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(57) ABSTRACT 
A spectrum management system includes circuitry that 
obtains interference information from another spectrum man 
agement system, where the interference information indi 
cates interference with communication of a communication 
system managed by the other spectrum management system. 
The interference is caused by at least one secondary commu 
nication system managed by the spectrum management sys 
tem. The circuitry also modifies a communication character 
istic of the at least one secondary communication system 
based on the interference information. 
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APPARATUS AND METHOD IN WIRELESS 
COMMUNICATION SYSTEM 

FIELD OF THE INVENTION 

0001. The present invention generally relates to the field of 
wireless communications and in particular to an apparatus 
and method in a wireless transmission system including pri 
mary systems and secondary systems. 

BACKGROUND OF THE INVENTION 

0002 There have been constantly growing service 
demands of users for high-quality, high-speed and new ser 
vices along with evolution of wireless communication sys 
tems. Wireless communication operators and apparatus 
manufacturers need to constantly improve the systems so as 
to accommodate the demands of the users. This necessitates a 
huge amount of spectrum resources (for example, which can 
be quantified as per time, frequency, bandwidth, tolerable 
maximum transmission power and other parameters) to Sup 
port the new services and satisfy the demand for high-speed 
communication. There are very limited spectrum resources 
which have been allocated to fixed operators and services and 
new available spectrums which are either rather scare or 
prohibitively expensive. 
0003. In view of this, the concept of dynamic spectrum use 
has been proposed, that is, dynamic use of those spectrum 
resources which have been allocated to some services but 
have been underused. For example, spectrums of some chan 
nels over which no programs are played, or spectrums of 
adjacent channels, among digital television and radio spec 
trums are used dynamically for wireless mobile communica 
tion without interference to reception of television signals. In 
this application example, the digital television and radio spec 
trums themselves are allocated to television and radio sys 
tems for use, so the television and radio systems are a primary 
system, and television sets are a primary user. Moreover 
mobile communication system is a secondary system, and 
receiver in the mobile communication system is a secondary 
user. The primary system mentioned here may refer to the 
system with a spectrum access, e.g., a television and radio 
system; and the secondary system may refer to a system 
without spectrum access except for appropriate use of a spec 
trum possessed by the primary system only when the spec 
trum is not used by the primary system. 
0004 Moreover the primary system and the secondary 
system can alternatively be systems both with a spectrum 
access but at different spectrum access priorities. For 
example, when an operator deploys a new base station to 
provide a new service, there is a spectrum access priority for 
an existing base station and a service provided by the existing 
base station. A primary system is composed of a primary user 
base station and a primary user, and a secondary system is 
composed of a secondary user base station and a secondary 
user. The secondary user base station communicates with one 
or more secondary users or a plurality of secondary users 
communicate with each other to constitute a secondary sys 
tem. A plurality of secondary systems can be assigned to a 
cluster of secondary systems in some region. For example, a 
cluster of secondary systems can include a plurality of wire 
less local networks. 

0005. This communication solution with coexistence of 
the primary system and the secondary system requires that the 
secondary system be applied without interference to an appli 

Feb. 25, 2016 

cation of the primary system or an influence as a result of 
spectrum use by the secondary system be controlled within a 
range tolerated by the primary system. 
0006. One of predominant solutions at present to protec 
tion of a primary system is to store coverage information of 
the primary system in a database together with an interference 
limit tolerable to the primary system. Prior to use of a spec 
trum of the primary system in the same region, a secondary 
system in the same region firstly accesses the database and 
Submits information of the secondary system, e.g., position 
information, a spectrum emission mask, a transmission band 
width, a carrier frequency, etc. Then the database calculates 
maximum transmission power, a bandwidth, etc., of the sec 
ondary system tolerated by the primary system without inter 
ference thereto according to the maximum interference tol 
erance limit of the primary system, the distance between the 
primary system and the secondary system in the same region, 
etc. 

SUMMARY OF THE INVENTION 

0007. However in the background art, primary systems 
and secondary systems in respective regions are managed by 
different databases, that is, the primary systems and the sec 
ondary systems in respective regions are stored in the differ 
ent databases. Since an available spectrum of a secondary 
system may be calculated differently in different databases, 
when a secondary system at the edge of a different region 
transmits over an available spectrum resource provided by a 
database of its own region, there may be interference to a 
communication system Such as primary system, unregistered 
in the present database, in another adjacent region. In another 
aspect, the database calculates the available spectrum 
resource for the secondary system it manages without know 
ing the interference from secondary systems registered in 
another database. Therefore, if the secondary system uses the 
calculated available spectrum resource, it might still cause 
harmful interference to the primary system managed by the 
database. In view of this, the applicants thus have made the 
invention. With the invention, interference of secondary sys 
tems in a region to a communication system Such as primary 
system in another adjacent region can be prevented to thereby 
make reasonable use of spectrum resources. 
0008 According to an exemplary aspect, a spectrum man 
agement system includes circuitry that obtains interference 
information from another spectrum management system, 
where the interference information indicates interference 
with communication of a communication system managed by 
the other spectrum management system. The interference is 
caused by at least one secondary communication system 
managed by the spectrum management system. The circuitry 
also modifies a communication characteristic of the at least 
one secondary communication system based on the interfer 
ence information. 

0009. According to another exemplary aspect, a spectrum 
management system includes circuitry that identifies interfer 
ence with communication of a communication system man 
aged by the spectrum management system, where the inter 
ference originates from at least one secondary 
communication system managed by another spectrum man 
agement system. The circuitry also generates interference 
information based on the identified interference, and provides 
the interference information to the other spectrum manage 
ment system. 
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0010. According to a further exemplary aspect, a method 
for a spectrum management system includes obtaining, using 
circuitry of the spectrum management system, interference 
information from another spectrum management system indi 
cating interference with communication of a communication 
system managed by the other spectrum management system. 
The interference is caused by at least one secondary manage 
ment system managed by the spectrum management system. 
The method also includes modifying a communication char 
acteristic of the at least one secondary communication system 
based on the interference information. 
0011. Of course, it can be appreciated that the above 
method can be included in a non-transitory computer-read 
able medium as a computer-readable instructions that, when 
executed by a computer cause the computer to perform the 
method. 
0012. According to a still further exemplary aspect, a 
method for a spectrum management system includes identi 
fying, with circuitry of the spectrum management system, 
interference with communication of a communication system 
managed by the spectrum management system. The interfer 
ence originates from a secondary communication system 
managed by another spectrum management system. The 
method also includes generating interference information 
based on the identified interference, and providing the inter 
ference information to the other spectrum management sys 
tem. 

0013. Of course, it can be appreciated that the above 
method can be included in a non-transitory computer-read 
able medium as a computer-readable instructions that, when 
executed by a computer cause the computer to perform the 
method. 
0014. Additional exemplary aspect of the advancements 
described herein are set forth below. While illustrative, these 
descriptions should not be read as limiting on the inventive 
features defined by the claims. 
0015. According to another exemplary aspect, there is pro 
vided an apparatus in a wireless communication system, the 
apparatus including: a receiving unit for receiving, from at 
least Some of one or more second regions, reference informa 
tion for modifying usage spectrum information of secondary 
systems in a first region, wherein the at least Some of the one 
or more second regions are regions in which primary systems 
are judged, according to the usage spectrum information of 
the secondary systems in the first region, as being Subjected to 
interference of the secondary systems in the first region; and 
a managing unit for modifying the usage spectrum informa 
tion of the secondary systems in the first region according to 
the received reference information. 
0016. In the apparatus, the usage spectrum information 
includes at least one of actual usage spectrum information 
and available spectrum information, the available usage spec 
trum information of the secondary systems in the first region 
being determined according to geographical position infor 
mation of the secondary systems in the first region and service 
range information of a primary system in the first region. 
0017. In the apparatus, the spectrum use information of the 
secondary systems in the first region includes at least one of 
frequency bands, bandwidths, transmission power and spec 
trum use time. 
0018. In the apparatus, the reference information includes 
at least one of service range information of primary systems, 
in the one or more second regions, Subjected to interference of 
the secondary systems in the first region, and secondary 
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system-related information of the secondary systems which 
interfere with the primary systems in the one or more second 
regions. 
0019. In the apparatus, the spectrum use information of the 
secondary systems in the first region is modified according to 
operating condition information of the primary systems, in 
the one or more second regions, Subjected to interference of 
the secondary systems in the first region, so that the secondary 
systems in the first region will not interfere with the primary 
systems in the one or more second regions, wherein the pri 
mary systems, in the one or more second regions, Subjected to 
interference of the secondary systems in the first region, are 
determined according to the service range information of the 
primary systems in the one or more second regions as well as 
first level interference range information of the secondary 
systems in the first region, which is determined based on the 
spectrum use information of the secondary systems in the first 
region. 
0020. In the apparatus, the at least some of the one or more 
second regions are regions in which primary systems are 
judged, according to the spectrum use information of the 
secondary systems in the first region as well as the spectrum 
use information of the other secondary systems in the first 
region and/or the secondary systems in the one or more sec 
ond regions, as being Subjected to aggregated interference of 
the secondary systems in the first region. 
0021. In the apparatus, the spectrum use information of the 
secondary systems in the first region is modified according to 
the operating condition information of the primary systems, 
in the one or more second regions, Subjected to the aggregated 
interference of the secondary systems in the first region as 
well as interference condition information of the secondary 
systems which interfere with the primary systems, in the one 
or more second regions, Subjected to the aggregated interfer 
ence of the secondary systems in the first region, so that the 
secondary systems in the first region will not produce aggre 
gated interference to the primary systems in the one or more 
second regions, wherein the primary systems, in the one or 
more second regions, Subjected to the aggregated interference 
of the secondary systems in the first region, are determined 
according to the service range information of the primary 
systems in the one or more second regions as well as second 
level interference range information of the secondary systems 
in the first region, which is determined based on the spectrum 
use information of the secondary systems in the first region. 
0022. In the apparatus, the interference condition informa 
tion of the secondary systems which interfere with the pri 
mary systems, in the one or more second regions, Subjected to 
the aggregated interference of the secondary systems in the 
first region, is obtained by inquiring about interference con 
dition information, recorded in a registering unit in the second 
region, to which different positions within a service range of 
the primary system in the second region are subjected from 
secondary systems in the second region and from secondary 
systems in other regions. 
0023. In the apparatus, the interference condition informa 
tion from the secondary systems in the second region includes 
interference amounts of the secondary systems in the second 
region to the primary system in the second region and/or 
spectrum utilization time of the secondary systems in the 
second region, and the interference condition information 
from the secondary systems in the other regions includes 
region identifiers of the other regions and secondary system 
identifiers of the secondary systems in the other regions. 
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0024. In the apparatus, the managing unit further includes: 
a secondary system spectrum use time determining unit for 
determining spectrum use valid time of the secondary sys 
tems in the first region according to a spectrum use time limit 
of the primary system in the first region and spectrum use time 
limits of the primary systems, in the one or more second 
regions, Subjected to interference of the secondary systems in 
the first region. 
0025. In the apparatus, the receiving unit is further adapted 
to receive, from the secondary systems in the first region, 
secondary system spectrum use durations estimated by the 
secondary systems in the first region; and the secondary sys 
tem spectrum use time determining unit is further adapted to 
modify the spectrum use time of the secondary systems in the 
first region according to the spectrum use valid time of the 
secondary systems determined by the secondary system spec 
trum use time determining unit and the secondary system 
spectrum use durations. 
0026. In the apparatus, the secondary system spectrum use 
durations are estimated according to the spectrum use infor 
mation of the secondary systems in the first region and appli 
cation types of the secondary systems in the first region. 
0027. The apparatus further includes: a registering unit for 
recording interference condition information to which differ 
ent positions within a service range of the primary system in 
the first region are Subjected from the secondary systems in 
the first region and from secondary systems in other regions. 
0028. In the apparatus, the interference condition informa 
tion from the secondary systems in the first region includes 
interference amounts of the secondary systems in the first 
region to the primary system in the first region and/or spec 
trum use time of the secondary systems in the first region, and 
the interference condition information from the secondary 
systems in the other regions includes region identifiers of the 
other regions and secondary system identifiers of the second 
ary systems in the other regions. 
0029. In the apparatus, the first region further transmits a 
region identifier of the first region and secondary system 
identifiers of the secondary systems in the first region to the 
one or more second regions. 
0030 The apparatus further includes: a storing unit for 
storing descriptions of transmission masks of secondary sys 
tems in the first region and the one or more second regions and 
corresponding identifiers thereof. 
0031. The apparatus further include: a converting unit for 
converting the identifiers of the transmission masks of sec 
ondary systems from the one or more second regions into 
descriptions of corresponding transmission masks of second 
ary systems according to the descriptions of the transmission 
masks or frequency bands of secondary systems in the one or 
more second regions and the corresponding identifiers 
thereof, which are stored in the storing unit. 
0032. According to another exemplary aspect, there is pro 
vided a method for use in a wireless communication system, 
the method including: a receiving step of receiving, from at 
least Some of one or more second regions, reference informa 
tion for modifying spectrum use information of secondary 
systems in a first region, wherein the at least Some of the one 
or more second regions are regions in which primary systems 
are judged, according to the spectrum use information of the 
secondary systems in the first region, as being Subjected to 
interference of the secondary systems in the first region; and 
a managing step of modifying the spectrum use information 
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of the secondary systems in the first region according to the 
received reference information. 
0033 According to still another exemplary aspect, there is 
provided an apparatus in a wireless communication system, 
the apparatus including: an acquiring unit for acquiring spec 
trum use information of secondary systems in a first region; a 
managing unit for judging, according to the spectrum use 
information of the secondary systems in the first region, 
whether the secondary systems in the first region interfere 
with a primary system in a second region; and a transmitting 
unit for transmitting reference information for modifying the 
spectrum use information of the secondary systems in the first 
region to the first region in the case that the secondary systems 
in the first region interfere with the primary system in the 
second region. 
0034. In the apparatus, the reference information includes 
at least one of service range information of the primary 
system, in the second region, Subjected to interference of the 
secondary systems in the first region, and secondary-system 
related information of the secondary systems which interfere 
with the primary system in the second region. 
0035. In the apparatus, the primary system, in the second 
region, Subjected to the interference of the secondary systems 
in the first region is searched for according to the service 
range information of the primary system in the second region 
as well as first level interference range information of the 
secondary systems in the first region, which is determined 
based on the spectrum use information of the secondary sys 
tems in the first region, wherein the spectrum use information 
of the secondary systems in the first region is modified 
according to operating condition information of the primary 
system, in the second region, Subjected to interference of the 
secondary systems in the first region, so that the secondary 
systems in the first region will not interfere with the primary 
system in the second region. 
0036. In the apparatus, it is judged, according to the spec 
trum use information of the secondary systems in the first 
region as well as spectrum use information of other secondary 
systems in the first region and/or secondary systems in one or 
more second regions, whether the secondary systems in the 
first region produce aggregated interference to the primary 
system in the second region. 
0037. In the apparatus, the primary system, in the second 
region, Subjected to aggregated interference of the secondary 
systems in the first region is searched for according to the 
service range information of the primary system in the second 
region as well as second level interference range information 
of the secondary systems in the first region, which is deter 
mined based on the spectrum use information of the second 
ary systems in the first region, wherein the spectrum use 
information of the secondary systems in the first region is 
modified according to operating condition information of the 
primary system, in the second region, Subjected to aggregated 
interference of the secondary systems in the first region as 
well as interference condition information of secondary sys 
tems which interfere with the primary system, in the second 
region, Subjected to aggregated interference of the secondary 
systems in the first region, so that the secondary systems in the 
first region will not produce aggregated interference to the 
primary system in the second region. 
0038. In the apparatus, the interference condition informa 
tion of the secondary systems which interfere with the pri 
mary system, in the second region, Subjected to aggregated 
interference of the secondary systems in the first region, is 
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obtained by inquiring about interference condition informa 
tion, recorded in a registering unit in the second region, to 
which different positions within a service range of the pri 
mary system in the second region are Subjected from second 
ary systems in the second region and from secondary systems 
in other regions. 
0039. In the apparatus, the interference condition informa 
tion from the secondary systems in the second region includes 
interference amounts of the secondary systems in the second 
region to the primary system in the second region and/or 
spectrum use time of the secondary systems in the second 
region, and the interference condition information from the 
secondary systems in the other regions includes region iden 
tifiers of the other regions and secondary system identifiers of 
the secondary systems in the other regions. 
0040. In the apparatus, the acquiring unit further acquires 
a region identifier of the first region and secondary system 
identifiers of the secondary systems in the first region. 
0041. The apparatus further includes: a registering unit for 
recording interference condition information to which differ 
ent positions within a service range of the primary system in 
the second region are subjected from the secondary systems 
in the second region and from secondary systems in other 
regions. 
0042. In the apparatus, the interference condition informa 
tion from the secondary systems in the second region includes 
interference amounts of the secondary systems in the second 
region to the primary system in the second region and/or 
spectrum use time of the secondary systems in the second 
region, and the interference condition information from the 
secondary systems in the other regions includes region iden 
tifiers of the other regions and secondary system identifiers of 
the secondary systems in the other regions. 
0043. The apparatus further includes: a storing unit for 
storing descriptions of transmission masks of secondary sys 
tem in the first region and the second region and correspond 
ing identifiers thereof. 
0044 According to still another exemplary aspect, there is 
provided a method in a wireless communication system, the 
method including: an acquiring step of acquiring spectrum 
use information of secondary systems in a first region; a 
managing step of judging, according to the spectrum use 
information of the secondary systems in the first region, 
whether the secondary systems in the first region interfere 
with a primary system in a second region; and a transmitting 
step of transmitting reference information for modifying the 
spectrum use information of the secondary systems in the first 
region to the first region in the case that the secondary systems 
in the first region interfere with the primary system in the 
second region. 
0045. According to still another exemplary aspect, there is 
provided an apparatus in a wireless communication system, 
the apparatus including: a receiving unit for receiving, from a 
first region, spectrum use information of secondary systems 
in the first region, which is modified according to reference 
information, wherein the reference information is received by 
the first region from at least Some of one or more second 
regions, and the at least some of the one or more second 
regions are regions in which primary systems are judged, 
according to the spectrum use information of the secondary 
systems in the first region, as being Subjected to interference 
of the secondary systems in the first region; and an executing 
unit for communicating with user equipments of the second 
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ary systems in the first region according to the modified 
spectrum use information of secondary systems in the first 
region. 
0046. The apparatus further includes: a secondary system 
spectrum use duration estimating unit for estimating second 
ary system spectrum use durations according to the spectrum 
use information of the secondary systems in the first region 
and application types of the secondary systems in the first 
region. 
0047. The apparatus further includes: a transmitting unit 
for transmitting the estimated secondary system spectrum use 
durations to the first region. 
0048. The apparatus further includes: a secondary system 
spectrum use time modifying unit for modifying spectrum 
use of the secondary systems in the first region according to 
changes in spectrum use conditions of the primary system and 
the secondary systems in the first region within the secondary 
system spectrum use durations or spectrum available time 
limits. 

