary system, the adjusting module is
further configured to determine adjustment with respect to the
frequency spectral used by the existing second level second-
ary systems on the basis of the requesting information of the
target secondary system.

[0053] The following situation also may exist: if the target
secondary system is a first level secondary system, and the
interferences caused by the respective existing secondary
system to the target secondary system exceed a pre-deter-
mined range so that the target secondary system cannot reach
the expected communication quality, the adjusting module
3003 can reduce the frequency spectral used by the existing
second level secondary systems. As such, on the one hand, the
amount of interferences caused by the existing second level
secondary systems to the target secondary system can be
reduced, and on the other hand, the interferences caused by
the existing second level secondary systems to primary sys-
tem can be reduced so that the amount of frequency spectral
resources allowed to be allocated to the target secondary
system can be increased accordingly.

[0054] Further, if the pre-estimated interferences to the
existing first level secondary systems exceed the interference
thresholds in the case that the target secondary system per-
forms communication using the pre-estimated available fre-
quency spectral, it is necessary to reduce the pre-estimated
available frequency spectral for the target secondary system,
so that the target secondary system may not reach the
expected communication quality. In such a situation, the fre-
quency spectral used by the existing second level secondary
systems can also be reduced.

[0055] Various manners can be adopted to adjust the fre-
quency spectral used by the existing second level secondary
systems. One optional way is to reduce the frequency spectral
used by all of the existing second level secondary systems, but
the system overhead is high.

[0056] Therefore, one better way is to selectively adjust the
existing second level secondary systems. According to an
embodiment of the present application, the adjusting module
3003 is configured to select a second level secondary system
to be adjusted according to the following principle: compared
with reducing the frequency spectral used by the other second
level secondary systems among the existing second level
secondary systems, the available frequency spectral for the
target secondary system can be increased more by reducing
the frequency spectral used by this second level secondary
system.

[0057] Wherein, the adjusting module 3003 can be config-
ured to reduce the frequency spectral used by the selected one
or more second level secondary systems to be adjusted by a
fixed amount, or stop the one or more second level secondary
systems.

[0058] More particularly, the adjusting module 3003 can be
configured to select a second level secondary system to be
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adjusted according to a path loss or a distance from the exist-
ing second level secondary system to a primary system ref-
erence point and a path loss or a distance from the existing
second level secondary system to the target secondary sys-
tem.

[0059] FIG. 4 shows a schematic drawing illustrating how
to select an existing second level secondary system to be
adjusted. In FIG. 4, S2 denotes the existing second level
secondary systems, S1 denotes the existing first level second-
ary systems and TO denotes the target secondary system,
which is a first level secondary system in this example. The
reference point is a position in the service range of the pri-
mary system where the interferences caused by the target
secondary system are most serious. Although only two sec-
ond level secondary systems and one first level secondary
system (the target secondary system not included) are shown
in FIG. 4, it is only for the purpose of clarity of illustration and
explanation. More generally, assuming there are totally N
second level secondary systems and M first level secondary
systems, the signal to noise ratio (SNR) of the target second-
ary system can be expressed as follows:

P, 1
SNR < 0 (1)

N
UpmoPm + 3 GpoP, + U’%
1 n=1

SE:

[0060]
sion power for the target secondary system (the maximum

Wherein, P, is the maximum allowable transmis-

available frequency spectral resources corresponding to a
certain bandwidth at a certain location and at a certain time
instance), and for example, P, can be the frequency spectral
acquired by the available frequency spectral acquiring unit
502. P, is the transmission power of an existing first level
secondary system. U, is the path loss from the m-th first
level secondary system to the target secondary system. P',, is
the transmission power of an existing second level secondary
system. G, is the path loss from the n-th second level sec-
ondary system to the target secondary system. o, is the
Gaussian white noise of the receiver of the target secondary
system. In addition, FIG. 4 also shows the path loss from the
target secondary system to the reference point of the primary
system as G, and the path loss from the n-th second level
secondary system to the reference point of the primary system
as G,,,,.

[0061] As can be seen from equation (1), reducing the
transmission power P', of the existing second level secondary
system can directly reduce the second item in the denomina-
tor. Meanwhile, it can be seen from FIG. 4 that reducing the
transmission power P', of the existing second level secondary
system can reduce the amount of interferences at the refer-
ence point of the primary system so that the primary system
can tolerate the interference caused by the target secondary
system at its reference point, that is, can increase the maxi-
mum allowable transmission power for the target secondary
system indirectly. Assuming that the transmission power of
the existing second level secondary system is reduced by
AP' . the increase in the allowable transmission power for the
target secondary system is:
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AP, Gyp @
G,

op

AP, =

[0062] In conjunction with equation (1), it can be seen that
when the adjustment is made to a second level secondary
system with higher

Grp

+ Gno»
op

the improvement in the signal to noise ratio SNR of the target
secondary system is more effective. As an example, to
decrease the complexity of adjusting, the second level sec-
ondary systems are ranked according to their values of

i + Gy
Gop

in an order of from big to small, and then adjusted sequen-
tially. Since Gy, only depends on the locations of the target
secondary system and the corresponding reference point of
the primary system, and do not vary with the selection of the
second level secondary systems, therefore, a higher

Grp
Gop

+ Gy

is equivalent to a higher G, ,+G,,,. In other words, a second
level secondary system to be adjusted can be selected accord-
ing to a path loss from the existing second level secondary
system to a primary system reference point and a path loss
from the existing second level secondary system to the target
secondary system.

[0063] Further, since the path loss increases as the distance
decreases, the maximizing of the G,,,+G,,, can be approxi-
mately equivalent to the minimizing of the sum of the distance
from the existing second level secondary system to the target
secondary system and the distance from the existing second
level secondary system to a primary system reference point.
In other words, a second level secondary system to be
adjusted can be selected according to a distance from the
existing second level secondary system to a primary system
reference point and a distance from the existing second level
secondary system to the target secondary system.

[0064] Furthermore, the target secondary system and the
primary system reference point thereof can be taken as two
foci F2 and F1, and an ellipse is drawn by taking the sum of
distances from any point in the plane to these two foci as a
constant value. A series of ellipses can be drawn correspond-
ing to different constant values, referred as equivalent inter-
ference lines, as shown in FIG. 5. That is, the effect of inter-
ferences on the same ellipse line is similar. In other words, the
improvements to the SNR of the target secondary system by
adjusting the frequency spectral usage of the second level
secondary systems on the same ellipse line are similar.
Wherein, the value of
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Gpp

+ Gy
op

is larger for the second level secondary system located in the
inner circle than the second level secondary system located in
the outer circle. Therefore, a second level secondary systemto
be adjusted can be selected relatively intuitively according to
the correspondence between the geographical locations of the
second level secondary systems and the ellipses.

[0065] Further, in other embodiments, the frequency spec-
tral usage adjusting unit 503 can further include a priority
level adjusting module, configured to change the priority
level of the target secondary system to be the second level, in
the case that there is no adjustable second level secondary
system or the requirement for the communication quality can
still not be satisfied by adjusting the existing second level
secondary systems.

[0066] After determining the second level secondary sys-
tems to be adjusted, the frequency spectral management
apparatus 105 can provide the adjusting information to the
corresponding second level secondary systems via the com-
munication unit 501. The corresponding second level second-
ary systems adjust the frequency spectral being used accord-
ingly, such as reducing the frequency spectral by a fixed
amount or stop using the frequency spectral. The adjustment
to the existing second level secondary systems can be per-
formed in real time.

