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METHODS AND SYSTEMS FOR 
COEXISTENCE WITH LICENSED ENTITIES 

USING POWER MODIFICATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims priority to and the benefit 
of U . S . Provisional Application No . 62 / 464 , 952 , filed Feb . 
28 , 2017 , entitled “ METHODS AND SYSTEMS FOR 
COEXISTENCE BETWEEN NARROWBAND AND 
WIDEBAND WIRELESS COMMUNICATION SYS 
TEMS ” , assigned to the assignee of this application , and 
which is incorporated herein by reference in its entirety for 
all purposes . 

[ 0008 ] FIG . 4 is a spectrum usage diagram illustrating 
application of the spectrum puncturing process of FIG . 3 
according to an illustrative implementation . 
[ 0009 ] FIG . 5 is a flow diagram depicting a transmission 
power modification process according to an illustrative 
implementation . 
[ 0010 ] FIG . 6 is a spectrum diagram illustrates an imple 
mentation of the transmission power modification technique 
of FIG . 5 according to an illustrative example . 
[ 0011 ] FIG . 7 is a flow diagram depicting a beam steering 
process according to an illustrative implementation . 

FIELD OF THE DISCLOSURE 
[ 0002 ] The present description relates generally to wire 
less communication systems . More specifically , the present 
description relates to methods and systems for allowing 
transmissions in a same general frequency range as licensed 
entities . 

BACKGROUND 
[ 0003 ] There is a trend towards greater sharing of elec 
tromagnetic spectrum between different wireless communi 
cation networks and technologies , since it tends to promote 
greater and more efficient use of spectrum , which is a scarce 
resource . Governmental entities or other agencies tasked 
with allocating and monitoring use of spectrum , such as the 
United States Federal Communications Commission ( FCC ) , 
may license certain entities to operate within a particular 
area ( e . g . fixed service satellite , fixed service microwave , 
mobile cable / broadcast / television , radar , etc . ) . In such cir 
cumstances , the licensee typically licenses use of the spec 
trum with an expectation that its transmissions will not be 
impacted by substantial interference within the licensed 
band . Therefore , unlicensed users may be prohibited from 
operating on the licensed band unless the unlicensed users 
have a mechanism for helping ensure that their transmis 
sions will not substantially interfere with the transmissions 
of the licensed entity . 

DETAILED DESCRIPTION 
[ 0012 ] The detailed description set forth below is intended 
as a description of various configurations of the subject 
technology and is not intended to represent the only con 
figurations in which the subject technology may be prac 
ticed . The appended drawings are incorporated herein and 
constitute a part of the detailed description . The detailed 
description includes specific details for the purpose of 
providing a thorough understanding of the subject technol 
ogy . However , it will be clear and apparent to those skilled 
in the art that the subject technology is not limited to the 
specific details set forth herein and may be practiced using 
one or more implementations . 
[ 0013 ] Coexistence between licensed and unlicensed users 
on a particular frequency band utilizes sharing of electro 
magnetic spectrum according to some implementations . 
Spectrum may be unlicensed , licensed on a non - exclusive 
basis , or exclusively licensed to one or more entities oper 
ating one or more systems in the spectrum . In some imple 
mentations , such spectrum sharing may utilize rules placed 
on the transmission parameters of one or more of the 
systems . 
[ 0014 ] The identification of licensed systems can be per 
formed in several ways , such as direct sensing of the 
transmissions of the second system , being informed by a 
third party ( e . g . , a governmental entity , such as the FCC ) that 
the second system exists at a proximate location such that 
( mutual ) interference may occur , or in another manner . In 
some implementations , the third party provides access to a 
centralized database system that includes data indicating the 
locations and transmission / reception characteristics of the 
second system . 
[ 0015 ] In some implementations , the second system does 
not transmit continuously , and therefore the first and second 
systems are able to coexist by sharing spectrum in the time 
domain . However , if the first system is unable to directly 
detect the transmissions of the second system , and does not 
have any other mechanisms by which to become aware in 
real - time of the timing of the transmissions ( e . g . duty cycle ) 
of the second system , time - domain coexistence becomes 
infeasible . In such cases , the most tractable method of 
coexistence ( when simultaneous interference would other 
wise create an intolerable level of interference ) is for the two 
systems to transmit in different sub - bands or channels of the 
spectrum . 
10016 ) When the two systems coexist by transmitting on 
mutually exclusive channels within the spectrum , the second 
system uses a fixed bandwidth channel within the spectrum , 
and the first system uses as much of the remaining spectrum 
as possible in order to increase the communications through 
put ( data rate ) according to some implementations . In some 
implementations , there are one or more other systems with 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0004 ] Various objects , aspects , features , and advantages 
of the disclosure will become more apparent and better 
understood by referring to the detailed description taken in 
conjunction with the accompanying drawings , in which like 
reference characters identify corresponding elements , 
throughout . In the drawings , like reference numbers gener 
ally indicate identical , functionally similar , and / or structur 
ally similar elements . 
[ 0005 ] FIG . 1 is a diagram depicting an example spectrum 
access system ( SAS ) for coexistence between licensed and 
unlicensed entities ( e . g . , narrowband and wideband wireless 
communication systems ) according to an illustrative imple 
mentation . 
[ 0006 ] FIG . 2 is a block diagram depicting a device for 
conducting wireless communication according to an illus 
trative implementation . 
[ 0007 ] FIG . 3 is a flow diagram depicting a spectrum 
puncturing process according to an illustrative implementa 
tion . 
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which the first system coexists by transmitting on as much 
as possible of the spectrum that is unused by the other 
systems . In some implementations , the first system transmits 
simultaneously on multiple non - contiguous channels within 
the spectrum using various techniques , such as carrier aggre 
gation , channel bonding , or non - contiguous orthogonal fre 
quency - division multiple access ( OFDMA ) scheduling . The 
channel bonding technique utilizes transmitters and receiv 
ers that have multiple transmit / receive chains , each operat 
ing on a unique contiguous part of the spectrum according 
to some implementations . The non - contiguous OFDMA 
scheduling technique utilizes transmitters and receivers that 
have just a single wideband transmit / receive chain , where 
signals are only transmitted on OFDMA subcarriers pertain 
ing to parts of the spectrum that are unused by the other 
devices according to some implementations . 
[ 0017 ] In mobile communication systems ( such as Wi - Fi , 
LTE , etc . ) , centralized transmission rules are applied to 
ensure coexistence ( e . g . using a database ) according to some 
implementations . In some implementations , network infra 
structure nodes have permanent connection to the database 
and are configured as master controllers for transmissions 
conducted by the communication system . In some imple 
mentations , client devices have transient connectivity due to 
mobility and are configured as " slave " or " dependent ” 
devices , such that the client devices are only allowed to 
transmit under rules that are indicated by the master network 
infrastructure nodes . 
[ 0018 ] For example , in the IEEE 802 . 11 standard , 
Dynamic STA Enablement ( DSE ) provides a mechanism 
whereby client devices ( STAs ) are not allowed to transmit 
on certain channels / spectrum until they request and are 
granted " enablement " from an infrastructure node ( AP ) by 
exchange of DSE Enablement frames . The enablement grant 
from AP entitles the STA to transmit only for the purpose of 
communicating with the granting AP , and allows that AP to 
specify the maximum transmission power that the STA is 
allowed to use for those transmissions ( in DSE Power 
Constraint frame ) . 
[ 0019 ] For example , in IEEE 802 . 11 standard , Geoloca 
tion Database Dependent ( GDD ) enablement provides a 
similar mechanism to DSE . GDD enablement enables 
response based on information obtained from a centralized 
database . The enabling response contains a specific list of 
channels within spectrum on which the client device is 
allowed to operate , and a maximum transmission power 
pertaining to each of those channels according to some 
implementations . In the event that the client device is 
enabled to use multiple channels , and the AP is operating on 
those multiple channels by contiguous or non - contiguous 
channel bonding , the client device transmits on those mul 
tiple channels simultaneously according to some implemen 
tations . The client device can , once enabled , request an 
update on the allowable channels based on indication of its 
current location ( using Channel Availability Query — CAQ 
procedure ) . This feature supports providing information on 
spectrum in a so - called “ TV White Space ” spectrum up to 
698 MHz ( White Space Map Information ) according to 
some implementations . 
[ 0020 ] Various systems and methods are provided in the 
present disclosure for coexistence with licensed entities 
using spectrum puncturing , power modification , and / or 
beam sharing . Various implementations utilize spectrum 
usage data obtained from a database . The spectrum usage 