0049 According to still another exemplary aspect, there is 
provided a method in a wireless communication system, the 
method including: a receiving step of receiving, from a first 
region, spectrum use information of secondary systems in the 
first region, which is modified according to reference infor 
mation, wherein the reference information is received by the 
first region from at least Some of the one or more second 
regions, and the at least Some of the one or more second 
regions are regions in which primary systems are judged, 
according to the spectrum use information of the secondary 
systems in the first region, as being Subjected to interference 
of the secondary systems in the first region; and an executing 
step of communicating with user equipments of the second 
ary systems in the first region according to the modified 
spectrum use information of secondary systems in the first 
region. 
0050. According to still another exemplary aspect, there is 
provided a computer storage medium including computer 
readable instructions adapted to cause a computer performs: 
a receiving step of receiving, from at least Some of one or 
more second regions, reference information for modifying 
spectrum use information of secondary systems in a first 
region, wherein the at least some of the one or more second 
regions are regions in which primary systems are judged, 
according to the spectrum use information of the secondary 
systems in the first region, as being Subjected to interference 
of the secondary systems in the first region; and a managing 
step of modifying the spectrum use information of the sec 
ondary systems in the first region according to the received 
reference information. 

0051. According to still another exemplary aspect, there is 
provided a computer storage medium including computer 
readable instructions adapted to cause a computer performs: 
a receiving step of receiving, from a first region, spectrum use 
information of secondary systems in the first region; a man 
aging step of judging, according to the spectrum use infor 
mation of the secondary systems in the first region, whether 
the secondary systems in the first region interfere with a 
primary system in a second region; and a transmitting step of 
transmitting reference information for modifying the spec 
trum use information of the secondary systems in the first 
region to the first region in the case that the secondary systems 
in the first region interfere with the primary system in the 
second region. 
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0052 According to still another exemplary aspect, there is 
provided a computer storage medium including computer 
readable instructions adapted to cause a computer performs: 
a receiving step of receiving, from a first region, spectrum use 
information of secondary systems in the first region, which is 
modified according to reference information, wherein the 
reference information is received by the first region from at 
least some of one or more second regions, and the at least 
Some of the one or more second regions are regions in which 
primary systems are judged, according to the spectrum use 
information of the secondary systems in the first region, as 
being Subjected to interference of the secondary systems in 
the first region; and an executing step of communicating with 
user equipments of the secondary systems in the first region 
according to the modified spectrum use information of sec 
ondary systems in the first region. 
0053. With the invention, at least interference of second 
ary systems in a region to a communication system Such as 
primary system in another adjacent region can be prevented to 
thereby make reasonable use of spectrum resources. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0054 The foregoing and other objects, features and 
advantages of the invention can be understood more easily 
from the following description of embodiments of the inven 
tion with reference to the drawings in which identical or 
corresponding technical features or components will be 
denoted with identical or corresponding reference numerals. 
0055 FIG. 1 is a block diagram illustrating a configuration 
of an apparatus in a wireless communication system accord 
ing to an embodiment of the invention; 
0056 FIG. 2 is a schematic diagram illustrating that spec 
trum use information of secondary systems is modified 
according to first level interference ranges of the secondary 
systems according to an embodiment of the invention; 
0057 FIG. 3 is a schematic diagram illustrating an imple 
mentation in which spectrum use information of secondary 
systems is modified according to first level interference 
ranges of the secondary systems according to an embodiment 
of the invention; 
0058 FIG. 4 is a schematic diagram illustrating another 
implementation in which spectrum use information of sec 
ondary systems is modified according to first level interfer 
ence ranges of the secondary systems according to an 
embodiment of the invention; 
0059 FIG. 5 is a schematic diagram illustrating that spec 
trum use information of secondary systems is modified 
according to second level interference ranges of the second 
ary systems according to an embodiment of the invention; 
0060 FIG. 6 is a schematic diagram illustrating that an 
interfering secondary system is searched for according to 
second level interference ranges of secondary systems 
according to an embodiment of the invention; 
0061 FIG. 7 is a schematic diagram illustrating an imple 
mentation in which spectrum use information of secondary 
systems is modified according to second level interference 
ranges of the secondary systems according to an embodiment 
of the invention; 
0062 FIG. 8 is a schematic diagram illustrating another 
implementation in which spectrum use information of sec 
ondary systems is modified according to second level inter 
ference ranges of the secondary systems according to an 
embodiment of the invention; 

Feb. 25, 2016 

0063 FIG.9 is a block diagram illustrating a configuration 
of a managing unit illustrated in FIG. 1; 
0064 FIG. 10 is a block diagram illustrating a configura 
tion of an apparatus in a wireless communication system 
according to another embodiment of the invention; 
0065 FIG. 11 is a schematic diagram illustrating that 
interference information of secondary systems is recorded 
according to an embodiment of the invention; 
0.066 FIG. 12 is a block diagram illustrating a configura 
tion of an apparatus in a wireless communication system 
according to still another embodiment of the invention; 
0067 FIG. 13 is a flow chart illustrating a method for use 
in a wireless communication system according to an embodi 
ment of the invention; 
0068 FIG. 14 is a block diagram illustrating a configura 
tion of an apparatus in a wireless communication system 
according to still embodiment of the invention; 
0069 FIG. 15 is a block diagram illustrating a configura 
tion of an apparatus in a wireless communication system 
according to still another embodiment of the invention; 
0070 FIG. 16 is a block diagram illustrating a configura 
tion of an apparatus in a wireless communication system 
according to still another embodiment of the invention; 
(0071 FIG. 17 is a flow chart illustrating a method for use 
in a wireless communication system according to another 
embodiment of the invention; 
0072 FIG. 18 is a block diagram illustrating a configura 
tion of an apparatus in a wireless communication system 
according to still another embodiment of the invention; 
0073 FIG. 19 is a block diagram illustrating a configura 
tion of an apparatus in a wireless communication system 
according to still another embodiment of the invention; 
0074 FIG. 20 is a block diagram illustrating a configura 
tion of an apparatus in a wireless communication system 
according to still another embodiment of the invention; 
0075 FIG. 21 is a block diagram illustrating a configura 
tion of an apparatus in a wireless communication system 
according to still another embodiment of the invention; 
0076 FIG. 22 is a flow chart illustrating a method for use 
in a wireless communication system according to an embodi 
ment of the invention; 
0077 FIG. 23 is a schematic diagram illustrating an appli 
cation example according to an embodiment of the invention; 
and 
0078 FIG. 24 is a schematic block diagram of an infor 
mation processing apparatus in which an embodiment of the 
invention can be embodied. 

DETAILED DESCRIPTION OF THE INVENTION 

0079 Embodiments of the invention will be described 
below with reference to the drawings. It shall be noted that an 
illustration and a description of components and processes, 
well known to those ordinarily skilled in the art, of no irrel 
evance to the invention have been omitted in the drawings and 
the description for the sake of clarity. 
0080 A configuration of an apparatus in a wireless com 
munication system according to an embodiment of the inven 
tion will be described below with reference to FIG. 1. FIG. 1 
is a block diagram illustrating a configuration of an apparatus 
in a wireless communication system according to an embodi 
ment of the invention. 
I0081. As illustrated in FIG. 1, the apparatus 100 in a wire 
less communication system can include a receiving unit 102 
and a managing unit 104. 
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0082. According to a particular embodiment, a first region 
can transmit spectrum use information of secondary systems 
in the first region to one or more second regions. Moreover 
according to a particular embodiment, one or more second 
regions can detect spectrum use information of secondary 
systems in the first region. For example, a second region can 
collect signal measurement results at different positions in a 
coverage range of the second region and detect the spectrum 
use information of the secondary systems in the first region 
according to the signal measurement results. 
0083. As illustrated in FIG. 2, a region 1 illustrated on the 

left of FIG. 2 includes a primary system 1 and three secondary 
systems a, b and c, and a region 2 illustrated on the right of 
FIG. 2 includes a primary system 2 and two secondary sys 
tems e and d. The secondary systems a, b and c in the region 
1 can use spectrum resources of the primary system 1 in the 
region 1 according to spectrum resources recorded in a data 
base 1. The secondary systems e and d in the region 2 can use 
spectrum resources of the primary system 2 in the region 2 
according to spectrum resources recorded in a database 2. 
Those skilled in the art shall appreciate that the regions 1 and 
2 are merely exemplary, and the number of regions can be any 
number but will not be limited to two illustrated in FIG. 2; and 
the secondary systems a, b and c in the region 1 and the 
secondary systems e and d in the region 2 are merely exem 
plary, and the number of secondary systems in the same 
region can be any number but will not be limited to three or 
two illustrated in FIG. 2; and moreover the primary system 1 
in the region 1 and the primary system 2 in the region 2 are 
merely exemplary, and the number of primary systems in the 
same region can be any number but will not be limited to one 
illustrated in FIG. 2. In a particular embodiment of the inven 
tion, the primary system can be a television and radio system, 
and a secondary system can be a Wireless Local Area Net 
work (WLAN) system, and the different regions can corre 
spond to different countries or regions. 
0084 As described above, when a secondary system at the 
edge of a different region transmits over an available spec 
trum resource provided by a database of its own region, there 
may be interference to a primary system, unregistered in the 
present database, in another adjacent region. For example, as 
illustrated in FIG. 2, when the secondary systems a, b and c in 
the region 1 transmit according to the spectrum resources 
recorded in the database 1, there may be interference to the 
primary system 2 in the region 2. In another example, when 
the secondary systems dande in the region 2 transmit accord 
ing to the spectrum resources recorded in the database 2, there 
may be interference to the primary system 1 in the region 1. 
Moreover when the secondary systems a, b and c in the region 
1 transmit according to the spectrum resources recorded in 
the database 1, and the secondary systems d and e in the 
region 2 transmit according to the spectrum resources 
recorded in the database 2, the secondary systems a, b and c in 
the region 1 and the secondary systems dande in the region 
2 may produce aggregated interference to the primary system 
1 in the region 1 and the primary system 2 in the region 2, and 
the produced aggregated interference may exceed anti-inter 
ference thresholds of the primary system 1 in the region 1 and 
the primary system 2 in the region 2. It should be noted that in 
the example each region corresponds to a spectrum manage 
ment system. So, for example, the secondary system in region 
N can be regarded as the secondary system managed by 
spectrum management system N. 
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I0085. With regard to interference of secondary systems in 
a region to a primary system in another region, the region 
where the secondary systems are located can be referred to as 
a first region, and all the other regions than the region where 
the secondary systems are located can be referred to as a 
second region. For example, in the example illustrated in FIG. 
2, with regard to interference of the secondary systems a, b 
and c in the region 1 to the primary system 2 in the region 2. 
the region 1 where the secondary systems a, b and c are 
located can be referred to as a first region, and the other region 
2 than the region 1 where the secondary systems a, b and care 
located can be referred to as a second region. In another 
example, with regard to interference of the secondary systems 
dande in the region 2 to the primary system 1 in the region 1. 
the region 2 where the secondary systems d and e are located 
can be referred to as a first region, and the other region 1 than 
the region 2 where the secondary systems d and e are located 
can be referred to as a second region. Those skilled in the art 
shall appreciate that the number of second regions can be one 
O. O. 