[0067] Inaddition, it is generally required to set a period of
validity for the frequency spectral used by the secondary
systems according to the time when the primary system uses
the frequency spectral. That is, the frequency spectral can be
used within a certain time range. In this case, the adjusting
module 3003 can be further configured to store correspon-
dence between the target secondary system and the selected
second level secondary systems to be adjusted in the case that
it is necessary to adjust the frequency spectral used by the
existing second level secondary systems, and after the target
secondary system releases the frequency spectral, to restore
the usage of the frequency spectral of the adjusted second
level secondary systems, if the frequency spectral used by the
adjusted second level secondary systems before adjusting is
still in the period of validity thereof, and the restoration will
not impact other first level secondary systems.

[0068] The structure and function for each component of
the frequency spectral management apparatus 105 according
to an embodiment of the present application has been
described above. It can be seen, by using the frequency spec-
tral usage adjusting unit 503 to determine the adjustment to
the pre-estimated available frequency spectral for the target
secondary system and/or the frequency spectral used by the
existing second level secondary systems, the second level
secondary systems can be efficiently controlled so that the
first level secondary systems can effectively make use of the
frequency spectral. Further, the second level secondary sys-
tems can acquire most frequency spectral resources without
affecting the communication of the first level secondary sys-
tems.

[0069] Although FIG. 2 shown an exemplary structure of
the frequency spectral management apparatus 105, it is not
limited thereto. The frequency spectral management appara-
tus 105 can further other unit or combination of units. As
shown in FIG. 6, the frequency spectral management appa-
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ratus 105 can further include a storage unit 504, configured to
store information related to at least one of the primary system,
the first level secondary system and the second level second-
ary system, wherein, the related information includes geo-
graphical location of each system, frequency spectral used by
each system and the priority level of each system. In addition,
the related information can further include the quality
requirement to the frequency spectral usage of respective
system and the interference threshold of respective system,
etc, for example especially for the first level secondary system
with QoS guarantee. The communication unit 501, the avail-
able frequency spectral acquiring unit 502 and the frequency
spectral usage adjusting unit 503 are the same as those in FIG.
2 in structure and function, and the description thereof is
omitted here.

[0070] The related information in the storage unit 504 can
be used by the available frequency spectral acquiring unit 502
and/or the frequency spectral usage adjusting unit 503 for
calculation. Specifically, for example, when the available fre-
quency spectral acquiring unit 502 is configured to calculate
the pre-estimated available frequency spectral by itself, it is
possible to access this storage unit 504 to acquire the required
parameters such as the interference threshold for the primary
system, the frequency spectral used by the existing secondary
systems and the geographical locations of the existing sec-
ondary systems, etc.

[0071] Likewise, the frequency spectral usage adjusting
unit 503 can use the location of the existing secondary sys-
tems, the frequency spectral used by the existing secondary
systems and the priority levels thereof stored in the storage
unit 504, to calculate the amount of interferences to be pro-
duced to the existing first level secondary systems and the
amount of interferences to be produced by the existing sec-
ondary systems to the target secondary system which is a first
level secondary system when the target secondary system
performs communication using the pre-estimated available
frequency spectral.

[0072] In one implementation, the storage unit 504 can
further perform the function of checking whether the target
secondary system sending out the request is a valid secondary
system, for example, of checking whether the target second-
ary system has passed some authentication.

[0073] Alternatively or additionally, as shown in FIG. 6
with dotted lines, the frequency spectral management appa-
ratus 105 can further include a system information acquiring
unit 505, configured to acquire information related to at least
one of the primary system, the first level secondary system
and the second level secondary system from outside, wherein,
the related information includes geographical location of
each system, frequency spectral used by each system and the
priority level of each system.

[0074] The wording outside herein means any component
or system external to the frequency spectral management
apparatus 105. As an example, the system information acquir-
ing unit 505 can be further configured to acquire information
related to at least one of the primary system, the first level
secondary system and the second level secondary system
from a geographical location database.

[0075] In such a situation, the communication unit 501 is
further configured to acquire the pre-estimated available fre-
quency spectral from the geographical location database by
providing the related information of the target secondary
system to the geographical location database.
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[0076] Inaddition, although it is stated in the above that the
related information includes geographical location of each
system, frequency spectral used by each system and the pri-
ority level of each system, the specific content of the related
information is not limited thereto. For example, the related
information can further include system parameters and the
interference threshold of each system, etc.

[0077] The frequency spectral management apparatus 105
described above can be a separate apparatus, or for example
can be located in the base station. Further, although FIG. 1
shows that the cognitive radio system 100 only includes one
frequency spectral management apparatus 105, this is just an
example, and those skilled in the art can understand that, the
cognitive radio system 100 can include a plurality of fre-
quency spectral management apparatus 105, which can oper-
ate by coordinating with exiting various methods.

Geographical Location Database

[0078] According to another embodiment of the present
invention, besides the frequency spectral management appa-
ratus, the cognitive radio system can further include a geo-
graphical location database, as shown in FIG. 7.

[0079] InFIG. 7, the cognitive radio system 200 includes a
primary system 101, a first level secondary system (for
example, secondary system 102), and a second level second-
ary system (for example, secondary system 103, 104), the first
level secondary system making use of frequency spectral
resources for the primary system with a higher priority level
than the second level secondary system. The cognitive radio
system 200 includes a frequency spectral management appa-
ratus 105 and a geographical location database 201. Simi-
larly, the number of the frequency spectral management appa-
ratus 105 and the geographical location database 201 is not
limited to one.

[0080] Wherein, the frequency spectral management appa-
ratus 105 has the structure and function described above with
reference to FIG. 2, and the related description will not be
repeated herein. As shown in FIG. 8, the geographical loca-
tion database 201 includes: a communication part 2001, con-
figured to receive information of a target secondary system
requesting usage of the frequency spectral resources for the
primary system; an available frequency spectral calculating
part 2002, configured to calculate pre-estimated available
frequency spectral for the target secondary system in
response to the information; and a storage part 2003, config-
ured to store information related to the primary system, the
first level secondary system and the second level secondary
system, wherein, the communication part 2001 transmits at
least the pre-estimated available frequency spectral to a fre-
quency spectral management apparatus 105 in the cognitive
radio system 200, and receives information related to adjust-
ment with respect to the pre-estimated available frequency
spectral for the target secondary system and/or information
related to adjustment with respect to the frequency spectral
used by the existing second level secondary systems deter-
mined by the frequency spectral management apparatus 105
according to a priority level of the target secondary system.

[0081] Optionally, the communication part 2001 can fur-
ther send the related information of the target secondary
system and the related information of respective system
stored in the storage part 2003 to the frequency spectral
management apparatus.

[0082] As an example, the geographical location database
201 can directly feed the adjusting result, i.e., the available
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frequency spectral resources back to the target secondary
system. Alternatively, the adjusting result is fed back to the
target secondary system by the frequency spectral manage-
ment apparatus 105, and the geographical location database
201 just use the storage part 2003 to record the situation of the
frequency spectral allocation.