data includes data regarding one or more licensed entities 
licensed to operate in a particular geographic area . The 
spectrum usage data can include a transmission and / or 
reception location of the licensed entities , a transmission 
power , an area in which the licensed entities are licensed to 
transmit , spectrum data regarding the licensed spectrum 
( e . g . , the frequency band ( s ) over which the entity is licensed 
to transmit ) , data regarding directionality of the transmis 
sions , and / or other data . In some implementations , the 
database is maintained or administered by a government 
entity ( e . g . , the FCC ) or another entity authorized to provide 
the database by the government entity . 
[ 0021 ] In some implementations , a wireless device uses 
the spectrum usage data to conduct transmissions in a 
frequency band near a licensed band using a spectrum 
puncturing technique . In some such implementations , the 
wireless device determines a licensed entity licensed to 
transmit in a particular sub - band of a frequency band in an 
area including the location of the wireless device . The 
wireless device disables transmissions over the particular 
sub - band and conducts transmissions over portions of the 
frequency band proximate / adjacent to the licensed sub - band . 
This allows the wireless device to still utilize the overall 
frequency band without impermissibly interfering with the 
transmissions of the licensed entity on the licensed sub 
band . 
10022 ] . In some implementations , a wireless device addi 
tionally , or alternatively , modifies a transmission power of 
transmissions of the wireless device in or adjacent to the 
licensed sub - band . The wireless device can utilize spectrum 
usage data from the database to estimate a transmission 
power that would result in interference at an intended 
receiver of the licensed entity of less than a threshold 
interference level . In some implementations , the database 
may specify the threshold level and / or provide transmission 
parameters ( e . g . , power levels ) that wireless devices oper 
ating in the geographic area are required to use . 
[ 0023 ] In some implementations ( e . g . , where the licensed 
entity is a fixed service , such as a fixed satellite or micro 
wave service , and directionality of the transmissions of the 
licensed entity are predetermined ) , a wireless device addi 
tionally , or alternatively , receives transmission characteris 
tics of the licensed entity , such as directionality information , 
from the database and utilizes the information to avoid 
impermissible interference using a beam forming technique . 
In some such implementations , the wireless device deter 
mines a beam path of the licensed transmissions using the 
spectrum usage data from the database and / or by detecting 
transmissions from the licensed entity . The wireless device 
can modify parameters of its own transmissions to avoid 
interference with the licensed transmissions using the direc 
tionality of those transmissions . For example , in some 
implementations , the wireless device ( e . g . , an access point ) 
has multiple different antennas and chooses a subset of the 
antennas on which to transmit based on the antennas which 
will result in a directionality that will not cause an imper 
missible level of interference with the licensed entities . In 
various implementations , the wireless device may modify 
the polarization , elevation , azimuth , or other parameters of 
transmissions to avoid interference . 
[ 0024 ] Referring to FIG . 1 , a diagram depicts an example 
spectrum access system ( SAS ) 100 for coexistence between 
licensed and unlicensed entities ( e . g . , narrowband and wide 
band wireless communication systems ) according to an 
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illustrative implementation . In some implementations , the 
SAS 100 can be wirelessly connected to multiple commu 
nication systems that use one or more wireless communi 
cation networks and technologies , such as LTE communi 
cation system 103 , satellite communication system 105 , 
microwave communication system 107 , radar communica 
tion system 109 , WiFi communication system 111 , and 
television communication system 113 . 
10025 ] . The SAS 100 includes a database . The database 
includes spectrum usage data of one or more communication 
systems that provide incumbent services within one or more 
spectrum ranges according to some implementations . The 
spectrum usage data can include , but is not limited to , 
spectrum information , geographic information , and / or trans - 
mission information of each incumbent service . For 
example , the SAS 100 can include a list of incumbent 
services and a specific geographic location and a transmis 
sion power used by each incumbent service according to 
some implementations . 

[ 0026 ] In some implementations , the SAS 100 receives 
location data from a communication device ( e . g . , an AP , a 
client device such as a smartphone , etc . ) . In some imple 
mentations , the SAS 100 receives a request from the com 
munication device for spectrum usage data associated with 
the location of the communication device and a specific 
frequency band . The SAS 100 retrieves spectrum usage data 
associated with the location of the communication device 
and the specific frequency band , and provides the spectrum 
usage data to the communication device . The spectrum 
usage data indicates information about transmissions of one 
or more other communication devices operated by licensed 
entities who have been granted a license to operate with a 
particular frequency range . The communication device is 
unlicensed to operate within the frequency range . In some 
implementations , the SAS 100 may provide a full database 
for a particular geographic regions or the entirety of the 
database without receiving the location of the communica 
tion device . 
[ 0027 ] In some implementations , the spectrum usage data 
indicates a list of incumbent services provided by the one or 
more licensed entities of the second communication system 
within an area including the location of the communication 
device across one or more sub - bands of frequencies within 
a frequency band . In some implementations , the spectrum 
usage data indicates transmission power associated with 
each of the one or more incumbent services . In some 
implementations , the spectrum usage data includes a posi 
tive list indicating one or more sub - bands of frequencies that 
can be used for transmission in the area and a negative list 
indicating one or more sub - bands of frequencies that cannot 
be used for transmission in the area , or cannot be used 
without taking measures to ensure that the transmissions of 
the licensed entities are not degraded due to an impermis 
sible level of interference from unlicensed devices . In some 
implementations , the one or more sub - bands of frequencies 
on the negative list are reserved for fixed services ( e . g . , 
services provided by licensed entities ) . In some implemen 
tations , the spectrum usage data may include only the 
negative list ( e . g . , such that devices can assume they are free 
to operate in the frequencies not specifically identified in the 
negative list ) or the positive list ( e . g . , such that devices can 
assume they are not allowed to operate in the frequencies not 

specifically identified in the positive list without taking 
measures to avoid interfering with devices licensed to oper 
ate in such frequencies ) . 
[ 0028 ] . In some implementations , the communication 
device can use the spectrum usage data from the SAS 100 to 
avoid transmission on the sub - band of frequencies on the 
negative list and only transmit signals on the sub - band of 
frequencies on the positive list . In this way , the communi 
cation device can share the frequency band with the second 
communication system without interfering with any incum 
bent services provided by the second communication sys 
tem . For example , for a particular frequency band , the 
communication device may determine a first sub - band of 
frequencies on which the licensed entities are licensed to 
operate and a second sub - band of frequencies that are 
unlicensed , and the communication device may conduct 
transmissions only on part or all of the second sub - band . In 
some embodiments , the communication device may evalu 
ate a spectral separation between a portion of the second 
sub - band adjacent to the first sub - band to determine whether 
the spectral separation is sufficient to avoid impermissible 
interference on the first sub - band if transmissions are per 
formed on the adjacent portion of the second sub - band . 
[ 0029 . In some implementations , the communication 
device uses the spectrum usage to determine one or more 
sub - bands of frequencies within the frequency band on 
which one or more licensed entities of the second commu 
nication system are licensed to conduct communications . 
The communication device determines a modified transmis 
sion power for transmission on the determined one or more 
sub - bands of frequencies to reduce interference with the one 
or more licensed entities of the second communication 
system . The communication device conducts transmission 
on the determined one or more sub - bands of frequencies at 
the modified transmission power . In some implementations , 
the communication device also conducts transmission on 
one or more sub - bands of frequencies that are adjacent to the 
determined sub - bands of frequencies at the modified trans 
mission power . 
( 0030 ) In some implementations , the communication 
device can further use transmission information of the 
spectrum usage data to determine beam steering character 
istics for wireless transmissions within the frequency band . 
The communication device conducts transmissions using the 
beam steering characteristics to reduce interference with the 
transmissions of the licensed entities of the second commu 
nication system . 
10031 ] Referring to FIG . 2 , a block diagram of a device 
200 for conducting wireless communication is depicted 
according to an illustrative implementation . In some imple 
mentations , the device 200 is an access point ( AP ) in a 
communication system . In some implementations , the 
device 200 is a client device in a communication system . 
The device 200 can be any devices that wirelessly connected 
to one or more other devices over a frequency band , such as 
a smartphone , tablet , computer ( e . g . , laptop ) , Internet of 
Things device such as a smartwatch , or any other device 
configured to communicate via wireless transmissions . The 
device 200 includes positioning circuitry 201 , a processor 
203 , a memory 207 , and an antenna 205 . 
[ 0032 ] In various implementations , the processor 203 is or 
includes a general purpose processor , a special purpose 
processor , a conventional processor , a digital signal proces 
sor ( DSP ) , a plurality of microprocessors , one or more 
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microprocessors in association with a DSP core , a controller , 
a microcontroller , an Application Specific Integrated Cir 
cuits ( ASIC ) , a Field Programmable Gate Array ( FPGA ) 
circuit , any other type of integrated circuit ( IC ) , a state 
machine , and the like . The processor 203 can perform signal 
coding , data processing , power control , input / output pro 
cessing , and / or any other functionality that enables the 
device 200 to operate in a wireless environment , in some 
implementations . The processor 203 can be coupled to a 
transceiver ( not shown ) , which can be coupled to the 
antenna 205 . In some implementations , the processor 203 is 
integrated with a transceiver . The memory 207 can be any 
type of computer or machine - readable storage medium 
capable of storing instructions and / or other data in a form 
accessible by the processor 203 . In various implementations , 
the memory 207 is , or includes , RAM , ROM , EEPROM , 
flash memory , magnetically recordable storage ( e . g . , a hard 
drive ) , or any other type of storage medium accessible to the 
processor 203 . 
[ 0033 ] The antenna 205 is configured to transmit signals 
to , and receive signals from , a base station and the SAS over 
one or more spectrum bands . In some implementations , the 
antenna 205 may be configured to transmit and / or receive 
any wireless signals ( e . g . , light , RI , WiFi , UV , LTE , etc . ) . In 
some implementations the antenna 205 includes a plurality 
of antennas , such as an antenna array . In some such imple 
mentations , individual antennas or groups of antennas can 
be individually selectable , such that transmissions can be 
performed on a subset of the antennas without performing 
transmissions on a portion of the antennas . 
[ 0034 ] The positioning circuitry 201 is configured to iden 
tify a current location of the device 200 and provide the 
location information to the processor 203 . In some imple 
mentations , the positioning circuitry 201 is configured to 
identify a location of the device 200 as a latitude and 
longitude . The positioning circuitry 201 can include one or 
more of , but is not limited to , a global positioning system 
( GPS ) , a cellular transceiver ( e . g . , where position can be 
determined via cellular triangulation or based on one or 
more cellular towers to which the device is connected ) , a 
short - range wireless transceiver such as a WiFi or Bluetooth 
transceiver ( e . g . , where position can be determined based on 
a known location of a device to which the positioning 
circuitry 201 is connected ) , etc . 
10035 ] In some implementations , the processor 203 is 
configured to transmit the location information to a spectrum 
access system ( SAS ) via the antenna 205 or another com 
munication device of the processor configured to provide 
communications with the SAS . The processor 203 is con 
figured to determine a plurality of channels over the fre 
quency band to conduct wireless communication . In some 
implementations , each of the plurality of channels has a 
fixed width within the frequency band . The processor 203 
can be configured to transmit the channel information indi 
cating the plurality of channels to the SAS . In some imple 
mentations , the processor 203 transmits a request for spec 
trum usage data along with the location information . In other 
implementations , the processor 203 receives data for a larger 
geographic area from the SAS without providing the loca 
tion data to the SAS , and the processor 203 filters or 
otherwise processes the information to determine the spec 
trum usage data pertinent to the current location of the 
device 200 . 