I0086 According to an embodiment of the invention, the 
spectrum use information includes at least one of actual spec 
trum use information and available spectrum information, 
where the available spectrum information of the secondary 
systems in the first region is determined according to geo 
graphical position information of the secondary systems in 
the first region and service range information of the primary 
system in the first region to thereby ensure no interference to 
the primary system in the first region. 
I0087. The available spectrum information of the second 
ary systems in the first region includes maximum transmis 
sion power, bandwidths, etc., of the secondary systems in the 
first region, which are allowed in the case that the secondary 
systems doe not interfere with the primary system in the first 
region. Due to path fading of wireless signal transmission, the 
available spectrum information of the secondary systems in 
the first region may be influenced by the distances between 
the secondary systems and the primary system in the first 
region and other factors. The distances between the second 
ary systems and the primary system in the first region, etc., 
can be determined according to the geographical position 
information of the secondary systems in the first region and 
the service range information of the primary system in the 
first region. Thus the available spectrum information of the 
secondary systems in the first region can be determined 
according to the determined distances between the secondary 
systems and the primary system in the first region, etc. For 
example, in the example illustrated in FIG. 2, available spec 
trum information of the secondary system a in the region 1 
can be determined according to geographical position infor 
mation of the secondary systema in the region 1 and service 
range information of the primary system 1 in the region 1 to 
thereby ensure no interference to the primary system 1 in the 
region 1. In another example, available spectrum information 
of the secondary system d in the region 2 can be determined 
according to geographical position information of the sec 
ondary system d in the region 2 and service range information 
of the primary system 2 in the region 2 to thereby ensure no 
interference to the primary system 2 in the region 2. Moreover 
spectrum use valid time of the secondary systems in the first 
region can also be determined as available spectrum informa 
tion according to a use plan of the spectrum resources by the 
primary system in the first region. 
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0088 Those skilled in the art shall appreciate that the 
foregoing spectrum use information can be available spec 
trum information of secondary systems in a region or can be 
actual spectrum use information of the secondary systems in 
the region or can include both of them. Spectrum resources 
actually used by secondary systems in a region can be a part 
or all of available spectrum resources, for example, when 
there is a Sudden change in operating condition of a primary 
system in the region, the spectrum resources actually used by 
the secondary systems in the region may alternatively be 
different from the available spectrum resources. According to 
an embodiment of the invention, the spectrum use informa 
tion of the secondary systems in the first region includes at 
least one of frequency bands, bandwidths, transmission 
power and spectrum use time. Particularly the available spec 
trum information of the secondary systems in the first region 
includes at least one of available frequency bands, available 
bandwidths, maximum transmission power and spectrum 
valid use time. Moreover those skilled in the art shall appre 
ciate that the foregoing spectrum use information is merely 
exemplary but not exhaustive. 
I0089. As illustrated in FIG. 1, the receiving unit 102 in the 
apparatus 100 can receive, from at least some of one or more 
second regions, reference information for modifying spec 
trum use information of secondary systems in a first region, 
where the at least some of the one or more second regions are 
regions in which primary systems are judged, according to the 
spectrum use information of the secondary systems in the first 
region, as being Subjected to interference of the secondary 
systems in the first region. 
0090. After the first region transmits the spectrum use 
information of the secondary systems in the first region to the 
one or more second regions, the one or more second regions 
can receive the spectrum use information of the secondary 
systems in the first region; or the one or more second regions 
can detect spectrum use information of the secondary systems 
in the first region. A second region can judge whether the 
secondary systems in the first region interfere with a primary 
system in the second region according to the received or 
detected spectrum use information of the secondary systems 
in the first region. If the second region judges that the sec 
ondary systems in the first region may interfere with the 
primary system in the second region according to the received 
or detected spectrum use information of the secondary sys 
tems in the first region, then the second region can transmit 
reference information for modifying the spectrum use infor 
mation of the secondary systems in the first region to the first 
region. Moreover if the second region judges that the second 
ary systems in the first region will not interfere with the 
primary system in the second region according to the received 
or detected spectrum use information of the secondary sys 
tems in the first region, then interference of the secondary 
systems in the first region can be taken into account without 
regard to the second region, so the second region may not 
perform any action. In the case that the second region trans 
mits the reference information for modifying the spectrum 
use information of the secondary systems in the first region to 
the first region, the first region can receive the reference 
information. The modified spectrum use information of the 
secondary systems in the first region includes transmission 
power, bandwidths, frequency bands, etc., of the secondary 
systems in the first region without interference to the primary 
systems in the first region and the second region, for example, 
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can be tolerated maximum transmission power, bandwidths, 
etc., of the secondary systems. 
0091 For example, in the example illustrated in FIG. 2, 
when the region 1 transmits spectrum use information of the 
secondary system b in the region 1 to the region 2, the region 
2 receives the spectrum use information of the secondary 
system b in the region1; or the region 2 can detect spectrum 
use information of the secondary system b in the region1. The 
region 2 can judge whether the secondary system b in the 
region 1 interferes with the primary system 2 in the region 2 
according to the spectrum use information of the secondary 
system b in the region 1. If the region 2 judges that the 
secondary system b in the region 1 may interfere with the 
primary system 2 in the region 2, then the region 2 transmits 
reference information for modifying the spectrum use infor 
mation of the secondary system bin the region 1 to the region 
1. If the region 2 judges that the secondary system b in the 
region 1 will not interfere with the primary system 2 in the 
region 2, then interference of the secondary system b in the 
region 1 can be taken into account without regard to the region 
2, so the region 2 may not performany action. In the case that 
the region 2 transmits the reference information for modify 
ing the spectrum use information of the secondary system bin 
the region 1 to the region 1, the region 1 can receive the 
reference information. 
0092. Similarly, in the example illustrated in FIG. 2, when 
the region 2 transmits spectrum use information of the sec 
ondary system d in the region 2 to the region 1, the region 1 
receives the spectrum use information of the secondary sys 
temd in the region 2; or the region 1 can detect spectrum use 
information of the secondary system d in the region 2. The 
region 1 can judge whether the secondary system d in the 
region 2 interferes with the primary system 1 in the region 1 
according to the spectrum use information of the secondary 
system d in the region 2. If the region 1 judges that the 
secondary system d in the region 2 may interfere with the 
primary system 1 in the region 1, then the region 1 transmits 
reference information for modifying the spectrum use infor 
mation of the secondary system din the region 2 to the region 
2. If the region 1 judges that the secondary system d in the 
region 2 will not interfere with the primary system 1 in the 
region 1, then interference of the secondary system d in the 
region 2 can be taken into account without regard to the region 
1, so the region 1 may not performany action. In the case that 
the region 1 transmits the reference information for modify 
ing the spectrum use information of the secondary systemd in 
the region 2 to the region 2, the region 2 can receive the 
reference information. 

0093. According to an embodiment of the invention, the 
reference information includes at least one of service range 
information of primary systems, in the one or more second 
regions, Subjected to interference of the secondary systems in 
the first region, and secondary-system-related information of 
the secondary systems which interfere with primary systems 
in the one or more second regions. It should be noted that the 
reference information indicates interference that is caused by 
the secondary systems on communication of a communica 
tion system such as primary system managed by different 
spectrum management system. This feature may also be 
referred to as interference information in the descriptions 
made herein. 

0094. As described above, the modified spectrum use 
information of the secondary systems in the first region 
includes transmission power, bandwidths, frequency bands, 
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etc., of the secondary systems in the first region without 
interference to the primary systems in the first region and the 
second region. Due to path fading of wireless signal trans 
mission, the spectrum use information of the secondary sys 
tems in the first region may be influenced by the distances 
between the secondary systems in the first region and the 
primary system in the second region and other factors. The 
distances between the secondary systems in the first region 
and the primary system in the second region, etc., can be 
determined according to the geographical position informa 
tion of the secondary systems in the first region and the 
service range information of the primary system in the second 
region. Thus transmission power, bandwidths, frequency 
bands, etc., of the secondary systems in the first region with 
out interference to the primary systems in the first region and 
the second region can be determined according to the deter 
mined distances between the secondary systems in the first 
region and the primary system in the second region, etc. Thus 
the service range information of the primary systems, in the 
one or more second regions, Subjected to interference of the 
secondary systems in the first region can be taken as the 
reference information for modifying the spectrum use infor 
mation of the secondary systems in the first region. For 
example, in the example illustrated in FIG. 2, in the case the 
primary system 2 in the region2 is Subjected to interference of 
the secondary system a in the region 1, spectrum use infor 
mation of the secondary system a in the region 1 can be 
determined according to geographical position information 
of the secondary systemain the region 1 and the service range 
information of the primary system 2 in the region 2. So the 
service range information of the primary system 2, in the 
region 2. Subjected to interference of the secondary system a 
in the region 1 can be taken as reference information for 
modifying the spectrum use information of the secondary 
system a in the region 1. In another example in the case the 
primary system 1 in the region1 is Subjected to interference of 
the secondary system d in the region 2, the spectrum use 
information of the secondary system d in the region 2 can be 
determined according to geographical position information 
of the secondary system d in the region 2 and service range 
information of the primary system 1 in the region 1. So the 
service range information of the primary system 1, in the 
region 1. Subjected to interference of the secondary system d 
in the region 2 can be taken as reference information for 
modifying the spectrum use information of the secondary 
system d in the region 2. 
0095 Since the apparatus 100 in a wireless communica 
tion system may manage a plurality of secondary systems, the 
secondary-system-related information of the secondary sys 
tems which interfere with the primary systems in the one or 
more second regions can be taken as the reference informa 
tion for modifying the spectrum use information of the sec 
ondary systems in the first region to facilitate management by 
the apparatus 100. For example, the secondary-system-re 
lated information can be secondary system identifiers or the 
spectrum use information of the secondary systems. In this 
case, spectrum use information of the secondary systems 
which interfere with the primary systems in the one or more 
second regions can be inquired about according to the sec 
ondary system identifiers of the secondary systems which 
interfere with the primary systems in the one or more second 
regions, or spectrum use information of the secondary sys 
tems which interfere with the primary systems in the one or 
more second regions can be obtained directly, so that the 
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spectrum use information of the secondary systems in the first 
region can be modified according to the spectrum use infor 
mation of the secondary systems. Moreover in the case that 
the secondary systems in the first region produce aggregated 
interference to a primary system in a second region together 
with secondary systems in the one or more second regions, 
the spectrum use information of the secondary systems in the 
first region need to be further determined taking into account 
which secondary systems in which second regions will pro 
duce aggregated interference to a primary system in the sec 
ond region together with the secondary systems in the first 
region. In this case, spectrum use information of these sec 
ondary systems in these second regions which will produce 
aggregated interference to the primary system in the second 
region together with the secondary systems in the first region 
can be inquired about according to secondary system identi 
fiers of these secondary systems in these second regions 
which will produce aggregated interference to the primary 
system in the second region together with the secondary 
systems in the first region, or spectrum use information of 
these secondary systems in these second regions which will 
produce aggregated interference to the primary system in the 
second region together with the secondary systems in the first 
region can be obtained directly, so that the spectrum use 
information of the secondary systems in the first region can be 
modified according to the spectrum use information of these 
secondary systems. For example, in the example illustrated in 
FIG. 2, in the case that the secondary system b in the region 1 
produces aggregated interference to the primary system 2 in 
the region 2 together with the secondary system d in the 
region 2, the spectrum use information of the secondary sys 
tem d in the region 2 can be inquired about according to the 
secondary system identifierd of the secondary systemd in the 
region 2, or the spectrum use information of the secondary 
system d in the region 2 can be obtained directly, so that the 
spectrum use information of the secondary system b in the 
region 1 can be modified according to the spectrum use infor 
mation of the secondary system d in the region 2. Moreover, 
in the example illustrated in FIG. 2, if there is a further region 
3 including a secondary system f (not illustrated), and the 
secondary system b in the region 1 produces aggregated inter 
ference to the primary system 2 in the region 2 together with 
the secondary system f in the region 3, then in this case, 
spectrum use information of the secondary system f in the 
region 3 can be inquired about according to the secondary 
system identifier fof the secondary system fin the region3, or 
spectrum use information of the secondary system f in the 
region 3 can be obtained directly, so that the spectrum use 
information of the secondary system b in the region 1 can be 
modified according to the spectrum use information of the 
secondary system fin the region3. Similarly, in the example 
illustrated in FIG. 2, in the case that the secondary system din 
the region 2 produces aggregated interference to the primary 
system 1 in the region 1 together with the secondary systemb 
in the region1, the spectrum use information of the secondary 
system bin the region 1 can be inquired about according to the 
secondary system identifierb of the secondary system b in the 
region 1, or the spectrum use information of the secondary 
system b in the region 1 can be obtained directly, so that the 
spectrum use information of the secondary system d in the 
region 2 can be modified according to the spectrum use infor 
mation of the secondary system b in the region 1. Moreover, 
in the example illustrated in FIG. 2, if there is a further region 
3 including a secondary system f (not illustrated), and the 
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secondary systemd in the region 2 produces aggregated inter 
ference to the primary system 1 in the region 1 together with 
the secondary system f in the region 3, then in this case, 
spectrum use information of the secondary system f in the 
region 3 can be inquired about according to the secondary 
system identifier fof the secondary system fin the region3, or 
spectrum use information of the secondary system f in the 
region 3 can be obtained directly, so that spectrum use infor 
mation of the secondary system d in the region 2 can be 
modified according to the spectrum use information of the 
secondary system fin the region 3. 
0096 Referring back to FIG. 1, the managing unit 104 in 
the apparatus 100 can modify the spectrum use information of 
the secondary systems in the first region according to the 
received reference information. 

0097. After the first region receives the reference informa 
tion for modifying the spectrum use information of the sec 
ondary systems in the first region from the second region, the 
first region can modify the spectrum use information of the 
secondary systems in the first region according to the received 
reference information, so that the secondary systems in the 
first region will not interfere with the primary system in the 
second region. For example, in the example illustrated in FIG. 
2, after the region 1 receives reference information for modi 
fying the spectrum use information of the secondary system b 
in the region 1 from the region 2, the region 1 can modify the 
spectrum use information of the secondary system b in the 
region 1 according to the received reference information, so 
that the secondary system b in the region 1 will not interfere 
with the primary system 2 in the region 2. In addition, in the 
example illustrated in FIG. 2, after the region 2 receives 
reference information for modifying the spectrum use infor 
mation of the secondary system d in the region 2 from the 
region 1, the region 2 can modify the spectrum use informa 
tion of the secondary system d in the region 2 according to the 
received reference information, so that the secondary system 
d in the region 2 will not interfere with the primary system 1 
in the region 1. 
0098. According to an embodiment of the invention, the 
spectrum use information of the secondary systems in the first 
region is modified according to operating condition informa 
tion of the primary systems, in the one or more second 
regions, Subjected to interference of the secondary systems in 
the first region, so that the secondary systems in the first 
region will not interfere with the primary systems in the one 
or more second regions, where the primary systems, in the 
one or more second regions, Subjected to interference of the 
secondary systems in the first region, are determined accord 
ing to the service range information of the primary systems in 
the one or more second regions as well as first level interfer 
ence range information of the secondary systems in the first 
region, which is determined based on the spectrum use infor 
mation of the secondary systems in the first region. 
0099 Moreover according to another particular embodi 
ment of the invention, the second region can alternatively 
determine those secondary systems in the first region which 
interfere with the primary system in the second region by 
measuring signals at different positions in the coverage range 
of the second region. For example, the second region can 
collect signal measurement results at different positions in the 
coverage range thereof and can judge that one or more sec 
ondary systems at Some positions in the first region interfere 
with the primary system in the second region according to the 
collected signal measurement results. In this case, the second 
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region can modify spectrum use information of these second 
ary systems according to operating condition information of 
the primary system in the second region to ensure that the 
secondary systems in the first region will not interfere with 
the primary system in the second region. Moreover the second 
region can alternatively transmit the operating condition 
information of the primary system, in the second region, 
subjected to interference of the secondary systems in the first 
region to the first region, so that the first region can modify the 
spectrum use information of the secondary systems in the first 
region according to the operating condition information of 
the primary system in the second region. 
0100. A process of modifying spectrum use information of 
secondary systems according to first level interference ranges 
of the secondary systems according to an embodiment of the 
invention will be described below with reference to FIG. 2. 
FIG. 2 is a schematic diagram illustrating that spectrum use 
information of secondary systems is modified according to 
first level interference ranges of the secondary systems 
according to an embodiment of the invention. 
0101. After the first region transmits the spectrum use 
information of the secondary systems in the first region to the 
second region, the second region determines first level inter 
ference ranges of the secondary systems in the first region 
according to the received spectrum use information of the 
secondary systems in the first region. A first level interference 
range is a range in which a primary System in a second region, 
falling into a circle with a center being a secondary system in 
the first region and a radius being a first level interference 
radius r can not operate due to interference of the secondary 
system in the first region. Thus the primary system in the 
second region can not operate once it falls into the first level 
interference range. For example, the first level interference 
radius r can be calculated in the formula of: 

