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METHOD AND APPARATUS FOR
GENERATING SHARED INFORMATION
FOR JOINT USE OF FREQUENCIES
BETWEEN RADIO STATIONS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2020-0026243, filed on Mar. 2,
2020, and Korean Patent Application No. 10-2021-0019208
filed on Feb. 10, 2021, in the Korean Intellectual Property
Office, the entire disclosures of which are incorporated
herein by reference for all purposes.

BACKGROUND

1. Field of the Invention

[0002] One or more example embodiments relate to an
apparatus and method for generating shared information for
joint use of frequencies between radio stations and, more
specifically, to technology for analyzing an interference
effect on an existing radio station due to a new radio station
and determining a protection domain of the existing radio
station based on the interference effect, thereby generating
shared information for joint use of frequencies between
radio stations.

2. Description of the Related Art

[0003] Technology for joint use of frequencies may indi-
cate that different radio stations, services, or systems jointly
use limited resources in one or more domains among tem-
poral, spatial, frequency, and signal level domains.

[0004] For example, an ultra-high frequency (UHF) tele-
vision (TV) broadcast bandwidth of 479 megahertz (MHz)
to 698 MHz may be provided for a broadcast service as a
primary service and may be provided by a radio station such
as a broadcast station. A band of 3.55 gigahertz (GHz) to 3.7
GHz may be used for radar systems.

[0005] Recently, research has been conducted for joint use
of frequencies between radio stations in a band of 5925 MHz
to 7125 MHz. A 6 GHz band is used worldwide for primary
services such as fixed communication, fixed broadcast relay,
and fixed satellite uplink, and is also used for a mobile
broadcast relay service in some countries.

[0006] However, recently, as unlicensed wireless commu-
nications such as wireless fidelity (Wi-Fi), long term evo-
Iution (LTE)-license assisted access (LAA), and fifth gen-
eration (5G) new radio unlicensed band (NR-U) are
significantly increasing, research for minimizing an inter-
ference effect that occurs in a radio station receiving a
primary service is required.

[0007] Unlike existing radio stations, in a radio local area
network (RLAN) such as Wi-Fi, LTE-LAA, and 5G NR-U,
a location of a communication terminal such as a smart-
phone or a personal computer (PC) may be continuously
changed rather than being fixed, so dynamic calculation for
an interference effect is required. Also, to protect a radio
station receiving a primary service, technology for deter-
mining shared information associated with a frequency, a
channel, and transmission power that can be used by a radio
station supporting the RLAN at a specific location is
required.
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SUMMARY

[0008] Example embodiments provide an apparatus and
method for calculating an interference effect that may be
exerted on an existing radio station that receives a primary
service and generating shared information available to a new
radio station, thereby protecting an existing radio station that
receives an existing service and supporting communication
of the new radio station.

[0009] According to an aspect, there is provided a method
of generating shared information, the method including
determining an attenuation effect on transmission power of
a new radio station due to a reception mask of an existing
radio station, calculating an interference effect of the exist-
ing radio station due to the new radio station using the
attenuation effect, determining a protection domain of the
existing radio station according to the interference effect,
and generating shared information to be used by the new
radio station based on the protection domain, wherein the
protection domain is a domain in which a frequency avail-
able to the new radio station is restricted.

[0010] The determining of the attenuation effect may
include determining an attenuation effect based on at least
one of the reception mask of the existing radio station, a
transmission mask of the new radio station, a difference
between a center frequency of the new radio station and a
center frequency of the existing radio station, a bandwidth of
the new radio station, and the transmission power of the new
radio station.

[0011] The determining of the attenuation effect may
include determining the attenuation effect by calculating a
total attenuation effect per unit reference bandwidth for each
frequency.

[0012] The calculating of the interference effect may
include determining the interference effect based on i) a
difference between the transmission power of the new radio
station and the attenuation effect and ii) a path loss inter-
ference effect according to a distance between a location of
the new radio station and the existing radio station.

[0013] When the new radio station is a plurality of new
radio stations, the calculating of the interference effect may
include calculating a total interference effect for each of the
new radio stations.

[0014] The calculating of the interference effect may
include determining the interference effect for each unit
domain using the attenuation effect, and the protection
domain may include unit domains in which the interference
effect is higher than a threshold.

[0015] The calculating of the interference effect may
include determining an interference effect on the unit
domain using one of whether the new radio station is indoor
or outdoor, a service domain of the new radio station, and a
height of the new radio station.

[0016] The determining of the protection domain may
include correcting the determined protection domain based
on interference effects of the new radio station and other new
radio stations.

[0017] The shared information may include one of a
frequency, a channel, transmission power, and a transmis-
sion power density of the new radio station, which are not
to cause an interference effect greater than or equal to a
threshold to the existing radio station.

[0018] According to another aspect, there is also provided
a generation apparatus performing a method of generating
shared information, the generation apparatus including a
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processor, wherein the processor is configured to determine
an attenuation effect on transmission power of a new radio
station due to a reception mask of an existing radio station,
calculate an interference effect of the existing radio station
due to the new radio station using the attenuation effect,
determine a protection domain of the existing radio station
according to the interference effect, and generate shared
information to be used by the new radio station based on the
protection domain, and the protection domain is a domain in
which a frequency available to the new radio station is
restricted.

[0019] The processor may be configured to determine an
attenuation effect based on at least one of the reception mask
of the existing radio station, a transmission mask of the new
radio station, a difference between a center frequency of the
new radio station and a center frequency of the existing radio
station, a bandwidth of the new radio station, and the
transmission power of the new radio station.

[0020] The processor may be configured to determine the
attenuation effect by calculating a total attenuation effect per
unit reference bandwidth for each frequency.

[0021] The processor may be configured to determine the
interference effect based on i) a difference between the
transmission power of the new radio station and the attenu-
ation effect and ii) a path loss interference effect according
to a distance between a location of the new radio station and
the existing radio station.

[0022] When the new radio station is a plurality of new
radio stations, the processor may be configured to calculate
a total interference effect for each of the new radio stations.
[0023] The processor may be configured to determine the
interference effect for each unit domain using the attenuation
effect, and the protection domain may include unit domains
in which the interference effect is higher than a threshold.
[0024] The processor may be configured to determine an
interference effect on the unit domain using one of whether
the new radio station is indoor or outdoor, a service domain
of the new radio station, and a height of the new radio
station.

[0025] The processor may be configured to correct the
determined protection domain based on interference effects
of the new radio station and other new radio stations.
[0026] The shared information may include one of a
frequency, a channel, transmission power, and a transmis-
sion power density of the new radio station, which are not
to cause an interference effect greater than or equal to a
threshold to the existing radio station.

[0027] Additional aspects of example embodiments will
be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be
learned by practice of the disclosure.

[0028] According to example embodiments, it is possible
to calculate an interference effect that may be exerted on an
existing radio station that receives a primary service and
generate shared information available to a new radio station,
thereby protecting an existing radio station that receives an
existing service and supporting communication of the new
radio station.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and/or other aspects, features, and advan-
tages of the invention will become apparent and more
readily appreciated from the following description of
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example embodiments, taken in conjunction with the
accompanying drawings of which:

[0030] FIG. 1 is a diagram illustrating an apparatus for
generating shared information according to an example
embodiment;

[0031] FIG. 2 is a flowchart illustrating a method of
generating shared information according to an example
embodiment;

[0032] FIGS. 3A-31 are diagrams illustrating examples of
an attenuation effect and an interference effect according to
an example embodiment;

[0033] FIGS. 4A-4D are diagrams illustrating examples of
an attenuation effect per unit reference bandwidth according
to an example embodiment;

[0034] FIGS. 5A-5B are diagrams illustrating examples of
a degree of attenuation varying based on a center frequency
of'a new radio station and a shape of a reception mask of an
existing radio station according to an example embodiment;
[0035] FIGS. 6A through 6C are diagrams illustrating an
existing radio station, a new radio station, and a protection
domain in a two-dimensional (2D) space according to an
example embodiment;

[0036] FIGS. 7A-7C are diagrams illustrating examples of
determining a protection domain based on an indoor and
outdoor condition according to an example embodiment;
[0037] FIG. 8 illustrates an example for calculating an
interference effect based on a unit height for each unit
domain according to an example embodiment;

[0038] FIG. 9 is a flowchart illustrating a method of
determining an interference effect based on a unit height for
each unit domain according to an example embodiment;
[0039] FIGS. 10A-10C are diagrams illustrating examples
of network configuration of a new radio station and a
protection domain determined based on an operation of the
new radio station according to an example embodiment;
[0040] FIG. 11 is a flowchart illustrating a method of
determining a protection domain based on an operation
situation of a new radio station according to an example
embodiment;

[0041] FIG. 12 is a flowchart illustrating a method of
determining a protection domain based on an access point of
a new radio station according to an example embodiment;
[0042] FIG. 13 is a flowchart illustrating a method of
determining a protection domain based on an access point of
a new radio station and a cumulative interference effect
according to an example embodiment;

[0043] FIG. 14 is a diagram illustrating an example of a
protection domain determined based on a cumulative inter-
ference effect according to an example embodiment;
[0044] FIG. 15 is a flowchart illustrating a process of
determining a protection domain again in response to a
threshold being corrected according to an example embodi-
ment;

[0045] FIG. 16 is a flowchart illustrating a process of
correcting a protection domain based on a cumulative inter-
ference effect according to an example embodiment;
[0046] FIG. 17 is a diagram illustrating an example of
expanding a protection domain according to an example
embodiment;

[0047] FIG. 18 is a flowchart illustrating a process of
correcting a protection domain according to an example
embodiment;
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[0048] FIG. 19 is a diagram illustrating an example of a
reception antenna pattern of an existing radio station receiv-
ing a primary service according to an example embodiment;
[0049] FIG. 20 is a flowchart illustrating a process of
determining a protection domain for a predetermined num-
ber of new radio stations without an initial protection
domain according to an example embodiment;

[0050] FIGS. 21A-21D are diagrams illustrating examples
of setting a predetermined interference domain and deter-
mining a final protection domain based on the set interfer-
ence domain according to an example embodiment;

[0051] FIG. 22 is a flowchart illustrating a process of
setting a predetermined interference domain and determin-
ing a final protection domain based on the set interference
domain according to an example embodiment;

[0052] FIG. 23 illustrates examples of determining a pro-
tection domain according to an example embodiment;
[0053] FIG. 24 is a flowchart illustrating a method of
generating shared information according to an example
embodiment;

[0054] FIG. 25 is a diagram illustrating an example of a
transmission mask, an analysis domain, and a protection
domain of an existing radio station according to an example
embodiment;

[0055] FIGS. 26A-26F are diagrams illustrating examples
of a table showing an attenuation effect and an interference
effect according to an example embodiment;

[0056] FIGS.27A-27D are diagrams illustrating examples
of correcting a protection domain of an existing radio station
according to an example embodiment;

[0057] FIGS. 28A-28D are diagrams illustrating examples
of determining bandwidth of a channel or a frequency to be
used by a new radio station in a unit domain or determining
a power level according to an example embodiment; and
[0058] FIG. 29 is a diagram illustrating an example of a
table of interference effects per unit domain determined
based on different parameters according to an example
embodiment.