[ 0036 ] In some implementations , in response to transmit 
ting the request for spectrum usage data and the location 
information , the processor 203 receives spectrum usage data 
from the SAS for the relevant area including or proximate to 
the location of the device 200 . The spectrum usage data 
indicates a list of active services provided by one or more 
entities within an area including the location of the device 
200 across one or more sub - bands of frequencies within the 
frequency band . In some implementations , the one or more 
entities are licensed entities that are licensed to communi 
cate across the one or more sub - bands of frequencies within 
the frequency band . In some implementations , the one or 
more entities include unlicensed entities that actively com 
municate over one or more sub - band of frequencies of the 
frequency band . The spectrum usage data can indicate 
transmission power associated with each of the one or more 
active services . In some implementations , the spectrum 
usage data includes a positive list indicating one or more 
sub - bands of frequencies that can be used for transmission 
in the area and a negative list indicating one or more 
sub - bands of frequencies that cannot be used for transmis 
sion in the area , or cannot be used without mitigating 
activity to prevent interference with existing entities , such as 
entities approved or licensed to transmit within the sub 
bands . In some implementations , the one or more sub - bands 
of frequencies on the negative list are reserved for fixed 
services ( e . g . , services provided by licensed entities ) . 
[ 0037 ] The memory 207 can include one or more modules 
implemented as computer or machine - readable instructions 
that are executable by the processor 203 to perform func 
tions of the device 200 . In some implementations , the 
memory 207 includes one or more of a spectrum puncturing 
module 209 , a transmission power modification module 211 , 
and / or a beam steering module 213 . The processor 203 is 
connected to the memory 207 and configured to execute 
various instructions stored in various modules of the 
memory 207 . In some implementations , the processor 203 
stores the received spectrum usage data in the memory 207 . 
[ 0038 ] The spectrum puncturing module 209 is configured 
to prevent interference with licensed entities by disabling 
transmission on licensed frequencies and identifying sub 
bands proximate the licensed frequencies on which trans 
missions can be conducted . The spectrum puncturing mod 
ule 209 determines a first set of one or more of the plurality 
of channels containing the first sub - band of frequencies over 
which the licensed entity is licensed to communicate using 
the spectrum usage data . The spectrum puncturing module 
209 conducts transmissions on a second set of one or more 
of the plurality of channels that do not contain the first 
sub - band of frequencies . The spectrum puncturing module 
209 further disables wireless transmissions on the first set of 
channels . In some implementations , the second set of chan 
nels includes a first subset of channels below the first set of 
channels and a second subset of channels above the first set 
of channels . In some implementations , the second set of 
channels can include channels only above or below the first 
set of channels . 
[ 0039 ] The transmission power modification module 211 
is configured to prevent interference with licensed entities 
by modifying the transmission power of the device 200 on 
frequencies within and / or adjacent to the licensed sub - band . 
The transmission power modification module 211 deter 
mines a modified transmission power using the spectrum 
usage data . The modified transmission power is configured 
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to the query with spectrum usage data relevant to an area 
including or proximate to the location . In some implemen 
tations , the device may use the determined location to filter 
data received from the database that includes a larger 
geographic area to determine the data relevant to the loca 
tion . 

to reduce interference with the licensed entity on the first 
sub - band . The transmission power modification module 211 
conducts wireless transmission on at least one of a first set 
of one or more of the plurality of channels containing the 
first sub - band or an adjacent channel that is adjacent to the 
first set of channels at the modified transmission power . In 
some implementations , the transmission power modification 
module 211 disables wireless transmissions on the first set of 
channels and conduct wireless transmission on the adjacent 
channel at the modified transmission power . 
[ 0040 ] The beam steering module 213 is configured to 
prevent interference with licensed entities by adjusting 
parameters of transmissions of the device 200 ( e . g . , beam 
steering parameters ) to reduce interference based on the 
directionality of the licensed transmissions . The spectrum 
usage data can indicate one or more transmission charac 
teristics of the transmission of the licensed entity including 
data indicating a source location and a directionality of the 
transmissions . In some implementations , the spectrum usage 
data also indicates beam steering requirements for transmis 
sions in the frequency band within the area . 
10041 ] The beam steering module 213 determines whether 
the device 200 is within a beam path of the licensed entity 
based on the source location and directionality of the trans 
mission of the licensed entity indicated by the transmission 
characteristics of the spectrum usage data . Upon determin 
ing the device 200 is within the beam path of the licensed 
entity , the beam steering module 213 modifies the beam 
characteristics for the wireless transmissions of the device 
200 to reduce interference based on the beam path of the 
licensed entity . The beam steering module 213 determines 
beam steering characteristics for wireless transmissions of 
the device 200 within the frequency band using the trans 
mission characteristics for the licensed entity using the 
spectrum usage data . The beam steering module 213 con 
ducts wireless transmissions over the frequency band using 
the beam steering characteristics . The beam steering char 
acteristics can include , but are not limited to , a beam 
orientation , a beam polarization , a beam elevation , a beam 
azimuth , and a beam cross - polarization discrimination . In 
some implementations , the beam steering module 213 deter 
mines the beam steering characteristics using beam steering 
requirements expressly or implicitly provided within the 
spectrum usage data . 
[ 0042 ] In some implementations , when the antenna 205 
includes a plurality of antennas , the beam steering module 
213 determines a subset of the antennas to use for the 
wireless transmissions based on a directionality of the 
wireless transmission of the antennas . 
[ 0043 ] Referring to FIG . 3 , a flow diagram of a spectrum 
puncturing process 300 is depicted according to an illustra 
tive implementation . In some implementations , the spectrum 
puncturing process 300 may be implemented using the 
spectrum puncturing module 209 of the device 200 . 
[ 0044 ] At operation 301 , the wireless device identifies the 
location of the device . The location of the device is identified 
using a positioning circuitry of device . In some implemen 
tations , the location of the device is identified using posi 
tioning data received from other devices . In some imple 
mentations , the location of the device is transmitted to a 
system maintaining a database of spectrum usage in one or 
more geographic areas . For example , the location may be 
provided as part of a query from the device to a spectrum 
access system , and the spectrum access system may respond 

[ 0045 ] At operation 303 , the wireless device receives 
spectrum usage data from the spectrum access system . The 
spectrum access system includes a database used to store the 
data . The received spectrum usage data is associated with 
wireless transmissions at an area including the location of 
the wireless device . The spectrum usage data indicates a 
licensed entity licensed within the area to communicate 
across a first sub - band of frequencies within the frequency 
band . 
0046 ) At operation 305 , the first set of one or more of the 

