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Description

CROSS-REFERENCE TO RELATED APPLICA-
TION(S)

[0001] This application claims the benefit of U.S. Pro-
visional Application Serial No. 62/059,815, entitled "UE
ASSISTED INTERFERENCE LEARNING" and filed on
October 3, 2014, and U.S. Patent Application No.
14/866,318, entitled "UE ASSISTED INTERFERENCE
LEARNING" and filed on September 25, 2015.

BACKGROUND

Field

[0002] The present disclosure relates generally to
communication systems, and more particularly, to user
equipment (UE) assisted interference learning.

Background

[0003] Wireless communication systems are widely
deployed to provide various telecommunication services
such as telephony, video, data, messaging, and broad-
casts. Typical wireless communication systems may em-
ploy multiple-access technologies capable of supporting
communication with multiple users by sharing available
system resources (e.g., bandwidth, transmit power). Ex-
amples of such multiple-access technologies include
code division multiple access (CDMA) systems, time di-
vision multiple access (TDMA) systems, frequency divi-
sion multiple access (FDMA) systems, orthogonal fre-
quency division multiple access (OFDMA) systems, sin-
gle-carrier frequency division multiple access (SC-FD-
MA) systems, and time division synchronous code divi-
sion multiple access (TD-SCDMA) systems.
[0004] These multiple access technologies have been
adopted in various telecommunication standards to pro-
vide a common protocol that enables different wireless
devices to communicate on a municipal, national, region-
al, and even global level. An example of an emerging
telecommunication standard is Long Term Evolution
(LTE). LTE is a set of enhancements to the Universal
Mobile Telecommunications System (UMTS) mobile
standard promulgated by Third Generation Partnership
Project (3GPP). LTE is designed to better support mobile
broadband Internet access by improving spectral effi-
ciency, lowering costs, improving services, making use
of new spectrum, and better integrating with other open
standards using OFDMA on the downlink (DL), SC-FD-
MA on the uplink (UL), and multiple-input multiple-output
(MIMO) antenna technology. WO 2013/068282 A1 and
WO2013/192160 A1 describe the exchange of informa-
tion relating to the channel condition. However, as the
demand for mobile broadband access continues to in-
crease, there exists a need for further improvements in
LTE technology. Preferably, these improvements should

be applicable to other multi-access technologies and the
telecommunication standards that employ these technol-
ogies.

SUMMARY

[0005] In wireless communication, e.g., using a con-
tention-based shared radio frequency spectrum band, or
over different radio frequency spectrum bands (e.g., a
licensed radio frequency spectrum band or an unlicensed
radio frequency spectrum band) of a cellular network,
there may be uncoordinated transmissions of heteroge-
neous types. Such interference may include, for exam-
ple, transmissions over an unlicensed band from a public
land mobile network (PLMN), Wi-Fi transmissions, etc.
In an unlicensed band, different types of interference may
be experienced, and a serving evolved Node B (eNB)
may not be aware of the interference types affecting a
UE. Therefore, aspects presented herein provide UE as-
sisted interference learning, in which the UE detects an
interfering signal and reports information such as the in-
terference level and properties of the interfering signal
to a serving eNB.
[0006] According to the invention, a method, an appa-
ratus and a computer-readable medium are provided in
claims 1, 9, 10. The apparatus is a UE. The apparatus
detects at least one interfering signal. In addition, the
apparatus determines properties of the at least one in-
terfering signal. The properties include at least a type of
wireless technology. The apparatus transmits informa-
tion indicating the properties of each of the at least one
interfering signal to a serving eNB.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 is a diagram illustrating an example of a net-
work architecture.
FIG. 2 is a diagram illustrating an example of an ac-
cess network.
FIG. 3 is a diagram illustrating an example of an
evolved Node B and user equipment in an access
network.
FIG. 4 is a diagram of a UE receiving a downlink
signal and an interfering signal.
FIG. 5 is a first diagram for illustrating exemplary
methods/apparatuses configured for UE assisted in-
terference learning.
FIG. 6 is a second diagram for illustrating exemplary
methods/apparatuses configured for UE assisted in-
terference learning.
FIG. 7 is a flow chart of a method of wireless com-
munication.
FIG. 8 is another portion of the flow chart of a method
of wireless communication.
FIG. 9 is a conceptual data flow diagram illustrating
the data flow between different means/components
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in an exemplary apparatus.
FIG. 10 is a diagram illustrating an example of a hard-
ware implementation for an apparatus employing a
processing system.
FIG. 11 is a flow chart of another method of wireless
communication.
FIG. 12 is a conceptual data flow diagram illustrating
the data flow between different means/components
in an exemplary apparatus.
FIG. 13 is a diagram illustrating an example of a hard-
ware implementation for an apparatus employing a
processing system.