[0083] Wherein, the information related to the determined
adjustment with respect to the frequency spectral used by the
existing second level secondary systems can be a frequency
spectral usage adjusting command containing the determined
adjustment with respect to the frequency spectral used by the
existing second level secondary systems. Moreover, although
not shown in FIG. 8, the geographical location database 201
can further include a frequency spectral usage adjusting unit,
configured to adjust the frequency spectral usage of the cor-
responding existing second level secondary systems accord-
ing to the frequency spectral usage adjusting command.
[0084] Inaddition, the geographical location database 201
can further include: a period of validity setting part, config-
ured to set a period of validity for the pre-estimated available
frequency spectral resources for each second level secondary
system according to the demand for frequency spectral of the
primary system, and divide the period of validity into a plu-
rality of valid time sections; and a timer, configured to per-
form timing so that the geographical location database deter-
mines the available frequency spectral resources for each
second level secondary system at the time each valid time
section expires, and performs adjusting to the frequency spec-
tral used by the corresponding second level secondary sys-
tems based on the information related to the adjustment.
[0085] As described above, the pre-estimated frequency
spectral resources are calculated under the condition that the
interference the primary system is subjected to is expected not
to exceed an interference threshold for the primary system.
Taking the time when the primary system uses the frequency
spectral into account, the period of validity setting part can set
aperiod of validity for the calculated pre-estimated available
frequency spectral resources, to ensure the protection to the
primary system. Meanwhile, to achieve more accurate man-
agement temporally, the period of validity can be further
divided into valid time sections, and the timer can start related
processing at the time each valid time section ends so that the
geographical location database is capable of determine for
example the frequency spectral resources used by the respec-
tive second level secondary system can still be used, at which
time it is also possible to perform adjustment with respect to
the frequency spectral used by the existing second level sec-
ondary systems based on the received adjusting information.
[0086] An example ofthe information flow among the geo-
graphical location database 201, the frequency spectral man-
agement apparatus 105 and the target secondary system when
the target secondary system T0 which is a second level sec-
ondary system requests the geographical location database
201 forusing the frequency spectral resources for the primary
system in the cognitive radio system 200 will be described
below with reference to FIG. 9.

[0087] As shown in FIG. 9, the second level secondary
system T0 sends a request for using the frequency spectral
resources to the geographical location database 201. The
geographical location database 201 calculates the pre-esti-
mated available frequency spectral for the secondary system
T0, and transmits the result of calculation and the related
information of the second level secondary system T0 to the
frequency spectral management apparatus 105. The fre-
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quency spectral management apparatus 105 first determines
its priority level to be the second level, and thus calculates the
pre-estimated interferences the existing first level secondary
system to be subjected to when the system T0 uses the pre-
estimated available frequency spectral, so as to determine
whether to adjust or reduce the pre-estimated available fre-
quency spectral so that the pre-estimated interferences do not
exceed the interference thresholds for the existing first level
secondary systems. Then, the frequency spectral manage-
ment apparatus 105 delivers the adjusting information to the
geographical location database 201, which updates the pre-
estimated available frequency spectral for the target second-
ary system according to the adjusting information, and feeds
the information back to the target secondary system T0 via the
communication part 2001. Of course, as another example, the
adjusting information can also be fed back to the second level
secondary system T0 directly by the frequency spectral man-
agement apparatus 105, as shown by the dotted lines.

[0088] In addition, FIG. 10 shows an example of the infor-
mation flow among the geographical location database 201,
the frequency spectral management apparatus 105 and the
target secondary system when the target secondary system T0
which is a first level secondary system requests the frequency
spectral management apparatus 105 for using the frequency
spectral resources for the primary system.

[0089] As shown in FIG. 10, the first level secondary sys-
tem T0 sends out a request for using the frequency spectral
resources to the frequency spectral management apparatus
105. The frequency spectral management apparatus 105
acquires the desired communication quality and frequency
spectral using conditions (for example, the application range)
by the first level secondary system T0, and the interference
threshold, etc, and transmits the related information of the
first level secondary system T0 to the geographical location
database 201. The geographical location database 201 calcu-
lates the frequency spectral resources for the primary system
available to the target secondary system under the condition
that the protection for the primary system is ensured, accord-
ing to the geographical location information and the like of
the target secondary system, and then transmits this informa-
tion to the frequency spectral management apparatus 105.
The frequency spectral management apparatus 105 judges
which of the existing second level secondary systems may
cause interferences to the target secondary system T0 (For
example, the geographical location database 201 has trans-
mitted the information of the existing second level secondary
systems to the frequency spectral management apparatus in
advance, such as at the time of determining the frequency
spectral resources used by each of the second level secondary
systems.), according to the pre-estimated frequency spectral
usage situation of the target secondary system and the inter-
ference threshold thereof, and determines adjustment to the
frequency usage of the existing secondary systems and the
target secondary system (the related method will be described
in the following). The frequency spectral management appa-
ratus 105 for example can adopt the adjusting method
described previously to select a second level secondary sys-
tem to be adjusted, so that the geographical location database
201 adjusts the corresponding second level secondary sys-
tems and transmits the adjusting report back to the frequency
spectral management apparatus 105. At this time, the fre-
quency spectral management apparatus 105 can feed the
available frequency spectral resources back to the target sec-
ondary system T0.
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[0090] Although the example of information flow for the
target secondary system requesting the frequency spectral
management apparatus 105 and the geographical location
database 201 for using the frequency spectral resources for
the primary system in the cognitive radio system has been
described with reference to FIG. 9 and FIG. 10 in the above,
the specific details are not limited thereto, and can be changed
according to the structures and functions of the two corre-
spondingly.

Secondary System Apparatus

[0091] The structure and function of the apparatus playing
the role of frequency spectral management have been
described above. It can be understood that the secondary
system is necessary to include components capable of initi-
ating a request and receiving the adjusting information.
[0092] Therefore, according to an embodiment of the appli-
cation, there is further provided a secondary system apparatus
107 in a cognitive radio system, as described above, the
cognitive radio system comprises a primary system, a first
level secondary system, and a second level secondary system,
the first level secondary system making use of frequency
spectral resources for the primary system with a higher pri-
ority level than the second level secondary system, and the
secondary system apparatus 107 is provided in the first level
secondary system or in the second level secondary system. As
shown in FIG. 11, the secondary system apparatus 107
includes: a communication unit 1071, configured to transmit
requesting information of requesting usage of the frequency
spectral resources for the primary system, the requesting
information containing information about a priority level of
the secondary system apparatus, and receive available fre-
quency spectral information for the secondary system appa-
ratus determined according to the priority level; and a fre-
quency spectral using unit 1072, configured to make use of
the frequency spectral resources for the primary system
according to the available frequency spectral information
received by the communication unit 1071.

[0093] Wherein, the information about a priority level of
the secondary system apparatus contains the information
about the priority level of the secondary system, that is, the
information regarding whether the secondary system is a first
level secondary system or a second level secondary system.
[0094] When the secondary system apparatus 107 is corre-
sponding to a second level secondary system, the communi-
cation unit 1071 is further configured to receive frequency
spectral usage adjusting information regarding the secondary
system apparatus 107, the frequency spectral usage adjusting
information being determined according to the requesting
information of the first level secondary system in the cogni-
tive radio system requesting the usage of the frequency spec-
tral resources for the primary system. For example, there is
the following case: when a new first level secondary system
requests to use the frequency spectral resources, the fre-
quency spectral management apparatus 105 may reduce the
frequency spectral used by the second level secondary system
corresponding to the secondary system apparatus 107 in
response to the request, and thus transmit an instruction for
adjusting the frequency spectral usage to the communication
unit 1071 of the secondary system apparatus 107.