plurality of channels is determined by including channels 
that contains the first sub - band of frequencies over which the 
licensed entity is licensed to communicate . In some imple 
mentations , the first set of one or more of the plurality of 
channels are determined by including the first sub - band of 
frequencies and one or more sub - bands of frequencies 
adjacent to the first sub - band of frequencies . 
[ 0047 ) At operation 307 , the second set of one or more of 
the plurality of channels is determined by excluding chan 
nels from the first set of one or more of the plurality of 
channels . The second set of one or more of the plurality of 
channels does not overlap with the first set of one or more 
of the plurality of channels and does not include the first 
sub - band of licensed frequencies . In some implementations , 
the wireless device " punctures ” the frequency band by 
determining one or more channels below the first set chan 
nels and one or more channels above the first set of channels 
to include in the second set of channels over which trans 
missions are conducted . In such implementations , transmis 
sions can be conducted over a substantial portion of the 
frequency band and a frequency hole in which transmissions 
are disabled can be provided for the first set of frequencies 
to avoid interference with the licensed entity . In some 
implementations , the second set of frequencies is entirely 
above or below the first set , such that only an upper 
frequency sub - band or lower frequency sub - band is “ punc 
tured ” . In some implementations , the second set of frequen 
cies forms a second sub - band larger than the first sub - band , 
and the wireless device determines a portion of the second 
sub - band that does not include the first sub - band and con 
ducts transmissions on that portion of the second sub - band . 
10048 ] In some implementations , the wireless device 
determines channels to include in the second set of channels 
based in part on a spectral separation between the licensed 
sub - band and channels having frequencies adjacent to the 
frequencies of the first set of channels . For example , the 
wireless device can determine a spectral separation between 
a lowest frequency in the licensed sub - band and a highest 
frequency in a channel adjacent to the channel of the first set 
of channels that includes the lowest licensed frequency . In 
some implementations , the wireless device determines 
whether to include the adjacent channel in the second set of 
channels over which transmissions are to be conducted 
based on the spectral separation . In some such implemen 
tations , the wireless device determines whether the spectral 
separation exceeds a threshold level . If it does , the wireless 
device includes the adjacent channel in the second set of 
channels . If it does not , the wireless device excludes the 
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adjacent channel in the second set of channels and instead 
includes the adjacent channel in the channels over which 
transmissions are disabled . In some embodiments , the wire 
less device determines whether to include the adjacent 
channel in the second set of channels based on whether the 
wireless transmissions on the adjacent channel are likely to 
cause interference on the licensed sub - band greater than a 
threshold level of interference . In some such embodiments , 
the wireless device estimates an anticipated level of inter - 
ference at an intended receiver of the transmissions of the 
licensed entity based on the spectrum usage data from the 
database and allows transmissions on the adjacent channel if 
the anticipated level of interference is less than the threshold 
level and otherwise disables transmissions on the adjacent 
channel . In some such embodiments , the spectrum usage 
data used to estimate the anticipated interference includes , 
but is not limited to , relative geographic locations of the 
wireless device and the transmissions of the licensed entity , 
a power spectral energy over distance of the licensed trans 
missions , directionality of the licensed transmissions , 
antenna gain of the antenna ( s ) used by the licensed entity , 
channelization of the licensed transmissions , etc . 
[ 0049 ] At operation 309 , the wireless device conducts 
wireless transmissions on the second set of channels and 
disables wireless transmissions on the first set of channels . 
[ 0050 ] Referring now to FIG . 4 , a spectrum diagram is 
shown illustrating implementation of the spectrum punctur 
ing technique of FIG . 3 according to an illustrative example . 
The wireless device is configured to conduct wireless trans 
missions over a plurality channels over a frequency band . 
Each of the plurality of channels has a fixed width of 20 
MHz . In the embodiment shown in FIG . 4 , the wireless 
device can be configured to operate in a mode that utilizes 
a transmission band having a bandwidth of 20 MHz , 40 
MHz , 80 MHz , or 160 MHz . In some implementations , the 
wireless device may operate in a mode utilizing a transmis 
sion band having a width of at least 80 MHz . In some 
implementations , the wireless device may transmit in a 
frequency band that includes a frequency of 6 . 0 GHz . The 
wireless device obtains spectrum usage data from a database 
of the spectrum access system . The spectrum usage data 
indicates that there is another device in the area including the 
location of the wireless device and the other device is 
licensed to conduct transmissions over a 30 MHz band . 
[ 0051 ] The wireless device determines a first set of chan 
nels , channels 401 and 403 , having a range of frequencies 
that include the 30 MHz band reserved by the licensed 
entity . The wireless device then determines channels that do 
not include the 30 MHz licensed sub - band . In some imple 
mentations , the wireless device may operate in a 80 MHZ 
mode and may determine one or more 20 MHz channels 
within the 80 MHz sub - band that do not include the fre 
quencies of the 30 MHz licensed sub - band . In the illustrated 
implementation , the wireless device may determine that 
channels 405 and 407 are channels in which transmissions 
are to be performed and channels 401 and 403 are channels 
in which transmissions are to be disabled . In such an 
example , this allows the wireless device to achieve an 
improved throughput associated with using what is effec 
tively a 40 MHz band while avoiding impermissible inter 
ference with the licensed entity . In some implementations , 
the wireless device may operate in a 160 MHz mode and 
may transmit on some or all of the six 20 MHz channels 
other than channels 401 and 403 . 

[ 0052 ] In some implementations , the wireless device may 
consider the predefined boundaries between allocated fre 
quency blocks in determining a mode in which the wireless 
device can operate . For example , in some embodiments , the 
entire licensed sub - band can be required to fall within the 
sub - band in which the wireless device operates in order to 
apply the frequency puncturing technique . In the example 
illustrated within FIG . 4 , the wireless device can be config 
ured not to operate in a 40 MHz mode because the 30 MHz 
licensed sub - band would overlap a boundary of two 40 MHZ 
predetermined channels . The wireless device can operate in 
either an 80 MHz mode or a 160 MHz mode because the 30 
MHz licensed sub - band does not cross the boundary of the 
particular 80 MHz and 160 MHz channels . 
[ 0053 ] In some implementations , the 20 MHz channels 
include one or more channels that are adjacent to the 
channels that overlap with the 30 MHz band , such as the 20 
MHz channel 405 and the 20 MHz channel 407 . In some 
implementations , the wireless device determines whether to 
include the channels 405 and 407 in the first set of channels 
in which transmissions are disabled or the second set of 
channels in which transmissions are conducted based on a 
spectral separation between the 30 MHz band and the 20 
MHz channels . For example , the wireless device can deter 
mine whether the spectral separation is less than a prede 
termined threshold . Upon determining that the spectral 
separation is less than the threshold , the wireless device 
includes the adjacent channels 405 and 407 in the first set of 
channels . If it is determined that the spectral separation is 
greater than the threshold , the wireless device can include 
the adjacent channels 405 and 407 in the second set of 
channels . In the illustrated example , the threshold could be 
2 MHz , and the spectral separation between the 30 MHz 
band and the adjacent channels 405 and 407 is approxi 
mately 5 MHz . Therefore , the wireless device includes 
adjacent channels 405 and 407 in the channels in which 
transmissions are allowed . If the threshold were 7 MHz , the 
wireless device would disable transmissions on the adjacent 
channels 405 and 407 . In some embodiments , the wireless 
device may determine whether to allow or disable transmis 
sions on the adjacent channels 405 and 407 based on an 
assessment of whether transmissions on the adjacent chan 
nels 405 and 407 would cause impermissible interference on 
the 30 MHz licensed sub - band ( e . g . , interference of greater 
than a threshold level ) . 
[ 0054 ] Referring to FIG . 5 , a flow diagram of a transmis 
sion power modification process 500 is depicted according 
to an illustrative implementation . In some implementations , 
the transmission power modification process 500 may be 
implemented using the transmission power modification 
module 211 of the device 200 . 
[ 0055 ] At operation 501 , the wireless device identifies the 
location of the device . The location of the device is identified 
using a positioning circuitry of device . In some implemen 
tations , the location of the device is identified using posi 
tioning data received from other devices . In some imple 
mentations , the location of the device is transmitted to a 
system maintaining a database of spectrum usage in one or 
more geographic areas . For example , the location may be 
provided as part of a query from the device to a spectrum 
access system , and the spectrum access system may respond 
to the query with spectrum usage data relevant to an area 
including or proximate to the location . In some implemen 
tations , the device may use the determined location to filter 
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data received from the database that includes a larger 
geographic area to determine the data relevant to the loca - 
tion . 
[ 0056 ] At operation 503 , the wireless device receives 
spectrum usage data from the spectrum access system . The 
spectrum access system includes a database used to store the 
data . The received spectrum usage data is associated with 
wireless transmissions at an area including the location of 
the wireless device . The spectrum usage data indicates a 
licensed entity licensed within the area to communicate 
across a first sub - band of frequencies within the frequency 
band . 
[ 0057 ] At operation 505 , the first set of one or more of the 
plurality of channels is determined by including channels 
that contains the first sub - band of frequencies over which the 
licensed entity is licensed to communicate . In some imple 
mentations , the first set of one or more of the plurality of 
channels are determined by including channels including the 
first sub - band of frequencies and one or more sub - bands of 
frequencies adjacent to the first sub - band of frequencies . 
[ 0058 ) At operation 507 , the wireless device determines a 
modified transmission power for conducting transmissions 
using the spectrum usage data . In some implementations , the 
modified transmission power is lower than a transmission 
power on other channels that do not include the first set of 
channels or is lower than a power at which the wireless 
device would typically transmit signals in the absence of the 
present interference mitigation features . The modified trans 
mission power is determined using transmission information 
of the spectrum usage data , which indicates characteristics 
of the licensed entity transmissions , such as a source of the 
transmissions and / or a transmission power at which the 
licensed entity conducts transmission . The modified trans 
mission power is lower than the transmission power of the 
licensed entity , in some implementations . The modified 
transmission power is determined based at least in part on a 
predicted or estimated level of interference caused at a 
receiver of the transmissions of the licensed entity due to the 
wireless transmission of the wireless device . In some imple 
mentations , the predicted or estimated level of interference 
may be calculated using one or more mathematical models 
and may be based on parameters such as the relative 
geographic locations of the wireless device in relation to the 
source and / or receiver of the transmissions , a power spectral 
density over distance of the licensed entity transmissions , a 
directionality of the licensed transmissions , a channelization 
of the licensed transmissions , and antenna gain of the 
licensed transmitting devices , etc . In some implementations , 
the wireless device determines the modified transmission 
power by determining a transmission power that , when 
applied to the model , results in an interference level at the 
receiver of the licensed transmissions that is less than a 
threshold level of interference ( e . g . , - 90 dBm ) . 
[ 0059 ] At operation 509 , the wireless device conducts 
wireless transmissions on the first set of channels and / or on 
one or more channels adjacent the first set of channels at the 
modified transmission power . In some implementations , the 
wireless device disables transmission on the first set of 
channels and conducts transmissions on one or more chan 
nels that are adjacent to the first set of channels at the 
modified transmission power . In some embodiments , the 
transmissions on the channels that do not include the first set 
of channels can be conducted at a transmission power that is 
higher than the modified transmission power . For example , 