DETAILED DESCRIPTION

[0008] The detailed description set forth below in con-
nection with the appended drawings is intended as a de-
scription of various configurations and is not intended to
represent the configurations in which the concepts de-
scribed herein may be practiced. The detailed description
includes specific details for the purpose of providing a
thorough understanding of various concepts. However,
it will be apparent to those skilled in the art that these
concepts may be practiced without these specific details.
In some instances, well known structures and compo-
nents are shown in block diagram form in order to avoid
obscuring such concepts.
[0009] Several aspects of telecommunication systems
will now be presented with reference to various apparatus
and methods. These apparatus and methods will be de-
scribed in the following detailed description and illustrat-
ed in the accompanying drawings by various blocks,
components, circuits, steps, processes, algorithms, etc.
(collectively referred to as "elements"). These elements
may be implemented using electronic hardware, compu-
ter software, or any combination thereof. Whether such
elements are implemented as hardware or software de-
pends upon the particular application and design con-
straints imposed on the overall system.
[0010] By way of example, an element, or any portion
of an element, or any combination of elements may be
implemented with a "processing system" that includes
one or more processors. Examples of processors include
microprocessors, microcontrollers, digital signal proces-
sors (DSPs), field programmable gate arrays (FPGAs),
programmable logic devices (PLDs), state machines,
gated logic, discrete hardware circuits, and other suitable
hardware configured to perform the various functionality
described throughout this disclosure. One or more proc-
essors in the processing system may execute software.
Software shall be construed broadly to mean instructions,
instruction sets, code, code segments, program code,
programs, subprograms, software applications, software
applications, software packages, routines, subroutines,
objects, executables, threads of execution, procedures,
functions, etc., whether referred to as software, firmware,
middleware, microcode, hardware description language,
or otherwise.

