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SYSTEM AND METHOD FOR CHANNEL SELECTION TO REDUCE
IMPACT TO AN EXISTING NETWORK

BACKGROUND

Aspects of the present disclosure relate generally to wireless commanication
systems, and more particularly, to reducing mterference to non-celhular communications
on undicensed bands.

Wireless communication networks are widely deployed to provide various
communication services such as voice, video, packet data, messaging, broadcast, elc.
These wireless networks may be multiple-access networks capable of supporting
multiple users by sharing the available network resources. Examples of such multiple-
access networks mnehide Code Division Multiple Access (CDOMA) networks, Time
Pravision Multiple Access (TDMA)Y networks, Frequency Division Multiple Access
(FDMA) networks, Orthogonal FDMA (OFDMA) networks, and Sgle-Carrier FDMA
{(SC-FDMA) networks.

A wircless communication network may include a number of network entities,
such as basc stations, that can support conununication for a mumber of mobile
entities/devices, such as, for example, user equipment (UE) or access terminals {ATs}.
A mobile device may communicate with a base station via a downlink and oplink. The
downlink (or forward link) refers to the communication ok from the base station o the
UE, and the uplink {or reverse hink) refers to the communication link from the UE to the
base station.

The 3rd Generation Partnership Project (3GPP) Long Term Evolution (LTE}
represents a major advance in celiular technology as an evolution of Global System for
Mobile communications {GSM} and Universal Mobile Telecommunications Systero
(UMTS). The LTE physical fayer (PHY) provides a highly efficient way to convey
both data and control information between a base station, such as an evolved Node B
(eNB), and a roobile device, such as a UK.

With the increased deployment of neighborhood small cells (NSCs), such as, for
example, femto cells or similar small cells, there will be an increased demand for the
hicensed spectrum, which will Hiely result in spectrum shortages. Deploying NSCs on

the unlicensed spectrum {e.g., 5 GHz) can unleash huge potential in meeting increased
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spectrum demands. [t is {urther noted that LTE can provide higher spectral efficiency as
compared to IEEE 80211 (Wi-Fi) in the unlicensed spectrum.  However, the
deployment of NCSs on the unlicensed spectrum may result in interference io non-
cellular communications on the unlicensed band. In this context, there remams a need

for techniques to reduce interference by NSCs deployed on unlicensed bands.

SUMMARY

Hlustrative aspects of the present disclosure that are shown in the drawings arc
summarized below. These and other aspects are more fully described in the detailed
description section. It is to be understood, however, that the disclosure is not Hmited to
the forms described in this Summary or in the detailed description.

In accordance with one or more aspects described herein, there is provided a
method for inferference management operable by a network entity {e.g., an NSC) or
component(s) thereof. The method may mvolve accessing a hist of channels for cellular
communication {(¢.g., LTE) on an unlicensed band, the list having the channels in an
order of priority for reducing interference to non-cellular comomunication {¢.g., Wi-Fi}
on the unhicensed band. The method may further invelve determining an interference
criteria for a received signal, the interference criteria being based at in part on at least
one of a received signal strength indicator (RSSI) or a duty cycle of the received signal.
The method may also fovolve going through, i the order of priority, each chaunnel in the
hist to Wdentify a first channel that satisfics the interference eritena.

In related aspects, the method may tnvolve selecting the first channel for cellular
communication in the unhicensed band to further reduce the interference to non-cellular
comnnunication in the unbicensed band. In further related aspects, the method may
mvolve, in response to none of the chamnels in the Hst satisfying the interference
criteria, identifying a second channel on which the celhular communication resulis in a
feast amount of nterference to non-cellular communication oo the unhicensed hand. In
yet further related aspects, the method may mvolve determining an RSSY for each
channel m the hst, apportioning non-cellular contribution and cellular contribution to
the RSSI, and assigning higher weight to the non-cellular contribution to the RSSL In
still further related aspects, an electronic device (e.g., an NSC, g user equipment () ot

component(s) thereof) may be configured to execute the above described methodology.
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To the accomplishment of the foregomg and related ends, the one or more
implementations include the features hereinafler fully described and particularly pointed
out in the claimos. The following description and the annexed drawings set forth in
detail certain iHustrative aspects of the one or more implementations. These aspects are
mdicative, however, of but a few of the various ways in which the principles of various
inplementations may be employed and the described fmplementations are intended to

include all such aspects and their equivaients.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A i3 a block diagram conceptually illustrating an example of a
telecommunications sysiem,

FIG. 1B illustrates a scenario in an unlicensed spectrum resulting in interference
at an LTE-U (LTE operating in unlicensed band} SC {small cell).

FIG. 1 llustrates a scenario in an unlicensed spectrum resulting in mterference
at 3 UE.