DETAILED DESCRIPTION

[0059] Hereinafter, example embodiments will be
described in detail with reference to the accompanying
drawings. It should be understood, however, that there is no
intent to limit this disclosure to the particular example
embodiments disclosed. On the contrary, example embodi-
ments are to cover all modifications, equivalents, and alter-
natives falling within the scope of the example embodi-
ments.

[0060] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the,” are intended to include the plural forms as well,
unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises,” “compris-
ing,” “includes,” and/or “including,” when used herein,
specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereof.

[0061] Unless otherwise defined, all terms, including tech-
nical and scientific terms, used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure pertains. Terms, such as those
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defined in commonly used dictionaries, are to be interpreted
as having a meaning that is consistent with their meaning in
the context of the relevant art, and are not to be interpreted
in an idealized or overly formal sense unless expressly so
defined herein.

[0062] Regarding the reference numerals assigned to the
elements in the drawings, it should be noted that the same
elements will be designated by the same reference numerals,
wherever possible, even though they are shown in different
drawings. Also, in the description of embodiments, detailed
description of well-known related structures or functions
will be omitted when it is deemed that such description will
cause ambiguous interpretation of the present disclosure.
[0063] FIG. 1 is a diagram illustrating an apparatus for
generating shared information according to an example
embodiment.

[0064] The present disclosure relates to a technology for
analyzing an interference effect of an existing radio station
due to a new radio station, determining a protection domain
of the existing radio station based on the interference effect,
thereby generating shared information for joint use of fre-
quencies between radio stations.

[0065] In the present disclosure, a method of generating
shared information is performed by an apparatus 101 for
generating shared information (hereinafter, also referred to
as a “generation apparatus 101”"). The generation apparatus
101 may include a processor, may be a separate electronic
apparatus 101 that communicates with an existing radio
station and a new radio station, and may correspond to an
existing radio station or a new radio station.

[0066] In the present disclosure, shared information may
include 1) an available frequency to be used by a new radio
station, ii) a channel, and iii) transmission power available
to a new radio station. For example, the shared information
may indicate a frequency, a channel, transmission power,
and a transmission power density available to a new radio
station located around one existing radio station that
receives a primary service.

[0067] The generation apparatus 101 may analyze an
interference effect exerted on the existing radio station due
to a plurality of new radio stations and determine a protec-
tion domain for protecting communication of the existing
radio station. The generation apparatus 101 may determine
shared information to be used by a new radio station based
on the interference effect and the protection domain.
[0068] Referring to FIG. 1, the generation apparatus 101
may generate a protection domain and shared information
for joint use of frequencies between an existing radio station
and a new radio station using information on the existing
radio station and information on the new radio station.
[0069] The existing radio station may perform communi-
cation for supporting a primary service such as fixed com-
munication, fixed broadcast relay, and fixed satellite uplink.
The new radio station may perform communication for
supporting a secondary service, for example, an unlicensed
wireless communication system such as wireless fidelity
(Wi-Fi), long term evolution (LTE)-license assisted access
(LAA), and fifth generation (5G) new radio unlicensed band
(NR-U).

[0070] The primary service and the secondary service may
have different channel bandwidths and different center fre-
quencies. A channel bandwidth of the secondary service may
be a plurality of different values. According to a channel
bandwidth, to maintain the same total radiation power



US 2021/0274509 Al

intensity, a radiation power intensity per unit bandwidth
(e.g., resolution bandwidth) may be set differently.

[0071] The information on the existing radio station may
include i) a reception mask, ii) a center frequency, iii) a
bandwidth, and iv) a channel of the existing radio station.
The information on the new radio station may include i) a
location, ii) whether the new radio station is indoor or
outdoor, iii) transmission power, iv) a transmission mask, v)
a bandwidth, vi) a center frequency, vii) a height, and viii)
a service domain of the new radio station.

[0072] FIG. 2 is a flowchart illustrating a method of
generating shared information according to an example
embodiment.

[0073] Inoperation 201, a generation apparatus may deter-
mine an attenuation effect on transmission power of a new
radio station due to a reception mask of an existing radio
station. The attenuation effect may refer to a degree to which
the transmission power of the new radio station is attenuated
due to a reception mask of the existing radio station.
[0074] The generation apparatus may determine the
attenuation effect based on at least one of the reception mask
of the existing radio station, a transmission mask of the new
radio station, a difference between a center frequency of the
new radio station and a center frequency of the existing radio
station, a bandwidth of the new radio station, and the
transmission power of the new radio station. The generation
apparatus may determine the attenuation effect by calculat-
ing a total attenuation effect per unit reference bandwidth for
each frequency.

[0075] In operation 202, the generation apparatus may
calculate an interference effect of the existing radio station
due to the new radio station using the attenuation effect. The
generation apparatus may determine a path loss from a
predetermined location of the new radio station to the
existing radio station receiving a primary service. In addi-
tion, the generation apparatus may calculate the interference
effect using at least one of the transmission power of the new
radio station, the attenuation effect, and the path loss.
[0076] The generation apparatus may determine the
attenuation effect by calculating a total attenuation effect per
unit reference bandwidth for each frequency. The generation
apparatus may determine the interference effect based on 1)
a difference between the transmission power of the new
radio station and the attenuation effect and ii) a path loss
interference effect according to a distance between a loca-
tion of the new radio station and the existing radio station.
[0077] When the new radio station is a plurality of new
radio stations, the generation apparatus may calculate a total
interference effect for each of the new radio stations. The
generation apparatus may determine an interference effect
on the unit domain using one of whether the new radio
station is indoor or outdoor, a service domain of the new
radio station, and a height of the new radio station.

[0078] In operation 203, the generation apparatus may
determine a protection domain of the existing radio station
according to the interference effect. The protection domain
may be composed of unit domains in which the interference
effect is higher than a threshold. The generation apparatus
may correct the determined protection domain based on
interference effects of the new radio station and other new
radio stations.

[0079] In operation 204, the generation apparatus may
generate shared information to be used by the new radio
station based on the protection domain. The shared infor-
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mation may include one of a frequency, a channel, trans-
mission power, and a transmission power density of the new
radio station, which may not cause an interference effect
greater than or equal to a threshold to the existing radio
station.

[0080] FIGS. 3A through 31 are diagrams illustrating an
example of an attenuation effect and an interference effect
according to an example embodiment.

[0081] FIG. 3A-3C are diagrams illustrating examples of
a channel and a bandwidth of a new radio station exerting an
interference effect on an existing radio station according to
an example embodiment. A radiation power intensity per
unit basic bandwidth may be defined as a power spectral
density.

[0082] For example, a bandwidth of a channel of a sec-
ondary service is X and a maximum radiation power inten-
sity is Y. In this example, when the bandwidth of the channel
increases to be doubled, the maximum radiation power
intensity may be the same as Y while the power spectral
density is reduced by half.

[0083] Referring to FIG. 3A, for example, a secondary
service may have channel bandwidths of 20, 40, 80, 160, and
320 megahertz (MHz) as shown in FIG. 3A. When the
primary service of the existing radio station uses a channel
bandwidth 301 of 30 MHz as shown in FIG. 3A, channel
bandwidths 302 of the new radio station may interfere with
the primary service of the existing radio station.

[0084] The interference effect on the existing radio station
receiving the primary service may be changed based on the
bandwidth of the new radio station. For example, FIG. 3B
shows an example of an interference effect according to a
relationship between a receiving filter 303 of the existing
radio station receiving the primary service and a bandwidth
304 of the new radio station.

[0085] When interference occurs due to a single new radio
station, as the bandwidth 304 of the new radio station
increases, a power density may be reduced, and the inter-
ference effect may also decrease. When interference occurs
due to the single new radio station, as the bandwidth 304 of
the new radio station decreases, the power density may
increase, and the interference effect may also increase.

[0086] FIG. 3C shows an example of an interference effect
that may occur according to a center frequency position of
the new radio station when interference occurs due to a
plurality of new radio stations. An interference effect occur-
ring due to a single new radio station may be defined as a
single interference effect. An interference effect occurring
due to a plurality of new radio stations may be defined as a
cumulative interference effect.

[0087] Referring to FIG. 3C, as a distance between the
center frequency position of the new radio station and a
position of a frequency of the existing radio station
decreases, the interference effect may increase. Also, as the
distance increases, the interference effect may be reduced.
That is, based on a distribution and an operating situation of
the plurality of new radio stations, the interference effect
may appear complex.

[0088] To calculate the interference effect, the generation
apparatus may determine an attenuation effect by a receiving
filter of the primary service of the existing radio station and
an attenuation effect according to a center frequency differ-
ence between the existing radio station and the new radio
station. The attenuation effect may refer to a degree to which
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the transmission power of the new radio station is attenuated
due to the reception mask of the existing radio station.

Fp(f)df [Equation 1]
MD=10log—2>
T PAIH(ORA
f " POIH P [Equation 2]
NFD(Af)=10log—>0
D= e S v AP

[0089] In Equation 1, MD stands for masks discrimina-
tion, which denotes the attenuation effect by the receiving
filter of the existing radio station. Also, NFD stands for net
filter discrimination, which denotes the attenuation effect
according to the center frequency difference between the
existing radio station and the new radio station. For
example, when the transmission power of the new radio
station 20 decibels (dB), and when the attenuation effect is
10 dB, the existing radio station may receive 10 dB so that
interference occurs in the primary service.

[0090] P(f) denotes a transmission mask of the new radio
station. The transmission mask may refer to a transmission
spectrum mask. H(f) denotes a reception mask of the pri-
mary service of the existing radio station. The reception
mask may refer to a reception selecting mask.

[0091] f denotes a frequency. A bandwidth of the trans-
mission spectrum mask may be defined as a bandwidth less
than a bandwidth of the receiving filter of the primary
service so and used. Af denotes a difference between the
center frequency of the new radio station and the center
frequency of the existing radio station.

[0092] A method of determining an interference effect
according to an existing embodiment may determine the
interference effect using MD and NFD. Attenuation effects
may be determined based on the frequency and the band-
width of the receiving filter of the primary service of the
existing radio station as shown in Table 1 below.

TABLE 1
Af=-Z ... Af=-A Af=0 Af=A L Af=Z
BW(MHz) = D(-Z, a) D(-A,a) D(0,a) D(A,a) D(Z,
a a)
BW(MHZ) =D(-Z, z) D(-A,z) D(0,z) D(A,z) D(-Z,
z z)

[0093] InTable 1, D(Z, a) denotes a sum of MD and NFD
of'a case in which a difference between the center frequency
of the new radio station and the center frequency of the
existing radio station is Z and the bandwidth of the new
radio station is a. In Table 1, BW(MHz) denotes a bandwidth
of a unit of MHz. A f denotes a center frequency difference
between the new radio station and the existing radio station.
[0094] FIG. 3D shows the new radio station 307 and the
transmission spectrum mask of the new radio station. FIG.
3E shows a case in which the transmission spectrum mask
309 of the new radio station 307 is included in the reception
selecting mask 310 for the primary service of the existing
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radio station 308. FIG. 3F shows the transmission spectrum
mask 309 of the new radio station 307 whose a center
frequency is not A. FIG. 3G shows a case in which the center
frequency of the new radio station 307 is different from a
center frequency for the primary service of the existing radio
station 308. FIG. 3H shows the transmission spectrum mask
309 of the new radio station 307 whose bandwidth is larger
than the bandwidth in FIG. 3D and FIG. 3H. FIG. 31 shows
a case in which the bandwidth of the new radio station 307
is larger than the reception selecting mask 310 for the
primary service of the existing radio station 308.