in wireless transmission protocols that allow for communi 
cation with different receiver devices at different transmis 
sion parameters within a frequency band , communication 
with devices in a portion of the band adjacent the licensed 
sub - band can be done at the modified transmission power , 
and communication with devices in a portion of the band 
distal from the licensed sub - band can be done at a higher 
transmission power . 
[ 0060 ] Referring to FIG . 6 , a spectrum diagram illustrates 
an implementation of the transmission power modification 
technique of FIG . 5 according to an illustrative example . A 
wireless device is configured to conduct wireless transmis 
sions over a plurality of channels of a frequency band . Each 
of the plurality of channels has a fixed width of 20 MHz . 
[ 0061 ] For example , as shown in FIG . 6 , a licensed entity 
is licensed to operate on a 30 MHz frequency band . The 
wireless device can be configured to operate in a mode that 
utilizes a transmission band having a bandwidth of 20 MHz , 
40 MHz , 80 MHz , or 160 MHz . In some implementations , 
the wireless device may operate in a mode utilizing a 
transmission band having a width of at least 80 MHz . In 
some implementations , the wireless device may transmit in 
a frequency band that includes a frequency of 6 . 0 GHz . The 
wireless device obtains spectrum usage data from a database 
of the spectrum access system . The spectrum usage data 
indicates a location of the 30 MHz licensed sub - band within 
the frequency band . In this example , the 30 MHz band 
overlaps with portions of the 20 MHz channel 601 and the 
20 MHz channel 603 . 
[ 0062 ] The wireless device determines a first set of chan 
nels ( e . g . , channels 601 and 603 ) including all the channels 
that overlap with the 30 MHz band which is reserved by a 
licensed entity . In some implementations , the first set of 
channels includes one or more channels that are adjacent to 
the channels that overlap with the 30 MHz band , such as the 
20 MHz channel 605 and the 20 MHz channel 607 . In some 
implementations , the wireless device determines whether to 
transmit on the channels 605 and 607 using the modified 
transmission power or a power level higher than the modi 
fied transmission power based on a determination of whether 
a spectral separation between the 30 MHz band and the 20 
MHz channels is less than a predetermined threshold . Upon 
determining that the spectral separation is less than the 
threshold , the wireless device uses the modified power to 
transmit on the adjacent channel . 
[ 0063 ] The wireless device determines a modified trans 
mission power for the device to conduct transmissions on 
the first set of channels ( e . g . , channels 601 and 603 ) and / or 
on the adjacent channels ( channels 605 and / or 607 ) . The 
modified transmission power is lower than a transmission 
power on other channels that do not include the first set of 
channels . In some implementations , the modified transmis 
sion power is determined using transmission information of 
the spectrum usage data , which indicates a transmission 
power at which the licensed entity conducts transmission . 
The modified transmission power is lower than the trans 
mission power of the licensed entity . In some implementa 
tions , the modified transmission power is determined based 
at least in part on a level of interference caused at a receiver 
of the transmissions of the licensed entity due to the wireless 
transmission of the wireless device . In some implementa 

tions , the modified transmission power is determined based 
at least in part on a relative location of the wireless device 
with respect to at least one of a location of the licensed entity 
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or the area in which the licensed entity is licensed to 
communicate over the first sub - band . In some implementa 
tions , the modified transmission power is determined based 
at least in part on a power spectral density over distance of 
transmissions of at least one of the licensed entity or the 
apparatus . In some implementations , the modified transmis 
sion power is determined based at least in part on a direc 
tionality of transmissions of the licensed entity . In some 
implementations , the modified transmission power is deter 
mined based at least in part on an antenna gain of an antenna 
of the licensed entity . 
[ 0064 ] In some implementations , the wireless device is 
configured to estimate a level of interference caused at a 
receiver of the transmissions of the licensed entity due to the 
wireless transmissions of the wireless device . The wireless 
device can be configured to determine the modified trans 
mission power that is estimated to result in interference at 
the receiver of less than a threshold interference level . 
0065 ] The wireless device is configured to determine a 
spectral separation between the adjacent channel and the 
licensed sub - band . For example , as shown in FIG . 6 , a 
spectral separation 609 of approximately 8 - 10 MHz is 
between the 30 MHz sub - band and the adjacent channel 607 . 
The lower boundary of the 30 MHz sub - band essentially 
overlaps the upper frequency boundary of the channel 605 , 
so there is substantially no spectral separation between the 
adjacent channel 605 and the 30 MHz sub - band . In some 
implementations , the wireless device determines whether 
the spectral separation is less than a threshold . If the spectral 
separation between a first adjacent channel and the sub - band 
is less than the threshold ( e . g . , spectral separation is sub 
stantially zero between channel 605 and 30 MHz sub - band ) , 
the wireless device determines transmits on the first adjacent 
channel with the modified transmission power . If the spec 
tral separation between a second adjacent channel and the 
sub - band is not less than the threshold ( e . g . , larger spectral 
separation between channel 607 and 30 MHz sub - band ) , the 
wireless device conducts transmissions on the second adja 
cent channel using a transmission power larger than the 
modified transmission power . 
[ 0066 ] Referring to FIG . 7 , a flow diagram of a beam 
steering process 700 is depicted according to an illustrative 
implementation . In some implementations , the beam steer 
ing process 700 may be implemented using beam steering 
module 213 of wireless device 200 . 
10067 ] At operation 701 , the wireless device identifies the 
location of the device . The location of the device is identified 
using a positioning circuitry of device . In some implemen 
tations , the location of the device is identified using posi 
tioning data received from other devices . In some imple 
mentations , the location of the device is transmitted to a 
system maintaining a database of spectrum usage in one or 
more geographic areas . For example , the location may be 
provided as part of a query from the device to a spectrum 
access system , and the spectrum access system may respond 
to the query with spectrum usage data relevant to an area 
including or proximate to the location . In some implemen 
tations , the device may use the determined location to filter 
data received from the database that includes a larger 
geographic area to determine the data relevant to the loca 
tion . 
[ 0068 ] At operation 703 , the wireless device receives 
spectrum usage data from the spectrum access system . The 
spectrum access system includes a database used to store the 

data . The received spectrum usage data is associated with 
wireless transmissions at an area including the location of 
the wireless device . The spectrum usage data indicates a 
licensed entity licensed within the area to communicate 
across a first sub - band of frequencies within the frequency 
band . The spectrum usage data indicates one or more 
transmission characteristics of the transmissions of the 
licensed entity including data indicating a source location 
and a directionality of the transmissions . In some imple 
mentations , the spectrum usage data indicates a beam steer 
ing requirement for the wireless device at the area . 
[ 0069 ] At operation 705 , beam steering characteristics for 
wireless transmissions of the wireless device within the 
frequency band are determined using the spectrum usage 
data . The beam steering characteristics are determined using 
the transmission characteristics for the licensed entity . The 
beam steering characteristics are determined to reduce inter 
ference with the transmissions of the licensed entity within 
the frequency band caused by the wireless transmissions of 
the wireless device . In some implementations , the wireless 
device determines that the device is within a beam path of 
the licensed entity based on the source location and direc 
tionality of the transmission of the licensed entity indicated 
by the transmission characteristics . The beam steering char 
acteristics for the wireless transmissions are modified to 
reduce interference based on the beam path of the licensed 
entity . In some implementations , the beam steering charac 
teristics are determined based at least in part on the beam 
steering requirement indicated by the spectrum usage data . 
[ 0070 ] At operation 707 , the wireless device conducts 
wireless transmissions using the beam steering characteris 
tics . The beam characteristics include , but are not limited to , 
a beam orientation , a beam polarization , a beam elevation , 
a beam azimuth , and a beam cross - polarization discrimina 
tion . For example , in some implementations , the spectrum 
usage data may indicate that the licensed transmissions have 
a first polarization , and the wireless device may set a 
polarization of its transmissions such that the polarization 
causes the transmissions not to interfere . In some imple 
mentations , the spectrum usage data may indicate a particu 
lar beam path for the licensed transmissions , and the wire 
less device may select a beam elevation / azimuth to ensure 
that the beams transmitted by the wireless device do not 
intersect with those of the licensed entity in a manner that 
would result in impermissible levels of interference . 
[ 0071 ] In some implementations , the wireless device 
includes multiple antennas . In such implementations , a 
subset of the antennas is determined and used for conducting 
transmissions based on a directionality of the wireless 
transmissions of the antennas . For example , the wireless 
device may include five antennas , and the wireless device 
may transmit on only three of the antennas because it 
determines that transmissions on those three antennas will 
not substantially interfere with the licensed transmissions 
while transmissions on the other antennas could interfere . 
[ 0072 ] In some implementations , spectrum sharing by 
coexistence based on per - channel enablement is enabled via 
the SAS 100 for a wide channel bandwidth . In some 
implementations , the wide channel bandwidth is wider than 
a bandwidth of the TV White Space ( e . g . 80 MHz and 160 
MHz channels ) . In some implementations , multiple com 
munication systems may exist within the wide channel 
bandwidth and theses communication systems may not 
follow the same channelization boundaries . The SAS 100 
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indicates to an enabling device a list of enumerated 
Resource Units ( RUS ) that are available within each channel 
according to some implementations . For example , in IEEE 
802 . 11ax , a RU has a narrow bandwidth of 2 MHz according 
to some implementations . The enabling device then indi 
cates the same list of available RUs to a dependent device by 
over - the - air signaling according to some implementations . 
Both of the enabling and dependent devices may only 
transmit on the indicated RUs according to some implemen 
tations . In some implementations , if the enabling device 
schedules the dependent device to transmit ( e . g . by sending 
an 802 . 11ax MU trigger frame ) , it may only schedule the 
dependent device to transmit on the RUs that have been 
indicated as being available to the dependent device . In this 
way , transmission on disallowed RUS is avoided . In some 
implementations , the SAS 100 provides indication on a 
per - RU basis , which allows efficient use of the spectrum by 
only blocking out the necessary RUs that are required to 
prevent interference between the communication systems . 
[ 0073 ] In some implementations , when the SAS 100 deter 
mines the availability of certain RUs , out - of - band emissions 
may occur to other communication systems that are oper 
ating in spectrum adjacent to those RUs due to the interfer 
ence impact . In some implementations , the SAS 100 may be 
configured to make assumptions about the spectral mask 
capabilities of the transmitting device . In some implemen 
tations , the assumptions may vary significantly between 
device models . In some implementations , the SAS 100 may 
make overly - conservative assumptions to reduce the ability 
for some devices to use the spectrum efficiently . 
[ 0074 ] In some implementations , the SAS 100 defines a 
spectral mask threshold at one or more frequency offsets 
( e . g . 100 kHz , 1 MHz , 10 MHz , etc . from the edge of the 
RU ) that are used for transmission on a certain RU . In some 
implementations , if the transmitting device ' s spectral mask 
is below the spectral mask threshold , it indicates the RU is 
unavailable . In some implementations , if the spectral mask 
equals to the threshold at all offsets , it indicates a maximum 
transmission power is allowed for transmission . In some 
implementations , if the spectral mask exceeds the threshold 
at all offsets , it indicates a maximum transmission power is 
allowed for transmission and plus an additional delta offset 
so long as the effective spectral mask is not violated ( e . g . 
also considering spectral regrowth ) . In some implementa 
tions , as a result , devices that have better spectral masks may 
transmit on more RUs at higher power , and hence use the 
spectrum more efficiently , while providing assurance that 
the interference caused to other communication systems 
may not exceed that allowed by the database . 
10075 ] In some implementations , the SAS 100 include 
antenna information indicating an antenna orientation for 
each device in the communication systems . In some imple 
mentations , antennas with good cross - polarization discrimi 
nation ( XPD ) , control of the polarization used for transmis 
sion ( and reception ) by at least one of the communication 
systems may substantially reduce the amount of interference 
that is created between the communication systems . 
[ 0076 ] In some implementations , the SAS 100 includes 
antenna information indicating polarization , orientation , and 
XPD of each communication system . In some implementa 
tions , the SAS 100 determines transmission power limits for 
transmission on each RU . In some implementations , the 
transmission power limits for a first communication system 
are determined according to the antenna information ( e . g . , 