FIG. 2 15 a block diagram conceptually lustrating a design of a base station and
a UL configured according to one aspect of the present disclosure.

FIG. 3 illustrates an example methodology for channel selection to reduce
interference to non-cellular communications on an unlicensed spectrom.

FIG. 4 illustrates further exaroples or aspects of methodologies for channel
selection.

FIG. 3 shows an example apparatus for implementing the method of FIGS. 3-4.

DETAILED DESCRIPTION

The present disclosure relates to techniques for reducing fnterference to non-
cellular coromumications (e.g., wireless local area network (WLAN) communications)
on an unficensed band by a network entity {e.g., 8 neighborhood small cell (NSC)
sending/recetving cellular communications on the unlicensed band. in one example, the
technique may relate to 3GPP Long Termn Eveolution (LTE) channel selection o reduce
any mmpact to an existing Wi-Fi network or the bke. It is noted that the terms NSC and
small cell may be used interchangeably herein. It is further noted that the terms pico

cell, and fenmto cell, described in further detaid below, are examples of an NSC,
B 5 5
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{0018] NSCs provide an alternative to deploying macro base stations to provide
mereased cellular coverage. However, a major roadblock for wide NSC deployment is
the fack of available spectrum on licensed bands. Deploying NSCs on unlicensed bands
holds great potential for increasing cellular coverage. It is noted that certam celular
protocols, such as LTE, provides higher speciral efficiency and coverage compared to
non-cellular or WLAN protocols, such as Wi-Fi. However, the deployment of NSCs in
the unlicensed bands may disrupt or cause mterference fo non-celular (e.g., Wi-Fi}
conynunications on the unhicensed bands.

{80319} It is noted that the detailed description set forth below, in commection with the
appended drawings, i3 intended as a description of various configurations and is not
intended to represent the only configurations in which the concepts described herein
may be practiced. The detailed description includes specific details for the purpose of
providing a thorough wnderstanding of the various concepts. However, it will be
apparcnt {o those skilled in the art that these concepts may be practiced without these
specific details. To some instances, well-known structures and coroponents are shown in
block diagram form in order to avoid obscuring such concepts.

{0620} It 1s further noted that the techniques deseribed herein may be ased for various
wireless communication networks such as CDMA, TDMA, FDMA, OFDMA, SC-
FOMA and other networks.  The terms “network” and “system” are often used
mterchangeably. A UDMA network may implement a radio technology such as
Universal Terrestrial Radic Access (UTRA), CDMAZ000, otc. UTRA inchides
Wideband CDMA (WCDMA) and other variants of CDMA. CDMAZO00 covers 15-
2000, 1S-95 and IS-856 standards. A TDMA uvetwork may imoplement a radio
technology such as Global System for Mobile Communications (GSM). An OFDMA
network may implement a radio technology such as Evolved UTRA (E-UTRA), Ulira
Mobile Broadband (UMB), TEEE 80211 (Wi-F1), IEEE R02.16 (WiIMAX), IEEE
502.20, Flash-OFDMA, ete. UTRA and E-UTRA are part of Universal Mobile
Telecommunication System {UMTS). 3GPP LTE and LTE-Advanced (LTE-A) arc new
releases of UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM
are described in documents from an organization named “3rd Generation Partnership
Project” (3GPP).  CDMAZO00 and UMB are described in documents from an
organization named “3rd Generation Partnership Project 27 (3GPP2). The techuniques

described herein may be used for the wireless networks and radio technologies
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mentioned above as well as other wireless networks and radio technelogies. For clarity,
certain aspects of the techniques are described below for LTE, and LTE terminology is
used in much of the description below.

FIG. 1A shows an examople wireless communication network 100, which may be
an LTE network or the ke, The wireless network 100 may mclude a number of base
stations 11} (e.g., evolved Node Bs (eNBs), NSCs, ctc.) and other network entities. A
base station may be a station that communicates with the UEs and may also be referred
to as a Node B, an access point {AP), or other term. Each eNB 110a, 110h, 110¢ may
provide commumication coverage for a particolar geographic area. In 3GPP, the term
“cell” can refer to a coverage area of an eNB and/or an eNB subsystem serving this
coverage area, depending on the context 1o which the term is used.

An eNB may provide communication coverage for a macro cell, a pico cell, a
femto cell, and/or other types of cell. A macro cell may cover a relatively large
geographic area {c.g., several kilometers in radius) and may allow unrestricted access by
UEs with service subscription. A pico cell may cover a relatively small geographic area
and may allow unrestricted access by UEs with service subseription. A femto cell may
cover a relatively small geographic area {¢.g., a home) and may allow restricted access
by UEs having association with the femto cell (e.g., UEs 1u a closed subscriber group
(CSG), Us for users m the home, ete.). it is noted that a pico ccll and a feroto cell are
examples of NSCs.