[0095] The generation apparatus may determine a path
loss from a predetermined location of the new radio station
to the existing radio station receiving the primary service.
The path loss may refer to an amount of power lost based on
a distance between the new radio station and the existing
radio station. The generation apparatus may calculate the
interference effect using at least one of the transmission
power of the new radio station, the attenuation effect, and the
path loss.

[0096] The path loss may refer to an amount of signal
intensity reduced due to a distance between radio stations.
The path loss may occur due to reflection, diffraction,
scattering, transmission loss, and the like. As an example,
the path loss may be determined through a separate mea-
surement performed every execution. As another example,
the path loss may be determined through a path loss model
defined in the International Telecommunication Union (ITU)
radiocommunication sector (ITU-R). A method of determin-
ing the path loss is not limited to a specific example, and
various methods selected by those skilled in the art may be
used.

[0097] For example, the single interference effect by the
single new radio station may be determined according to
Equation 3. A unit of the interference effect may be dB.

I(n,p)=X-D(A,BW)-Pathloss

[0098] In Equation 3, n denotes an index of the new radio
station, p denotes a position of an n-th new radio station,
which may be represented by two-dimensional (2D) coor-
dinates. I denotes the interference effect. X denotes trans-
mission power (dBm) of the n-th new radio station, and
Pathloss denotes the path loss. Pathloss may be included in
a value of X and calculated in advance. D(Af, BW) denotes
the attenuation effect determined in Table 1 above.

[0099] The generation apparatus may determine the single
interference effect based on the transmission power of the
new radio station and a difference between the attenuation
effect and the path loss. Also, Equation 4 may be used to
determine the cumulative interference effect due to the
plurality of new radio stations.

I, 20 M0 p,)

[0100] In Equation 4, N denotes the number of new radio
stations that may affect the existing radio station. n denotes
an index of the new radio station and p,, denotes a position
of the n-th new radio station. I, denotes the cumulative
interference effect due to the plurality of new radio stations.
That is, the generation apparatus may determine the cumu-
lative interference effect based on a sum of single interfer-
ence effects of the plurality of new radio stations.

[0101] A method of determining an interference effect
according to a new embodiment may determine the inter-
ference effect using an attenuation effect determined based
on a bandwidth difference and a center frequency difference

[Equation 3]

[Equation 4]
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between the new radio station and the existing radio station,
and the bandwidth of the new radio station. The method of
determining an interference effect according to a new
embodiment may be used in a case in which the bandwidth
of the new radio station is higher than a bandwidth of the
existing radio station.

[0102] For example, the generation apparatus may deter-
mine the attenuation effect based on a bandwidth difference
and a center frequency difference between the new radio
station and the existing radio station, and the bandwidth of
the new radio station. An existing reference attenuation may
be determined in advance based on the bandwidth of the new
radio station. For example, the generation apparatus may
determine the existing reference attenuation in proportion to
the bandwidth of the new radio station.

[0103] The generation apparatus may determine a new
reference attenuation based on a bandwidth difference
between existing radio stations. For example, the generation
apparatus may determine a lower new reference attenuation
as the bandwidth difference between the existing radio
stations is larger. The generation apparatus may determine
the new reference attenuation in inverse proportion to the
bandwidth difference between the existing radio stations.
[0104] The generation apparatus may determine a third
reference attenuation based on a different in center fre-
quency. For example, when a difference in center frequency
between the new radio station and the existing radio station
ranges from +A to —A, the generation apparatus may deter-
mine the third reference attenuation to be M dB.

[0105] In addition, when a difference in center frequency
between the new radio station and the existing radio station
is a value ranging from +A to +B or ranging from —A to -B,
the generation apparatus may determine the third reference
attenuation to be N dB. In this case, A, B, M, and N may be
determined to be a positive real number. Also, B may be
greater than A and M may be greater than N. A, B, M, and
N may not be limited as being a specific value.

[0106] For example, N may be M+D(Af). D(Af) may be a
sum of the attenuation effect MD by the receiving filter of
the existing radio station based on a difference in center
frequency between the new radio station and the existing
radio station and the attenuation effects NFD according to a
center frequency difference between the new radio station
and the existing radio station.

[0107] When a difference in center frequency between the
new radio station and the existing radio station is a value
ranging from +A to more than +B or less than -B, the
generation apparatus may determine the third reference
attenuation to be K dB. K may be a value greater than N and
determined in advance.

[0108] For example, the generation apparatus may deter-
mine the third reference attenuation to be a larger value as
the bandwidth of the new radio station increases. For
example, when a difference in center frequency between a
radio station and the existing radio station ranges between
+A and —A, and when the bandwidth of the new radio station
is 20 MHz, a new third reference attenuation may be
determined to be M dB. When a difference in center fre-
quency between a radio station and the existing radio station
ranges between +A and —A, and when the bandwidth of the
new radio station is 40 MHz or more, the third reference
attenuation may be determined to be 2 M dB instead of M.
[0109] The generation apparatus may determine a sum of
the existing or third reference attenuation to be an attenua-
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tion effect according to a new embodiment. In addition, the
generation apparatus may calculate the interference effect
using at least one of the transmission power of the new radio
station, the attenuation effect, and the path loss.

[0110] In a new example embodiment, the single interfer-
ence effect by the single new radio station may be deter-
mined according to Equation 5 below.

(n,p)=X-D2-Pathloss

[0111] In Equation 5, n denotes an index of the new radio
station and p denotes a position of the n-th new radio station,
which may be represented by 2D coordinates. I denotes the
interference effect. X denotes transmission power (dBm) of
the n-th new radio station and Pathloss denotes the path loss.
Pathloss may be included in a value of X and calculated in
advance. D2 denotes the attenuation effect determined in the
new example embodiment and may be a sum of the existing
to third reference attenuations.

[0112] As such, the generation apparatus may determine
the single interference effect based on the transmission
power of the new radio station and a difference between the
attenuation effect and the path loss. Also, Equation 4 may be
used to determine the cumulative interference effect due to
the plurality of new radio stations. The generation apparatus
may determine the cumulative interference effect based on a
sum of the single interference effects of the plurality of new
radio stations.

[0113] A method of determining an interference effect
according to a third embodiment may determine the inter-
ference effect based on a total attenuation effect per unit
reference bandwidth. A process of determining the interfer-
ence effect based on the total attenuation effect per unit
reference bandwidth is described with reference to FIG. 4.
[0114] FIGS. 4A-4D are diagrams illustrating examples of
an attenuation effect per unit reference bandwidth according
to an example embodiment.

[0115] FIG. 4A shows a bandwidth 402 of a new radio
station and shows that a unit reference bandwidth and power
per unit reference bandwidth are occupied. A length (e.g., L1
of FIG. 4) of the unit reference bandwidth may be 1 MHz.
The length (e.g., L1 of FIG. 4) of the unit reference
bandwidth and a magnitude of power (e.g., L2 of FIG. 4) of
the unit reference bandwidth are not limited to the example
described herein. FIG. 4C shows a bandwidth of a new radio
station and shows a unit reference bandwidth and a value of
power per unit reference bandwidth.

[0116] FIG. 4B shows an example in which unit power of
reference bandwidth of a new radio station is attenuated due
to a reception mask 403 of an existing radio station 401.
FIG. 4D shows an example in which power of a new radio
station is attenuated due to the reception mask 403 of the
existing radio station 401.

[0117] For example, a generation apparatus may classify a
bandwidth of the new radio station based on a unit reference
bandwidth and calculate an attenuation effect per unit ref-
erence bandwidth. The attenuation effect per unit reference
bandwidth may be determined in advance based on a trans-
mission mask of the new radio station and the reception
mask of the existing radio station. For example, the genera-
tion apparatus may segment the unit reference bandwidth
and calculate an attenuation effect per segmented unit ref-
erence bandwidth.

[0118] For example, the generation apparatus may set an
attenuation effect for a unit reference bandwidth included in

[Equation 5]
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the reception mask of the existing radio station to be N %.
In addition, the generation apparatus may set an attenuation
effect for a unit reference bandwidth adjacent to a boundary
of the reception mask to be M %, M being greater than N.
Also, the generation apparatus may set an attenuation effect
for a unit reference bandwidth that is not included in the
reception mask to be K %. K being greater than M.

[0119] For example, an attenuation effect per unit refer-
ence bandwidth according to the transmission mask of the
new radio station may be determined as a table in advance.
Also, an attenuation effect per unit reference bandwidth
according to the reception mask of the existing radio station
may be determined as a table in advance.

[0120] FIGS. 5A-5B are diagrams illustrating examples of
a degree of attenuation varying based on a center frequency
of' a new radio station 501 and a shape of a reception mask
505 of an existing radio station 502 according to an example
embodiment.

[0121] Referring to FIG. 5A, power may be attenuated by
a transmission mask 504 of the new radio station 501. For
example, as shown in (a) of FIG. 5, a magnitude of power
of a unit reference bandwidth 503 may be reduced from [.2
to L1 nu the transmission mask 504 of the new radio station
501.

[0122] FIG. 5B shows a case in which attenuation occurs
by the reception mask 505 of the existing radio station 502
by a difference between a center frequency of the new radio
station 501 and a center frequency k of the existing radio
station 502.

[0123] For example, when some of the unit reference
bandwidths 503 are adjacent to the reception mask 505 of
the existing radio station 502, a generation apparatus may
determine an attenuation effect by applying attenuation at a
preset existing ratio to two unit reference bandwidths 503
adjacent to the reception mask 505 of the existing radio
station 502. The existing ratio may be a predetermined
positive number.

[0124] The attenuation may be applied to the unit refer-
ence bandwidth 503 that is beyond a frequency range of the
reception mask 505 of the existing radio station 502 at a new
ratio greater than the existing ratio, so that the attenuation
effect is determined. In addition, the attenuation may not be
applied to the unit reference bandwidth 503 that is within the
frequency range of the reception mask 505 of the existing
radio station 502 and is not adjacent to the reception mask
505.

[0125] That is, the generation apparatus may calculate the
attenuation effect per unit reference bandwidth 503 by
applying the attenuation to the unit reference bandwidth 503
according to the transmission mask 504 of the new radio
station 501 and additionally applying the attenuation to the
unit reference bandwidth 503 according to the reception
mask 505 of the existing radio station 502.