polarization , orientation , XPD ) of transmissions of the 
enabling and dependent devices within a second communi 
cation system . For example , in some implementations , the 
SAS 100 may allow transmission at + 20 dBm on a given RU 
for the first communication system when a first polarization / 
orientation is used , or only + 10 dBm when a second polar 
ization / orientation is used , on the basis that , taking into 
account the polarization / orientation / XPD of the second 
communication system , the interference caused may be 
equivalent and tolerable . 
0077 ] In some implementations , for a device where the 

polarization / orientation and / or location is unknown ( e . g . a 
mobile device ) , the SAS 100 may determine a third trans 
mission power limit . In some implementations , the SAS 100 
calculates the third transmission power limit according to an 
expected interference channel between the corresponding 
device of the first communication system and the second 
communication system . For example , in some implementa 
tions , higher relative transmission power limits may be 
allowed for a line - of - sight interference link where the polar 
ization shift over the channel is predictable , as opposed to a 
non line - of - sight link through substantial clutter and / or 
specular reflections where the polarization of the interfering 
signal is altered and hence the same level of interference 
mitigation may not be assured . In some implementations , the 
SAS 100 allows a higher transmission power if the trans 
mitting device of the first communication system adopts a 
specific beam pattern which provides predictable nulling of 
interference in the direction of the receiver ( s ) of the second 
communication system . 
[ 0078 ] In some implementations , a communication system 
uses interference protection from a multitude of other com 
munication systems , and it may be preferred to allow all the 
other communication systems to transmit with a reduced 
duty cycle , rather than enabling one ( or a few ) to transmit 
and block the others completely , which may improve user 
experience of the communication systems . 
[ 0079 ] In some implementations , the SAS 100 includes 
information of a duty cycle limit and a transmission power 
limit that an enabling device and its dependent device are 
allowed to use . In some implementations , the SAS 100 
provides this information to the enabling device . In some 
implementations , requiring a dependent device to follow a 
specified duty cycle limit may be undesirable because mul 
tiple dependent devices can exist , and the interference 
caused ( which must be controlled ) is the sum from all of 
them — hence applying a duty cycle limit on a per - device 
basis is over - conservative in order to avoid excessive inter 
ference if many of the devices decided to transmit at the 
same time . In some implementations , it may be advanta 
geous to only allow the dependent devices to transmit data 
frames in response to a trigger frame transmitted by the 
enabling device . In some implementations , the enabling 
device then has centralized control over the transmissions of 
the dependent devices as a whole , to ensure the aggregate 
interference the communication system causes is controlled . 
In order to do so , in some implementations , the enablement 
indication additionally contains a flag that indicates that the 
dependent devices are not allowed to transmit SU ( autono 
mous ) data frames , and are allowed to only transmit data 
frames in response to a MU trigger . 
[ 0080 ] In some implementations , a device may request 
update of allowed channels after a defined period or when it 
believes it is no longer in an allowed zone , but this is 



US 2018 / 0249424 A1 Aug . 30 , 2018 

insufficient for cases where transmissions are allowed 
indoors only ( e . g . to ensure additional mitigation from 
indoor / outdoor penetration loss to other systems that are 
outdoors ) . 
[ 0081 ] In some implementations , the SAS 100 includes 
information indicating an exact indoor / outdoor boundary 
( e . g . , boundary coordinates of a building ) . In some imple 
mentations , the corresponding coordinates are provided to a 
dependent device as part of an enablement response . In some 
implementations , the dependent device is obliged to mea 
sure its location at a cadence and accuracy which are also 
defined in the enablement response . For example , when the 
dependent device measures its location to be outside of an 
indoor boundary , and / or with insufficient accuracy , it stops 
transmitting on the corresponding spectrum until it confirms 
its location is within the boundary again . 
10082 ] In some implementations , client devices ( STAS ) 
regularly scan for APs , particularly in mobility scenarios 
where they handoff / roam to maintain the best quality con 
ne nection . In some implementations , such scanning is power 
consuming , especially with a large number of channels / 
bands to scan . In some implementations , scanning channels 
that are unavailable , or largely unavailable due to few RUS 
being available , is wasteful and negatively impacts user 
experience . 
[ 0083 ] IEEE 802 . 11 defines Reduced Neighbor Report 
( RNR ) elements which are transmitted by APs in Beacon 
and Probe Response frames , and indicate to a client device 
( STA ) a list of neighboring APs and the channels on which 
they operate . In some implementations , a client device can 
use this list to prioritize it scanning process . In some 
implementations , the RNR element is extended to also 
indicate , along with the identifier ( e . g . BSSID ) and channel 
for each AP , which of those APs are operating on channels 
that are unavailable or have limited availability in terms of 
allowed RUs . In such implementations , the client device 
does not need to scan those channels ( because they are 
unlikely to be suitable candidate APs to connect to ) , and 
hence optimize its scanning procedure . 
[ 0084 ] In some implementations , the GDD procedure 
allows a dependent STA to transmit certain management 
frames on a channel , before having been enabled to use that 
channel for data frames . In some implementations , this is to 
enable a security association to be established to prevent 
malicious forging of enablement frames which could cause 
devices to use the channel without genuine enablement from 
a database of the SAS 100 . However , while those manage 
ment frames are relatively short and rare , they may in certain 
cases contribute to interference to other communication 
systems — particularly for example if the transmitting device 
is close to and in the main lobe of a highly directional 
receiver antenna of another communication system . 
( 0085 ] In some implementations , many APs are multi 
band and may simultaneously operate on multiple channels 
where the same frequency - domain coexistence requirements 
do not exist ( e . g . 2 . 4 and 5 GHz unlicensed bands where 
devices typically coexist using CSMA / CA time - domain 
sharing ) . Specifically , in some implementations , the enable 
ment frames are extended to allow the enablement exchange 
to be conducted on a different band operated by the same AP 
( enabling device ) by additionally specifying the BSSID on 
which enablement is to be performed . In some implemen 
tations , this exchange , in addition to being out - of - band ( and 
so not creating interference to the other communication 