An eNB for a macro cell may be referred to as a macro eNB. An oNB for a pico
cell roay be referred to as a pico eNB. An eNB for a NSC may be referred fo as a NSC
eNB or a home eMNB (HNB). In the example shown in FIG. 1, the eNBs {104, 1 10b and
110¢ may be macro eNBs for the macre cells 102a, 102b and 182¢, respectively.

The ¢NB 110x may be a NSC elNB for a NSC 102x, serving a UE 120x. In the
present example, eNB 110x operates in licensed bands, as do the eNBs 110a, 110b and
110c. In contrast, the eNB 110y operates n an unhicensed band, and is a NSC eNB for
a NSC 103, serving a UE 125 that is configured to operate in the unlicensed band. The
network 100 may also include a an LTE-U (LTE operating in unlicensed band) small
cell (ST 115 that is co-located with a Wi-Fi AP radio or the ike. The LTE-U 8C 115
operates in the unlicensed band provides LTE U coverage in a service arca 104, The
LTE-U 8C 115 may provide LTE-U service for a UE 125 that is within the coverage

arca 104 and configured for LTE-U (Ge, ). The UE 125 may be in the in operative
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communication with a small cell {e.g., a femto cell or a pico cell) m an unlicensed band
103 and in the coverage area 104 simultancously, and may be capable of both cellular
and non-cellular communication in the unlicensed band.

A network controller 130 may couple to a set of eNBs and provide coordination
and control for these eNBs. The network controller 130 may communicate with the
eNBs 110 via a backhaui. The eNBs 110 may also commuanicale with one another, e.g.,
directly or indirectly via wircless or wircline backhaul.

The UEs 120 may be dispersed throughout the wireless network 100, and each
UE may be stationary or mobile. A UE may also be referred to as a terminal, a mobile
station, a subscriber unil, a station, etc. A UE may be a cellular phone, a personal
digital assistant (PDA), a wircless modem, a wueless communication device, a
handheld device, a laptop computer, a cordless phone, a wireless local loop {(WLL)
station, or other mobile devices. In FIG. 1A, a sohd line with double arrows indicates
desired transmissions between a UE and a serving eNB, which is an eNB designated to
serve the UE on the downlink and/or uphnk. A dashed linc with double amrows
ndicates interfering transmissions between a UE and an eNB.

Interference at the LTE-U SC: With reference to FIG. 1B, within an unhicensed
band 150, a Wi-Fi device (c.g. AP 156 or STA 158) may be hidden from a UE 152 and
may interfere with LTE-U uphink (UL) communications with a LTE-U 8C 154, Sucha
scenario would impact PUSCH performance The PUCCH/PRACH may be sent on the
PCC 1o avoid interference issues.

Interference at the UE: With reference to FIG. 1C, within an unlicensed band

160, a Wi-Fi device (e.g., AP 166 or STA 163) may be hidden from a LTE-U SC 162

and may interfere with LTE-U downlink (DL) communications with a UE 164, Such
interference (INTF) to LTE-U downlink communications may impact the primary
synchronization signal (PSS) / secondary synchromzation signal (SS8), thereby
affecting synchronization generally.  Averaging can help reduce the impact to
synchronization, and since is PSS/SSS is narrowband, the small cell in the unlicensed
band roay boost is power as needed. Interference to LTE-U downlink communications
may impact PDCCH performance.  Cross-carrier scheduling may be implemented to
send granis on the PCC; similarly, PBCH may be sent on the PCC for robustness.
Interference to Wi-Fi downlink communications may impact PDSCH performance, may

impact roeasurcruents (e.g., RSRP/RESRY can be corrupted and/or not reflect Wi-Fi
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nterference correctly), and may result in channel quality indication {CQ1) mismatch
given that the cell-specific reference signal (CRS) may not capture all Wi-Fi
interference.

LTE-U Channel Selection: In one approach LTE-U channel selection, a network
entity (e.g., an LTE small cell in an unlicensed band or the hike) moay perform network
Hsten to measure the interference level and duty cycle on different channels from both
LTE and Wi-Fi networks. In one approach, this may mvolve taking RSSI
measurements over each OFDM symbol and calculating order statistics based on the
RSSI measurements, Assistance from co-located AP measurements may be specific for
Wi-Fi signals (e.g., beacons, measuring RSST from PLCP headers, ete.). Network Hsten
may be performed periedically or friggered based on high uplink/downlink PER, 10T
pattern, COQI pattern, CQI back-off, or the bke. In related aspects, the PCC may
configure the best available SCC(s) each tnigger or channel selection period. While this
approach addresses interference at the small cell in an unlicensed band, it does not
address interference experienced at the UE.