[0126] The generation apparatus may determine an inter-
ference effect based on the attenuation effects determined for
each of the unit reference bandwidths 503 and a path loss.
To determine the attenuation effect, transmission power, a
bandwidth, and a center frequency of the new radio station
501, and a reception mask and a center frequency of the
existing radio station. To determine the interference effect,
the transmission power, the attenuation effect, and the path
loss.
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[0127] For example, by using Equation 6, the generation
apparatus may determine a single interference effect by a
single new radio station according to a third embodiment.

Inp)==,,_ M, —Pathloss

o
[0128] In Equation 6, n denotes an index of the new radio
station 501 and p denotes a position of the n-th new radio
station 501, which may be represented by 2D coordinates.
L., denotes an interference effect of the m-th unit refer-
ence bandwidth 503 for the n-th new radio station 501. M
denotes the number of the unit reference bandwidths 503.
Pathloss denotes a path loss. Pathloss may be included in a
value of X and calculated in advance.

[0129] In addition, Equation 4 may be used to determine
a cumulative interference effect due to a plurality of new
radio stations. The generation apparatus may determine the
cumulative interference effect based on a sum of single
interference effects of the plurality of new radio stations. An
order of calculation may be changed in the methods of
determining the interference effect according to the existing
to third example embodiments, and combinations thereof are
also possible.

[0130] FIG. 6A is a diagram illustrating an example in
which an existing radio station and a plurality of new radio
stations are arranged according to an example embodiment.
[0131] For joint use of frequencies, to prevent an occur-
rence of an interference effect due to new radio stations 602
through 606, determination of a channel and a frequency
unavailable to the new radio stations 602 through 606
adjacent to a location of the existing radio station 601 may
be required.

[0132] A protection domain is a domain for protecting the
existing radio station 601 and may refer to a domain in
which an interference effect corresponding to at least a
predetermined criterion is to be exerted on the existing radio
station when the new radio stations 602 through 606 exist.
The protection domain may vary based on an antenna
pattern, an antenna ground height, an antenna elevation
height, an antenna orientation angle, and an antenna gain of
the existing radio station 601 receiving a primary service.
[0133] Inaddition, the protection domain may be changed
based on, for example, an operation parameter of a wireless
device communicating with the new radio stations 602
through 606 and a location (e.g., indoor or outdoor) of the
wireless device.

[0134] The protection domain may be changed based on a
degree of the interference effect radiated from the new radio
stations 602 through 606 and exerted on the primary service.
Also, the protection domain may be changed based on
topologies, surrounding environments, and surrounding
buildings of the new radio stations 602 through 606 and the
existing radio station 601. The below-described method of
determining the protection domain may vary based on the
aforementioned various conditions, but will be briefly
described with the conditions below.

[0135] The protection domain may be determined based
on information on information on the existing radio station
601 and information on the primary service irrespective of
an actual operating situation of the new radio stations 602
through 606. In addition, the protection domain may be
differently determined based on an operating situation of the
new radio stations 602 through 606. The generation appa-
ratus may dynamically determine the protection domain
based on the information on the existing radio station 601,

[Equation 6]
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the information on the primary service, and information on
the new radio stations 602 through 606.

[0136] Specifically, when a new radio station is located for
each unit domain in consideration of a positional relation-
ship with the new radio stations 602 through 606 based on
the existing radio station 601, the generation apparatus may
determine a single interference effect that may occur in the
existing radio station 601. When the single interference
effect is greater than or equal to a threshold, the generation
apparatus may determine the unit domain to be a protection
domain.

[0137] For example, in terms of a predetermined position,
although a single interference effect for the existing radio
station 601 is absent, due to a relationship with the new radio
stations 602 through 606 nearby, a cumulative interference
effect for the existing radio station 601 may occur. Thus, the
cumulative interference effect may be used to determine the
protection domain.

[0138] Referring to FIG. 6A, the plurality of new radio
stations 602 through 606 may be located to be adjacent to the
existing radio station 601. FIG. 6 A shows the existing radio
station 601 and the new radio stations 602 through 606 in a
2D space.

[0139] In FIG. 6A, the 2D space may be divided into unit
domains including a unit domain 600. For example, each of
the new radio stations 602 through 606 may occupy one unit
domain 600. The generation apparatus may calculate a
single interference effect on the existing radio station 601 for
each unit domain 600.

[0140] FIG. 6B is a diagram illustrating an example in
which an interference effect is determined for each unit
domain 600 according to an example embodiment. For
example, the interference effect for each unit domain 600
may refer to a single interference effect to be exerted on the
existing radio station 601 when a new radio station is located
in the unit domain 600. For example, the generation appa-
ratus may determine a single interference effect by adding up
single interference effects determined based on a path loss
and attenuation effects determined for each unit reference
bandwidth.

[0141] FIG. 6C is a diagram illustrating an example of a
protection domain 620 determined based on the interference
effect for each unit domain 600 according to an example
embodiment. The protection domain 620 of FIG. 6C may be
composed of the unit domains 600 in which the single
interference effect is greater than a threshold (e.g., =10 dB).
When a single interference effect of a unit domain is greater
than the threshold, the unit domain may be determined to be
the protection domain 620.

[0142] FIG. 7A-7C are diagrams illustrating examples of
determining a protection domain based on an indoor and
outdoor condition according to an example embodiment.
[0143] A protection domain may be differently determined
based on an operational characteristic of a new radio station
or whether a new radio station is indoor or outdoor. Accord-
ing to an example embodiment, a generation apparatus may
determine a protection domain using at least one of a
bandwidth, a location, transmission power, a transmission
mask, and a center frequency of the new radio station, and
a reception mask and a center frequency of an existing radio
station 701.

[0144] According to another example embodiment, the
generation apparatus may dynamically determine protection
domains 702 and 703 by considering a bandwidth, trans-
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mission power, a transmission mask, a center frequency, an
operational characteristic, whether being located indoors or
outdoors, and a spatial position of the new radio station, and
a transmission mask and a center frequency of the existing
radio station 701.

[0145] According to an example embodiment, the genera-
tion apparatus may collectively determine that the new radio
station is located outdoors and determine the protection
domain 702 of the existing radio stations 701. According to
an example embodiment, when the new radio station is
located outdoors, the generation apparatus may determine as
being located at a maximum height of a building and
determine the protection domain 703 of the existing radio
stations 701.

[0146] Because the interference effect may be reduced as
an indoor height decreases, being located at the maximum
height of the building may be the worst case in a unit
domain. As another example, when the new radio station is
located indoors, the generation apparatus may determine as
being located at an intermediate value or statistical value of
the building’s height and determine a protection domain.
[0147] FIG. 7A shows the protection domain 702 deter-
mined on the premise that the new radio station is located
outdoors collectively. FIG. 7B shows the protection domain
703 determined on the premise that the new radio station is
located at the maximum height of the building when the new
radio station is located indoors. FIG. 7C shows the protec-
tion domains 702 and 703 determined by considering all the
protection domain 702 determined in FIG. 7A and the
protection domain 703 determined in FIG. 7B.

[0148] For each unit domain, the generation apparatus
may determine, to be an interference effect of the corre-
sponding unit domain, a larger value between an interfer-
ence effect calculated on the premise that the new radio
station is located outdoors collectively and an interference
effect calculated on the premise that the new radio station is
located at the maximum height of the building. The genera-
tion apparatus may determine the protection domains 702
and 703 by comparing the determined interference effect to
a threshold.

[0149] FIG. 8 illustrates an example for calculating an
interference effect based on a unit height for each unit
domain according to an example embodiment.

[0150] To calculate an interference effect according to a
unit height for each unit domain, unit heights H1 and H2
may be defined. The generation apparatus may calculate an
interference effect to be exerted on an existing radio station
800 at each of unit heights 801 through 804 for each unit
domain.

[0151] The generation apparatus may calculate an inter-
ference effect at each of the unit heights 801 through 804 for
each unit domain on the premise that a new radio station is
located outdoors. Also, when the new radio station is located
indoors, the generation apparatus may correct the deter-
mined interference effect in consideration of an outdoor
transmission loss.

[0152] FIG. 9 is a flowchart illustrating a method of
determining an interference effect based on a unit height for
each unit domain according to an example embodiment.
[0153] Inoperation 901 of determining an analysis domain
and determining a unit domain size, a generation apparatus
may determine a size of a unit domain and determine an
analysis domain (e.g., the entire grid including unit domains
shown in FIGS. 6 A through 6C) including a plurality of unit
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domains. In building height information presence operation
902, the generation apparatus may determine whether height
information of a building included in the analysis domain is
present.

[0154] In operation 903 of determining a unit domain of a
1% Fresnel zone, when the height information of the building
is absent, the generation apparatus may determine a unit
domain corresponding to a Fresnel zone. In operation 904 of
identifying a maximum height unit domain of a 2D same
unit domain, the generation apparatus may identify a maxi-
mum height of a unit domain including the building of which
the height information is present or the unit domain corre-
sponding to the Fresnel zone.

[0155] Inoperation 905 of calculating an attenuation effect
and an interference effect for each unit height, the generation
apparatus may calculate an attenuation effect and an inter-
ference effect for each unit height. In this process, the
generation apparatus may i) calculate an attenuation effect
and an interference effect at each unit height through height-
based calculation operation 906, ii) determine an interfer-
ence effect based on a greatest height through operation 907
of calculating an effect for each height based on an equation
after analyzing a greatest height effect or arithmetically
calculate the interference effect for the height or less, or iii)
determine the interference effect for each unit height in
consideration of a Knife-edge diffraction loss according to a
change of a Bullington point through operation 908 of
performing calculation in consideration of a change in
Bullington point.

[0156] In operation 909 of selecting another unit domain
of'a 2D domain, the generation apparatus may select another
unit domain. In domain presence operation 910, the genera-
tion apparatus may determine whether another unit domain
is present. When another unit domain is present, operations
904 through 908 may be performed with respect to the other
unit domain. When another unit domain is absent, an inter-
ference effect at each unit height for all unit domains may be
determined. Also, a 3D protection domain may be deter-
mined in operation 911 of calculating a 3D attenuation effect
and a protection domain.

[0157] FIGS. 10A-10C are diagrams illustrating a network
configuration of a new radio station and a protection domain
determined based on an operation of the new radio station
according to an example embodiment.

[0158] FIG. 10A shows a network configuration of a new
radio station 1002. A network of the new radio station 1002
may include an access point (AP) 1003 and a new radio
station 1002 (e.g., STA). The access point 1003 may be
provided with location information, which the new radio
station 1002 may be difficult to collect location information
in real time.

[0159] For example, even if the access point 1003 is not
located in a protection domain 1004, the new radio station
1002 connected to the access point 1003 may emit a signal
in the protection domain 1004. Referring to FIG. 10,
although the access point 1003 is not located in the protec-
tion domain 1004 of an existing radio station 1001, the new
radio station 1002 connected to the access point 1003 may
emit a signal in the protection domain 1004, which may
cause an interference effect.