Frequency Spectral Management System

[0095] According to the above disclosure of the present
application, there is further provided a frequency spectral
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management system for managing frequency spectral usage
in a cognitive radio system, wherein, the cognitive radio
system comprises a primary system, a first level secondary
system, and a second level secondary system, the first level
secondary system making use of frequency spectral resources
for the primary system with a higher priority level than the
second level secondary system. The frequency spectral man-
agement system includes the frequency spectral management
apparatus 105, the geographical location database 201 and the
secondary system apparatus 107 as described above.
Wherein, the communication part 2001 in the geographical
location database 201 transmits at least the pre-estimated
available frequency spectral to the frequency spectral man-
agement apparatus 105, and receives information related to
adjustment with respect to the pre-estimated available fre-
quency spectral for the target secondary system and/or infor-
mation related to adjustment with respect to the frequency
spectral used by the existing second level secondary systems
determined by the frequency spectral management apparatus
105 according to the priority level of the target secondary
system. The specific information flow has been described
above in detail with reference to FIG. 9 and FIG. 10, and will
be omitted here.

[0096] By using this frequency spectral management sys-
tem, the frequency spectral resources for the primary system
can be allocated more reasonably and the frequency spectral
usage of the secondary system with a high priority level can
be guaranteed first.

Frequency Spectral Management Method

[0097] It is apparent that some processing or methods are
also disclosed in the description above on the frequency spec-
tral management apparatus, the geographical location data-
base and the secondary system apparatus according to
embodiments of the present invention. Below, the summary
of the methods is described without repeating the details
which are already discussed above, however, it should be
noted that although disclosed in the description of the fre-
quency spectral management apparatus, the geographical
location database and the secondary system apparatus, the
methods do not certainly employ or are not certainly executed
by the aforementioned components. For instance, embodi-
ments of the frequency spectral management apparatus, the
geographical location database and the secondary system
apparatus may be partially or completely achieved by hard-
ware and/or firmware, and the frequency spectral manage-
ment methods described below may be fully achieved by a
computer-executable program, although the frequency spec-
tral management methods may employ the hardware and/or
firmware of the frequency spectral management apparatus,
the geographical location database and the secondary system
apparatus.

[0098] FIG. 12 shows the flowchart of the frequency spec-
tral management method in the cognitive radio system
according to an embodiment of the invention. Wherein, the
cognitive radio system comprises a primary system, a first
level secondary system, and a second level secondary system,
the first level secondary system making use of frequency
spectral resources for the primary system with a higher pri-
ority level than the second level secondary system. As shown
in FIG. 12, the frequency spectral management method
includes: receiving information of a target secondary system
requesting usage of the frequency spectral resources for the
primary system (S11); acquiring pre-estimated available fre-
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quency spectral for the target secondary system (S12); and
determining adjustment with respect to the pre-estimated
available frequency spectral for the target secondary system
s0 as to determine available frequency spectral for the target
secondary system, and/or determining adjustment with
respect to the frequency spectral used by existing second level
secondary systems, according to the priority level of the target
secondary system (S13), and providing the adjustment infor-
mation to the corresponding secondary systems (S14).
[0099] Wherein, the requesting information can contain the
related information to the target secondary system, such as
the priority level or ID of the corresponding secondary sys-
tem. If necessary, the related information can further include
parameters such as the geographical location of the system.
[0100] When the target secondary system expects to make
use of the frequency spectral for the primary system, it sends
the above requesting information. The pre-estimated avail-
able frequency spectral that can be provided to the target
secondary system is acquired in response to the requesting
information. Such acquiring can be calculating directly, or
can be simply acquiring from a specialized storage apparatus
or computing apparatus. In the case of calculating directly, the
frequency spectral management method further includes a
step of acquiring information related to at least one of the
primary system, the first level secondary system and the sec-
ond level secondary system. The related information includes
geographical location of each system, frequency spectral
used by each system and the priority level of each system. As
an example, this related information can be acquired from a
geographical location database. In addition, the pre-estimated
available frequency spectral for the target secondary system
can also be acquired directly from the geographical location
database.

[0101] In one embodiment, the step of acquiring the pre-
estimated available frequency spectral includes acquiring the
pre-estimated available frequency spectral under the condi-
tion that interference the primary system is subjected to is
expected not to exceed an interference threshold for the pri-
mary system when the target secondary system makes use of
the frequency spectral resources for the primary system. The
pre-estimated available frequency spectral can be acquired
with any existing technique.

[0102] However, the pre-estimated available frequency
spectral might not be totally allocated to the target secondary
system for use, which depends on the one hand the priority
level of the target secondary system, and on the other hand,
the situation of the frequency spectral usage of the existing
first level secondary systems. Therefore, to allocate the fre-
quency spectral resources reasonably, it is necessary to imple-
ment the step S13 of frequency spectral adjusting.

[0103] Exemplarily, as shown by the solid lines in FIG. 13,
the step S13 can include the following sub-steps: judging the
priority level of the target secondary system (S131); calcu-
lating pre-estimated interferences existing first level second-
ary systems are subjected to when the target secondary sys-
tem makes use of the frequency spectral resources for the
primary system in accordance with the pre-estimated avail-
able frequency spectral therefor (S132); and determining
adjustment with respect to the pre-estimated available fre-
quency spectral for the target secondary system so as to
determine the available frequency spectral therefor (S133).
[0104] Specifically, when the calculated pre-estimated
interferences in the step S132 exceed the interference thresh-
olds for the existing first level secondary system, frequency
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spectral less than the pre-estimated available frequency spec-
tral is determined as the available frequency spectral for the
target secondary system.

[0105] When the priority level of the target secondary sys-
tem is judged to be second level, since its priority level is low,
it is only required to reduce the pre-estimated available fre-
quency spectral for the target secondary system, in the case
that the communication quality of the existing first level sec-
ondary systems is necessary to be guaranteed.

[0106] When the priority level of the target secondary sys-
tem is judged to be first level, the step S13 of adjusting further
includes determining adjustment with respect to the fre-
quency spectral used by the existing second level secondary
systems on the basis of the requesting information of the
target secondary system (S134). At this time, the flowchart of
adjusting can be made reference to FIG. 14.

[0107] Specifically, in such a situation, since the priority
level of the target secondary system is high, for example, its
communication quality should be guaranteed. Therefore, the
interferences caused by respective existing secondary system
to the target secondary system are calculated first (S301), to
judge whether the target secondary system can reach the
expected communication quality (S302). If the judging result
is NO, it is checked whether there is adjustable existing sec-
ond level secondary system(s) (S303). If YES, an existing
second level secondary system to be adjusted is selected
(S304), and then the interferences the target secondary sys-
tem to be subjected to are recalculated assuming the fre-
quency spectral used by this existing second level secondary
system is adjusted, until the target secondary system reaches
the expected communication quality or there is no adjustable
second level secondary system.

[0108] Then, in step S305, it is judged whether the inter-
ferences the existing first level secondary systems are sub-
jected to exceed a predetermined threshold when the target
secondary system performs communication using the cur-
rently calculated available frequency spectral. If NO, the
processing proceeds to S308 and the adjusting is ended. The
target secondary system successfully requests the frequency
spectral resources.