In another approach to LTE-U channel selection, the network entity may utihize
co-channel UE measurements and channel state imformation {(CSI) reports. This may
involve combining metrics, such as, for example, the CQY pattern, the reference signal
received gquality (RSRQ), and/or the rate control outer loop back-off 1o deduce co-
channel quality and trigger channel selection. It is noted, however, that inter-frequency
UE measurcraents such as RSRP/RSR{Y may not capture Wi-Fi imterference on other
channels.  In related aspects, the small cells in an unlicensed band may exchange
information about the quality of the channels over X2 links or the hike.

In vet another approach to LTE-U channel selection, the network entity may rely
on mterference diversity provided by using multiple SCCs, such as, for example, PCC,
SCCH, SCC2, ..., SCCK, or the ke, The 8CCs may be selected based on the network
Hsten management (NLM) or the like. A given UE may be served on all available SCCs
if it does not detect any Wi-Fi interference. The given UE would not be scheduled on
those SCCs deternuned to experience Wi-Fi interference levels mecting or exceeding a
given interference threshold, such as & system-defined value. For example, the
determination may be based at least in part on a channel quahity indicator (CQ), rate

control outer loop back off, or the like. In one example, twe SCCs may be sufficient for
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nterference diversity given the low probability that a given UE would have strong Wi-
Fi jammers on both channels associated with the two SCCs.

{6032} In related aspects, a given SC may schedule a narrower PDSCH to increase
robustness, which may belp reduce the impact from adjacent channel interference or the
hke. However, there are vestrictive jpower spectral density hmits for Unlicensed
National Information Infrastractare (UNI) — low power or the like.

{033} In yet another approach to LTE-U chamnel selection, the network entity may
measure the Wi-Fi beacon signal strength and/or the training sequence RSSH, and de-
prioritize chanmel selection (e, avoid certain Wi-Fi channels) that can cause high
mterference to Wi-Fi.

80341 One approach to reducing or minimizing nterference 1o such non-cellular
communications is to mplement a channel selection technique that keeps the small cells
m the unlicensed band concentrated on a few channels on the unhicensed band., St
there remains a need for an improved channel sclection techunigue for reducing
interference caused o non-cellular communications 1o the unlicensed band.

{0035) Such a chanuvel selection techmique may involve defining a list of chamnnels with
priority. The small cell may go through each channel in the order of priority and pick
the one which satisfies an interference criteria, such as, for example, a received signal
strength indicator (RSS1) being lower than a threshold.  In another example, the
mterference criteria may be a metric that combines RSSI and duty cycle of interference,
wherein the metric is below than another defined threshold. It is noted that, in one
example, if the rate control loop is fargeting 10% block error rate (BLER) on a first
fransmission, then even a jamer with a 10695 duty cycle can impact the performance.

{0636} If no channels satisfy the criteria, then the small cell may pick the channel with
least interference. The small cell may further distinguish between Wi-Fi contribution to
the RSSL and LTE contribution to the RSSL, such as, for example, by detecting the
physical layer convergence protocol (PLCP) header of Wi-Fi packets or Wi-Fi beacons.
The RSSI contribution from Wi-Fi may be given higher weight than LTE {i.c., it may be
preferable to select 2 co-channel with LTE to leverage eoxisting intericrence
management). A Wikt basic service set (BSS) with a service set identifier (85[3)
belonging to the same operator/user can be frther given higher weight to be avoided
{through decoding the beacon). Neighbor small cells may exchange measurements on

the channel list over X2 or the like.
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FIG. 2 shows a block diagram of a design of a base station 110 and a UE 124,
which may be one of the base stations (e.g., an NSB such as 110x, 110y, or 110z} and
one of the Uks, respectively, in FIG. 1. The base station 110 may be equipped with
antennas 234a through 2344, and the UE 120 may be cquipped with antennas 252a
through 252r.

At the base station 110, a transmit processor 220 may receive data from a dala
source 212 and control information from a controlier/processor 240, The control
information may be for the PBCH, PCFICH, PRICH, PDCCH, eic. The data may be for
the PDSCH, ete. The processor 220 may process (e.g., encode and symbol map) the
data and control information to obtain data symbols and control symbols, respectively.
The processor 220 may also generate reference symbols, e.g., for the PSS, 888, and
cell-specific reference signal. A transmit (TX) multiple-input multiple-output (MIMO)
processor 230 may perform spatial processing {¢.g., precoding} on the data symbols, the

Fag

control symbols, and/or the reference symbols, if applicable, and may provide output
symbol streams to the modulators (MODs) 232a through 2321, Each modulator 232
may process a respective output symbol stream (e.g., for OFDM, ete.} to obtain an
cutput sample stream. Hach modulator 232 may further process {e.g., convert to analog,
amplify, filer, and upcouvert) the output sample siream to obiain a downlink signal.
Downlink signals from modulators 232a through 232t may be transmiticd via the
antennas 234a through 2344, respectively.