[0160] Accordingly, in consideration of a maximum dis-
tance between the new radio station 1002 and the access
point 1003, a unit domain corresponding to or adjacent to a
location of the access point 1003 may be determined to be
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the protection domain 1004. For example, (b) of FIG. 10
shows locations of the access point 1003 and the protection
domain 1004 of an existing base station in an analysis
domain.

[0161] In a case of FIG. 10B, although the access point
1003 does not belong to the protection domain 1004, a range
to which the access point 1003 and the new radio station
1002 are connectable partially overlaps the protection
domain 1004. Thus, the unit domain in which the access
point 1003 is located may be determined to be a protection
domain 1005.

[0162] FIG. 10C shows an example in which the unit
domain including the access point 1003 is determined as the
protection domain 1005. When the unit domain including
the access point 1003 is determined as the protection domain
1005, a channel and transmission power available to the
access point 1003, and transmission power and an output
level of the new radio station 1002 may be restricted.

[0163] FIG. 11 is a flowchart illustrating a method of
determining a protection domain based on an operating
situation of a new radio station according to an example
embodiment.

[0164] In static protection domain calculation operation
1101, a generation apparatus may statically determine a
protection domain. For example, a protection domain of an
existing radio station may be determined based on a recep-
tion mask of the existing radio station and transmission
power, locations, and transmission masks of new radio
stations of which location information is received.

[0165] In protection domain definition operation 1102, the
generation apparatus may define a protection domain deter-
mined based on a threshold and an interference effect for
each unit domain. In radio local area network (RLAN)
operation registration operation 1103, the generation appa-
ratus may register an operating situation of a new radio
station (ex) RLAN). Specifically, the generation apparatus
may collect information on whether the new radio station is
indoor or outdoor, a location, a height, and the like of the
new radio station.

[0166] In RLLAN interference effect calculation operation
1104, the generation apparatus may calculate an interference
effect again based on the information on whether the new
radio station is indoor or outdoor, the location, the height,
and the like of the new radio station (ex) RLAN). In existing
protection domain reflection operation 1105, the generation
apparatus may compare to the protection domain determined
in operation 1101 based on the interference effect deter-
mined in consideration of the operating situation of the new
radio station.

[0167] In existing protection domain change necessity
operation 1106, the generation apparatus may determine
whether to change the protection domain determined in
operation 1101. When the interference effect of the unit
domain that is not determined as the protection domain in
operation 1101 is calculated in operation 1104, if the inter-
ference effect is greater than a threshold, the protection
domain determined in operation 1101 may be changed in
protection domain calculation operation 1107, and the pro-
tection domain may be defined again in protection domain
definition operation 1102.

[0168] In RLAN new registration standby operation 1108,
after all protection domains are determined, the generation
apparatus may be on standby until information on another
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new radio station is received. When the information on the
other new radio station is received, operations of FIG. 11
may be performed again.

[0169] FIG. 12 is a flowchart illustrating a method of
determining a protection domain based on an access point of
a new radio station according to an example embodiment.
[0170] In static protection domain calculation operation
1201, a generation apparatus may statically determine a
protection domain. For example, a protection domain of an
existing radio station may be determined based on a recep-
tion mask of the existing radio station and transmission
power, locations, and transmission masks of new radio
stations of which location information is received.

[0171] In protection domain definition operation 1202, the
generation apparatus may define a protection domain deter-
mined based on a threshold and an interference effect for
each unit domain. In RLAN operation registration operation
1203, the generation apparatus may register an operating
situation of a new radio station (ex) RLAN). Specifically, the
generation apparatus may collect information on whether the
new radio station is indoor or outdoor, a location, a height,
a service domain, and the like of the new radio station.
[0172] In RLAN service domain calculation operation
1204, the generation apparatus may collect a service domain
of a new radio station that does not belong to a protection
domain among new radio stations, such as an access point.
In overlap-with-protection-domain operation 1205, whether
the service domain of the new radio station overlaps the
protection domain of the existing radio station may be
determined.

[0173] When the service domain of the new radio station
overlaps the protection domain of the existing radio station,
in protection domain expansion processing or available
channel information correction operation 1206, the genera-
tion apparatus may correct the protection domain and
change information on a channel available to the new radio
station. Alternatively, since it may vary based on an opera-
tion of the new radio station, instead of the protection
domain or the information of the channel, information
provided to the new radio station may be changed.

[0174] When the service domain of the new radio station
does not overlap the protection domain of the existing radio
station, in existing protection domain maintenance or avail-
able channel information maintenance operation 1207, the
generation apparatus may maintain the protection domain
and maintain the information on the channel available to the
new radio station.

[0175] FIG. 13 is a flowchart illustrating a method of
determining a protection domain based on an access point of
a new radio station and a cumulative interference effect
according to an example embodiment.

[0176] In static protection domain calculation operation
1301, a generation apparatus may statically determine a
protection domain. For example, a protection domain of an
existing radio station may be determined based on a recep-
tion mask of the existing radio station and transmission
power, locations, and transmission masks of new radio
stations of which location information is received.

[0177] In protection domain definition operation 1302, the
generation apparatus may define a protection domain deter-
mined based on a threshold and an interference effect for
each unit domain. In RLAN operation registration operation
1303, the generation apparatus may register an operating
situation of a new radio station (ex) RLAN). Specifically, the
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generation apparatus may collect information on whether the
new radio station is indoor or outdoor, a location, a height,
a service domain, and the like of the new radio station.
[0178] In RLAN service domain calculation operation
1304, the generation apparatus may collect a service domain
of a new radio station that does not belong to a protection
domain among new radio stations such as an access point. In
overlap-with-protection-domain operation 1305, whether
the service domain of the new radio station overlaps the
protection domain of the existing radio station may be
determined.

[0179] When the service domain of the new radio station
overlaps the protection domain of the existing radio station,
in protection domain expansion processing or available
channel information correction operation 1306, the genera-
tion apparatus may correct the protection domain and
change information on an available channel to be used in the
new radio station. Alternatively, since it may vary based on
an operation of the new radio station, instead of the protec-
tion domain or channel information, information provided to
the new radio station may be changed.

[0180] In operation 1307 of calculating and storing an
RLAN interference effect, the generation apparatus may
register an operating situation for each new radio station.
Specifically, the generation apparatus may collect informa-
tion on whether new radio stations are indoor or outdoor,
locations, heights, service domains, and the like of the new
radio stations.

[0181] When the service domain of the new radio station
does not overlap the protection domain of the existing radio
station, in protection domain expansion processing or avail-
able channel information correction operation 1308, the
generation apparatus may determine a cumulative interfer-
ence effect for each unit domain in consideration of opera-
tions of a plurality of new radio stations.

[0182] In interference-effect-exceeding-criterion opera-
tion 1309, the generation apparatus may determine whether
the cumulative interference effect exceeds a threshold. In
protection domain expansion processing or available chan-
nel information correction operation 1306, when the cumu-
lative interference effect exceeds the threshold, the protec-
tion domain and information on a channel available to the
new radio station may be corrected.

[0183] In existing protection domain maintenance or
available channel information maintenance operation 1310,
when the cumulative interference effect does not exceed the
threshold, the generation apparatus may maintain the pro-
tection domain and maintain the information on the channel
available to the new radio station.

[0184] FIG. 14 is a diagram illustrating an example of a
protection domain determined based on a cumulative inter-
ference effect according to an example embodiment.
[0185] According to an example embodiment, a genera-
tion apparatus may determine a cumulative interference
effect based on a location and an operation parameter of a
new radio station. The operation parameter may include
whether being located indoors or outdoors, an antenna
pattern, an antenna directivity, a height, an output level, an
installation height, a bandwidth, and an indoor building
characteristic. An interference effect according to the opera-
tion parameter may be determined in advance based on
previous statistics. The operation parameter may be deter-
mined based on an actual measurement value and also be
determined by a user in advance.
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[0186] According to an example embodiment, the genera-
tion apparatus may determine a protection domain of an
existing radio station for a specific new radio station and
additionally set a protection domain based on an interference
effect caused by another new radio station among unit
domains that are not determined as a protection domain.

[0187] The generation apparatus may determine a protec-
tion domain of an existing radio station for a specific new
radio station and determine a new protection domain among
unit domains that are not determined as a protection domain
when an interference effect caused by another new radio
station is greater than a threshold.

[0188] According to an example embodiment, when deter-
mining a protection domain based on a single interference
effect, the generation apparatus may set a relatively low
threshold and determine a protection domain. The protection
domain may be widen compared to before the threshold is
lowered. The generation apparatus may correct the deter-
mined protection domain by calculating a cumulative inter-
ference effect for each unit domain.

[0189] Referring to FIG. 14, a protection domain 1401
determined based on an initial threshold may be determined
and a protection domain 1402 may be added according to the
threshold corrected in consideration of the cumulative inter-
ference effect.

[0190] FIG. 15 is a flowchart illustrating a process of
determining a protection domain again in response to a
threshold being corrected according to an example embodi-
ment.

[0191] In operation 1501 of selecting, identifying, or cal-
culating a single interference protection domain, a genera-
tion apparatus may determine a protection domain based on
a single interference effect for each unit domain. In opera-
tion 1502 of performing RLAN deployment except for a
single interference protection domain in an analysis domain,
the generation apparatus may identify a new radio station
located in a unit domain instead of the determined protection
domain.

[0192] In operation 1503 of analyzing an interference
effect, the generation apparatus may calculate an interfer-
ence effect caused by the new radio station located in the
unit domain instead of the determined protection domain. In
repetitive execution count end operation 1504, the genera-
tion apparatus may compare the number of times that the
interference effect on the new radio station located in the
unit domain instead of the determined protection domain is
calculated to the predetermined number of repetitive execu-
tions.

[0193] When the number of times that the interference
effect on the new radio station located in the unit domain
instead of the determined protection domain is calculated is
greater than the predetermined number of repetitive execu-
tions, operations 1502 through 1504 may be performed for
another new radio station.

[0194] When the number of times that the interference
effect on the new radio station located in the unit domain
instead of the determined protection domain is calculated is
equal to the predetermined number of repetitive executions,
in operation 1505 of analyzing a cumulative interference
effect and comparing it to a threshold, the generation appa-
ratus may determine a cumulative interference effect for
each unit domain in consideration of all new radio stations
included in the analysis domain.
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[0195] In addition, for each unit domain, the generation
apparatus may compare the interference effect determined in
operation 1501 and the interference effect determined in
operation 1504. In existing protection domain change neces-
sity operation 1506, the generation apparatus may determine
whether to change the interference effect determined in
operation 1501.

[0196] In protection domain calculation operation 1507,
for each unit domain, when the interference effect deter-
mined in operation 1501 is greater than the interference
effect determined in operation 1504, the generation appara-
tus may determine a protection domain based on the inter-
ference effect determined in operation 1501.

[0197] For each unit domain, when the interference effect
determined in operation 1501 is less than the interference
effect determined in operation 1504, the generation appara-
tus may perform single interference protection domain cri-
terion correction operation 1508. In single interference pro-
tection domain criterion correction operation 1508, the
generation apparatus may correct the threshold used in
operation 1501 and compare the single interference effect to
the corrected threshold, thereby determining a protection
domain again.