system ) , uses a security association set up on the BSS 
operating on the other band to ensure integrity of the 
exchange . In some implementations , in the case that the AP 
is single - band and may only operate on the spectrum for 
which frequency - domain coexistence is being performed , 
the AP ( enabling device ) advertises specific RUs and trans 
mission power limit that may be used for the in - band 
enablement transmissions in random - access trigger - based 
uplink frames . In some implementations , these RUs can be 
selected to minimize interference caused to another system . 
[ 0086 ] In some embodiments , an apparatus configured for 
wireless communication includes circuitry configured to 
identify a location of the apparatus and obtain spectrum 
usage data from a database . The spectrum usage data indi 
cates a licensed entity licensed within an area including the 
location of the apparatus to communicate across a first 
sub - band of frequencies within a frequency band . The 
frequency band includes a plurality of channels each having 
a fixed width . The circuitry is further configured to deter 
mine a first set of one or more of the plurality of channels 
containing the first sub - band of frequencies over which the 
licensed entity is licensed to communicate and to conduct 
wireless transmissions on a second set of one or more of the 
plurality of channels that do not contain the first sub - band of 
frequencies while disabling wireless transmissions on the 
first set of channels . 
10087 ] . In some embodiments , a method for conducting 
wireless communication includes identifying , by a wireless 
device , a location of the wireless device and obtaining , at the 
wireless device , spectrum usage data from a database . The 
spectrum usage data indicates a licensed entity licensed 
within an area including the location of the wireless device 
to communicate across a first sub - band of frequencies within 
a frequency band . The frequency band includes a plurality of 
channels each having a fixed width . The method further 
includes determining , by the wireless device , a first set of 
one or more of the plurality of channels containing the first 
sub - band of frequencies over which the licensed entity is 
licensed to communicate and conducting wireless transmis 
sions of the wireless device on a second set of one or more 
of the plurality of channels that do not contain the first 
sub - band of frequencies while disabling wireless transmis 
sions on the first set of channels . 
[ 0088 ] In some embodiments , one or more computer 
readable storage media have instructions stored thereon that , 
when executed by at least one processor of a wireless device , 
cause the at least one processor to perform operations . The 
operations include identifying a location of the wireless 
device and obtaining spectrum usage data from a database . 
The spectrum usage data indicates a licensed entity licensed 
within an area including the location of the apparatus to 
communicate across a first sub - band of frequencies within a 
frequency band . The frequency band includes a plurality of 
channels each having a fixed width . The operations further 
include determining a first set of one or more of the plurality 
of channels containing the first sub - band of frequencies over 
which the licensed entity is licensed to communicate and 
conducting wireless transmissions of the wireless device on 
a second set of one or more of the plurality of channels that 
do not contain the first sub - band of frequencies while 
disabling wireless transmissions on the first set of channels . 
[ 0089 ] In some embodiments , an apparatus configured for 
wireless communication includes circuitry configured to 
identify a location of the apparatus and obtain spectrum 
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usage data from a database . The spectrum usage data indi 
cates a licensed entity licensed within an area including the 
location of the apparatus to communicate across a first 
sub - band of frequencies within a frequency band . The 
frequency band includes a plurality of channels each having 
a fixed width . The circuitry is further configured to deter 
mine a modified transmission power using the spectrum 
usage data . The modified transmission power is configured 
to reduce interference with the licensed entity on the first 
sub - band . The circuitry is further configured to conduct 
wireless transmissions on at least one of a first set of one or 
more of the plurality of channels containing the first sub 
band or an adjacent channel that is adjacent to the first set of 
channels at the modified transmission power . 
[ 0090 ] In some embodiments , a method for conducting 
wireless communication by a device includes identifying a 
location of the device and obtaining spectrum usage data 
from a database . The spectrum usage data indicates a 
licensed entity licensed within an area including the location 
of the device to communicate across a first sub - band of 
frequencies within a frequency band . The frequency band 
includes a plurality of channels each having a fixed width . 
The method further includes determining a modified trans 
mission power using the spectrum usage data . The modified 
transmission power is configured to reduce interference with 
the licensed entity on the first sub - band . The method further 
includes conducting , by the device , wireless transmissions 
on at least one of a first set of one or more of the plurality 
of channels containing the first sub - band or an adjacent 
channel that is adjacent to the first set of channels at the 
modified transmission power . 
[ 0091 ] In some embodiments , one or more computer 
readable storage media have instructions stored thereon that , 
when executed by at least one processor of a device , cause 
the at least one processor to perform operations . The opera 
tions include identifying a location of the device and obtain 
ing spectrum usage data from a database . The spectrum 
usage data indicates a licensed entity licensed within an area 
including the location of the device to communicate across 
a first sub - band of frequencies within a frequency band . The 
frequency band includes a plurality of channels each having 
a fixed width . The operations further include determining a 
modified transmission power using the spectrum usage data . 
The modified transmission power is configured to reduce 
interference with the licensed entity on the first sub - band . 
The operations further include conducting wireless trans 
missions on at least one of a first set of one or more of the 
plurality of channels containing the first sub - band or an 
adjacent channel that is adjacent to the first set of channels 
at the modified transmission power . 
10092 ] In some embodiments , an apparatus configured for 
wireless communication includes circuitry configured to 
identify a location of the apparatus and obtain spectrum 
usage data from a database . The spectrum usage data indi 
cates a licensed entity licensed within an area including the 
location of the apparatus to communicate across a frequency 
band . The spectrum usage data indicates one or more 
transmission characteristics of the transmissions of the 
licensed entity including data indicating a source location 
and a directionality of the transmissions . The circuitry is 
further configured to determine beam steering characteris - 
tics for wireless transmissions of the apparatus within the 
frequency band using the spectrum usage data . The beam 
steering characteristics are determined using the transmis 

sion characteristics for the licensed entity and configured to 
reduce interference with the transmissions of the licensed 
entity within the frequency band caused by the wireless 
transmissions of the apparatus . The circuitry is further 
configured to conduct wireless transmissions over the fre 
quency band using the beam steering characteristics . 
[ 0093 ] In some embodiments , a method for conducting 
wireless communication by a device includes identifying a 
location of the device and obtaining spectrum usage data 
from a database . The spectrum usage data indicates a 
licensed entity licensed within an area including the location 
of the device to communicate across a frequency band . The 
spectrum usage data indicates one or more transmission 
characteristics of the transmissions of the licensed entity 
including data indicating a source location and a direction 
ality of the transmissions . The method further includes 
determining beam steering characteristics for wireless trans 
missions of the device within the frequency band using the 
spectrum usage data . The beam steering characteristics are 
determined using the transmission characteristics for the 
licensed entity and configured to reduce interference with 
the transmissions of the licensed entity within the frequency 
band caused by the wireless transmissions of the device . The 
method further includes conducting wireless transmissions 
over the frequency band using the beam steering character 
istics . 
[ 0094 ] In some implementations , one or more computer 
readable storage media have instructions stored thereon that , 
when executed by at least one processor of a wireless device , 
cause the at least one processor to perform operations . The 
operations include identifying a location of the wireless 
device and obtaining spectrum usage data from a database . 
The spectrum usage data indicates a licensed entity licensed 
within an area including the location of the wireless device 
to communicate across a frequency band . The spectrum 
usage data indicates one or more transmission characteristics 
of the transmissions of the licensed entity including data 
indicating a source location and a directionality of the 
transmissions . The operations further include determining 
beam steering characteristics for wireless transmissions of 
the wireless device within the frequency band using the 
spectrum usage data . The beam steering characteristics are 
determined using the transmission characteristics for the 
licensed entity and configured to reduce interference with 
the transmissions of the licensed entity within the frequency 
band caused by the wireless transmissions of the wireless 
device . The operations further include conducting wireless 
transmissions over the frequency band using the beam 
steering characteristics . 
[ 0095 ] Implementations within the scope of the present 
disclosure can be partially or entirely realized using a 
tangible computer - readable storage medium ( or multiple 
tangible computer - readable storage media of one or more 
types ) encoding one or more instructions . The tangible 
computer - readable storage medium also can be non - transi 
tory in nature . 
10096 ] The computer - readable storage medium can be any 
storage medium that can be read , written , or otherwise 
accessed by a general purpose or special purpose computing 
device , including any processing electronics and / or process 
ing circuitry capable of executing instructions . For example , 
without limitation , the computer - readable medium can 
include any volatile semiconductor memory , such as RAM , 
DRAM , SRAM , T - RAM , Z - RAM , and TTRAM . The com 
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puter - readable medium also can include any non - volatile 
semiconductor memory , such as ROM , PROM , EPROM , 
EEPROM , NVRAM , flash , nvSRAM , FRAM , FeTRAM , 
MRAM , PRAM , CBRAM , SONOS , RRAM , NRAM , race 
track memory , FJG , and Millipede memory . 
[ 0097 ] . Further , the computer - readable storage medium 
can include any non - semiconductor memory , such as optical 
disk storage , magnetic disk storage , magnetic tape , other 
magnetic storage devices , or any other medium capable of 
storing one or more instructions . In some implementations , 
the tangible computer - readable storage medium can be 
directly coupled to a computing device , while in other 
implementations , the tangible computer - readable storage 
medium can be indirectly coupled to a computing device , 
e . g . , via one or more wired connections , one or more 
wireless connections , or any combination thereof . 
[ 0098 ] Instructions can be directly executable or can be 
used to develop executable instructions . For example , 
instructions can be realized as executable or non - executable 
machine code or as instructions in a high - level language that 
can be compiled to produce executable or non - executable 
machine code . Further , instructions also can be realized as or 
can include data . Computer - executable instructions also can 
be organized in any format , including routines , subroutines , 
programs , data structures , objects , modules , applications , 
applets , functions , etc . As recognized by those of skill in the 
art , details including , but not limited to , the number , struc 
ture , sequence , and organization of instructions can vary 
significantly without varying the underlying logic , function , 
processing , and output . 
[ 0099 ] Those of skill in the art would appreciate that the 
various illustrative blocks , modules , elements , components , 
and methods described herein may be implemented as 
electronic hardware , computer software , or combinations of 
both . To illustrate this interchangeability of hardware and 
software , various illustrative blocks , modules , elements , 
components , and methods have been described above gen 
erally in terms of their functionality . Whether such func 
tionality is implemented as hardware or software depends 
upon the particular application and design constraints 
imposed on the overall system . Skilled artisans may imple 
ment the described functionality in varying ways for each 
particular application . Various components and blocks may 
be arranged differently ( e . g . , arranged in a different order , or 
partitioned in a different way ) all without departing from the 
scope of the subject technology . 
[ 0100 ] It should be noted that certain passages of this 
disclosure can reference terms such as “ first ” and “ second ” 
in connection with devices , arrays , direction , etc . , for pur 
poses of identifying or differentiating one from another or 
from others . These terms are not intended to merely relate 
entities ( e . g . , a first device and a second device ) temporally 
or according to a sequence , although in some cases , these 
entities can include such a relationship . Nor do these terms 
limit the number of possible entities ( e . g . , devices ) that can 
operate within a system or environment . 
[ 0101 ] Those of skill in the art would appreciate that the 
various illustrative blocks , modules , elements , components , 
and methods described herein may be implemented as 
electronic hardware , computer software , or combinations of 
both . To illustrate this interchangeability of hardware and 
software , various illustrative blocks , modules , elements , 
components , and methods have been described above gen 
erally in terms of their functionality . Whether such func 