[0011] Accordingly, in one or more exemplary embod-
iments, the functions described may be implemented in
hardware, software, firmware, or any combination there-
of. If implemented in software, the functions may be
stored on or encoded as one or more instructions or code
on a computer-readable medium. Computer-readable
media includes computer storage media. Storage media
may be any available media that can be accessed by a
computer. By way of example, and not limitation, such
computer-readable media can comprise a random-ac-
cess memory (RAM), a read-only memory (ROM), an
electrically erasable programmable ROM (EEPROM),
compact disk ROM (CD-ROM) or other optical disk stor-
age, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to carry
or store desired program code in the form of instructions
or data structures and that can be accessed by a com-
puter. Combinations of the above should also be included
within the scope of computer-readable media.
[0012] FIG. 1 is a diagram illustrating an LTE network
architecture 100. The LTE network architecture 100 may
be referred to as an Evolved Packet System (EPS) 100.
The EPS 100 may include one or more user equipment
(UE) 102, an Evolved UMTS Terrestrial Radio Access
Network (E-UTRAN) 104, an Evolved Packet Core (EPC)
110, and an Operator’s Internet Protocol (IP) Services
122. The EPS can interconnect with other access net-
works, but for simplicity those entities/interfaces are not
shown. As shown, the EPS provides packet-switched
services, however, as those skilled in the art will readily
appreciate, the various concepts presented throughout
this disclosure may be extended to networks providing
circuit-switched services.
[0013] The E-UTRAN includes the evolved Node B
(eNB) 106 and other eNBs 108, and may include a Mul-
ticast Coordination Entity (MCE) 128. The eNB 106 pro-
vides user and control planes protocol terminations to-
ward the UE 102. The eNB 106 may be connected to the
other eNBs 108 via a backhaul (e.g., an X2 interface).
The MCE 128 allocates time/frequency radio resources
for evolved Multimedia Broadcast Multicast Service
(MBMS) (eMBMS), and determines the radio configura-
tion (e.g., a modulation and coding scheme (MCS)) for
the eMBMS. The MCE 128 may be a separate entity or
part of the eNB 106. The eNB 106 may also be referred
to as a base station, a Node B, an access point, a base
transceiver station, a radio base station, a radio trans-
ceiver, a transceiver function, a basic service set (BSS),
an extended service set (ESS), or some other suitable
terminology. The eNB 106 provides an access point to
the EPC 110 for a UE 102. Examples of UEs 102 include
a cellular phone, a smart phone, a session initiation pro-
tocol (SIP) phone, a laptop, a personal digital assistant
(PDA), a satellite radio, a global positioning system, a
multimedia device, a video device, a digital audio player
(e.g., MP3 player), a camera, a game console, a tablet,
or any other similar functioning device. The UE 102 may
also be referred to by those skilled in the art as a mobile
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station, a subscriber station, a mobile unit, a subscriber
unit, a wireless unit, a remote unit, a mobile device, a
wireless device, a wireless communications device, a re-
mote device, a mobile subscriber station, an access ter-
minal, a mobile terminal, a wireless terminal, a remote
terminal, a handset, a user agent, a mobile client, a client,
or some other suitable terminology.
[0014] The eNB 106 is connected to the EPC 110. The
EPC 110 may include a Mobility Management Entity
(MME) 112, a Home Subscriber Server (HSS) 120, other
MMEs 114, a Serving Gateway 116, a Multimedia Broad-
cast Multicast Service (MBMS) Gateway 124, a Broad-
cast Multicast Service Center (BM-SC) 126, and a Packet
Data Network (PDN) Gateway 118. The MME 112 is the
control node that processes the signaling between the
UE 102 and the EPC 110. Generally, the MME 112 pro-
vides bearer and connection management. All user IP
packets are transferred through the Serving Gateway
116, which itself is connected to the PDN Gateway 118.
The PDN Gateway 118 provides UE IP address alloca-
tion as well as other functions. The PDN Gateway 118
and the BM-SC 126 are connected to the IP Services
122. The IP Services 122 may include the Internet, an
intranet, an IP Multimedia Subsystem (IMS), a PS
Streaming Service (PSS), and/or other IP services. The
BM-SC 126 may provide functions for MBMS user serv-
ice provisioning and delivery. The BM-SC 126 may serve
as an entry point for content provider MBMS transmis-
sion, may be used to authorize and initiate MBMS Bearer
Services within a public land mobile network (PLMN),
and may be used to schedule and deliver MBMS trans-
missions. The MBMS Gateway 124 may be used to dis-
tribute MBMS traffic to the eNBs (e.g., 106, 108) belong-
ing to a Multicast Broadcast Single Frequency Network
(MBSFN) area broadcasting a particular service, and
may be responsible for session management (start/stop)
and for collecting eMBMS related charging information.
[0015] FIG. 2 is a diagram illustrating an example of
an access network 200 in an LTE network architecture.
In this example, the access network 200 is divided into
a number of cellular regions (cells) 202. One or more
lower power class eNBs 208 may have cellular regions
210 that overlap with one or more of the cells 202. The
lower power class eNB 208 may be a femto cell (e.g.,
home eNB (HeNB)), pico cell, micro cell, or remote radio
head (RRH). The macro eNBs 204 are each assigned to
a respective cell 202 and are configured to provide an
access point to the EPC 110 for all the UEs 206 in the
cells 202. There is no centralized controller in this exam-
ple of an access network 200, but a centralized controller
may be used in alternative configurations. The eNBs 204
are responsible for all radio related functions including
radio bearer control, admission control, mobility control,
scheduling, security, and connectivity to the serving gate-
way 116. An eNB may support one or multiple (e.g., three)
cells (also referred to as a sectors). The term "cell" can
refer to the smallest coverage area of an eNB and/or an
eNB subsystem serving a particular coverage area. Fur-