[0109] Otherwise, it is determined whether the current
available frequency spectral for the target secondary systemis
zero (S306). If it is not zero, this available frequency spectral
is reduced (S307) and the processing proceeds to step S302.
That is, it is determined whether the target secondary system
can reach the expected communication quality in the case of
reducing the available frequency spectral resources. Again, if
it can not reach the expected communication quality, the
processing proceeds to step S303, S304 to further select an
existing second level secondary system for adjusting.

[0110] On the other hand, if it is determined that the avail-
able frequency spectral for the target secondary system is
zero, indicating there is no frequency spectral resources that
can be allocated to the target secondary system, processing
proceeds to step S309, and the flow ends. The target second-
ary system fails to request the frequency spectral resources.

[0111] Likewise, if no adjustable existing second level sec-
ondary system is found in step S303, indicating that the target
secondary system can not operate normally in the case of not
affecting the communication quality of the existing first level
secondary systems, processing proceeds to step S309, and the
target secondary system fails to request the frequency spectral
resources.
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[0112] Inaddition, although not shown in FIG. 14, it should
be understood that, a priority level adjusting step of changing
the priority level of the target secondary system to be the
second level can be further included, in the case that there is
no adjustable second level secondary systems and thus the
target secondary system fails to request the frequency spectral
resources.

[0113] Wherein, in the step S304 of selecting a second level
secondary system to be adjusted in FIG. 14, a second level
secondary system to be adjusted is selected according to the
following principle: compared with reducing the frequency
spectral used by the other second level secondary systems
among the existing second level secondary systems, the avail-
able frequency spectral for the target secondary system can be
increased more by reducing the frequency spectral used by
this second level secondary system. Specifically, a second
level secondary system to be adjusted can be selected accord-
ing to a path loss or a distance from the existing second level
secondary system to a primary system reference point and a
path loss or a distance from the existing second level second-
ary system to the target secondary system.

[0114] After selecting a second level secondary system to
be adjusted, the frequency spectral used by the selected one or
more second level secondary systems to be adjusted can be
reduced by a fixed amount, or the selected one or more second
level secondary systems to be adjusted can be stopped.
Wherein, the adjusting can be implemented in real time.
[0115] As an example, in the above described cognitive
radio system, the primary system can be the television broad-
cast system. Further, the first level secondary system can be a
mobile communication system with Quality of Service guar-
antee.

[0116] Thebasic principle ofthe present invention has been
described above in conjunction with particular embodiments.
However, as can be appreciated by those ordinarily skilled in
the art, all or any of the steps or components of the method and
apparatus according to the invention can be implemented in
hardware, firmware, software or a combination thereofin any
computing device (including a processor, a storage medium,
etc.) or a network of computing devices by those ordinarily
skilled in the art in light of the disclosure of the invention and
making use of their general programming skills.

[0117] Therefore, the present invention further discloses a
program product in which machine-readable instruction
codes are stored. The aforementioned methods according to
the embodiments can be implemented when the instruction
codes are read and executed by a machine.

[0118] Accordingly, a memory medium for carrying the
program product in which machine-readable instruction
codes are stored is also covered in the present invention. The
memory medium includes but is not limited to soft disc,
optical disc, magnetic optical disc, memory card, memory
stick and the like.

[0119] Inthe case where the present application is realized
by software or firmware, a program constituting the software
is installed in a computer with a dedicated hardware structure
(e.g. the general computer 1500 shown in FIG. 15) from a
storage medium or network, wherein the computer is capable
of implementing various functions when installed with vari-
ous programs.

[0120] InFIG.15,acomputing processing unit (CPU) 1501
executes various processing according to a program stored in
a read-only memory (ROM) 1502 or a program loaded to a
random access memory (RAM) 1503 from a storage section
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1508. The data needed for the various processing of the CPU
1501 may be stored in the RAM 1503 as needed. The CPU
1501, the ROM 1502 and the RAM 1503 are linked with each
other via a bus 1504. An input/output interface 1505 is also
linked to the bus 1504.

[0121] The following components are linked to the input/
output interface 1505: an input section 1506 (including key-
board, mouse and the like), an output section 1507 (including
displays such as a cathode ray tube (CRT), a liquid crystal
display (LCD), a loudspeaker and the like), a storage section
1508 (including hard disc and the like), and a communication
section 1509 (including a network interface card such as a
LAN card, modem and the like). The communication section
1509 performs communication processing via a network such
as the Internet. A driver 1510 may also be linked to the
input/output interface 1505, if needed. If needed, a removable
medium 1511, for example, a magnetic disc, an optical disc,
a magnetic optical disc, a semiconductor memory and the
like, may be installed in the driver 1510, so that the computer
program read therefrom is installed in the memory section
1508 as appropriate.

[0122] Inthe case where the foregoing series of processing
is achieved through software, programs forming the software
are installed from a network such as the Internet or a memory
medium such as the removable medium 1511.

[0123] It should be appreciated by those skilled in the art
that the memory medium is not limited to the removable
medium 1511 shown in FIG. 15, which has program stored
therein and is distributed separately from the apparatus so as
to provide the programs to users. The removable medium
1511 may be, for example, a magnetic disc (including floppy
disc (registered trademark)), a compact disc (including com-
pact disc read-only memory (CD-ROM) and digital versatile
disc (DVD), a magneto optical disc (including mini disc
(MD)(registered trademark)), and a semiconductor memory.
Alternatively, the memory medium may be the hard discs
included in ROM 1502 and the storage section 1508 in which
programs are stored, and can be distributed to users along
with the device in which they are incorporated.

[0124] To be further noted, in the apparatus, method and
system according to the invention, the respective components
or steps can be decomposed and/or recombined. These
decompositions and/or recombinations shall be regarded as
equivalent solutions of the invention. Moreover, the above
series of processing steps can naturally be performed tempo-
rally in the sequence as described above but will not be
limited thereto, and some of the steps can be performed in
parallel or independently from each other.

[0125] Finally, to be further noted, the term “include”,
“comprise” or any variant thereof is intended to encompass
nonexclusive inclusion so that a process, method, article or
device including a series of elements includes not only those
elements but also other elements which have been not listed
definitely or an element(s) inherent to the process, method,
article or device. Moreover, the expression “comprising a(n)
...” inwhich an element is defined will not preclude presence
of an additional identical element(s) in a process, method,
article or device comprising the defined element(s)” unless
further defined.

[0126] Although the embodiments of the invention have
been described above in detail in connection with the draw-
ings, it shall be appreciated that the embodiments as
described above are merely illustrative but not limitative of
the invention. Those skilled in the art can make various modi-

May 12, 2016

fications and variations to the above embodiments without
departing from the spirit and scope of the invention. There-
fore, the scope of the invention is defined merely by the
appended claims and their equivalents.

[0127] The embodiments disclosed herein may be config-
ured as below.
[0128] According to one exemplary embodiment, the dis-

closure is directed to a system comprising: circuitry config-
ured to receive a request for resources from a first system of a
plurality of systems having different levels of priority; iden-
tify resources that are available in a second system different
from the plurality of systems based on the received request;
and determine whether to adjust a resource assigned to the
plurality of systems based on the priority level of the first
system and the resources that are available in the second
system.