At the UE 120, the antennas 25Za through 252r may receive the downlink
signals from the base station 110 and may provide received signals to the demodulators
(DEMODs) 254a through 254y, respectively.  Each demodulator 254 may condition
{e.g., filter, amplify, downconvert, and digitize) a respective received signal to obtain
input samples. Each demeodulator 254 may further process the input samples (2.g., for
OFDM, etc.} to obtain received symbols. A MIMO detector 256 may obtain received
symbols from all the demodulators 254a through 254r, perform MIMO detection on the
received symbols if applicable, and provide detected symbols. A receive processor 258
may process (¢.g., demodulate, demterleave, and decode) the detected symbols, provide
decoded data for the UE 120 to a data sk 260, and provide decoded control
iformation to a controller/processor 280.

On the uplink, at the UE 120, a transmit processor 264 may receive and process

data {ec.g., for the PUSCH) from a data source 262 and control information {e.g., for the
3 > K . ot



WO 2015/073203 PCT/US2014/062727

10841

3042}

10843]

PUCCH) from the controler/processor 280, The processor 264 may also generate
reference symbols for a reference signal. The symbols from the transmit processor 264
may be precoded by a TX MIMO processor 266 if applicable, further processed by the
modulators 254a through 254r (e.g., for SC-FDM, ete)), and transmiticd to the base
gtation 110. At the base station 110, the uphnk signals from the UE 120 may be
received by the antennas 234, processed by the demodulators 232, detected by a MIMO
detector 236 if applicable, and further processed by a receive processor 238 to obtain
decoded data and control information sent by the UE 120, The processor 238 may
provide the decoded data to a data sink 239 and the decoded control information to the
controller/processor 2440,

The controllers/processors 240 and 280 may direct the operation at the base
gtation 110 and the UE 120, respectively. The processor 240 and/or other processors
and modules at the base station 110 may perform or direct the exccution of various
processes for the techniques described herein.  The processor 280 and/or other
processors and modules at the UE 120 may also perform or direct the execution of the
functional blocks llustrated in FIGS. 6 and 7, and/or other processes for the techniques
described herein. The memories 242 and 282 may store data and program codes for the
base station 110 and the UE 120, respectively. A scheduler 244 may schedule UEs for
data transmission on the downlink and/or uplink.

In one configuration, the base station 110 and/or the UE 120 may include means

for performing the process tHusirated in FIGS 3-4. In one example, the aforementioned
means may be the processor(s), the countroller/processor 280, the memory 282, the
receive processor 258, the MIMO detector 236, the demodulators 254a, and the
antennas 252a configured to perform the functions recited by the aforementioned
means. In another aspect, the aforementioned means may be a module or any apparatus
configured to perform the functions recited by the aforerentioned means.

In view of exemplary systeros shown and described herein, methodelogies that
may be iroplemented in accordance with the disclosed subject matter, will be better
appreciated with reference 1o various flow charts. While, for purposes of simplicity of
explanation, methodologies are shown and described as a serics of acts/blocks, 1t is to be
understood and appreciated that the claimed subject matter 18 not Hmited by the number
or order of blocks, as some blocks may occur in different orders and/or at substantially

the same time with other blocks from what is depicted and described herein. Morcover,
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not all ilustrated blocks may be required to implement methodologies described herein.
It is to be appreciated that functionality associated with blocks may be implemented by
software, hardware, a combination thereof or any other suitable means {¢.g., device,
systern, process, or component).  Additionally, it should be further appreciated that
methodologies disclosed throughout this specification are capable of being stored on an
article of manufacture to facilitate transporting and transferring such methodologies to
various devices.  Those skilied in the art will understand and appreciate that a
methodology could alternatively be represented as a series of interrelated states or
events, such as m a state diagram.

With reference to FIG. 3, illustrated is a methodology 300 that may be
performed at a network entity, such as, for example, an small cell 110 or & UE 120 as
shown in FIGS. 1-2. The method 300 may mvolve, at 310, accessing a list of channels
for celhdar communication on an unlicensed band, the list having the channels in an
order of priority for reducing interference to non-celluiar communication on the
unlicensed band. The method 300 may involve, at 320, determuning an interforence
criteria for a received signal, the interference criteria being based at in part on at least
one of an RSSI or a duty cycle of the received signal. The method 300 may mvolve, at
330, going through, o the order of priority, cach chanunel in the Hst 1o identify a frst
channel that satisfies the interference criteria.