[0198] FIG. 16 is a flowchart illustrating a process of
correcting a protection domain based on a cumulative inter-
ference effect according to an example embodiment.
[0199] In operation 1601 of selecting, identifying, or cal-
culating a single interference protection domain, a genera-
tion apparatus may determine a protection domain based on
a single interference effect for each unit domain. In opera-
tion 1602 of performing RLAN deployment except for a
single interference protection domain in an analysis domain,
the generation apparatus may identify a new radio station
located in a unit domain instead of the determined protection
domain.

[0200] In operation 1603 of analyzing an interference
effect, the generation apparatus may calculate an interfer-
ence effect caused by the new radio station located in the
unit domain instead of the determined protection domain. In
repetitive execution count end operation 1604, the genera-
tion apparatus may compare the number of times that the
interference effect on the new radio station located in the
unit domain instead of the determined protection domain is
calculated to the predetermined number of repetitive execu-
tions.

[0201] When the number of times that the interference
effect on the new radio station located in the unit domain
instead of the determined protection domain is calculated is
greater than the predetermined number of repetitive execu-
tions, operations 1602 through 1604 may be performed for
another new radio station.

[0202] When the number of times that the interference
effect on the new radio station located in the unit domain
instead of the determined protection domain is calculated is
equal to the predetermined number of repetitive executions,
in operation 1605 of analyzing a cumulative interference
effect and comparing it to a threshold, the generation appa-
ratus may determine a cumulative interference effect for
each unit domain in consideration of all new radio stations
included in the analysis domain.

[0203] In addition, for each unit domain, the generation
apparatus may compare the interference effect determined in
operation 1601 and the interference effect determined in
operation 1604. In existing protection domain change neces-
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sity operation 1606, the generation apparatus may determine
whether to change the interference effect determined in
operation 1601.

[0204] In protection domain calculation operation 1609,
for each unit domain, when the interference effect deter-
mined in operation 1601 is greater than the interference
effect determined in operation 1604, the generation appara-
tus may determine a protection domain based on the inter-
ference effect determined in operation 1601.

[0205] When the interference effect determined in opera-
tion 1601 is less than the interference effect determined in
operation 1604, the generation apparatus may perform main
interference occurrence additional unit domain analysis
operation 1607. In main interference occurrence additional
unit domain analysis operation 1607, the generation appa-
ratus may determine a unit domain that satisfies one of i) a
unit domain having a greatest cumulative interference effect
among repetition counts, ii) a unit domain in which a
cumulative interference effect is greater than or equal to a
predetermined value, iii) a unit domain in which a cumula-
tive interference effect greater than or equal to a predeter-
mined value occurs the predetermined number of times or
more among repetition counts, and iv) as a cumulative
interference analysis result, at the repetition higher than a
threshold, a unit domain corresponding to the greatest cumu-
lative interference effect or an interference effect greater
than or equal to a predetermined range.

[0206] In operation 1608 of adding a selected additional
unit domain to a single interference protection domain, the
generation apparatus may add the determined unit domain to
be a protection domain. It is possible to determine as a
protection domain additionally. And then, operations 1601
through 1606 may be performed again.

[0207] FIG. 17 is a diagram illustrating an example of
expanding a protection domain according to an example
embodiment.

[0208] According to an example embodiment, when cor-
recting a protection domain 1703 determined based on a
single interference effect, a generation apparatus may cal-
culate a cumulative interference effect of a unit domain that
is not the protection domain 1703 based on the predeter-
mined number of new radio stations 1702 among new radio
stations that do not belong to the protection domain 1703.
[0209] According to an example embodiment, the genera-
tion apparatus may calculate a cumulative interference effect
based on a unit domain that corresponds to a relatively large
cumulative interference effect or located at a boundary of the
protection domain among unit domains that are not the
protection domain 1703. When a cumulative interference
effect of a specific unit domain 1704 is greater than a
threshold, the generation apparatus may add the specific unit
domain 1704 to be the protection domain 1703.

[0210] FIG. 18 is a flowchart illustrating a process of
correcting a protection domain according to an example
embodiment.

[0211] In operation 1801 of selecting, identifying, or cal-
culating a single interference protection domain, a genera-
tion apparatus may determine a protection domain based on
a single interference effect for each unit domain. In opera-
tion 1802 of analyzing a cumulative interference effect and
determining the number of RLAN, the generation apparatus
may determine the number of radio stations to be taken into
consideration when calculating a cumulative interference
effect.
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[0212] In operation 1803 of determining a condition unit
domain, the generation apparatus may determine a unit
domain adjacent to the unit domain determined as the
protection domain in operation 1801 or a unit domain likely
to have a high cumulative interference effect, to be a
condition unit domain.

[0213] In RLAN deployment operation 1804, the genera-
tion apparatus may collect information on the new radio
station determined in operation 1802. In operation 1805 of
analyzing an interference effect, the generation apparatus
may calculate a single interference effect for the determined
new radio station.

[0214] Based on the new radio station determined in
operation 1802, the generation apparatus may determine a
cumulative interference effect of the unit domain determined
in operation 1805. At this time, it may be repeated such that
the cumulative interference effect is accurately determined
through operation 1806 of terminating repetitive execution.
[0215] When the cumulative interference effect is deter-
mined, in operation 1807 of analyzing a cumulative inter-
ference effect and analyzing a threshold, the generation
apparatus may compare the cumulative interference effect of
the unit domain and the threshold. In existing protection
domain change necessity operation 1808, the generation
apparatus may determine whether to change the interference
effect determined in operation 1801.

[0216] In protection domain calculation operation 1809,
for a unit domain, when the interference effect determined in
operation 1801 is greater than the interference effect deter-
mined in operation 1804, the generation apparatus may
determine a protection domain based on the interference
effect determined in operation 1801.

[0217] For the unit domain, when the interference effect
determined in operation 1801 is not greater than the inter-
ference effect determined in operation 1804, the generation
apparatus may perform main interference occurrence addi-
tional unit domain analysis operation 1810. In main inter-
ference occurrence additional unit domain analysis opera-
tion 1810, the generation apparatus may identify a unit
domain of the cumulative interference effect determined in
operation 1807. In operation 1811 of adding a selected
additional unit domain to a single interference protection
domain, the generation apparatus may determine the iden-
tified unit domain to be a protection domain.

[0218] FIG. 19 is a diagram illustrating an example of a
reception antenna pattern of an existing radio station receiv-
ing a primary service according to an example embodiment.
[0219] When a receiving antenna pattern of an existing
radio station receiving a primary service is oriented in a
predetermined direction, a protection domain may be deter-
mined based on the predetermined direction and a concentric
circle 1901 around the existing radio station. Referring to
FIG. 19, the receiving antenna pattern of the existing radio
station may be in a zero-degree direction (upper). In this
case, the protection domain may be determined based on the
receiving antenna pattern of the existing radio station.
[0220] FIG. 20 is a flowchart illustrating a process of
determining a protection domain for a predetermined num-
ber of new radio stations without an initial protection
domain according to an example embodiment.

[0221] In operation 2001 of determining an RLAN
deployment domain, a generation apparatus may collect
information about a new radio station included in an analysis
domain. In RLAN deployment operation 2002, the genera-
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tion apparatus may select a predetermined new radio station.
From the new radio station, the generation apparatus may
receive information on the new radio station.

[0222] In operation 2003 of analyzing an interference
effect, the generation apparatus may determine a single
interference effect for each unit domain of the predetermined
new radio station. In repetitive execution count end opera-
tion 2004, the generation apparatus may calculate a single
interference effect for each unit domain with respect to
another new radio station included in an analysis domain
until reaching the number of repetitions.

[0223] In operation 2005 of analyzing a cumulative inter-
ference effect and comparing it to a threshold, the generation
apparatus may determine a cumulative interference effect by
calculating a total single interference effect for each unit
domain due to all the new radio stations in the analysis
domain.

[0224] In existing protection domain change necessity
operation 2006, the generation apparatus may determine
whether to change a protection domain determined using the
single interference effect, based on the cumulative interfer-
ence effect determined in operation 2005.

[0225] In protection domain calculation operation 2007,
when a difference between the single interference effect and
the cumulative interference effect determined for the unit
domain in operation 2005 is less than or equal to a prede-
termined criterion, the generation apparatus may determine
the unit domain to be the protection domain determined
based on the single interference effect.

[0226] In main interference occurrence additional unit
domain analysis operation 2008, when a difference between
the single interference effect and the cumulative interference
effect determined for the unit domain in operation 2005 is
greater than the predetermined criterion, the generation
apparatus may identify unit domains adjacent to the protec-
tion domain determined based on the single interference
effect.

[0227] In operation 2009 of adding a selected additional
unit domain to a single interference protection domain, the
generation apparatus may calculate the interference effect
again for the identified unit domain in consideration of
whether being located indoors or outdoors, a service
domain, and a height of the new radio station and add the
identified unit domain to the protection domain when the
interference effect is greater than or equal to a threshold.
[0228] In operation 2010 of selecting, identifying, or cal-
culating an interference or protection domain, the generation
apparatus may identify adjacent unit domains based on the
added protection domain and perform operation 2001 again.
[0229] FIGS. 21A-12D are diagrams illustrating examples
of setting a predetermined interference domain and deter-
mining a final protection domain based on the set interfer-
ence domain according to an example embodiment.

[0230] An interference domain may be composed of unit
domains and may refer to a predetermined domain included
in an analysis domain. A generation apparatus may set a
plurality of interference domains in the analysis domain and
determine a final protection domain 2108 based on an
interference effect determined in each interference domain.
[0231] Forexample, the interference domain is not limited
to a specific shape and may be defined as a general shape
such as a square or a circle, a sector shape in a specific
direction, a predetermined model, or an equation. Referring
to of FIG. 21A, the interference domain may be defined as
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a circle (a first interference domain 2102) including an
existing radio station 2101 on a center and a quadrangle (a
second interference domain 2103) formed in an antenna-
oriented direction of a receiving antenna of the existing
radio station 2101.

[0232] For example, referring to FIG. 21B, the generation
apparatus may receive information on the new radio stations
2105 of an analysis domain 2104 including the second
interference domain 2103. The generation apparatus may
expand the second interference domain 2103 based on a
cumulative interference effect caused by the new radio
stations 2105 of the analysis domain 2104.

[0233] For example, referring to FIG. 21C, the generation
apparatus may receive information on the new radio stations
2105 of an analysis domain 2107 including the first inter-
ference domain 2102. The generation apparatus may expand
the first interference domain 2102 based on a cumulative
interference effect caused by the new radio stations 2105 of
the analysis domain 2107.

[0234] To expand an interference effect, the generation
apparatus may compare the cumulative interference effect
and a threshold. The generation apparatus may expand the
interference effect until the cumulative interference effect
for each unit domain of the first interference domain 2102 or
the second interference domain 2103 is smaller than the
threshold.