[0129] According to the above system, the resources that
are available in the second system are resources that are
initially assigned for use by the second system and not ini-
tially assigned for use by the plurality of systems.

[0130] According to the above system, the second system is
a television broadcast system operating in a ultra-high fre-
quency (UHF) band, and the circuitry is configured to iden-
tify, as the resources that are available in the second system, at
least at subset of the UHF band.

[0131] According to the above system, the circuitry is con-
figured to identify the resources that are available in the
second system by identifying resources assigned to the sec-
ond system that could be used by the first system without
causing interference in the second system above a predeter-
mined threshold.

[0132] According to the above system, the circuitry is con-
figured to: estimate a level of interference caused to the sec-
ond system when the resources that are available in the second
system are reassigned to the first system; and determine
whether to adjust a resource assigned to the first system based
on the estimated level of interference.

[0133] According to the above system, the circuitry is con-
figured to: estimate a level of interference caused to a third
system of the plurality of systems when the resources that are
available in the second system are reassigned to the first
system; and determine whether to adjust a resource assigned
to the first system based on the estimated level of interference.
[0134] According to the above system, the request includes
information indicating a geographic location of the first sys-
tem, and the circuitry is configured to identify the resources
that are available in the second system based on the geo-
graphic location of the first system.

[0135] According to the above system, the request includes
information identifying the level of priority of the first sys-
tem.

[0136] According to the above system, the plurality of sys-
tems includes the first system having a first level of priority
for accessing resources of the second system and a third
system having a second level of priority for accessing
resources of the second system, the second level of priority
being greater than the first level of priority.

[0137] According to the above system, the circuitry is con-
figured to estimate a level of interference to the third system
if the resources that are available in the second system were to
be assigned to the first system.

[0138] According to the above system, the circuitry is con-
figured to assign the resources that are available in the second
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system to the first system when estimated level of interference
to the third system does not exceed a predetermined threshold
value.

[0139] According to the above system, the circuitry is con-
figured to control adjusting the resources that are available to
the first system when the estimated level of interference to the
third system exceeds a predetermined threshold value.
[0140] According to the above system, the plurality of sys-
tems includes the first system having a first level of priority
for accessing resources of the second system and a third
system having a second level of priority for accessing
resources of the second system, the first level of priority being
greater than the second level of priority.

[0141] According to the above system, the request for
resources from the first system includes information indicat-
ing at least one of a desired communication quality, a desired
communication range and a tolerable interference threshold
in the first system, and the circuitry is configured to identify
the resources that are available in a second system based on
the information included in the received request.

[0142] According to the above system, the circuitry is con-
figured to determine a level of interference to the first system
by the third system if the resources that are available in the
second system were to be assigned to the first system.
[0143] According to the above system, the circuitry is con-
figured to assign the resources that are available in the second
system to the first system and not control adjusting resources
assigned to the third system when the determined level of
interference to the first system by the third system does not
exceed a predetermined threshold value.

[0144] According to the above system, the circuitry is con-
figured to assign the resources that are available in the second
system to the first system and control adjusting resources
assigned to the third system to reduce interference to the first
system when the determined level of interference to the first
system by the third system exceeds a predetermined threshold
value.

[0145] According to the above system, the plurality of sys-
tems includes the first system having a first level of priority
for accessing resources of the second system, and third and
fourth systems each having a level of priority for accessing
resources of the second system that is less than the first level
of priority; and the circuitry is configured to determine a level
of interference to the first system if the resources that are
available in the second system were to be assigned to the first
system; assign the resources that are available in the second
system to the first system and control adjusting resources
assigned to at least one of the third and fourth systems deter-
mined to cause a higher amount of interference to the first
system when the determined level of interference to the first
system exceeds a predetermined threshold value.

[0146] According to the above system, the circuitry is con-
figured to identify the resources that are available in the
second system based on information identifying the resources
received from a database remotely connected to the system.
[0147] According to another exemplary embodiment, the
disclosure is directed to a non-transitory computer-readable
medium including computer-readable instructions, which
when executed by a system, cause the system to: receive a
request for resources from a first system of a plurality of
systems having different levels of priority; identify resources
that are available in a second system different from the plu-
rality of systems based on the received request; and determine
whether to adjust a resource assigned to the plurality of sys-
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tems based on the priority level of the first system and the
resources that are available in the second system.

[0148] According to another exemplary embodiment, the
disclosure is directed to a system comprising: circuitry con-
figured to receive a request for resources from a first system of
aplurality of systems having different levels of priority; trans-
mit, to another system, information identifying resources that
are available in a second system different from the plurality of
systems based on the received request; and receive, from the
another system, information requesting to adjust a resource
assigned to the plurality of systems based on the priority level
of the first system and the resources that are available in the
second system.

[0149] According to another exemplary embodiment, the
disclosure is directed to a frequency spectral management
apparatus in a cognitive radio system, wherein, the cognitive
radio system comprises a primary system, a first level sec-
ondary system, and a second level secondary system, the first
level secondary system making use of frequency spectral
resources for the primary system with a higher priority level
than the second level secondary system, the frequency spec-
tral management apparatus comprising: a communication
unit, configured to receive information of a target secondary
system requesting usage of the frequency spectral resources
for the primary system; an available frequency spectral
acquiring unit, configured to acquire pre-estimated available
frequency spectral for the target secondary system; and a
frequency spectral usage adjusting unit, configured to deter-
mine adjustment with respect to the pre-estimated available
frequency spectral for the target secondary system so as to
determine available frequency spectral for the target second-
ary system, and/or determine adjustment with respect to the
frequency spectral used by existing second level secondary
systems, according to the priority level of the target secondary
system.

[0150] The above apparatus, further comprising a storage
unit, configured to store information related to at least one of
the primary system, the first level secondary system and the
second level secondary system, wherein, the related informa-
tion comprises geographical location of each system, fre-
quency spectral used by each system and the priority level of
each system.

[0151] The above apparatus, further comprising a system
information acquiring unit, configured to acquire information
related to at least one of the primary system, the first level
secondary system and the second level secondary system
from outside, wherein, the related information comprises
geographical location of each system, frequency spectral
used by each system and the priority level of each system.
[0152] According to the above apparatus, the related infor-
mation regarding the target secondary system is contained in
information of the target secondary system requesting the
usage of the frequency spectral resources for the primary
system.

[0153] According to the above apparatus, the available fre-
quency spectral acquiring unit is configured to acquire the
pre-estimated available frequency spectral under a condition
that interference the primary system is subjected to is
expected not to exceed an interference threshold for the pri-
mary system when the target secondary system makes use of
the frequency spectral resources for the primary system.
[0154] According to the above apparatus, the frequency
spectral usage adjusting unit comprises: a system priority
level judging module, configured to judge the priority level of
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the target secondary system; an interference calculating mod-
ule, configured to calculate pre-estimated interferences exist-
ing first level secondary systems are subjected to when the
target secondary system makes use of the frequency spectral
resources for the primary system in accordance with the pre-
estimated available frequency spectral therefor; and an
adjusting module, configured to determine adjustment with
respect to the pre-estimated available frequency spectral for
the target secondary system so as to determine the available
frequency spectral therefor.

[0155] According to the above apparatus, the adjusting
module determines frequency spectral less than the pre-esti-
mated available frequency spectral as the available frequency
spectral for the target secondary system, in the case that the
pre-estimated interferences calculated by the interference
calculating module exceed interference thresholds for the
existing first level secondary systems.