Pts-PL(r)-Pres. -PR, (1) 

I0102) Where Pt is transmission power of the secondary 
system in the first region in a frequency band. PL(r) is path 
fading calculated according to the distance r and a channel 
model and can be calculated using a corresponding path fad 
ing model according to an antenna height of the secondary 
system in the first region, an antenna height of the primary 
system in the second region and an application scenario. For 
details thereof, reference can be made to ECC REPORT 159, 
“TECHNICAL AND OPERATIONAL REQUIREMENTS 
FOR THE POSSIBLE OPERATION OF COGNITIVE 
RADIO SYSTEMS IN THE WHITE SPACES OF THE 
FREQUENCY BAND 470-790 MHz, cardiff, January 
2011. Pres, is the lowest signal strength at the edge of a 
service area of the primary system in the second region. PR, 
is the lowest signal-to-interference ratio at which a receiver of 
the primary system in the second region can operate normally 
with interference. Pres, and PR may vary across the 
primary systems in the respective regions. For example, the 
lowest signal strength of edge signal of a television service 
area may vary across different countries, and also an anti 
interference capability of a television signal receiver may 
vary across the respective countries. Such information may be 
stored in advance as System information and can be inquired 
about as necessary. Those skilled in the art can appreciate that 
the foregoing method of calculating a first level interference 
radius of a secondary system in the first region is merely 



US 2016/0056908 A1 

exemplary and a first level interference radius of a secondary 
system in the first region can alternatively be calculated in 
another appropriate method. 
0103. After the first level interference ranges of the sec 
ondary systems in the first region are determined, the primary 
systems in the one or more second regions can be searched for 
a primary system falling into a first level interference range of 
a secondary system in the first region according to the deter 
mined first level interference ranges of the secondary systems 
in the first region and the service range information of the 
primary systems in the one or more second regions. If a 
primary system in a second region is found falling into a first 
level interference range of a secondary system in the first 
region, then the primary system in the second region can be 
judged as a primary system, in a second region, Subjected to 
interference of the secondary system in the first region. 
0104. After the primary systems, in the one or more sec 
ond regions, Subjected to interference to the secondary sys 
tems in the first regions are judged, the spectrum use infor 
mation of the secondary systems in the first regions can be 
modified according to the operating condition information of 
the judged primary systems, in the one or more second 
regions, Subjected to interference of the secondary systems in 
the first regions, so that the secondary systems in the first 
region will not interfere with the primary systems in the one 
or more second regions. For example, the operating condition 
information of the primary system in the second region can 
include at least one of frequency bands, bandwidths, trans 
mission power, spectrum use time limits, etc. 
0105 For example, in the example illustrated in FIG. 2, 
after the region 1 transmits the spectrum use information of 
the secondary system bin the region 1 to the region 2, or after 
the region 2 detects the spectrum use information of the 
secondary system bin the region1, the region 2 can determine 
a first level interference range of the secondary system b in the 
region 1 according to the spectrum use information of the 
secondary system b in the region 1. The first level interference 
range of the secondary system b in the region 1 is a range in 
which the primary system 2 in the region 2, falling into a 
circle with a center being the secondary system bin the region 
1 and a radius being the first level interference radius r can 
not operate. For example, the first level interference radius r 
of the secondary system b in the region 1 can be calculated in 
the method described in the formula (1) above. After the first 
level interference range of the secondary system b in the 
region 1 is determined, whether the primary system 2 in the 
region 2 falls into the first level interference range of the 
secondary system b in the region 1 can be judged according to 
the determined first level interference range of the secondary 
system b in the region 1 and the service range information of 
the primary system 2 in the region 2, etc. If the primary system 
2 in the region 2 falls into the first level interference range of 
the secondary system b in the region 1, then the primary 
system 2 in the region 2 can be judged as being Subjected to 
interference of the secondary system b in the region 1. After 
the primary system 2 in the region 2 is judged as being 
subjected to interference of the secondary system b in the 
region 1, the spectrum use information of the secondary sys 
temb in the region 1 can be modified according to operating 
condition information of the primary system 2 in the region 2. 
so that the secondary system bin the region 1 will not interfere 
with the primary system 2 in the region 2. Moreover interfer 
ence of the secondary system d in the region 2 to the primary 

Feb. 25, 2016 

system 1 in the region 1 can be taken into account in a similar 
way to what described above, and a detailed description 
thereof will be omitted here. 
010.6 An implementation in which spectrum use informa 
tion of secondary systems is modified according to first level 
interference ranges of the secondary systems according to an 
embodiment of the invention will be described below with 
reference to FIG. 3. FIG.3 is a schematic diagram illustrating 
an implementation in which spectrum use information of 
secondary systems is modified according to first level inter 
ference ranges of the secondary systems according to an 
embodiment of the invention. 

0107 As illustrated in FIG.3, the first region (the region 1) 
transmits the position information, the spectrum use informa 
tion, etc., of the secondary systems in the first region to the 
one or more second regions (the region 2, ... , the region n). 
Moreover the one or more second regions (the region 2, ..., 
the region n) can alternatively detect the spectrum use infor 
mation of the first region (the region1). The respective second 
regions determine first level interference ranges of the sec 
ondary systems in the first region respectively according to 
the position information and the spectrum use information of 
the secondary systems in the first region, the service range 
information of the primary systems in the corresponding sec 
ond regions, etc. After the respective second regions deter 
mine the first level interference ranges of the secondary sys 
tems in the first region respectively, the respective second 
regions can modify the spectrum use information of the sec 
ondary systems in the first region respectively according to 
the operating condition information of the primary systems in 
the corresponding second regions and transmit the modified 
spectrum use information of the secondary systems respec 
tively to the first region in a secondary system spectrum use 
information modification command. The first region modifies 
synthetically the spectrum use information of the secondary 
systems in the first region upon reception of the modified 
spectrum use information of the secondary systems transmit 
ted from the respective second regions, so that the secondary 
systems in the first region will not interfere with the primary 
systems in the respective second regions. 
0108. Another implementation in which spectrum use 
information of secondary systems is modified according to 
first level interference ranges of the secondary systems 
according to an embodiment of the invention will be 
described below with reference to FIG. 4. FIG. 4 is a sche 
matic diagram illustrating another implementation in which 
spectrum use information of secondary systems is modified 
according to first level interference ranges of the secondary 
systems according to an embodiment of the invention. 
0109 As illustrated in FIG.4, the first region (the region 1) 
transmits the position information, the spectrum use informa 
tion, etc., of the secondary systems in the first region to the 
one or more second regions (the region 2, ... , the region n). 
Moreover the one or more second regions (the region 2, ..., 
the region n) can alternatively detect the spectrum use infor 
mation of the first region (the region1). The respective second 
regions determine first level interference ranges of the sec 
ondary systems in the first region respectively according to 
the position information and the spectrum use information of 
the secondary systems in the first region, the service range 
information of the primary systems in the corresponding sec 
ond regions, etc. After the respective second regions deter 
mine the first level interference ranges of the secondary sys 
tems in the first region respectively, the primary systems in 
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the respective second regions are searched for primary sys 
tems in the respective second regions, falling into the first 
level interference ranges of the secondary systems in the first 
region, and the service range information of the primary 
systems in the respective second regions, falling into the first 
level interference ranges of the secondary systems in the first 
region is transmitted respectively to the first region. The first 
region modifies synthetically the spectrum use information of 
the secondary systems in the first region upon reception of the 
service range information of the primary systems in the 
respective second regions, falling into the first level interfer 
ence ranges of the secondary systems in the first region, 
transmitted from the respective second regions, so that the 
secondary systems in the first region will not interfere with 
the primary systems in the respective second regions. 
0110. According to an embodiment of the invention, theat 
least some of the one or more second regions are regions in 
which primary systems are judged, according to the spectrum 
use information of the secondary systems in the first region as 
well as the spectrum use information of the other secondary 
systems in the first region and/or the secondary systems in the 
one or more second regions, as being Subjected to aggregated 
interference of the secondary systems in the first region. 
0111 A process of modifying spectrum use information of 
secondary systems according to second level interference 
ranges of the secondary systems according to an embodiment 
of the invention will be described below with reference to 
FIG. 5. FIG. 5 is a schematic diagram illustrating that spec 
trum use information of secondary systems is modified 
according to second level interference ranges of the second 
ary systems according to an embodiment of the invention. 
0112. As illustrated in FIG. 5, a region 1 includes a pri 
mary system 1, a secondary system Cand a secondary system 
D., a region 2 includes a primary system 1 and a secondary 
system B, and a region 3 includes a primary system 3 and a 
secondary system A. In a spectrum use limited reference Zone 
1 illustrated by the solid ellipse in the region 1, local interfer 
ence of the secondary system C and the secondary system D 
in the region 1 to the primary system 1 in the region 1 may 
produce aggregated interference to the primary system 1 in 
the region 1 together with foreign interference of the second 
ary system A in the region 3 to the primary system 1 in the 
region 1. Moreover in a spectrum use limited reference Zone 
2 illustrated by the dotted ellipse in the region 2, local inter 
ference of the secondary system B in the region 2 to the 
primary system 2 in the region 2 may produce aggregated 
interference to the primary system 2 in the region 2 together 
with foreign interference of the secondary system C and the 
secondary system D in the region 1 to the primary system 2 in 
the region 2 as well as foreign interference of the secondary 
system A in the region3 to the primary system 2 in the region 
2 

0113. According to an embodiment of the invention, the 
spectrum use information of the secondary systems in the first 
region is modified according to the operating condition infor 
mation of the primary systems, in the one or more second 
regions, Subjected to the aggregated interference of the sec 
ondary systems in the first region as well as interference 
condition information of the secondary systems which inter 
fere with the primary systems, in the one or more second 
regions, Subjected to the aggregated interference of the sec 
ondary systems in the first region, so that the secondary sys 
tems in the first region will not produce aggregated interfer 
ence to the primary systems in the one or more second 
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regions, where the primary systems, in the one or more sec 
ond regions, Subjected to the aggregated interference of the 
secondary systems in the first region, are determined accord 
ing to the service range information of the primary systems in 
the one or more second regions as well as second level inter 
ference range information of the secondary systems in the 
first region, which is determined based on the spectrum use 
information of the secondary systems in the first region. 
0114. After the first region obtains the frequency use infor 
mation of the secondary systems in the first region modified 
according to the first level interference ranges of the second 
ary systems in the first region, the first region transmits the 
modified frequency use information of the secondary systems 
in the first region to the one or more second regions with their 
primary systems falling into the first level interference ranges 
of the secondary systems in the first region. The second 
regions determines second level interference ranges of the 
secondary systems in the first region according to the received 
modified frequency use information of the secondary systems 
in the first region. Moreover the second regions can alterna 
tively determine second level interference ranges of the sec 
ondary systems in the first region according to the original 
frequency use information of the secondary systems in the 
first region. That is, the second regions can determine the 
second level interference ranges of the secondary systems in 
the first region directly instead of determining firstly the first 
level interference ranges and then the second level interfer 
ence ranges of the secondary systems in the first region. A 
second level interference range of a secondary system in the 
first region is a range in which interference of the secondary 
system in the first region to a primary system in a second 
region, located outside of a circle with a center being the 
secondary system in the first region and a radius being a 
second level interference radius can be ignored. Thus inter 
ference of the secondary system in the first region to a primary 
system in a second region, falling into the second level inter 
ference range of the secondary system in the first region shall 
be taken into account. Thus only interference of a secondary 
system in the first region to a primary system in a second 
region is taken into account in the first level interference range 
of the secondary system in the first region, and aggregated 
interference of the secondary system in the first region, the 
other secondary systems in the first region and/or the second 
ary systems in the one or more second regions to a primary 
system in a second region is taken into account in the second 
level interference range of the secondary system in the first 
region. Thus for a corresponding secondary system in the first 
region, the second level interference range is larger than the 
first level interference range. A primary system in a second 
region, located outside of the first level interference range but 
in the second level interference range may be subjected to 
aggregated interference from a plurality of secondary sys 
tems although it can operate. Although interference from a 
secondary system is very low, the interference may render a 
primary system in a second region inoperative upon aggrega 
tion with interference signals of other secondary systems. The 
second level interference radius r of the secondary system in 
the first region can be calculated in the formula of: 

0.115. Where Pt is transmission power of the secondary 
system in the first region in a frequency band. PL(r) is path 
fading calculated according to the second level interference 
radius r and a channel model. For details thereof, reference 
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can be made to ECC REPORT 159, “TECHNICAL AND 
OPERATIONAL REQUIREMENTS FOR THE POSSIBLE 
OPERATION OF COGNITIVE RADIOSYSTEMS IN THE 
“WHITE SPACES OF THE FREQUENCY BAND 470-790 
MHz, cardiff, January 2011. RS is a threshold of interfer 
ence receivable by a receiver of the primary system in the 
second region, and interference below this value can be 
ignored. For example, if signal energy of interference is 
below Pres-PR-20 dB, then the interference can be 
ignored. Those skilled in the art can appreciate that the fore 
going method of calculating a second level interference 
radius of a secondary system in the first region is merely 
exemplary and a second level interference radius of a second 
ary system in the first region can alternatively be calculated in 
another appropriate method. According to this embodiment, 
since transmission power of the secondary system in the first 
region is lowered in the first level interference range of the 
secondary system in the first region, the second level inter 
ference range of the secondary system in the first region can 
be lowered to thereby avoid an access to excessive interfering 
secondary system in other regions. Of course, as described 
above, the second regions can determine the second level 
interference ranges of the secondary systems in the first 
region directly according to the original frequency use infor 
mation of the secondary systems in the first region without 
firstly determining the first level interference ranges of the 
secondary systems in the first region. In this case, the directly 
determined second level interference ranges may be larger 
than the second level interference ranges determined after the 
first level interference ranges are determined. 
0116. After the second level interference ranges of the 
secondary systems in the first region are determined, the 
primary systems in the one or more second regions can be 
searched for a primary system falling into a second level 
interference range of a secondary system in the first region 
according to the determined second level interference ranges 
of the secondary systems in the first region and the service 
range information of the primary systems in the one or more 
second regions. If a primary system in a second region is 
found falling into a second level interference range of a sec 
ondary system in the first region, then the primary system in 
the second region can be judged as a primary system, in a 
second region, Subjected to interference of the secondary 
system in the first region, and other corresponding secondary 
systems which interfere with the primary systems, in the one 
or more second regions, Subjected to aggregated interference 
of the secondary systems in the first region can be searched 
for. 