With reference to FIG. 4, there are shown further operations or aspects of
method 300 that are optional are not required to perform the method 300, i the method
300 inchudes at least one block of FIG. 4, then the method 300 may terounate after the at
least one block, without necessarily having to include any subsequent downstream
block(s} that may be illustrated. For example, the method 300 may further involve
selecting the first channel for cellular communication in the unlicensed band to further
reduce the nterforence to non-cellular comvmunication in the unlicensed band (block
3403,

In one example, the cellular communication comprises LTE commrunication on
the unlicensed band, and the non-cellular convnunication coroprises WLAN
communication on the unlicensed band. In related aspects, the WLAN communication
may mclude Wi-Fi communication on the snhicensed band.

In another example, the method 300 may involve, in response to none of the

chanunels in the list satisfying the interference criferia, identifying a second channel on
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which the celhdar commumication resulis in 8 least amount of interference to non-
cellular communication on the unlicensed band (block 350).

In related aspects, identitying the second channel (block 3503 may involve: for
each channel in the list, determining an RSSI (block 360); apportioning non-celiular
contribution and cellular contribution to the RSSI (block 370}, and assigning higher
weight to the non-cellular contribation to the RSS1 {block 3803

In one implementation, wherein the network entity compriscs a UE or the like,
one or maore of blocks 310-380 may be performed by the controller/processor 280, the

emory 282, the receive processor 258, and/or the transmit processor 264 of the UE
120, as shown in the example of FIG. 2. In another implementation, wherein the
network entity comprises an small cell or the like, one or more of blocks 310-380 may
be performed by the controller/processor 240, the memory 242, the scheduler 244, the
receive processor 238, and/or the transmit processor 220 of the base station 110, as
shown in the cxample of FIH3. 2.

With reference to FIG. 5, there is provided an exemplary apparatus 500 that may
be configured as a UE, network entity, or other suitable entity, or as a processor,
component or similar device for use within the UE, network entity, or other suitable
entity, for network node selection. The apparatus 500 may clude functional blocks
that can represent functions implemented by a processor, software, or combination
thereof (e.g., firmware),

As illustrated, in onc example, the apparatus 500 may include an elecirical
component or module 502 for accessing a Hist of channels for celiular conwounication on
an unlicensed band, the hst having the channels in an order of priority for reducing
mterference to non-cellular commumication on the unlicensed band. The apparatus 500
may include an elecirical component or module 504 for determining an interference
criteria for a received signal, the interference criteria being based at 1o part on at least
one of an RSS1 or a duty cycle of the received signal. The apparatus 500 roay mclude
an electrical component or module 506 for going through, in the order of priority, cach
channel in the hist to identify a first chanunel that satisfies the mterference criferia.

In related aspects, the apparatus 500 may optionally mclude a processor
component S18 having at least one processor, in the case of the apparatus 500
configured as a network entity. The processor 516, in such casc, may be in operative

comnmnunication with the coraponents 502-506 or similar components via a bus 512 or
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similar communication coupling.

502-506.

The processor 510 wmay effect imttiation and
scheduhing of the processes or functions performed by electrical components or modules
06531

o further related aspects, the apparatus 500 may include a network interface

component 514 for communicating with other network entities. The apparatus 500 may

512 or the hke

optionally include a component for storing information, such as, for example, a memory
may he operatively coupled to the other components of the apparatus 500 via the bus

device/component 516. The compuler readable medium or the memory component 516

The memory component 516 may be adapted fo store computer
readable mstructions and data for performing the activity of the components

502-506,

and subcomponents thercod, or the processor 510, The memory component
retain instructions for executing functions associated with the components 502-506.
While shown as being external to the memory 51

§6054]

516 may
components 502-506 can exist within the memaory 51

6, it 1s to be undersiond that the
5i6.
Those of skitl in the art would understand that information and signals may be

represented using any of a variety of different technologies and technigques
example, data, instructions, commands, information, signals, bits,

symbols

. and chips
particles, or any combination thereof
LEIREY

s, For
that may be referenced throughout the above description may be represenied by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or

Those of skill would further appreciate that the various illustrative logical
blocks, modules

circuits, and algorithm steps described i convection with the
disclosure herein may be implemented as electronic hardware, computer software, or
combinations of

both. To clearly illustrate this terchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been

described above generaily in terms of their functionality. Whether such functionality is
mplemented as hardware or software depends upon the particular application and
described fu

design constrainis imposed on the overall system. Skilled artisans may implement the

netionality i varying ways for cach particular applcation, but such
implementation decisions should not be nterpreted as causing a departure from the
scope of the present disclosure.
{0656}

The varicus iflustrative logical blocks, modules, and circuits described in

connection with the disclosure herein may be implernented or performed with a general-
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purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or ftransistor logic, discrete hardware componenis, or any
combination thercof designed to perform the functions described heremn. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing devices, ¢.g., a combination of
a DSP and a microprocessor, & plurality of microprocessors, one or more
MICToprocessors i conjunction with a DSP core, or any other such configuration.