[0235] The generation apparatus may apply different
thresholds when expanding the first interference domain
2102 and the second interference domain 2103. A threshold
used for each interference domain may be determined based
on a popularity density of the analysis domain 2107 includ-
ing the interference domain and an expected protection
domain. The expected protection domain may be determined
based on a single interference effect or an antenna pattern of
a primary service. Referring to FIG. 21D, the generation
apparatus may determine the final protection domain 2108
based on the expanded first interference domain 2102 and
second interference domain 2103.

[0236] FIG. 22 is a flowchart illustrating a process of
setting a predetermined interference domain and determin-
ing a final protection domain based on the set interference
domain according to an example embodiment.

[0237] In operation 2201 of classifying N domains, defin-
ing M-time sequential analysis, and defining thresholds
Th(m, n) where m=n=0, the generation apparatus may set N
interference domains in an analysis domain, define the
number of times for sequential analysis, and define a thresh-
old used for each sequential analysis of each interference
domain. The sequential analysis may refer to a process of
expanding an interference domain according to a cumulative
interference effect.

[0238] In operation 2202 of performing an m-th analysis
on interference of an n-th domain, the generation apparatus
performs an m-th sequential analysis for an n-th interference
domain. In interference effect criterion satisfaction Th(m,n)
operation 2203, the generation apparatus may determine
whether the cumulative interference effect determined in the
m-th sequential analysis of the n-th interference domain is
less than a threshold.

[0239] When the cumulative interference effect deter-
mined in the m-th sequential analysis of the n-th interference
domain is greater than the threshold, the generation appa-
ratus may expand a protection domain in protection domain
expansion operation 2204. When the cumulative interfer-



US 2021/0274509 Al

ence effect determined in the m-th sequential analysis of the
n-th interference domain is less than the threshold, the
generation apparatus may increase an index of an interfer-
ence domain in operation 2205 of n=n+1.

[0240] Also, in operation 2206 of n=N, when the m-th
sequential analysis is not performed for all interference
domains, the generation apparatus may identify a protection
domain in protection domain identification operation 2207
and perform operation 2202 on a next interference domain.
When the sequential analysis is performed on all interfer-
ence domains, the generation apparatus may increase an
index of the sequential analysis in operation 2208 of m=m+
1

[0241] When the sequential analysis is not performed M
times in operation 2209 of m=M, the generation apparatus
may set the index of the interference domain to zero in
operation 2210 of identifying a protection domain, where
n=0 and perform an (m+1)-th sequential analysis on all the
interference domains.

[0242] When the sequential analysis is not performed M
times in m=M operation 2209, the generation apparatus may
determine a protection domain by combining the analyzed
interference domains in n=0, protection domain calculation
2211. According to another example embodiment, when
performing a sequential analysis, the generation apparatus
may analyze an interference effect to be in three dimensions.

[0243] FIG. 23 illustrates examples of determining a pro-
tection domain according to an example embodiment.

[0244] A generation apparatus may determine a protection
domain using embodiments illustrated in FIG. 23. In
embodiment 2301, to determine a protection domain, the
generation apparatus may use embodiment 2302 of deter-
mining a protection domain based on a single interference
effect or embodiment 2303 of determining a protection
domain based on a cumulative interference effect.

[0245] In embodiment 2302 of determining a protection
domain based on a single interference effect, the generation
apparatus may use static protection domain embodiment
2304 or dynamic protection domain embodiment 2305. A
static protection domain may be a protection domain deter-
mined based on a result of comparison between a single
interference effect and a threshold irrespective of an oper-
ating situation (e.g., whether being located indoors or out-
doors, a service domain, etc.) of a new radio station. A
dynamic protection domain may be a protection domain
determined based on a result of comparison between a single
interference effect and a threshold based on an operating
situation (e.g., whether being located indoors or outdoors, a
service domain, etc.) of a new radio station.

[0246] In static protection domain embodiment 2304, the
generation apparatus may use 2D protection domain
embodiment 2306 or 3D protection domain embodiment
2307. 2D protection domain embodiment 2306 may be an
embodiment of determining a protection domain according
to an interference effect calculated irrespective of a height of
the new radio station. 3D protection domain embodiment
2307 may be an embodiment of determining a protection
domain according to an interference effect calculated based
on the height of the new radio station.

[0247] In static protection domain embodiment 2304, the
generation apparatus may use 2D and 3D protection domain
embodiment 2308. In 2D and 3D protection domain embodi-
ment 2308, the generation apparatus may determine a pro-
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tection domain based on the operating situation and the
height of the new radio station.

[0248] In embodiment 2302 of determining a protection
domain based on a cumulative interference effect, the gen-
eration apparatus may use embodiment 2309 of calculating
a protection domain by correcting a protection domain
determined based on a single interference effect or embodi-
ment 2310 of determining a protection domain based on a
cumulative interference effect.

[0249] In embodiment 2309 of calculating a protection
domain by correcting a protection domain determined based
on a single interference effect, the generation apparatus may
use static, dynamic, 2D, and 3D protection domain embodi-
ment 2311. In static, dynamic, 2D, and 3D protection
domain embodiment 2311, the generation apparatus may
consider a reception mask and a center frequency of the
existing radio station, and transmission power, a transmis-
sion mask, whether being located indoors or outdoors, a
height, a location, a center frequency, and a bandwidth of the
new radio station when determining the cumulative inter-
ference effect.

[0250] In embodiment 2310 of determining a protection
domain based on a cumulative interference effect, the gen-
eration apparatus may use static, dynamic, 2D, and 3D
protection domain embodiment 2312. In static, dynamic,
2D, and 3D protection domain embodiment 2312, the gen-
eration apparatus may consider a reception mask and a
center frequency of the existing radio station, and transmis-
sion power, a transmission mask, whether being located
indoors or outdoors, a height, a location, a center frequency,
and a bandwidth of the new radio station when determining
the cumulative interference effect.

[0251] FIG. 24 is a flowchart illustrating a method of
generating shared information according to an example
embodiment.

[0252] In operation 2401 of defining various domains,
parameters, conditions, and the like, a generation apparatus
may set an analysis domain based on an existing radio
station, determine conditions such as an output level, an
antenna height, an antenna pattern, an antenna gain, and an
antenna oriented direction of a new radio station in advance,
and receive parameters such as a reception mask and a center
frequency of the existing radio station, and a transmission
mask, a bandwidth, a center frequency, and transmission
power of new radio stations.

[0253] Inoperation 2402 of analyzing an attenuation effect
per unit reference bandwidth for each unit domain, the
generation apparatus may determine an attenuation effect
per unit reference bandwidth due to a reception mask of the
existing radio station. The generation apparatus may deter-
mine the attenuation effect per unit reference bandwidth for
each unit domain.

[0254] In operation 2403 of calculating an attenuation
effect table per unit reference bandwidth for each unit
domain, the generation apparatus may generate an attenua-
tion effect table based on the attenuation effect per unit
reference bandwidth. The attenuation effect table may define
an attenuation effect according to a center frequency and a
bandwidth.

[0255] In operation 2404 of analyzing an interference
effect for each unit domain, the generation apparatus may
calculate a single interference effect for each unit domain.
The generation apparatus may determine the single interfer-
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ence effect based on transmission power of the new radio
station, a path loss, and the attenuation effect.

[0256] When the attenuation effect per unit reference
bandwidth is determined, the generation apparatus may
determine the single interference effect based on a power
density indicating a power intensity per unit reference
bandwidth.

[0257] In operation 2405 of calculating a single interfer-
ence protection domain, the generation apparatus may deter-
mine a protection domain based on the single interference
effect. The generation apparatus may compare the single
interference effect to a threshold. When a single interference
effect of a unit domain is greater than a threshold, the
generation apparatus may determine the unit domain to be a
protection domain.

[0258] When calculating the single interference effect, the
generation apparatus may determine the single interference
effect to be in three dimensions based on a height of the new
radio station. The generation apparatus may correct the
determined protection domain based on the single interfer-
ence effect determined as being in three dimensions. The
generation apparatus may generate a separate protection
domain for each frequency of a primary service that requires
protection and generate a protection domain by integrating
protection domains determined based on frequencies.
[0259] Inoperation 2406 of calculating a cumulative inter-
ference protection domain, the generation apparatus may
calculate a cumulative interference effect by new radio
stations included in the analysis domain and change the
protection domain based on the cumulative interference
effect. In operation 2407 of calculating a 1** primary service
radio station protection domain, the generation apparatus
may determine a protection domain for the existing radio
station.

[0260] In operation 2408 of calculating an N-th primary
service radio station protection domain, the generation appa-
ratus may determine a new protection domain based on
another existing radio station. In operation 2409 of calcu-
lating frequency sharing domain shared information, the
generation apparatus may determine shared information to
be used by the new radio station to protect the primary
service of existing radio stations.

[0261] In operation 2410 of allowing calculation of a
protection domain based on a specific frequency or a pri-
mary service radio station, the generation apparatus may
determine a protection domain for protecting a specific
frequency of the primary service based on the shared infor-
mation. The new radio station may be restricted on com-
munication using a specific frequency in the protection
domain for protecting the specific frequency of the primary
service.

[0262] In operation 2411 of allowing calculation of avail-
able frequency and channel information for each partial
domain or a specific unit domain, the generation apparatus
may determine a frequency and a channel available to the
new radio station in the specific unit domain of the primary
service based on the shared information. The generation
apparatus may use the frequency and the channel available
to the new radio station in a unit domain based on the
protection domain determined in consideration of reception
masks of various existing radio stations for each unit
domain.

[0263] In operation 2412 of allowing calculation of
acceptable power level or density information per specific
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domain and specific frequency, the generation apparatus
may determine a power level and a power density to be used
by the new radio station for each specific frequency based on
the shared information. The power level may refer to an
output level of transmission power in a unit reference
bandwidth of the new radio station. The power density may
be determined to correspond to the power level. When the
generation apparatus determines the cumulative interference
effect, the transmission power of the new radio station may
be taken into consideration. Thus, the generation apparatus
may determine a power level and a power density available
to the new radio station in accordance with a protection
domain.

[0264] FIG. 25 is a diagram illustrating an example of a
transmission mask, an analysis domain, and a protection
domain of an existing radio station according to an example
embodiment.

[0265] (a) of FIG. 25 shows a reception mask 2501 of an
existing radio station 2506, a reception mask 2502 of an
existing radio station 2507, and a bandwidth of a new radio
station. (b) of FIG. 25 shows an analysis domain 2508 of the
existing radio station 2506 and an analysis domain 2509 of
the existing radio station 2507. The analysis domains 2508
and 2509 may include unit domains 2505 of an entire
domain 2504 sharing a frequency.

[0266] FIGS. 26A-26F are diagrams illustrating examples
of a table showing an attenuation effect and an interference
effect according to an example embodiment.

[0267] FIG. 26 A shows a transmission power density 2602
of a new radio station for each unit reference bandwidth.
FIG. 26B shows an example in which the transmission
power density 2602 of the new radio station is attenuated
due to a reception mask 2601 of an existing radio station.