[0156] According to the above apparatus, the adjusting
module is further configured to determine adjustment with
respect to the frequency spectral used by the existing second
level secondary systems on the basis of the information of the
target secondary system requesting the usage of the frequency
spectral resources for the primary system, in the case that the
system priority level judging module judges that the target
secondary system is a first level secondary system.

[0157] According to the above apparatus, the adjusting
module is configured to select a second level secondary sys-
tem to be adjusted according to the following principle: com-
pared with reducing the frequency spectral used by the other
second level secondary systems among the existing second
level secondary systems, the available frequency spectral for
the target secondary system can be increased more by reduc-
ing the frequency spectral used by this second level secondary
system.

[0158] According to the above apparatus, the adjusting
module is configured to reduce the frequency spectralused by
the selected one or more second level secondary systems to be
adjusted by a fixed amount, or stop the one or more second
level secondary systems.

[0159] According to the above apparatus, the adjusting
module is configured to select a second level secondary sys-
tem to be adjusted according to a path loss or a distance from
the existing second level secondary system to a primary sys-
tem reference point and a path loss or a distance from the
existing second level secondary system to the target second-
ary system.

[0160] According to the above apparatus, the primary sys-
tem is the television broadcast system.

[0161] According to the above apparatus, the frequency
spectral usage adjusting unit is further configured to adjust
the frequency spectral usage of the corresponding existing
second level secondary systems according to the determined
adjustment with respect to the frequency spectral used by the
existing second level secondary systems.

[0162] According to another exemplary embodiment, the
disclosure is directed to a geographical location database in a
cognitive radio system, wherein, the cognitive radio system
comprises a primary system, a first level secondary system,
and a second level secondary system, the first level secondary
system making use of frequency spectral resources for the
primary system with a higher priority level than the second
level secondary system, the geographical location database
comprising: a communication part, configured to receive
information of a target secondary system requesting usage of
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the frequency spectral resources for the primary system; an
available frequency spectral calculating part, configured to
calculate pre-estimated available frequency spectral for the
target secondary system in response to the information; and a
storage part, configured to store information related to the
primary system, the first level secondary system and the sec-
ond level secondary system, wherein, the communication part
transmits at least the pre-estimated available frequency spec-
tral to a frequency spectral management apparatus in the
cognitive radio system, and receives information related to
adjustment with respect to the pre-estimated available fre-
quency spectral for the target secondary system and/or infor-
mation related to adjustment with respect to the frequency
spectral used by the existing second level secondary systems
determined by the frequency spectral management apparatus
according to a priority level of the target secondary system.
[0163] According to the above geographical location data-
base, the information related to the determined adjustment
with respect to the frequency spectral used by the existing
second level secondary systems is a frequency spectral usage
adjusting command containing the determined adjustment
with respect to the frequency spectral used by the existing
second level secondary systems, and the geographical loca-
tion database further comprises a frequency spectral usage
adjusting unit, which is configured to adjust the frequency
spectral usage of the corresponding existing second level
secondary systems according to the frequency spectral usage
adjusting command.

[0164] The above geographical location database, further
comprising: a period of validity setting part, configured to set
a period of validity for the pre-estimated available frequency
spectral resources for each second level secondary system
according to the demand for frequency spectral of the primary
system, and divide the period of validity into a plurality of
valid time sections; and a timer, configured to perform timing
so that the geographical location database determines the
available frequency spectral resources for each second level
secondary system at the time each valid time section expires,
and performs adjusting to the frequency spectral used by the
corresponding second level secondary systems based on the
information related to the adjustment.

[0165] According to another exemplary embodiment, the
disclosure is directed to a secondary system apparatus in a
cognitive radio system, wherein, the cognitive radio system
comprises a primary system, a first level secondary system,
and a second level secondary system, the first level secondary
system making use of frequency spectral resources for the
primary system with a higher priority level than the second
level secondary system, the secondary system apparatus is
provided in the first level secondary system or in the second
level secondary system, the secondary system apparatus com-
prising: a communication unit, configured to transmit
requesting information of requesting usage of the frequency
spectral resources for the primary system, the requesting
information containing information about a priority level of
the secondary system apparatus, and receive available fre-
quency spectral information for the secondary system appa-
ratus determined according to the priority level; and a fre-
quency spectral using unit, configured to make use of the
frequency spectral resources for the primary system accord-
ing to the available frequency spectral information received
by the communication unit.

[0166] According to the above secondary system appara-
tus, the communication unit is further configured to receive
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frequency spectral usage adjusting information regarding the
secondary system apparatus when the secondary system
apparatus is corresponding to a second level secondary sys-
tem, the frequency spectral usage adjusting information being
determined according to the requesting information of the
first level secondary system in the cognitive radio system
requesting the usage of the frequency spectral resources for
the primary system.

[0167] According to another exemplary embodiment, the
disclosure is directed to a frequency spectral management
system for managing frequency spectral usage in a cognitive
radio system, wherein, the cognitive radio system comprises
aprimary system, a first level secondary system, and a second
level secondary system, the first level secondary system mak-
ing use of frequency spectral resources for the primary system
with a higher priority level than the second level secondary
system, the frequency spectral management system compris-
ing: a frequency spectral management apparatus, comprising:
a communication unit, configured to receive information of a
target secondary system requesting usage of the frequency
spectral resources for the primary system; an available fre-
quency spectral acquiring unit, configured to acquire pre-
estimated available frequency spectral for the target second-
ary system; and a frequency spectral usage adjusting unit,
configured to determine adjustment with respect to the pre-
estimated available frequency spectral for the target second-
ary system so as to determine available frequency spectral for
the target secondary system, and/or determine adjustment
with respect to the frequency spectral used by existing second
level secondary systems, according to the priority level of the
target secondary system, a geographical location database,
comprising: a communication part, configured to receive
information of a target secondary system requesting the usage
of'the frequency spectral resources for the primary system; an
available frequency spectral calculating part, configured to
calculate pre-estimated available frequency spectral for the
target secondary system in response to the information; and a
storage part, configured to store information related to the
primary system, the first level secondary system and the sec-
ond level secondary system, and a secondary system appara-
tus, comprising: a communication unit, configured to trans-
mit requesting information of requesting the usage of the
frequency spectral resources for the primary system, the
requesting information containing information about a prior-
ity level of the secondary system apparatus, and receive avail-
able frequency spectral information for the secondary system
apparatus determined according to the priority level; and a
frequency spectral using unit, configured to make use of the
frequency spectral resources for the primary system accord-
ing to the available frequency spectral information received
by the communication unit, wherein, the communication part
in the geographical location database transmits at least the
pre-estimated available frequency spectral to the frequency
spectral management apparatus, and receives information
related to adjustment with respect to the pre-estimated avail-
able frequency spectral for the target secondary system and/or
information related to adjustment with respect to the fre-
quency spectral used by the existing second level secondary
systems determined by the frequency spectral management
apparatus according to the priority level of the target second-
ary system.