0117. After the primary systems, in the one or more sec 
ond regions, Subjected to aggregated interference of the sec 
ondary systems in the first regions are judged, and the sec 
ondary systems which interfere with the primary systems, in 
the one or more second regions, Subjected to aggregated 
interference of the secondary systems in the first region are 
found, the spectrum use information of the secondary systems 
in the first regions can be modified according to the operating 
condition information of the judged primary systems, in the 
one or more second regions, Subjected to aggregated interfer 
ence of the secondary systems in the first regions, and inter 
ference condition information of the secondary systems 
which interfere with the primary systems, in the one or more 
second regions, Subjected to aggregated interference of the 
secondary systems in the first region, so that the secondary 
systems in the first regions will not interfere with the primary 
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systems in the one or more second regions. For example, the 
operating condition information of the primary system in the 
second region and the interference condition information of 
the secondary systems can include at least one of frequency 
bands, bandwidths, transmission power, spectrum use time 
limits, etc. 
0118 For example, in the example illustrated in FIG. 5, 
after the region 1 transmits spectrum use information of the 
secondary system C in the region 1, modified according to a 
first level interference range to the region 2, the region 2 can 
determine a second level interference range of the secondary 
system C in the region 1 according to the modified spectrum 
use information of the secondary system C in the region 1. 
Moreover the region 2 can alternatively determine a second 
level interference range of the secondary system C in the 
region 1 directly according to the original spectrum use infor 
mation of the secondary system C in the region 1 without 
firstly determining the first level interference range of the 
secondary system C in the region 1. The second level inter 
ference range of the secondary system C in the region 1 is a 
range in which interference of the secondary system C in the 
region 1 to the primary system 2 in the region 2, located in a 
circle with a center being the secondary system C in the 
region 1 and a radius being the second level interference 
radius r can be ignored. For example, the second level inter 
ference radius r of the secondary system Cin the region 1 can 
be calculated in the method described in the formula (2) 
above. After the second level interference range of the sec 
ondary system C in the region 1 is determined, whether the 
primary system 2 in the region 2 falls into the second level 
interference range of the secondary system C in the region 1 
can be judged according to the determined second level inter 
ference range of the secondary system C in the region 1. 
service range information of the primary system 2 in the 
region 2, etc. If the primary system 2 in the region 2 falls into 
the second level interference range of the secondary system C 
in the region 1, then the primary system 2 in the region 2 can 
be judged as being Subjected to aggregated interference of the 
secondary system C in the region 1, and other corresponding 
secondary systems which interfere with the primary system 2 
in the region 2 can be searched for, e.g., the secondary system 
D in the region 1, the secondary system B in the region 2, the 
secondary system A in the region 3, etc. After the primary 
system 2 in the region 2 is judged as being Subjected to 
aggregated interference of the secondary system C in the 
region 1, the secondary system D in the region 1, the second 
ary system B in the region2 and the secondary system A in the 
region 3, the spectrum use information of the secondary sys 
tem C in the region 1 can be modified according to operating 
condition information of the primary system 2 in the region 2. 
and interference condition information of the secondary sys 
tem D in the region 1, the secondary system B in the region 2 
and the secondary system A in the region 3, so that the 
secondary system C in the region 1 will not produce aggre 
gated interference with the primary system 2 in the region 2. 
0119. According to an embodiment of the invention, the 
interference condition information of the secondary systems 
which interfere with the primary systems, in the one or more 
second regions, Subjected to the aggregated interference of 
the secondary systems in the first region, is obtained by 
inquiring about interference condition information, recorded 
in a registering unit in the second region, to which different 
positions within a service range of the primary system in the 
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second region are subjected from secondary systems in the 
second region and from secondary systems in other regions. 
0120. The registering unit in the second region can record 
interference condition information to which different posi 
tions within the service range of the primary system in the 
second region are subjected from the secondary systems in 
the second region and from secondary systems in other 
regions. Prior to spectrum use by a newly emerging secondary 
system, it can be judged whether the newly emerging second 
ary system will interfere with the primary system in the sec 
ond region, and if the newly emerging secondary system is 
judged as interfering with the primary system in the second 
region, then spectrum use information of the newly emerging 
secondary system can be registered into the registering unit. 
Moreover the contents of the registering unit can be updated 
periodically, or the contents of the registering unit can be 
updated when there is a change in spectrum use condition of 
a primary system or a secondary system. According to an 
embodiment of the invention, the interference condition 
information from the secondary systems in the second region 
includes interference amounts of the secondary systems in the 
second region to the primary system in the second region 
and/or spectrum use time of the secondary systems in the 
second region, and the interference condition information 
from the secondary systems in the other regions includes 
region identifiers of the other regions and secondary system 
identifiers of the secondary systems in the other regions. 
0121. As illustrated in FIG. 5, when the secondary system 
C in the first region (the region 1) may produce aggregated 
interference to the primary system 2 in the second region (the 
region 2) together with which secondary systems in which 
regions are taken into account, interference condition infor 
mation, recorded in a registering unit in the second region (the 
region 2), to which different positions within a service range 
of the primary system in the second region (the region 2) are 
Subjected from the secondary systems in the second region 
(the region 2) and from the secondary systems in the other 
regions can be inquired about. For example, in the example 
illustrated in FIG. 5, knowledge of aggregated interference of 
the secondary system B in the second region (the region 2) 
together with the secondary systems in the other regions (the 
secondary system D in the region 1 and the secondary system 
A in the region3) as well as the secondary system C in the first 
region (the region 1) to the primary system 2 in the second 
region (the region 2) can be obtained by inquiring the regis 
tering unit in the second region (the region 2). 
0122. In the case of the example illustrated in FIG. 5, the 
registering unit can record the interference condition infor 
mation of the respective secondary systems in the form of 
Table 1 below. 

TABLE 1. 
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I0123. With an inquiry to Table 1 in the registering unit, the 
spectrum use limited Zone 2 in the region 2 is found to be 
further subjected to interference of the secondary system A in 
the region 3 as identified by (3, A, T1), where 3 is the region 
identifier of the region3, A is the secondary system identifier 
of the secondary system A in the region 3, and T1 is an 
interference valid time. 

0.124 How the registering unit in the second region 
records interference condition information to which different 
positions within the service range of the primary system in the 
second region are subjected from the secondary systems in 
the second region and from secondary systems in other 
regions. 
0.125. A process of searching for an interfering secondary 
system according to second level interference ranges of sec 
ondary systems according to an embodiment of the invention 
will be described below with reference to FIG. 6. FIG. 6 is a 
schematic diagram illustrating that an interfering secondary 
system is searched for according to second level interference 
ranges of secondary systems according to an embodiment of 
the invention. 

I0126. As illustrated in FIG. 6, the region 1 transmits posi 
tion information of the secondary system C in the region 1. 
and the spectrum use information of the secondary system C 
in the region 1, modified according to the first level interfer 
ence range of the secondary system C in the region 1 to the 
region 2. The region 2 determines the second level interfer 
ence range of the secondary system C in the region 1 accord 
ing to the received modified spectrum use information of the 
secondary system C in the region 1. Then the region 2 
searches for a primary system in a second region, falling in the 
second level interference range of the secondary system C in 
the region 1 according to the determined second level inter 
ference range of the secondary system C in the region 1, the 
service range information of the primary system 2 in the 
region 2, etc., and then searches for secondary systems which 
interfere with the primary system in the second region, falling 
in the second level interference range by inquiring registra 
tion Table 1 of interfering secondary systems stored in the 
registering unit. For example, in the example illustrated in 
FIG. 5, the primary system 2 in the region 2 falls into the 
second level interference range of the secondary system C in 
the region 1, and with an inquiry to registration Table 1 of 
interfering secondary systems above, secondary systems 
which interfere with the primary system 2 in the region 2 are 
found including the secondary system A in the region 3, the 
secondary system D in the region 1 and the secondary system 

Registration table of interfering secondary Systems 

interfering secondary 
Edge position Signal system in other region 
of service range strength Interference Interference Interference Interference (region identifier, 
of primary of primary strength in time limit strength in time limit Secondary system 
system system region in region region in region identifier and time limit) 

Spectrum 54 dBuV -70 dBm T1 -60 dBm T3 (3, A, T2) 
use limited 
Zone 1 
Spectrum 54 dBuV -71 dBm T2 -51 dBm T4 (3, A, T1) 
use limited (1, C, T3) 
Zone 2 (1, D, T4) 
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B in the region 2. After the secondary systems which interfere 
with the primary system in the second region, falling in the 
second level interference range are found, the regions where 
the secondary systems are located can be inquired about the 
spectrum use information of the secondary systems. For 
example, in the example illustrated in FIG. 5, after the sec 
ondary system A in the region 3 is founded to interfere with 
the primary system 2 in the region 2, the region 2 can inquire 
the region 3 where the secondary system A is located about 
spectrum use information of the secondary system A, and the 
region 3 can transmit the spectrum use information of the 
secondary system A in the region 3 to the region 2. 
0127. An implementation in which spectrum use informa 
tion of secondary systems is modified according to second 
level interference ranges of the secondary systems according 
to an embodiment of the invention will be described below 
with reference to FIG. 7. FIG. 7 is a schematic diagram 
illustrating an implementation in which spectrum use infor 
mation of secondary systems is modified according to second 
level interference ranges of the secondary systems according 
to an embodiment of the invention. 

0128. As illustrated in FIG. 7, the respective second 
regions (the region 2, . . . , the region n) can modify the 
spectrum use information of the secondary systems in the first 
region (the region 1) respectively according to the operating 
condition information of the primary systems in the corre 
sponding second regions, located in the second level interfer 
ence ranges, and the interference condition information of the 
other secondary system which interfere with the primary 
systems in the corresponding second regions, located in the 
second level interference ranges, and transmit the modified 
spectrum use information of the secondary systems respec 
tively to the first region in a secondary system spectrum use 
information modification command. The first region modifies 
synthetically the spectrum use information of the secondary 
systems in the first region upon reception of the modified 
spectrum use information of the secondary systems transmit 
ted from the respective second regions, so that the secondary 
systems in the first region will not interfere with the primary 
systems in the respective second regions. 
0129. Another implementation in which spectrum use 
information of secondary systems is modified according to 
second level interference ranges of the secondary systems 
according to an embodiment of the invention will be 
described below with reference to FIG. 8. FIG. 8 is a sche 
matic diagram illustrating another implementation in which 
spectrum use information of secondary systems is modified 
according to second level interference ranges of the second 
ary systems according to an embodiment of the invention. 
0130. As illustrated in FIG. 8, the first region (the region1) 
transmits the position information, the spectrum use informa 
tion, etc., of the secondary systems in the first region to the 
one or more second regions. The respective second regions 
(the region 2, ..., the region n) can transmit the service range 
information of the primary systems in the respective second 
regions, falling into the second level interference ranges of 
the secondary systems in the first region, and the interference 
condition information of the secondary system in the other 
regions, which interfere with the primary systems in the 
respective second regions, located in the second level inter 
ference ranges respectively to the first region (the region 1). 
The first region modifies synthetically the spectrum use infor 
mation of the secondary systems in the first region upon 
reception of the service range information of the primary 
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systems in the respective second regions, falling into the 
second level interference ranges of the secondary systems in 
the first region, and the interference condition information of 
the secondary system in the other regions, which interfere 
with the primary systems in the respective second regions, 
located in the second level interference ranges, transmitted 
from the respective second regions, so that the secondary 
systems in the first region will not produce aggregated inter 
ference to the primary systems in the respective second 
regions. 
0131. A configuration of the managing unit illustrated in 
FIG. 1 will be described below with reference to FIG. 9. FIG. 
9 is a block diagram illustrating a configuration of the man 
aging unit illustrated in FIG. 1. 
0.132. According to an embodiment of the invention, the 
managing unit 106 further includes: a secondary system spec 
trum use time determining unit 902 for determining spectrum 
use valid time of the secondary systems in the first region 
according to a spectrum use time limit of the primary system 
in the first region and spectrum use time limits of the primary 
systems, in the one or more second regions, subjected to 
interference of the secondary systems in the first region. 
0.133 Particularly spectrum use information of a second 
ary system can be modified by checking spectrum use condi 
tions of existing primary systems and secondary systems over 
Some duration. This duration can be determined according to 
a desired spectrum use duration provided by the secondary 
system. The duration can be determined with reference to a 
spectrum available time limit if no desired spectrum use dura 
tion is provided by the secondary system. The spectrum avail 
able time limit refers to a period of time over which availabil 
ity of a spectrum can be determined according to predictable 
operating conditions of the primary systems and the second 
ary systems and beyond which the available spectrum 
becomes invalid and instead an available spectrum needs to 
be recalculated. If the desired spectrum use time provided by 
the secondary system is far below the spectrum available time 
limit, then the spectrum use time can be modified at lowered 
complexity. 
I0134. According to an embodiment of the invention, the 
receiving unit 104 is further adapted to receive, from the 
secondary systems in the first region, secondary system spec 
trum use durations estimated by the secondary systems in the 
first region; and the secondary system spectrum use time 
determining unit is further adapted to modify the spectrum 
use time of the secondary systems in the first region according 
to the spectrum use valid time and the secondary system 
spectrum use durations. 
I0135) If there is a change in spectrum use conditions of the 
existing primary systems and secondary systems over the 
duration, then the spectrum use information of the secondary 
system can be modified in the following three approaches. 
0.136. In a first approach, the spectrum use information of 
the secondary system is modified according to conditions 
prior to a first change in spectrum use of the existing primary 
systems and secondary systems, and then the spectrum use 
time limit of the secondary system is updated to the period for 
the first change in spectrum use of the existing primary sys 
tems and/or secondary systems. 
0.137 In a second approach, the modified spectrum use 
information of the secondary system is determined according 
to the spectrum use change conditions of the existing primary 
systems and secondary systems over the duration, and the 
period of time for the change is marked. 
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0.138. In a third approach, the spectrum use information of 
the secondary system is modified over the duration, and a 
spectrum use pattern is determined, so that spectrum use of 
the secondary system will not interfere with spectrum use of 
the primary systems and the secondary systems with different 
changes over the period of time. 
0.139. According to an embodiment of the invention, the 
secondary system spectrum use durations are estimated 
according to the spectrum use information of the secondary 
systems in the first region and application types of the sec 
ondary systems in the first region. 
0140. A configuration of an apparatus in a wireless com 
munication system according to another embodiment of the 
invention will be described below with reference to FIG. 10. 
FIG. 10 is a block diagram illustrating a configuration of an 
apparatus in a wireless communication system according to 
another embodiment of the invention. 
0141. As illustrated in FIG. 10, the apparatus 1000 in a 
wireless communication includes a receiving unit 1002, a 
managing unit 1004 and a registering unit 1006, where the 
receiving unit 1002 and the managing unit 1004 are config 
ured the same with the receiving unit 102 and the managing 
unit 104 in the apparatus 100 illustrated in FIG.1 respectively, 
so a detailed description thereof will be omitted here. The 
registering unit 1006 in the apparatus 1000 will be described 
below in details. 
0142. As illustrated in FIG. 10, the registering unit 1006 in 
the apparatus 1000 in a wireless communication system can 
record interference condition information to which different 
positions within a service range of the primary system in the 
first region are Subjected from the secondary systems in the 
first region and from secondary systems in other regions. 
0143 According to an embodiment of the invention, the 
interference condition information from the secondary sys 
tems in the first region includes interference amounts of the 
secondary systems in the first region to the primary system in 
the first region and/or spectrum use valid time of the second 
ary systems in the first region, and the interference condition 
information from the secondary systems in the other regions 
includes region identifiers of the other regions and secondary 
system identifiers of the secondary systems in the other 
regions. 
0144. A process of recording interference information of 
secondary systems according to an embodiment of the inven 
tion will be described below with reference to FIG. 11. FIG. 
11 is a schematic diagram illustrating that interference infor 
mation of secondary systems is recorded according to an 
embodiment of the invention. 
0145 As illustrated in FIG. 11, after the spectrum use 
information of the secondary systems in the first region (the 
region 1) is modified, interference of the secondary systems 
in the first region to the primary system in the first region is 
calculated. Even if the secondary systems in the first region 
will not interfere with the primary system in the first region, 
atolerated interference range of the primary system in the first 
region may be lowered at the edge of the service area of the 
primary system due to an influence of the secondary systems 
in the first region. Then the first region transmits the region 
identifier of the region where the secondary systems are 
located, the secondary system identifiers, system parameters 
(e.g., antenna heights and antenna types, categories of trans 
mission masks, transmission power, types of secondary sys 
tem, air interface information, etc., of the secondary systems) 
to the one or more second regions (the region 2 and the region 
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3). The respective second regions determine the second level 
interference ranges of the secondary systems in the first 
region respectively upon reception of the above information. 
Then the respective second regions search for primary sys 
tems falling into the second level interference ranges respec 
tively according to the determined second level interference 
ranges of the secondary systems in the first region, the service 
range information of the primary systems in the correspond 
ing second regions, etc. 
0146 Then the region identifiers of the regions where the 
interfering secondary systems are located, the secondary sys 
tem identifiers and the interference periods of time are 
recorded into registration Table 1 of interfering secondary 
systems in correspondence to the victim regions. 
0147 According to an embodiment of the invention, the 