{8657} In one or more exemplary designs, the functions described may be implemented
in hardware, software, firmware, or any combination thercof.  If implerented 1o
software, the functions may be stored on or transmitted over as one or more msiructions
or code on a computer-readable medium.  Computer-readable media includes both
computer storage media and communication media including any medium  that
facilitates transfer of a computer program from one place 1o another. A storage media
may be any available media that can be accessed by a general purpose or special
purpose compuier. By way of example, and not limitation, such computer-readable
media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other mediurn that can
be used to carry or store desired program code means in the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer,
or a general-purpose or special-purpose processor.  Also, any connection may be
properly termed a computer-readable medivm to the extent invelving non-transient
storage of transmitted signals. For example, if the software is transmitted from a

website, server, or other remote source using a coaxial cable, fiber optic cable, twisted

pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, D3L, or wireless
technologies such as infrared, radio, and microwave are included in the definition of
medium, o the extent the signal is refained m the transoussion chain on a storage
medium or device memory for any non-travnsient length of time. Disk and disc, as used
herein, inchudes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD),

floppy disk and blu-ray disc where disks usually reproduce data magnetically, while
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discs reproduce data optically with lasers. Combinations of the above should also be
mchided within the scope of computer-readable media.
[0658]

The previcus description of the disclosure is provided to cnable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be apphied to other variations without departing from the spirit or scope of

the disclosure. Thus, the disclosure is not ntended to be limited to the examples and

designs described herein but is 1o be accorded the widest scope consistent with the
principles and novel features disclosed herein.

WHAT IS CLAIMED 1S
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CLAIMS

1. A method operable by a network entity configured for wireless communication,
the method comprising:

accessing a list of channels for celhular communication on an unlicensed band,
the hist having the channcls in an order of priority for reducing inmterference to non-
cellular comprunication on the unlicensed band;

determining an interference criteria for a received signal, the interference criteria
being based at in part on at least one of a received signal strength indicator (RSS81) or a
duty cycle of the received signal; and

going through, in the order of prionity, each channel m the hst to identify a frst

channel that satisfies the interference criteria.

2. The method of claim |, further comprising selecting the first channel for celiular
communication in the unbcensed band to further reduce the interference to non-cellular

communication in the unlicensed band.

3. The method of clamm 1, wherem:
the cellular communication comprises Long Term Evolution (LTE)}
communication on the unlicensed band; and

the non-cellular communication comprises wircless local area network (WELAN)

communication on the unlicensed band.

4, The method of claim 3, wherein the WLAN comomunication comprises 801,11

{(Wi-Fi) commmunication on the unlicensed band.

5. The method of claim |, further comprising, in response to none of the channcls
in the Hst satisfying the interference criteria, identifving a sccond chamnel on which the
cellular communication results in a least amount of mterference to non-cellular

communication on the unlicensed band.
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6. The method of claim 5, wherein identifying the second channel comprises:

for each channel in the list, determining an RSSI;

apportioning non-celiular contribution and cellular contribution to the RSSE; and
assigning higher weight to the non-cellular contribution to the RSSL

The method of claim |, wherein the network entity comprises a mobile device or

a small base station.

g An apparatus, coroprising:

means for accessing a list of channels for cellular communication on an
unlicensed band, the st having the channels in an order of priority for reducing
miterference o non-ceilular communication on the unlicensed band;

means for determining an inlerference criteria for a received signal, the
nterference criteria being based at in part on at least one of a received signal strength
indicator (RS81) or a duty cycle of the received signal; and

means for going through, in the order of priority, each channel i the hst to

identi{y a {irst chanmel that satisfies the mterference criteria.

9. The apparatus of claim 8, further comprising means for selecting the first
channel for cellular commumication mn the unlicensed band to further reduce the

interference io non-cellular communication in the unlicensed band.

=

The apparatus of claim &, wherein:

the cellular communication comprises Long Term Evolution (LTE)
communication on the wnlicensed band; and
the non-cellular communication comprises wireless local arca network (WELAN)

commurnication on the unlicensed band.

i The apparatus of claim 8, further comprising means for identitying a second
channel on which the cellular commmunication results in 8 least amount of interference to
non-ceHular communication on the unbicensed band, in response to none of the chanmels

in the list satisfying the interference criteria.
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The apparatus of claim 11, further comprising:

means for determining an RSSI for each channel in the Hst
RSS§; and

means for apportioning non-celiular coniribution and cellular contribution to the

[
L2

means for assigning higher weight to the non-cellular contribution to the RSSL
An apparatus, comprising:

at least one radio frequency (RF) fransceiver;
1o:

at least one processor coupled to the at least one RE transceiver and configured

access a list of channels for cellular conmunication on an unlicensed
band, the list having the channels in an order of priority for reducing interference
to non-cellular communication on the unhicensed band;

determine an interference criteria for a received signal, the interference

criteria being based at in part on at least one of a received signal strength
mdicator (RS51) or a duty cyele of the received signal; and

go throagh, in the order of priority, each channel in the list to identify a
first channel that satisfies the interference oriteria; and

'

a memory coupled to the at least one processor for storing data.
14.