[0168] According to another exemplary embodiment, the
disclosure is directed to a frequency spectral management
method in a cognitive radio system, wherein, the cognitive
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radio system comprises a primary system, a first level sec-
ondary system, and a second level secondary system, the first
level secondary system making use of frequency spectral
resources for the primary system with a higher priority level
than the second level secondary system, the frequency spec-
tral management method comprising: receiving information
of a target secondary system requesting usage of the fre-
quency spectral resources for the primary system; acquiring
pre-estimated available frequency spectral for the target sec-
ondary system; and determining adjustment with respect to
the pre-estimated available frequency spectral for the target
secondary system so as to determine available frequency
spectral for the target secondary system, and/or determining
adjustment with respect to the frequency spectral used by
existing second level secondary systems, according to the
priority level of the target secondary system, and providing
the adjustment information to the corresponding secondary
systems.

[0169] The above frequency spectral management method
further comprising: acquiring information related to at least
one of the primary system, the first level secondary system
and the second level secondary system, wherein, the related
information comprises geographical locations of each sys-
tem, frequency spectral used by each system and priority
levels of each system.

[0170] According to the above frequency spectral manage-
ment method, the related information regarding the target
secondary system being contained in information of the target
secondary system requesting the usage of the frequency spec-
tral resources for the primary system.

[0171] The above frequency spectral management method,
the step of acquiring the pre-estimated available frequency
spectral comprises acquiring the pre-estimated available fre-
quency spectral under the condition that interference the pri-
mary system is subjected to is expected not to exceed an
interference threshold for the primary system when the target
secondary system makes use of the frequency spectral
resources for the primary system.

[0172] The above frequency spectral management method,
the step of adjusting comprising: judging the priority level of
the target secondary system; calculating pre-estimated inter-
ferences existing first level secondary systems are subjected
to when the target secondary system makes use of the fre-
quency spectral resources for the primary system in accor-
dance with the pre-estimated available frequency spectral
therefor; and determining adjustment with respect to the pre-
estimated available frequency spectral for the target second-
ary system so as to determine the available frequency spectral
therefor.

[0173] According to the above frequency spectral manage-
ment method, determining frequency spectral less than the
pre-estimated available frequency spectral as the available
frequency spectral for the target secondary system, in the case
that the pre-estimated interferences exceed interference
thresholds for the existing first level secondary systems.

[0174] The above frequency spectral management method,
wherein determining adjustment with respect to the fre-
quency spectral used by the existing second level secondary
systems on the basis of the requesting information of the
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target secondary system, in the case that the target secondary
system is judged to be a first level secondary system.

1. A system comprising:
circuitry configured to
receive a request for resources from a first system of a
plurality of systems having different levels of priority;
identify resources that are available in a second system
different from the plurality of systems based on the
received request; and
determine whether to adjust a resource assigned to the
plurality of systems based on the priority level of the
first system and the resources that are available in the
second system.
2. The system of claim 1, wherein
the resources that are available in the second system are
resources that are initially assigned for use by the second
system and not initially assigned for use by the plurality
of systems.
3. The system of claim 1, wherein
the second system is a television broadcast system operat-
ing in a ultra-high frequency (UHF) band, and
the circuitry is configured to identify, as the resources that
are available in the second system, at least at subset of
the UHF band.
4. The system of claim 1, wherein
the circuitry is configured to identify the resources that are
available in the second system by identifying resources
assigned to the second system that could be used by the
first system without causing interference in the second
system above a predetermined threshold.
5. The system of claim 1, wherein the circuitry is config-
ured to:
estimate a level of interference caused to the second system
when the resources that are available in the second sys-
tem are reassigned to the first system; and
determine whether to adjust a resource assigned to the first
system based on the estimated level of interference.
6. The system of claim 1, wherein the circuitry is config-
ured to:
estimate a level of interference caused to a third system of
the plurality of systems when the resources that are
available in the second system are reassigned to the first
system; and
determine whether to adjust a resource assigned to the first
system based on the estimated level of interference.
7. The system of claim 1, wherein
the request includes information indicating a geographic
location of the first system, and
the circuitry is configured to identify the resources that are
available in the second system based on the geographic
location of the first system.
8. The system of claim 1, wherein
the request includes information identifying the level of
priority of the first system.
9. The system of claim 1, wherein
the plurality of systems includes the first system having a
first level of priority for accessing resources of the sec-
ond system and a third system having a second level of
priority for accessing resources of the second system,
the second level of priority being greater than the first
level of priority.
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10. The system of claim 9, wherein
the circuitry is configured to estimate a level of interference
to the third system if the resources that are available in
the second system were to be assigned to the first system.
11. The system of claim 10, wherein
the circuitry is configured to assign the resources that are
available in the second system to the first system when
estimated level of interference to the third system does
not exceed a predetermined threshold value.
12. The system of claim 10, wherein
the circuitry is configured to control adjusting the
resources that are available to the first system when the
estimated level of interference to the third system
exceeds a predetermined threshold value.
13. The system of claim 1, wherein
the plurality of systems includes the first system having a
first level of priority for accessing resources of the sec-
ond system and a third system having a second level of
priority for accessing resources of the second system,
the first level of priority being greater than the second
level of priority.
14. The system of claim 13, wherein
the request for resources from the first system includes
information indicating at least one of a desired commu-
nication quality, a desired communication range and a
tolerable interference threshold in the first system, and
the circuitry is configured to identify the resources that are
available in a second system based on the information
included in the received request.
15. The system of claim 13, wherein
the circuitry is configured to determine a level of interfer-
ence to the first system by the third system if the
resources that are available in the second system were to
be assigned to the first system.
16. The system of claim 15, wherein
the circuitry is configured to assign the resources that are
available in the second system to the first system and not
control adjusting resources assigned to the third system
when the determined level of interference to the first
system by the third system does not exceed a predeter-
mined threshold value.
17. The system of claim 15, wherein
the circuitry is configured to assign the resources that are
available in the second system to the first system and
control adjusting resources assigned to the third system
to reduce interference to the first system when the deter-
mined level of interference to the first system by the third
system exceeds a predetermined threshold value.
18. The system of claim 1, wherein
the plurality of systems includes the first system having a
first level of priority for accessing resources of the sec-
ond system, and third and fourth systems each having a
level of priority for accessing resources of the second
system that is less than the first level of priority; and
the circuitry is configured to
determine a level of interference to the first system if the
resources that are available in the second system were
to be assigned to the first system;
assign the resources that are available in the second
system to the first system and control adjusting
resources assigned to at least one of the third and
fourth systems determined to cause a higher amount
of interference to the first system when the deter-
mined level of interference to the first system exceeds
a predetermined threshold value.
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19. The system of claim 1, wherein

the circuitry is configured to identify the resources that are
available in the second system based on information
identifying the resources received from a database
remotely connected to the system.
20. A non-transitory computer-readable medium including
computer-readable instructions, which when executed by a
system, cause the system to:
receive a request for resources from a first system of a
plurality of systems having different levels of priority;

identify resources that are available in a second system
different from the plurality of systems based on the
received request; and

determine whether to adjust a resource assigned to the

plurality of systems based on the priority level of the first
system and the resources that are available in the second
system.

21. A system comprising:

circuitry configured to

receive a request for resources from a first system of a
plurality of systems having different levels of priority;

transmit, to another system, information identifying
resources that are available in a second system differ-
ent from the plurality of systems based on the received
request; and

receive, from the another system, information request-
ing to adjust a resource assigned to the plurality of
systems based on the priority level of the first system
and the resources that are available in the second
system.