first region can further transmit a region identifier of the first 
region and secondary system identifiers of the secondary 
systems in the first region to the one or more second regions. 
0.148. A configuration of an apparatus in a wireless com 
munication system according to still another embodiment of 
the invention will be described below with reference to FIG. 
12. FIG. 12 is a block diagram illustrating a configuration of 
an apparatus in a wireless communication system according 
to still another embodiment of the invention. 
0149. As illustrated in FIG. 12, the apparatus 1200 in a 
wireless communication includes a receiving unit 1202, a 
managing unit 1204, a storing unit 1206 and a converting unit 
1208, where the receiving unit 1202 and the managing unit 
1204 are configured the same with the receiving unit 102 and 
the managing unit 104 in the apparatus 100 illustrated in FIG. 
1 respectively, so a detailed description thereof will be omit 
ted here. The storing unit 1206 and the converting unit 1208 
in the apparatus 1200 will be described below in details. 
0150. As illustrated in FIG. 12, the storing unit 1206 in the 
apparatus 1200 in a wireless communication system can store 
descriptions of transmission masks of secondary systems in 
the first region and the one or more second regions and cor 
responding identifiers thereof. 
0151. As illustrated in FIG. 12, the converting unit 1208 in 
the apparatus 1200 in a wireless communication system can 
convert the identifiers of the transmission masks of secondary 
system from the one or more second regions into descriptions 
of corresponding transmission masks of secondary systems 
according to the descriptions of the transmission masks or 
frequency bands of secondary systems in the one or more 
second regions and the corresponding identifiers thereof, 
which are stored in the storing unit. 
0152. A method for use in a wireless communication sys 
tem according to an embodiment of the invention will be 
described below with reference to FIG. 13. FIG. 13 is a flow 
chart illustrating a method for use in a wireless communica 
tion system according to an embodiment of the invention. 
0153. As illustrated in FIG. 13, the method starts with the 
step 1300. After the step 1300, the method proceeds to the 
step 1302. 
0154) The step 1302 is a receiving step. In the step 1302, 
reference information for modifying spectrum use informa 
tion of secondary systems in a first region is received from at 
least Some of one or more second regions, where the at least 
Some of the one or more second regions are regions in which 
primary systems are judged, according to the spectrum use 
information of the secondary systems in the first region, as 
being Subjected to interference of the secondary systems in 
the first region. 
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0155. After the step 1302, the method proceeds to the step 
1304. 

0156 The step 1304 is a managing step. In the step 1304, 
the spectrum use information of the secondary systems in the 
first region is modified according to the received reference 
information. 

O157. The method illustrated in FIG. 13 is a method cor 
responding to the apparatus illustrated in FIG. 1, and a 
detailed description thereof will be omitted here. 
0158. A configuration of an apparatus in a wireless com 
munication system according to still another embodiment of 
the invention will be described below with reference to FIG. 
14. FIG. 14 is a block diagram illustrating a configuration of 
an apparatus in a wireless communication system according 
to still another embodiment of the invention. 

0159. As illustrated in FIG. 14, the apparatus 1400 in a 
wireless communication system includes an acquiring unit 
1402, a managing unit 1404 and a transmitting unit 1406. 
0160 The acquiring unit 1402 can acquire spectrum use 
information of secondary systems in a first region. As 
described above, a second region can receive the spectrum 
use information of the secondary systems in the first region 
from the first region; or the second region can detect the 
spectrum use information of the secondary systems in the first 
region. 
0161 The managing unit 1404 in the apparatus 1400 in a 
wireless communication system can judge, according to the 
spectrum use information of the secondary systems in the first 
region, whether the secondary systems in the first region 
interfere with a primary system in a second region. 
0162 The transmitting unit 1406 in the apparatus 1400 in 
a wireless communication system can transmit reference 
information for modifying the spectrum use information of 
the secondary systems in the first region to the first region in 
the case that the secondary systems in the first region interfere 
with the primary system in the second region. 
0163 According to an embodiment of the invention, the 
reference information includes at least one of service range 
information of the primary system, in the second region, 
subjected to interference of the secondary systems in the first 
region, and secondary-system-related information of the sec 
ondary systems which interfere with the primary system in 
the second region. 
0164. According to an embodiment of the invention, the 
primary system, in the second region, Subjected to the inter 
ference of the secondary systems in the first region is searched 
for according to the service range information of the primary 
system in the second region as well as first level interference 
range information of the secondary systems in the first region, 
which is determined based on the spectrum use information 
of the secondary systems in the first region, where the spec 
trum use information of the secondary systems in the first 
region is modified according to operating condition informa 
tion of the primary system, in the second region, Subjected to 
interference of the secondary systems in the first region, so 
that the secondary systems in the first region will not interfere 
with the primary system in the second region. 
0.165 According to an embodiment of the invention, it is 
judged, according to the spectrum use information of the 
secondary systems in the first region as well as spectrum use 
information of other secondary systems in the first region 
and/or the secondary systems in the one or more second 
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regions, whether the secondary systems in the first region 
produce aggregated interference to the primary system in the 
second region. 
0166 According to an embodiment of the invention, the 
primary system, in the second region, Subjected to aggregated 
interference of the secondary systems in the first region is 
searched for according to the service range information of the 
primary system in the second region as well as second level 
interference range information of the secondary systems in 
the first region, which is determined based on the spectrum 
use information of the secondary systems in the first region, 
where the spectrum use information of the secondary systems 
in the first region is modified according to operating condition 
information of the primary system, in the second region, 
Subjected to aggregated interference of the secondary sys 
tems in the first region as well as interference condition infor 
mation of secondary systems which interfere with the pri 
mary system, in the second region, Subjected to aggregated 
interference of the secondary systems in the first region, so 
that the secondary systems in the first region do not produce 
aggregated interference to the primary system in the second 
region. 
0.167 According to an embodiment of the invention, the 
interference condition information of the secondary systems 
which interfere with the primary system, in the second region, 
Subjected to aggregated interference of the secondary sys 
tems in the first region, is obtained by inquiring about inter 
ference condition information, recorded in a registering unit 
in the second region, to which different positions within a 
service range of the primary system in the second region are 
Subjected from secondary systems in the second region and 
from secondary systems in other regions. 
0168 According to an embodiment of the invention, the 
interference condition information from the secondary sys 
tems in the second region includes interference amounts of 
the secondary systems in the second region to the primary 
system in the second region and/or spectrum use valid time of 
the secondary systems in the second region, and the interfer 
ence condition information from the secondary systems in the 
other regions includes region identifiers of the other regions 
and secondary system identifiers of the secondary systems in 
the other regions. 
0169. According to an embodiment of the invention, the 
acquiring unit further acquires a region identifier of the first 
region and secondary system identifiers of the secondary 
systems in the first region. 
0170 A configuration of an apparatus in a wireless com 
munication system according to still another embodiment of 
the invention will be described below with reference to FIG. 
15. FIG. 15 is a block diagram illustrating a configuration of 
an apparatus in a wireless communication system according 
to still another embodiment of the invention. 
(0171 As illustrated in FIG. 15, the apparatus 1500 in a 
wireless communication system includes an acquiring unit 
1502, a managing unit 1504, a transmitting unit 1506 and a 
registering unit 1508, where the acquiring unit 1502, the 
managing unit 1504 and the transmitting unit 1506 are con 
figured the same with the acquiring unit 1402, the managing 
unit 1404 and the transmitting unit 1406 in the apparatus 1400 
illustrated in FIG. 14 respectively, so a detailed description 
thereof will be omitted here. The registering unit 1508 in the 
apparatus 1500 will be described below in details. 
(0172. As illustrated in FIG. 15, the registering unit 1508 
can record interference condition information to which dif 
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ferent positions within a service range of the primary system 
in the second region are subjected from the secondary sys 
tems in the second region and from secondary systems in 
other regions. 
0173 According to an embodiment of the invention, the 
interference condition information from the secondary sys 
tems in the second region includes interference amounts of 
the secondary systems in the second region to the primary 
system in the second region and/or spectrum use valid time of 
the secondary systems in the second region, and the interfer 
ence condition information from the secondary systems in the 
other regions includes region identifiers of the other regions 
and secondary system identifiers of the secondary systems in 
the other regions. 
0174. A configuration of an apparatus in a wireless com 
munication system according to still another embodiment of 
the invention will be described below with reference to FIG. 
16. FIG. 16 is a block diagram illustrating a configuration of 
an apparatus in a wireless communication system according 
to still another embodiment of the invention. 
(0175. As illustrated in FIG. 16, the apparatus 1600 in a 
wireless communication system includes an acquiring unit 
1602, a managing unit 1604, a transmitting unit 1606 and a 
storing unit 1608, where the acquiring unit 1602, the manag 
ing unit 1604 and the transmitting unit 1606 are configured 
the same with the acquiring unit 1402, the managing unit 
1404 and the transmitting unit 1406 in the apparatus 1400 
illustrated in FIG. 14 respectively, so a detailed description 
thereof will be omitted here. The storing unit 1608 in the 
apparatus 1600 will be described below in details. 
0176). As illustrated in FIG. 16, the storing unit 1608 can 
store descriptions of transmission masks of secondary system 
in the first region and the second region and corresponding 
identifiers thereof. 
0177. A method for use in a wireless communication sys 
tem according to another embodiment of the invention will be 
described below with reference to FIG. 17. FIG. 17 is a flow 
chart illustrating a method for use in a wireless communica 
tion system according to another embodiment of the inven 
tion. 
0.178 As illustrated in FIG. 17, the method starts with the 
step 1700. After the step 1700, the method proceeds to the 
step 1702. 
(0179 The step 1702 is an acquiring step. In the step 1702, 
spectrum use information of secondary systems in a first 
region is acquired. 
0180. After the step 1702, the method proceeds to the step 
1704. 
0181. The step 1704 is a managing step. In the step 1704, 

it is judged, according to the spectrum use information of the 
secondary systems in the first region, whether the secondary 
systems in the first region interfere with a primary system in 
a second region. 
0182. After the step 1704, the method proceeds to the step 
17O6. 
0183 The step 1706 is a transmitting step. In the step 
1706, reference information for modifying the spectrum use 
information of the secondary systems in the first region is 
transmitted to the first region in the case that the secondary 
systems in the first region interfere with the primary system in 
the second region. 
0184 The method illustrated in FIG. 17 is a method cor 
responding to the apparatus illustrated in FIG. 14, and a 
detailed description thereof will be omitted here. 
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0185. A configuration of an apparatus in a wireless com 
munication system according to still another embodiment of 
the invention will be described below with reference to FIG. 
18. FIG. 18 is a block diagram illustrating a configuration of 
an apparatus in a wireless communication system according 
to still another embodiment of the invention. 

0186. As illustrated in FIG. 18, the apparatus 1800 in a 
wireless communication system can include a receiving unit 
1802 and an executing unit 1804. 
0187. As illustrated in FIG. 18, the receiving unit 1802 in 
the apparatus 1800 can receive, from a first region, spectrum 
use information of secondary systems in the first region, 
which is modified according to reference information, where 
the reference information is received by the first region from 
at least some of one or more second regions, and the at least 
Some of the one or more second regions are regions in which 
primary systems are judged, according to the spectrum use 
information of the secondary systems in the first region, as 
being Subjected to interference of the secondary systems in 
the first region. 
0188 Referring back to FIG. 18, the executing unit 1804 
in the apparatus 1800 can communicate with user equipments 
of the secondary systems in the first region according to the 
modified spectrum use information of secondary systems in 
the first region. 
0189 A configuration of an apparatus in a wireless com 
munication system according to still another embodiment of 
the invention will be described below with reference to FIG. 
19. FIG. 19 is a block diagram illustrating a configuration of 
an apparatus in a wireless communication system according 
to still another embodiment of the invention. 

(0190. As illustrated in FIG. 19, the apparatus 1900 in a 
wireless communication system can include a receiving unit 
1902, an executing unit 1904 and a secondary system spec 
trum use duration estimating unit 1906, where the receiving 
unit 1902 and the executing unit 1904 are configured the same 
as the receiving unit 1802 and the executing unit 1804 in the 
apparatus 1800 illustrated in FIG. 18 respectively, so a 
detailed description thereof will be omitted here. The second 
ary system spectrum use duration estimating unit 1906 in the 
apparatus 1900 will be described below in details. 
0191 As illustrated in FIG. 19, the secondary system 
spectrum use duration estimating unit 1906 can estimate sec 
ondary system spectrum use durations according to the spec 
trum use information of the secondary systems in the first 
region and application types of the secondary systems in the 
first region. 
0.192 A configuration of an apparatus in a wireless com 
munication system according to still another embodiment of 
the invention will be described below with reference to FIG. 
20. FIG. 20 is a block diagram illustrating a configuration of 
an apparatus in a wireless communication system according 
to still another embodiment of the invention. 

(0193 As illustrated in FIG. 20, the apparatus 2000 in a 
wireless communication system can include a receiving unit 
2002, an executing unit 2004, a secondary system spectrum 
use duration estimating unit 2006 and a transmitting unit 
2008, where the receiving unit 2002, the executing unit 2004 
and the secondary system spectrum use duration estimating 
unit 2006 are configured the same as the receiving unit 1902, 
the executing unit 1904 and the secondary system spectrum 
use duration estimating unit 1906 in the apparatus 1900 illus 
trated in FIG. 19 respectively, so a detailed description 



US 2016/0056908 A1 

thereofwill be omitted here. The transmitting unit 2008 in the 
apparatus 2000 will be described below in details. 
(0194 As illustrated in FIG. 20, the transmitting unit 2008 
in the apparatus 2000 can transmit the estimated secondary 
system spectrum use durations to the primary system of the 
first region. 
0.195 A configuration of an apparatus in a wireless com 
munication system according to still another embodiment of 
the invention will be described below with reference to FIG. 
21. FIG. 21 is a block diagram illustrating a configuration of 
an apparatus in a wireless communication system according 
to still another embodiment of the invention. 
(0196. As illustrated in FIG. 21, the apparatus 2100 in a 
wireless communication system can include a receiving unit 
2102, an executing unit 2104, a secondary system spectrum 
use duration estimating unit 2106 and a secondary system 
spectrum use time modifying unit 2108, where the receiving 
unit 2102, the executing unit 2104 and the secondary system 
spectrum use duration estimating unit 2106 are configured the 
same as the receiving unit 1902, the executing unit 1904 and 
the secondary system spectrum use duration estimating unit 
1906 in the apparatus 1900 illustrated in FIG. 19 respectively, 
so a detailed description thereof will be omitted here. The 
secondary system spectrum use time modifying unit 2108 in 
the apparatus 2100 will be described below in details. 
0.197 As illustrated in FIG. 21, the secondary system 
spectrum use time modifying unit 2108 in the apparatus 2100 
can modify spectrum use of the secondary systems in the first 
region according to changes in spectrum use conditions of the 
primary system and the secondary systems in the first region 
within the secondary system spectrum use durations or spec 
trum available time limits. 
0198 A method for use in a wireless communication sys 
tem according to still another embodiment of the invention 
will be described below with reference to FIG. 22. FIG. 22 is 
a flow chart illustrating a method for use in a wireless com 
munication system according to still another embodiment of 
the invention. 
(0199. As illustrated in FIG. 22, the method starts with the 
step 2200. After the step 2200, the method proceeds to the 
step 2202. 
0200. The step 2202 is a receiving step. In the step 2202, 
spectrum use information of secondary systems in a first 
region, which is modified according to reference information 
is received from the first region, where the reference infor 
mation is received by the first region from at least Some of one 
or more second regions, and the at least Some of the one or 
more second regions are regions in which primary systems 
are judged, according to the spectrum use information of the 
secondary systems in the first region, as being Subjected to 
interference of the secondary systems in the first region. 
0201 After the step 2202, the method proceeds to the step 
2204. 
0202 The step 2204 is an executing step. In the step 2204, 
communication is performed with user equipments of the 
secondary systems in the first region according to the modi 
fied spectrum use information of secondary systems in the 
first region. 
0203 The method illustrated in FIG. 22 is a method cor 
responding to the apparatus illustrated in FIG. 18, so a 
detailed description thereof will be omitted here. 
0204 An application example according to an embodi 
ment of the invention will be described below with reference 
to FIG. 23. FIG. 23 is a schematic diagram illustrating an 
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application example according to an embodiment of the 
invention. The embodiments below are only exemplary and 
not limited. 