The apparatas of claim 13, wherein the at least one processor is further
configured to select the first chanunel for

oo

LAY

Hular communication n the unlicensed band
to further reduce the interference to non-cellular communication m the unlicensed band.
IR

The apparatus of claim 13, wherein the at least one processor s further
configured to identify a sccond channel on which the celiular communication resulis in

a least amount of interference to nov-cellular commuonication on the anlicensed band, in

response to none of the channels in the list satisfying the mterference criteria.
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16, The apparatus of claim 15, wherein the at least one processor is further
configured to:

determine an RSSI for cach channel in the list;

apportion non-celhular contribution and cellular contribution to the RSSI; and

assign higher weight to the non-cellular contribution to the RSSL

:\]

[—y

A computer program product, comprising:
a non-trausitory computer-readable mwedium comprising code for causing a
computer to:

access a list of chamnels for cellular communication on an unlcensed
band, the list baving the channels in an order of priority for reducing interference
to non-cellular communication on the unhicensed band;

determine an mnterference criteria for a received signal, the interference
criteria being based at in part on at least one of a received signal strength
mdicator (R85 or a duty cycle of the received signal; and

go through, 1o the order of priority, each channel m the st to identify a
first channel that satisfies the interference criteria.

] 5

8. The computer program product of claim 17, wheremn the non-iransitory

[

computer-readable medinm further comprises code for causing the computer o select
the first channel for cellolar conununication in the unlicensed band to further reduce the

interference to non-celular communication 1n the unlicensed band.

19 The computer program product of claim 17, wherein the non-transitory
computer-readable medium further comprises code for causing the computer to identify
a second channel on which the celiular coromunication results 1o a least amount of
mierference to non-cellular communication on the unhicensed band, m response to none

of the channels in the list satistying the interference criteria.
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20. The computer program product of claim 19, wherein the non-transitory
computer-readable medium further comprises code for causing the computer to:
determine an RSSI for cach channel in the list;
apportion non-celhular contribution and cellular contribution to the RSSI; and

assign higher weight to the non-cellular contribution to the RSSL
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300

“

310

ACCESSING A LIST OF CHANNELS FOR CELLULAR
COMMUNICATION ON AN UNLICENSED BAND, THE LIST
HAVING THE CHANNELS IN AN ORDER OF PRIORITY FOR
REDUCING INTERFERENCE TO NON-CELLULAR
COMMUNICATION ON THE UNLICENSED BAND

l 320

DETERMINING AN INTERFERENCE CRITERIA FOR A RECEIVED
SIGNAL, THE INTERFERENCE CRITERIA BEING BASED AT IN
PART ON AT LEAST ONE OF AN RSSI OR ADUTY CYCLE OF

THE RECEIVED SIGNAL

330

GOING THROUGH, IN THE ORDER OF PRIORITY, EACH
CHANNEL IN THE LIST TO IDENTIFY A FIRST CHANNEL THAT
SATISFIES THE INTERFERENCE CRITERIA

FIG. 3
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300

“

340

SELECTING THE FIRST CHANNEL FOR CELLULAR
COMMUNICATION IN THE UNLICENSED BAND TO FURTHER
REDUCE THE INTERFERENCE TO NON-CELLULAR
COMMUNICATION IN THE UNLICENSED BAND

l ~ 350

IN RESPONSE TO NONE OF THE CHANNELS IN THE LIST
SATISFYING THE INTERFERENCE CRITERIA, IDENTIFYING A
SECOND CHANNEL ON WHICH THE CELLULAR
COMMUNICATION RESULTS IN A LEAST AMOUNT OF
INTERFERENCE TO NON-CELLULAR COMMUNICATION ON
THE UNLICENSED BAND

l / 360

FOR EACH CHANNEL IN THE LIST, DETERMINING AN RSSI

l ~ 370

APPORTIONING NON-CELLULAR CONTRIBUTION AND
CELLULAR CONTRIBUTION TO THE RSSI

l 380

ASSIGNING HIGHER WEIGHT TO THE NON-CELLULAR
CONTRIBUTION TO THE RSSI

FIG. 4
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COMPONENT FOR GOING
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COMPONENT FOR DETERMINING
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