tionality is implemented as hardware or software depends 
upon the particular application and design constraints 
imposed on the overall system . Skilled artisans may imple 
ment the described functionality in varying ways for each 
particular application . Various components and blocks may 
be arranged differently ( e . g . , arranged in a different order , or 
partitioned in a different way ) all without departing from the 
scope of the subject technology . 
10102 ] . As used herein , the phrase " at least one of ” pre 
ceding a series of items , with the term “ and ” or “ or ” to 
separate any of the items , modifies the list as a whole , rather 
than each member of the list ( i . e . , each item ) . The phrase " at 
least one of ” does not require selection of at least one of each 
item listed ; rather , the phrase allows a meaning that includes 
at least one of any one of the items , and / or at least one of any 
combination of the items , and / or at least one of each of the 
items . By way of example , the phrases at least one of A , B , 
and C ” or “ at least one of A , B , or C ” each refer to only A , 
only B , or only C ; any combination of A , B , and C ; and / or 
at least one of each of A , B , and C . 
[ 0103 ] The word " example ” is used herein to mean “ serv 
ing as an example , instance , or illustration . ” Any embodi 
ment described herein as “ exemplary ” or as an “ example ” is 
not necessarily to be construed as preferred or advantageous 
over other embodiments . Furthermore , to the extent that the 
term “ include , " " have , ” or the like is used in the description 
or the claims , such term is intended to be inclusive in a 
manner similar to the term “ comprise ” as “ comprise ” is 
interpreted when employed as a transitional word in a claim . 
[ 0104 ] The previous description is provided to enable any 
person skilled in the art to practice the various aspects 
described herein . Various modifications to these aspects will 
be readily apparent to those skilled in the art , and the generic 
principles defined herein may be applied to other aspects . 
Thus , the claims are not intended to be limited to the aspects 
shown herein , but are to be accorded the full scope consis 
tent with the language claims , wherein reference to an 
element in the singular is not intended to mean " one and 
only one ” unless specifically so stated , but rather “ one or 
more . ” Unless specifically stated otherwise , the term " some " 
refers to one or more . Pronouns in the masculine ( e . g . , his ) 
include the feminine and neuter gender ( e . g . , her and its ) and 
vice versa . Headings and subheadings , if any , are used for 
convenience only and do not limit the subject disclosure . 
What is claimed is : 
1 . An apparatus configured for wireless communication , 

the apparatus comprising : 
circuitry configured to : 

identify a location of the apparatus ; 
obtain spectrum usage data from a database , the spec 

trum usage data indicating a licensed entity licensed 
within an area including the location of the apparatus 
to communicate across a first sub - band of frequen 
cies within a frequency band , the frequency band 
including a plurality of channels each having a fixed 
width ; 

determine a modified transmission power using the 
spectrum usage data , the modified transmission 
power configured to reduce interference with the 
licensed entity on the first sub - band ; and 

conduct wireless transmissions on at least one of a first 
set of one or more of the plurality of channels 
containing the first sub - band or an adjacent channel 
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that is adjacent to the first set of channels at the 
modified transmission power . 

2 . The apparatus of claim 1 , the circuitry configured to 
disable wireless transmissions on the first set of channels 
and conduct wireless transmissions on the adjacent channel 
at the modified transmission power . 

3 . The apparatus of claim 1 , the circuitry further config 
ured to conduct wireless transmissions in a channel of the 
plurality of channels that does not include the first sub - band 
at a transmission power greater than the modified transmis 
sion power . 

4 . The apparatus of claim 1 , the circuitry configured to 
determine the modified transmission power using at least 
one of : 

a relative location of the apparatus with respect to at least 
one of a location of the licensed entity or the area in 
which the licensed entity is licensed to communicate 
over the first sub - band ; 

a power spectral density over distance of transmissions of 
at least one of the licensed entity or the apparatus ; 

a directionality of transmissions of the licensed entity ; or 
an antenna gain of an antenna of the licensed entity . 
5 . The apparatus of claim 1 , the circuitry configured to 

determine the modified transmission power by : 
estimating a level of interference caused at a receiver of 

the transmissions of the licensed entity due to the 
wireless transmissions of the apparatus ; and 

determine the modified transmission power that is esti 
mated to result in interference at the receiver of less 
than a threshold interference level . 

6 . The apparatus of claim 5 , wherein the threshold inter 
ference level is - 90 dBm . 

7 . The apparatus of claim 1 , wherein the circuitry is 
configured to conduct the wireless transmissions within a 
second sub - band in the frequency band that has a width of 
at least 80 MHz , the channels are 20 MHz channels and the 
fixed width of each of the channels is 20 MHz , and the 
circuitry is configured to : 

determine a first set of 20 MHz channels of the second 
sub - band that include the first sub - band ; and 

determine a second set of the 20 MHz channels of the 
second sub - band not including the first set of 20 MHz 
channels ; and 

conduct the wireless transmissions at the modified trans 
mission power on the first set of 20 MHz channels . 

8 . The apparatus of claim 7 , wherein the circuitry is 
further configured to : 

determine a second set of the 20 MHz channels of the 
second sub - band not including the first set of 20 MHz 
channels ; and 

conduct the wireless transmissions at a transmission 
power higher than the modified transmission power on 
the second set of 20 MHz channels . 

9 . The apparatus of claim 1 , the circuitry further config 
ured to : 

determine a spectral separation between the adjacent 
channel and the first sub - band ; and 

determine whether to conduct wireless transmissions on 
the adjacent channel with the modified transmission 
power based on the spectral separation . 

10 . The apparatus of claim 9 , the circuitry configured to 
conduct the wireless transmissions on the adjacent channel 
at the modified transmission power responsive to determin 
ing the spectral separation is less than a threshold and 

conduct the wireless transmissions on the adjacent channel 
at a transmission power higher than the modified transmis 
sion power responsive to determining the spectral separation 
is greater than the threshold . 

11 . The apparatus of claim 1 , the circuitry further con 
figured to : 

determine an adjacent channel of the second set of chan 
nels that is adjacent to the first set of channels ; and 

determine whether to conduct wireless transmissions on 
the adjacent channel at the modified transmission 
power based on whether the wireless transmissions on 
the adjacent channel are likely to cause interference on 
the first sub - band greater than a threshold level of 
interference . 

12 . The apparatus of claim 1 , wherein the wireless com 
munications are WiFi communications , and wherein at least 
a portion of the second sub - band is unlicensed spectrum . 

13 . The apparatus of claim 12 , wherein the second sub 
band includes a frequency of 6 GHz . 

14 . A method for conducting wireless communication by 
a device , the method comprising : 

identifying a location of the device ; 
obtaining spectrum usage data from a database , the spec 

trum usage data indicating a licensed entity licensed 
within an area including the location of the device to 
communicate across a first sub - band of frequencies 
within a frequency band , the frequency band including 
a plurality of channels each having a fixed width ; 

determining a modified transmission power using the 
spectrum usage data , the modified transmission power 
configured to reduce interference with the licensed 
entity on the first sub - band ; and 

conducting , by the device , wireless transmissions on at 
least one of a first set of one or more of the plurality of 
channels containing the first sub - band or an adjacent 
channel that is adjacent to the first set of channels at the 
modified transmission power . 

15 . The method of claim 14 , further comprising disabling 
wireless transmissions on the first set of channels and 
conduct wireless transmissions on the adjacent channel at 
the modified transmission power . 

16 . The method of claim 14 , further comprising conduct 
ing wireless transmissions in a channel of the plurality of 
channels that does not include the first sub - band at a 
transmission power greater than the modified transmission 
power . 

17 . The method of claim 14 , further comprising deter 
mining the modified transmission power using at least one 
of : 

a relative location of the device with respect to at least one 
of a location of the licensed entity or the area in which 
the licensed entity is licensed to communicate over the 
first sub - band ; 

a power spectral density over distance of transmissions of 
at least one of the licensed entity or the device ; 

a directionality of transmissions of the licensed entity ; or 
an antenna gain of an antenna of the licensed entity . 
18 . The method of claim 14 , further comprising deter 

mining the modified transmission power by : 
estimating a level of interference caused at a receiver of 

the transmissions of the licensed entity due to the 
wireless transmissions of the device ; and 
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determine the modified transmission power that is esti 
mated to result in interference at the receiver of less 
than a threshold interference level . 

19 . The method of claim 14 , further comprising : 
determining a spectral separation between the adjacent 

channel and the first sub - band , and 
determining whether to conduct wireless transmissions on 

the adjacent channel with the modified transmission 
power based on the spectral separation . 

20 . The method of claim 19 , the circuitry configured to 
conduct the wireless transmissions on the adjacent channel 
at the modified transmission power responsive to determin 
ing the spectral separation is less than a threshold and 
conduct the wireless transmissions on the adjacent channel 
at a transmission power higher than the modified transmis 
sion power responsive to determining the spectral separation 
is greater than the threshold . 

* * * * * 