0205 As illustrated in FIG. 23, a geographical position 
database A manages geographical position calculating appa 
ratuses 1 and 2. The geographical position calculating appa 
ratuses 1 and 2 manage television frequency band wireless 
networks 1, 2 and 3. A television frequency band wireless 
network 4 is managed by a geographical position calculating 
apparatus 3. Here the geographical position databases A and 
B are two adjacent countries or regions. The geographical 
position calculating apparatuses 1 and 2 are different opera 
tors in the same country or region. The geographical position 
calculating apparatus 3 is an operator of another country. 
0206. As specified by the existing European regulations 
for communication over wireless networks in television fre 
quency bands, a base station of the wireless network firstly 
transmits its own geographical position information to the 
geographical position calculating apparatus, and then the 
geographical position calculatingapparatus calculates a spec 
trum available to the wireless network at the position accord 
ing to spectrum use information of television and radio net 
works in the geographical position database. The base station 
of the wireless network selects a frequency band for wireless 
communication in the available spectrum and then transmits 
desired frequency band use information to the geographical 
position calculatingapparatus. Then finalized frequency band 
use information can be modified according to the desired 
frequency band use information of the secondary system, so 
that the television frequency band wireless network 3 will not 
interfere with the television frequency band wireless net 
works 1 and 2 in the other country or region. 
0207 Moreover an embodiment of the invention further 
proposes a program product carrying machine executable 
instructions, where the instructions cause upon being 
executed on an information processing apparatus the infor 
mation processing apparatus to perform the method for use in 
a wireless communication system according to the embodi 
ment of the invention. 

0208 Moreover an embodiment of the invention further 
proposes a storage medium including machine readable pro 
gram codes, where the program codes cause upon being 
executed on an information processing apparatus the infor 
mation processing apparatus to perform the method for use in 
a wireless communication system according to the embodi 
ments of the invention. 

0209 Correspondingly a storage medium carrying the 
program product with the machine readable instruction codes 
stored thereon will also come into the scope of this disclosure. 
The storage medium can include but will not be limited to a 
floppy disk, an optical disk, an optic-magnetic disk, a 
memory card, a memory stick, etc. 
0210. The apparatus in a wireless communication system 
according to the embodiments of the invention and the com 
ponents thereof can be configured in Software, firmware, 
hardware or any combination thereof. A particular configu 
ration means or manner available is well known to those 
skilled in the art, and a repeated description thereof will be 
omitted here. In the case of being embodied in software or 
firmware, programs constituting the Software can be installed 
from a storage medium or a network to a computer with a 
dedicated hardware structure (e.g., an information processing 
apparatus 2400 illustrated in FIG. 24), and the computer can 
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perform the various functions when the various pieces of 
programs are installed thereon. 
0211 FIG. 24 is a schematic block diagram of an infor 
mation processing apparatus in which an embodiment of the 
invention can be embodied. 

0212. In FIG. 24, a Central Processing Unit (CPU) 2401 
performs various processes according to programs stored in a 
Read Only Memory (ROM) 2402 or loaded from a storage 
portion 2408 into a Random Access Memory (RAM) 2403 in 
which data required when the CPU 2401 performs the various 
processes, etc., are also stored as needed. The CPU 2401, the 
ROM2402 and the RAM 2403 are connected to each other via 
a bus 2404 to which an input/output interface 2405 is also 
connected. 

0213. The following components are connected to the 
input/output interface 2405: an input portion 2406 (including 
a keyboard, a mouse, etc.), an output portion 2407 (including 
a display, e.g., a Cathode Ray Tube (CRT), a Liquid Crystal 
Display (LCD), etc., a speaker, etc.), a storage port 2408 
(including a hard disk, etc.), and a communication portion 
2409 (including a network interface card, e.g., an LAN card, 
a modem, etc). The communication portion 2409 performs a 
communication process over a network, e.g., the Internet. A 
driver 2410 can also be connected to the input/output inter 
face 2405 as needed. A removable medium 2411, e.g., a 
magnetic disk, an optical disk, an optic-magnetic disk, a 
semiconductor memory, etc., can be installed on the driver 
2410 as needed so that computer programs fetched therefrom 
can be installed into the storage portion 2408 as needed. 
0214. In the case that the foregoing series of processes are 
performed in Software, programs constituting the Software 
can be installed from a network, e.g., the Internet, etc., or a 
storage medium, e.g., the removable medium 2411, etc. 
0215 Those skilled in the art shall appreciate that such a 
storage medium will not be limited to the removable medium 
2411 illustrated in FIG. 24 in which the programs are stored 
and which is distributed separately from the apparatus to 
provide a user with the programs. Examples of the removable 
medium 2411 include a magnetic disk (including a Floppy 
Disk (a registered trademark)), an optical disk (including 
Compact Disk-Read Only memory (CD-ROM) and a Digital 
Versatile Disk (DVD)), an optic-magnetic disk (including a 
MiniDisk (MD) (a registered trademark)) and a semiconduc 
tor memory. Alternatively the storage medium can be the 
ROM 2402, a hard disk included in the storage port 2408, etc., 
in which the programs stored and which is distributed 
together with the apparatus including the same to the user. 
0216. The instruction codes upon being read and executed 
by a machine can perform the method for use in a wireless 
communication system according to the embodiments of the 
invention. 