[0268] FIG. 26C shows an example of an attenuation
effect table based on a unit domain and a frequency. A
generation apparatus may generate an attenuation effect
table by calculating an attenuation effect per unit reference
bandwidth based on a frequency for each unit domain.

[0269] FIG. 26D is an interference effect table showing an
interference effect determined for each unit domain. FIG.
26FE shows an analysis domain 2605 of an existing radio
station 2604. The analysis domain 2605 may include unit
domains 2606 of an entire domain 2603 sharing a frequency.

[0270] FIGS. 27A-27D are diagrams illustrating examples
of correcting a protection domain of an existing radio station
according to an example embodiment.

[0271] FIG. 27A shows an example of a protection domain
2702 of an existing radio station 2701 determined based on
a single interference effect. FIG. 27B shows a partial pro-
tection domain 2703 added according to a cumulative inter-
ference effect or an operating situation of a new radio
station.

[0272] FIG. 27D shows that a protection domain 2706 of
an existing radio station 2705 is determined based on a
single interference effect and a partial protection domain
2707 is added due to a cumulative interference effect.

[0273] FIG. 27C shows a result of combining the protec-
tion domain 2702 and 2706 of the existing radio stations
2701 and 2705. In a domain Pa of FIG. 27, a new radio
station may be restricted from using a frequency correspond-
ing to K, K being a center frequency of the existing radio
station 2701. If a center frequency of the existing radio
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station 2705 is M, in a domain Pd of FIG. 27, a new radio
station may be restricted from using a frequency correspond-
ing to M.

[0274] If the center frequency of the existing radio station
2701 is K and the center frequency of the existing radio
station 2705 is M, the new radio station may be restricted
from using frequencies corresponding to K and M in a
domain Pc of FIG. 27 and may use the frequencies corre-
sponding to K and M in a domain Pb.

[0275] FIG. 28A-28D are diagrams illustrating examples
of determining a bandwidth of a channel or a frequency to
be used by a new radio station in a unit domain or deter-
mining a power level according to an example embodiment.
[0276] FIG. 28A shows a reception mask 2801 for primary
service reception of an existing radio station, a unit reference
bandwidth 2802, and bandwidths 2803 of different channels
F1, F2, and F3 in which a new radio station operates. FIG.
28B shows a level of an interference effect determined
according to an attenuation effect. An attenuated bandwidth
2804 of the new radio station may cause interference in the
primary service reception of the existing radio station.
[0277] FIG. 28C shows a channel 2805 that is unavailable
to the new radio station to protect a primary service. FIG.
28D shows an example of adjusting a transmission power
level of the new radio station based on the unavailable
channel 2805. A generation apparatus may determine a
transmission power density for a bandwidth based on the
unavailable channel 2805. For example, even if a specific
channel is unavailable by a protection domain, the new radio
station may use the channel by adjusting the transmission
power, an output level, and the transmission power density.
[0278] FIG. 29 is a diagram illustrating an example of a
table of interference effects per unit domain determined
based on different parameters according to an example
embodiment.

[0279] An interference effect table 2901 may include a
value of a single interference effect according to a bandwidth
of a channel of a new radio station for each unit domain. An
interference effect table 2902 may include a value of a single
interference effect according to a height of a new radio
station for each unit domain.

[0280] An interference effect table 2903 may include a
value of a single interference effect of'a new radio station for
each unit domain. An interference effect table 2904 may
include a value of a single interference effect with time for
each unit domain. An interference effect table 2905 may
include a value of a single interference effect based on a
different existing radio station for each unit domain.
[0281] The method according to example embodiments
may be embodied as a program that is executable by a
computer and may be implemented as various recording
media such as a magnetic storage medium, an optical
reading medium, and a digital storage medium.

[0282] The components described in the example embodi-
ments may be implemented by hardware components
including, for example, at least one digital signal processor
(DSP), a processor, a controller, an application-specific
integrated circuit (ASIC), a programmable logic element,
such as a field programmable gate array (FPGA), other
electronic devices, or combinations thereof. At least some of
the functions or the processes described in the example
embodiments may be implemented by software, and the
software may be recorded on a recording medium. The
components, the functions, and the processes described in
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the example embodiments may be implemented by a com-
bination of hardware and software.

[0283] Various techniques described herein may be imple-
mented in digital electronic circuitry, or in computer hard-
ware, firmware, software, or in combinations thereof. The
techniques may be implemented as a computer program
product, i.e., a computer program tangibly embodied in a
machine-readable storage device (for example, a computer-
readable medium) or in a propagated signal, for processing
by, or to control an operation of, a data processing apparatus,
e.g., a programmable processor, a computer, or multiple
computers. A computer program, such as the computer
program(s) described above, may be written in any form of
a programming language, including compiled or interpreted
languages, and may be deployed in any form, including as
a stand-alone program or as a module, a component, a
subroutine, or other units suitable for use in a computing
environment. A computer program may be deployed to be
processed on one computer or on multiple computers at one
site or distributed across multiple sites and interconnected
by a communication network.

[0284] Processors suitable for processing of a computer
program include, by way of example, both general and
special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a
processor will receive instructions and data from a read-only
memory or a random-access memory or both. Elements of a
computer may include at least one processor for executing
instructions and one or more memory devices for storing
instructions and data. Generally, a computer also may
include, or be operatively coupled to receive data from or
transfer data to, or both, one or more mass storage devices
for storing data, e.g., magnetic, magneto-optical disks, or
optical disks. Examples of information carriers suitable for
embodying computer program instructions and data include
semiconductor memory devices, e.g., magnetic media such
as hard disks, floppy disks, and magnetic tape, optical media
such as a compact disk read-only memory (CD-ROM) or
digital video disks (DVDs), magneto-optical media such as
floptical disks, read-only memory (ROM), random-access
memory (RAM), flash memory, erasable programmable
ROM (EPROM), or electrically erasable programmable
ROM (EEPROM). The processor and the memory may be
supplemented by, or incorporated in special purpose logic
circuitry.

[0285] In addition, non-transitory computer-readable
media may be any available media that may be accessed by
a computer and may include all computer storage media.

[0286] The present specification includes details of a num-
ber of specific implements, but it should be understood that
the details do not limit any invention or what is claimable in
the specification but rather describe features of the specific
example embodiment. Features described in the specifica-
tion in the context of individual example embodiments may
be implemented as a combination in a single example
embodiment. In contrast, various features described in the
specification in the context of a single example embodiment
may be implemented in multiple example embodiments
individually or in an appropriate sub-combination. Further-
more, the features may operate in a specific combination and
may be initially described as claimed in the combination, but
one or more features may be excluded from the claimed
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combination in some cases, and the claimed combination
may be changed into a sub-combination or a modification of
a sub-combination.

[0287] Similarly, even though operations are described in
a specific order on the drawings, it should not be understood
as the operations needing to be performed in the specific
order or in sequence to obtain desired results or as all the
operations needing to be performed. In a specific case,
multitasking and parallel processing may be advantageous.
In addition, it should not be understood as requiring a
separation of various apparatus components in the above-
described example embodiments in all example embodi-
ments, and it should be understood that the above-described
program components and apparatuses may be incorporated
into a single software product or may be packaged in
multiple software products.

[0288] It should be understood that example embodiments
disclosed herein are merely illustrative and are not intended
to limit the scope of the disclosure. It will be apparent to
those skilled in the art that various modifications of the
example embodiments may be made without departing from
the spirit and scope of the claims and their equivalents.

What is claimed is:

1. A method of generating shared information, the method
comprising:

determining an attenuation effect on transmission power

of a new radio station due to a reception mask of an
existing radio station;

calculating an interference effect of the existing radio

station due to the new radio station using the attenua-
tion effect;

determining a protection domain of the existing radio

station according to the interference effect; and
generating shared information to be used by the new radio
station based on the protection domain,

wherein the protection domain is a domain in which a

frequency available to the new radio station is
restricted.

2. The method of claim 1, wherein the determining of the
attenuation effect comprises determining an attenuation
effect based on at least one of the reception mask of the
existing radio station, a transmission mask of the new radio
station, a difference between a center frequency of the new
radio station and a center frequency of the existing radio
station, a bandwidth of the new radio station, and the
transmission power of the new radio station.

3. The method of claim 1, wherein the determining of the
attenuation effect comprises determining the attenuation
effect by calculating a total attenuation effect per unit
reference bandwidth for each frequency.

4. The method of claim 1, wherein the calculating of the
interference effect comprises determining the interference
effect based on i) a difference between the transmission
power of the new radio station and the attenuation effect and
ii) a path loss interference effect according to a distance
between a location of the new radio station and the existing
radio station.

5. The method of claim 1, wherein when the new radio
station is a plurality of new radio stations, the calculating of
the interference effect comprises calculating a total interfer-
ence effect for each of the new radio stations.

6. The method of claim 1, wherein the calculating of the
interference effect comprises determining the interference
effect for each unit domain using the attenuation effect, and
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the protection domain comprises unit domains in which
the interference effect is higher than a threshold.

7. The method of claim 6, wherein the calculating of the
interference effect comprises determining an interference
effect on the unit domain using one of whether the new radio
station is indoor or outdoor, a service domain of the new
radio station, and a height of the new radio station.

8. The method of claim 6, wherein the determining of the
protection domain comprises correcting the determined pro-
tection domain based on interference effects of the new radio
station and other new radio stations.

9. The method of claim 1, wherein the shared information
comprises one of a frequency, a channel, transmission
power, and a transmission power density of the new radio
station, which are not to cause an interference effect greater
than or equal to a threshold to the existing radio station.

10. A generation apparatus performing a method of gen-
erating shared information, the generation apparatus com-
prises:

a processor,

wherein the processor is configured to determine an
attenuation effect on transmission power of a new radio
station due to a reception mask of an existing radio
station, calculate an interference effect of the existing
radio station due to the new radio station using the
attenuation effect, determine a protection domain of the
existing radio station according to the interference
effect, and generate shared information to be used by
the new radio station based on the protection domain,
and

the protection domain is a domain in which a frequency
available to the new radio station is restricted.

11. The generation apparatus of claim 10, wherein the
processor is configured to determine an attenuation effect
based on at least one of the reception mask of the existing
radio station, a transmission mask of the new radio station,
a difference between a center frequency of the new radio
station and a center frequency of the existing radio station,
a bandwidth of the new radio station, and the transmission
power of the new radio station.

12. The generation apparatus of claim 10, wherein the
processor is configured to determine the attenuation effect
by calculating a total attenuation effect per unit reference
bandwidth for each frequency.

13. The generation apparatus of claim 10, wherein the
processor is configured to determine the interference effect
based on 1) a difference between the transmission power of
the new radio station and the attenuation effect and ii) a path
loss interference effect according to a distance between a
location of the new radio station and the existing radio
station.

14. The generation apparatus of claim 10, wherein when
the new radio station is a plurality of new radio stations, the
processor is configured to calculate a total interference effect
for each of the new radio stations.

15. The generation apparatus of claim 10, wherein the
processor is configured to determine the interference effect
for each unit domain using the attenuation effect, and the
protection domain comprises unit domains in which the
interference effect is higher than a threshold.
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