0217. Additionally, the present advancements can be con 
figured as described below. 
(1) A spectrum management system, comprising: circuitry 
configured to obtain interference information from another 
spectrum management system indicating interference with 
communication of a communication system managed by the 
other spectrum management system, the interference being 
caused by at least one secondary communication system 
managed by the spectrum management system, and modify a 
communication characteristic of the at least one secondary 
communication system based on the interference informa 
tion. 
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(2) The spectrum management system of (1), wherein the 
communication system managed by the other spectrum man 
agement system is a primary communication system and the 
interference information includes information for the primary 
communication system managed by the other spectrum man 
agement System. 
(3) The spectrum management system of any one of (1) to (2), 
wherein the interference information indicates aggregate 
interference with the communication of the communication 
system managed by the other spectrum management system, 
and the circuitry modifies the communication characteristic 
of the at least one secondary communication system to avoid 
the aggregate interference, the aggregate interference being 
an aggregate of interference from the at least one secondary 
communication system and at least one secondary communi 
cation system not managed by the spectrum management 
system. 
(4) The spectrum management system of (3), wherein the 
interference information includes information for the at least 
one secondary communication system not managed by the 
spectrum management system, and the circuitry modifies the 
communication characteristics based on the information. 
(5) The spectrum management system of any one of (1) to (4), 
wherein the interference information includes identifier 
information of the at least one secondary communication 
system, and the circuitry identifies the at least one secondary 
communication system using the identifier information. 
(6) The spectrum management system of any one of (1) to (5), 
wherein the interference information includes communica 
tion characteristic information for the communication char 
acteristic of the at least one secondary communication sys 
tem, and the circuitry sets the communication characteristic 
of the at least one secondary communication system using the 
communication characteristic information. 
(7) The spectrum management system of any one of (1) to (6), 
wherein the circuitry calculates communication characteris 
tic information based on the interference information, and 
sets the communication characteristic of the at least one sec 
ondary communication system using the communication 
characteristic information. 
(8) The spectrum management system of any one of (1) to (7). 
wherein the circuitry is further configured to store the inter 
ference information received from the other spectrum man 
agement system in a storage circuit. 
(9) The spectrum management system of any one of (1) to (8), 
wherein the circuitry is further configured to transmit spec 
trum use information corresponding to the at least one sec 
ondary communication system to the other spectrum manage 
ment system. 
(10) A spectrum management system comprising: circuitry 
configured to identify interference with communication of a 
communication system managed by the spectrum manage 
ment system, the interference originating from at least one 
secondary communication system managed by another spec 
trum management system, generate interference information 
based on the identified interference, and provide the interfer 
ence information to the other spectrum management system. 
(11) The spectrum management system of (10), wherein the 
communication system managed by the spectrum manage 
ment system is a primary communication system. 
(12) The spectrum management system of any one of (10) to 
(11), wherein the circuitry identifies the interference based on 
spectrum use information corresponding to the at least one 
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secondary communication system managed by the other 
spectrum management system. 
(13) The spectrum management system of (12), wherein the 
spectrum use information is received from the other spectrum 
management System. 
(14) The spectrum management system of any one of (12) to 
(13), wherein the circuitry is further configured to calculate 
communication characteristic information for the at least one 
secondary communication system managed by the other 
spectrum management system, and to transmit the commu 
nication characteristic information to the other spectrum 
management system as part of the interference information, 
the communication characteristic information including 
information to modify a communication characteristic of the 
at least one secondary communication system managed by 
the other spectrum management system to avoid interference 
identified. 
(15) The spectrum management system of any one of (10) to 
(14), wherein the circuitry is further configured to determine 
aggregate interference using the interference identified and 
spectrum use information of at least one secondary commu 
nication system managed by any spectrum management sys 
tem, and to generate the interference information based on the 
aggregate interference. 
(16) The spectrum management system of (15), wherein the 
circuitry is further configured to transmit information of the at 
least one secondary communication system managed by any 
spectrum management system to the other spectrum manage 
ment system as part of the interference information. 
(17) The spectrum management system of any one of (15) to 
(16), wherein the circuitry is further configured to calculate 
communication characteristic information for the secondary 
communication system managed by the other spectrum man 
agement system based on the aggregate interference, and to 
transmit the communication characteristic information, as 
part of the interference information, to the other spectrum 
management system, the communication characteristic infor 
mation indicating a modification to a communication charac 
teristic of the at least one secondary communication system 
managed by the other spectrum management system. 
(18) The spectrum management system of any one of (10) to 
(17), wherein the circuitry is further configured to store the 
interference information in a storage circuit. 
(19) A method for spectrum management system, compris 
ing: obtaining, with circuitry of the spectrum management 
system, interference information from another spectrum 
management system indicating interference with communi 
cation of a communication system managed by the other 
spectrum management system, the interference being caused 
by at least one secondary system managed by the spectrum 
management system, and modifying a communication char 
acteristic of the at least one secondary communication system 
based on the interference information. 
(20) The method according of (19), wherein the communica 
tion system managed by the other spectrum management 
system is a primary communication system. 
(21) A non-transitory computer-readable medium encoded 
with computer-readable instructions thereon, the computer 
readable instructions, when executed by a computer, cause 
the computer to perform the method of any one of (19) to (20). 
(22) A method for a spectrum management system, compris 
ing: identifying, in circuitry of the spectrum management 
system, interference with communication of a communica 
tion system managed by the spectrum management system, 
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the interference originating from a secondary communication 
system managed by another spectrum management system, 
generating interference information based on the identified 
interference, and providing the interference information to 
the other spectrum management system. 
(23) The method for a spectrum management system of (22), 
wherein the communication system managed by the spectrum 
management system is a primary communication system. 
(24) A non-transitory computer-readable medium encoded 
with computer-readable instructions thereon, the computer 
readable instructions, when executed by a computer, cause 
the computer to perform the method of any one of (22) to (23). 
(25) An apparatus in a wireless communication system, com 
prising: a receiving unit for receiving, from at least Some of 
one or more second regions, reference information for modi 
fying spectrum use information of secondary systems in a 
first region, wherein the at least some of the one or more 
second regions are regions in which primary systems are 
judged, according to the spectrum use information of the 
secondary systems in the first region, as being Subjected to 
interference of the secondary systems in the first region; and 
a managing unit for modifying the spectrum use information 
of the secondary systems in the first region according to the 
received reference information. 
(26) The apparatus of (25), wherein the spectrum use infor 
mation comprises at least one of actual spectrum use infor 
mation and available spectrum information, the available 
spectrum information of the secondary systems in the first 
region being determined according to geographical position 
information of the secondary systems in the first region and 
service range information of a primary system in the first 
region. 
(27) The apparatus of any one of (25) to (26), wherein the 
spectrum use information of the secondary systems in the first 
region comprises at least one of frequency bands, band 
widths, transmission power and spectrum use time. 
(28) The apparatus of any one of (25) to (27), wherein the 
reference information comprises at least one of service range 
information of primary systems, in the one or more second 
regions, Subjected to interference of the secondary systems in 
the first region, and secondary-system-related information of 
the secondary systems which interfere with primary systems 
in the one or more second regions. 
(29) The apparatus of (28), wherein the spectrum use infor 
mation of the secondary systems in the first region is modified 
according to operating condition information of the primary 
systems, in the one or more second regions, subjected to 
interference of the secondary systems in the first region, so 
that the secondary systems in the first region do not interfere 
with the primary systems in the one or more second regions, 
wherein the primary systems, in the one or more second 
regions, Subjected to interference of the secondary systems in 
the first region, are determined according to the service range 
information of the primary systems in the one or more second 
regions as well as first level interference range information of 
the secondary systems in the first region, which is determined 
based on the spectrum use information of the secondary sys 
tems in the first region. 
(30) The apparatus of any one of (25) to (29), wherein the at 
least Some of the one or more second regions are regions in 
which primary systems are judged, according to the spectrum 
use information of the secondary systems in the first region as 
well as the spectrum use information of the other secondary 
systems in the first region and/or the secondary systems in the 
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one or more second regions, as being Subjected to aggregated 
interference of the secondary systems in the first region. 
(31) The apparatus of (30), wherein the spectrum use infor 
mation of the secondary systems in the first region is modified 
according to the operating condition information of the pri 
mary systems, in the one or more second regions, Subjected to 
the aggregated interference of the secondary systems in the 
first region as well as interference condition information of 
the secondary systems which interfere with the primary sys 
tems, in the one or more second regions, Subjected to the 
aggregated interference of the secondary systems in the first 
region, so that the secondary systems in the first region do not 
produce aggregated interference to the primary systems in the 
one or more second regions, wherein the primary systems, in 
the one or more second regions, Subjected to the aggregated 
interference of the secondary systems in the first region, are 
determined according to the service range information of the 
primary systems in the one or more second regions as well as 
second level interference range information of the secondary 
systems in the first region, which is determined based on the 
spectrum use information of the secondary systems in the first 
region. 
(32) The apparatus of (31), wherein the interference condition 
information of the secondary systems which interfere with 
the primary systems, in the one or more second regions, 
Subjected to the aggregated interference of the secondary 
systems in the first region, is obtained by inquiring about 
interference condition information, recorded in a registering 
unit in the second region, to which different positions within 
a service range of the primary system in the second region are 
Subjected from secondary systems in the second region and 
from secondary systems in other regions. 
(33) The apparatus of (32), wherein the interference condition 
information from the secondary systems in the second region 
comprises interference amounts of the secondary systems in 
the second region to the primary system in the second region 
and/or spectrum use time of the secondary systems in the 
second region, and the interference condition information 
from the secondary systems in the other regions comprises 
region identifiers of the other regions and secondary system 
identifiers of the secondary systems in the other regions. 
(34) The apparatus of any one of (25) to (33), wherein the 
managing unit further comprises: a secondary system spec 
trum use time determining unit for determining spectrum use 
valid time of the secondary systems in the first region accord 
ing to a spectrum use time limit of the primary system in the 
first region and spectrum use time limits of the primary sys 
tems, in the one or more second regions, Subjected to inter 
ference of the secondary systems in the first region. 
(35) The apparatus of (34), wherein: the receiving unit is 
further adapted to receive, from the secondary systems in the 
first region, secondary system spectrum use durations esti 
mated by the secondary systems in the first region; and the 
secondary system spectrum use time determining unit is fur 
ther adapted to modify the spectrum use time of the secondary 
systems in the first region according to the spectrum use valid 
time of the secondary systems determined by the secondary 
system spectrum use time determining unit and the secondary 
system spectrum use durations. 
(36) The apparatus of (35), wherein the secondary system 
spectrum use durations are estimated according to the spec 
trum use information of the secondary systems in the first 
region and application types of the secondary systems in the 
first region. 
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(37) The apparatus of any one of (25) to (36), further com 
prising: a registering unit for recording interference condition 
information to which different positions within a service 
range of the primary system in the first region are Subjected 
from the secondary systems in the first region and from sec 
ondary systems in other regions. 
(38) The apparatus of (37), wherein the interference condition 
information from the secondary systems in the first region 
comprises interference amounts of the secondary systems in 
the first region to the primary system in the first region and/or 
spectrum use time of the secondary systems in the first region, 
and the interference condition information from the second 
ary systems in the other regions comprises region identifiers 
of the other regions and secondary system identifiers of the 
secondary systems in the other regions. 
(39) The apparatus of any one of (25) to (38), wherein the first 
region further transmits a region identifier of the first region 
and secondary system identifiers of the secondary systems in 
the first region to the one or more second regions. 
(40) The apparatus of any one of (25) to (39), further com 
prising: a storing unit for storing descriptions of transmission 
masks of secondary systems in the first region and the one or 
more second regions and corresponding identifiers thereof. 
(41) The apparatus of (40), further comprising: a converting 
unit for converting the identifiers of the transmission masks of 
secondary systems from the one or more second regions into 
descriptions of corresponding transmission masks of second 
ary systems according to the descriptions of the transmission 
masks or frequency bands of secondary systems in the one or 
more second regions and the corresponding identifiers 
thereof, which are stored in the storing unit. 
(42) A method for use in a wireless communication system, 
comprising: a receiving step of receiving, from at least some 
of one or more second regions, reference information for 
modifying spectrum use information of secondary systems in 
a first region, wherein the at least some of the one or more 
second regions are regions in which primary systems are 
judged, according to the spectrum use information of the 
secondary systems in the first region, as being Subjected to 
interference of the secondary systems in the first region; and 
a managing step of modifying the spectrum use information 
of the secondary systems in the first region according to the 
received reference information. 
(43) An apparatus in a wireless communication system, com 
prising: an acquiring unit for acquiring spectrum use infor 
mation of secondary systems in a first region; a managing unit 
for judging, according to the spectrum use information of the 
secondary systems in the first region, whether the secondary 
systems in the first region interfere with a primary system in 
a second region; and a transmitting unit for transmitting ref 
erence information for modifying the spectrum use informa 
tion of the secondary systems in the first region to the first 
region in the case that the secondary systems in the first region 
interfere with the primary system in the second region. 
(44) The apparatus of (43), wherein the reference information 
comprises at least one of service range information of the 
primary system, in the second region, Subjected to interfer 
ence of the secondary systems in the first region, and second 
ary-system-related information of the secondary systems 
which interfere with the primary system in the second region. 
(45) The apparatus of (44), wherein the primary system, in the 
second region, Subjected to the interference of the secondary 
systems in the first region is searched for according to the 
service range information of the primary system in the second 
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region as well as first level interference range information of 
the secondary systems in the first region, which is determined 
based on the spectrum use information of the secondary sys 
tems in the first region, wherein the spectrum use information 
of the secondary systems in the first region is modified 
according to operating condition information of the primary 
system, in the second region, Subjected to interference of the 
secondary systems in the first region, so that the secondary 
systems in the first region do not interfere with the primary 
system in the second region. 
(46) The apparatus of any one of (43) to (45), wherein the 
managing unit is further adapted to judge, according to the 
spectrum use information of the secondary systems in the first 
region as well as spectrum use information of other secondary 
systems in the first region and/or secondary systems in one or 
more second regions, whether the secondary systems in the 
first region produce aggregated interference to the primary 
system in the second region. 
(47) The apparatus of (46), wherein the primary system, in the 
second region, Subjected to aggregated interference of the 
secondary systems in the first region is searched for according 
to the service range information of the primary system in the 
second region as well as second level interference range infor 
mation of the secondary systems in the first region, which is 
determined based on the spectrum use information of the 
secondary systems in the first region, wherein the spectrum 
use information of the secondary systems in the first region is 
modified according to operating condition information of the 
primary System, in the Second region, Subjected to aggregated 
interference of the secondary systems in the first region as 
well as interference condition information of secondary sys 
tems which interfere with the primary system, in the second 
region, Subjected to aggregated interference of the secondary 
systems in the first region, so that the secondary systems in the 
first region do not produce aggregated interference to the 
primary system in the second region. 
(48) The apparatus of (47), wherein the interference condition 
information of the secondary systems which interfere with 
the primary system, in the second region, Subjected to aggre 
gated interference of the secondary systems in the first region, 
is obtained by inquiring about interference condition infor 
mation, recorded in a registering unit in the second region, to 
which different positions within a service range of the pri 
mary system in the second region are Subjected from second 
ary systems in the second region and from secondary systems 
in other regions. 
(49) The apparatus of (48), wherein the interference condition 
information from the secondary systems in the second region 
comprises interference amounts of the secondary systems in 
the second region to the primary system in the second region 
and/or spectrum use time of the secondary systems in the 
second region, and the interference condition information 
from the secondary systems in the other regions comprises 
region identifiers of the other regions and secondary system 
identifiers of the secondary systems in the other regions. 
(50) The apparatus of any one of (43) to (49), wherein the 
acquiring unit further acquires a region identifier of the first 
region and secondary system identifiers of the secondary 
systems in the first region. 
(51) The apparatus of any one of (43) to (50), further com 
prising: a registering unit for recording interference condition 
information to which different positions within a service 
range of the primary system in the second region are Sub 
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jected from the secondary systems in the second region and 
from secondary systems in other regions. 
(52) The apparatus of (51), wherein the interference condition 
information from the secondary systems in the second region 
comprises interference amounts of the secondary systems in 
the second region to the primary system in the second region 
and/or spectrum use time of the secondary systems in the 
second region, and the interference condition information 
from the secondary systems in the other regions comprises 
region identifiers of the other regions and secondary system 
identifiers of the secondary systems in the other regions. 
(53) The apparatus of any one of (43) to (52), further com 
prising: a storing unit for storing descriptions of transmission 
masks of secondary systems in the first region and the second 
region and corresponding identifiers thereof. 
(54) A method in a wireless communication system, compris 
ing: an acquiring step of acquiring spectrum use information 
of secondary systems in a first region; a managing step of 
judging, according to the spectrum use information of the 
secondary systems in the first region, whether the secondary 
systems in the first region interfere with a primary system in 
a second region; and a transmitting step of transmitting ref 
erence information for modifying the spectrum use informa 
tion of the secondary systems in the first region to the first 
region in the case that the secondary systems in the first region 
interfere with the primary system in the second region. 
(55) An apparatus in a wireless communication system, com 
prising: a receiving unit for receiving, from a first region, 
spectrum use information of secondary systems in the first 
region, which is modified according to reference information, 
wherein the reference information is received by the first 
region from at least some of one or more second regions, and 
the at least Some of the one or more second regions are regions 
in which primary systems are judged, according to the spec 
trum use information of the secondary systems in the first 
region, as being Subjected to interference of the secondary 
systems in the first region; and an executing unit for commu 
nicating with user equipments of the secondary systems in the 
first region according to the modified spectrum use informa 
tion of secondary systems in the first region. 
(56) The method of (54), further comprising: a secondary 
system spectrum use duration estimating unit for estimating 
secondary system spectrum use durations according to the 
spectrum use information of the secondary systems in the first 
region and application types of the secondary systems in the 
first region. 
(57) The method of (56), further comprising: a transmitting 
unit for transmitting the estimated secondary system spec 
trum use durations to the first region. 
(58) The method of any one of (54), (56) and (57), further 
comprising: a secondary system spectrum use time modify 
ing unit for modifying spectrum use of the secondary systems 
in the first region according to changes in spectrum use con 
ditions of the primary system and the secondary systems in 
the first region within the secondary system spectrum use 
durations or spectrum available time limits. 
(59) A method for use in a wireless communication system, 
comprising: a receiving step of receiving, from a first region, 
spectrum use information of secondary systems in the first 
region, which is modified according to reference information, 
wherein the reference information is received by the first 
region from at least some of one or more second regions, and 
the at least Some of the one or more second regions are regions 
in which primary systems are judged, according to the spec 
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trum use information of the secondary systems in the first 
region, as being Subjected to interference of the secondary 
systems in the first region; and an executing step of commu 
nicating with user equipments of the secondary systems in the 
first region according to the modified spectrum use informa 
tion of secondary systems in the first region. 
0218. As can be appreciated, those ordinarily skilled in the 
art can make numerous modifications and variations without 
departing from the scope and spirit of the invention. The 
embodiments have been selected and described for the pur 
pose of best explaining the principle and practical applica 
tions of the invention to enable those ordinarily skilled in the 
art to appreciate the invention in various embodiments with 
various changes Suited to particular use as contemplated. 
What is claimed is: 
1. A spectrum management system, comprising: 
circuitry configured to 
obtain interference information from another spectrum 
management system indicating interference with com 
munication of a communication system managed by the 
other spectrum management system, the interference 
being caused by at least one secondary communication 
system managed by the spectrum management system, 
and 

modify a communication characteristic of the at least one 
secondary communication system based on the interfer 
ence information. 

2. The spectrum management system according to claim 1, 
wherein the communication system managed by the other 
spectrum management system is a primary communication 
system and the interference information includes information 
for the primary communication system managed by the other 
spectrum management system. 

3. The spectrum management system according to claim 1, 
wherein the interference information indicates aggregate 
interference with the communication of the communication 
system managed by the other spectrum management system, 
and 

the circuitry modifies the communication characteristic of 
the at least one secondary communication system to 
avoid the aggregate interference, the aggregate interfer 
ence being an aggregate of interference from the at least 
one secondary communication system and at least one 
secondary communication system not managed by the 
spectrum management system. 

4. The spectrum management system according to claim3, 
wherein the interference information includes information 
for the at least one secondary communication system not 
managed by the spectrum management system, and the cir 
cuitry modifies the communication characteristics based on 
the information. 

5. The spectrum management system according to claim 1, 
wherein the interference information includes identifier 
information of the at least one secondary communication 
system, and the circuitry identifies the at least one secondary 
communication system using the identifier information. 

6. The spectrum management system according to claim 1, 
wherein the interference information includes communica 
tion characteristic information for the communication char 
acteristic of the at least one secondary communication sys 
tem, and the circuitry sets the communication characteristic 
of the at least one secondary communication system using the 
communication characteristic information. 
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7. The spectrum management system according to claim 1, 
wherein the circuitry calculates communication characteris 
tic information based on the interference information, and 
sets the communication characteristic of the at least one sec 
ondary communication system using the communication 
characteristic information. 

8. The spectrum management system according to claim 1, 
wherein the circuitry is further configured to transmit spec 
trum use information corresponding to the at least one sec 
ondary communication system to the other spectrum manage 
ment system. 

9. A spectrum management system comprising: 
circuitry configured to 
identify interference with communication of a communi 

cation system managed by the spectrum management 
system, the interference originating from at least one 
secondary communication system managed by another 
Spectrum management System, 

generate interference information based on the identified 
interference, and 

provide the interference information to the other spectrum 
management System. 

10. The spectrum management system according to claim 
9, wherein the communication system managed by the spec 
trum management system is a primary communication sys 
temand the interference information includes information for 
the primary communication system managed by the other 
spectrum management system. 

11. The spectrum management System according to claim 
9, wherein the circuitry identifies the interference based on 
spectrum use information corresponding to the at least one 
secondary communication system managed by the other 
spectrum management system. 

12. The spectrum management system according to claim 
11, wherein the spectrum use information is received from the 
other spectrum management system. 

13. The spectrum management system according to claim 
11, wherein the circuitry is further configured to calculate 
communication characteristic information for the at least one 
secondary communication system managed by the other 
spectrum management system, and to transmit the commu 
nication characteristic information to the other spectrum 
management system as part of the interference information, 
the communication characteristic information including 
information to modify a communication characteristic of the 
at least one secondary communication system managed by 
the other spectrum management system to avoid interference 
identified. 

14. The spectrum management system according to claim 
9, wherein the circuitry is further configured to determine 
aggregate interference using the interference identified and 
spectrum use information of at least one secondary commu 
nication system managed by any spectrum management sys 
tem, and to generate the interference information based on the 
aggregate interference. 

15. The spectrum management system according to claim 
14, wherein the circuitry is further configured to transmit 
information of the at least one secondary communication 
system managed by any spectrum management system to the 
other spectrum management system as part of the interfer 
ence information. 

16. The spectrum management system according to claim 
14, wherein the circuitry is further configured to calculate 
communication characteristic information for the secondary 



US 2016/0056908 A1 

communication system managed by the other spectrum man 
agement system based on the aggregate interference, and to 
transmit the communication characteristic information, as 
part of the interference information, to the other spectrum 
management system, the communication characteristic infor 
mation indicating a modification to a communication charac 
teristic of the at least one secondary communication system 
managed by the other spectrum management system. 

17. A method for spectrum management system, compris 
ing: 

obtaining, with circuitry of the spectrum management sys 
tem, interference information from another spectrum 
management system indicating interference with com 
munication of a communication system managed by the 
other spectrum management system, the interference 
being caused by at least one secondary system managed 
by the spectrum management system, and 

modifying a communication characteristic of the at least 
one secondary communication system based on the 
interference information. 

18. The method according to claim 17, wherein the com 
munication system managed by the other spectrum manage 
ment system is a primary communication system and the 
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interference information includes information for the primary 
communication system managed by the other spectrum man 
agement System. 

19. A method for a spectrum management system, com 
prising: 

identifying, in circuitry of the spectrum management sys 
tem, interference with communication of a communica 
tion system managed by the spectrum management sys 
tem, the interference originating from a secondary 
communication system managed by another spectrum 
management System, 

generating interference information based on the identified 
interference, and 

providing the interference information to the other spec 
trum management system. 

20. The method for a spectrum management system 
according to claim 19, wherein the communication system 
managed by the spectrum management system is a primary 
communication system and the interference information 
includes information for the primary communication system 
managed by the other spectrum management system. 
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