ther, the terms "eNB," "base station," and "cell" may be
used interchangeably herein.
[0016] The modulation and multiple access scheme
employed by the access network 200 may vary depend-
ing on the particular telecommunications standard being
deployed. In LTE applications, OFDM is used on the DL
and SC-FDMA is used on the UL to support both frequen-
cy division duplex (FDD) and time division duplex (TDD).
As those skilled in the art will readily appreciate from the
detailed description to follow, the various concepts pre-
sented herein are well suited for LTE applications. How-
ever, these concepts may be readily extended to other
telecommunication standards employing other modula-
tion and multiple access techniques. By way of example,
these concepts may be extended to Evolution-Data Op-
timized (EV-DO) or Ultra Mobile Broadband (UMB). EV-
DO and UMB are air interface standards promulgated by
the 3rd Generation Partnership Project 2 (3GPP2) as part
of the CDMA2000 family of standards and employs CD-
MA to provide broadband Internet access to mobile sta-
tions. These concepts may also be extended to Universal
Terrestrial Radio Access (UTRA) employing Wideband-
CDMA (W-CDMA) and other variants of CDMA, such as
TD-SCDMA; Global System for Mobile Communications
(GSM) employing TDMA; and Evolved UTRA (E-UTRA),
IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE
802.20, and Flash-OFDM employing OFDMA. UTRA, E-
UTRA, UMTS, LTE and GSM are described in docu-
ments from the 3GPP organization. CDMA2000 and
UMB are described in documents from the 3GPP2 or-
ganization. The actual wireless communication standard
and the multiple access technology employed will de-
pend on the specific application and the overall design
constraints imposed on the system.
[0017] The eNBs 204 may have multiple antennas sup-
porting MIMO technology. The use of MIMO technology
enables the eNBs 204 to exploit the spatial domain to
support spatial multiplexing, beamforming, and transmit
diversity. Spatial multiplexing may be used to transmit
different streams of data simultaneously on the same fre-
quency. The data streams may be transmitted to a single
UE 206 to increase the data rate or to multiple UEs 206
to increase the overall system capacity. This is achieved
by spatially precoding each data stream (i.e., applying a
scaling of an amplitude and a phase) and then transmit-
ting each spatially precoded stream through multiple
transmit antennas on the DL. The spatially precoded data
streams arrive at the UE(s) 206 with different spatial sig-
natures, which enables each of the UE(s) 206 to recover
the one or more data streams destined for that UE 206.
On the UL, each UE 206 transmits a spatially precoded
data stream, which enables the eNB 204 to identify the
source of each spatially precoded data stream.
[0018] Spatial multiplexing is generally used when
channel conditions are good. When channel conditions
are less favorable, beamforming may be used to focus
the transmission energy in one or more directions. This
may be achieved by spatially precoding the data for trans-
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mission through multiple antennas. To achieve good cov-
erage at the edges of the cell, a single stream beamform-
ing transmission may be used in combination with trans-
mit diversity.
[0019] In the detailed description that follows, various
aspects of an access network will be described with ref-
erence to a MIMO system supporting OFDM on the DL.
OFDM is a spread-spectrum technique that modulates
data over a number of subcarriers within an OFDM sym-
bol. The subcarriers are spaced apart at precise frequen-
cies. The spacing provides "orthogonality" that enables
a receiver to recover the data from the subcarriers. In the
time domain, a guard interval (e.g., cyclic prefix) may be
added to each OFDM symbol to combat inter-OFDM-
symbol interference. The UL may use SC-FDMA in the
form of a DFT-spread OFDM signal to compensate for
high peak-to-average power ratio (PAPR).
[0020] DL and UL data in LTE may be organized as
resource blocks. A resource block has dimensions of
subcarriers by symbols. The available resource blocks
for the UL may be partitioned into a data section and a
control section. The control section may be formed at the
two edges of the system bandwidth and may have a con-
figurable size. The resource blocks in the control section
may be assigned to UEs for transmission of control in-
formation. The data section may include all resource
blocks not included in the control section. The UL frame
structure results in the data section including contiguous
subcarriers, which may allow a single UE to be assigned
all of the contiguous subcarriers in the data section. A
UE may be assigned resource blocks in the control sec-
tion to transmit control information to an eNB. The UE
may also be assigned resource blocks in the data section
to transmit data to the eNB.
[0021] The radio protocol architecture for the UE and
the eNB may include three layers: Layer 1, Layer 2, and
Layer 3. Layer 1 (L1 layer) is the lowest layer and imple-
ments various physical layer signal processing functions.
The L1 layer may be referred to as the physical layer.
Layer 2 (L2 layer) is above the physical layer and is re-
sponsible for the link between the UE and eNB over the
physical layer.
[0022] In the user plane, the L2 layer includes a media
access control (MAC) sublayer, a radio link control (RLC)
sublayer, and a packet data convergence protocol (PD-
CP) 514 sublayer, which are terminated at the eNB on
the network side. The UE may have several upper layers
above the L2 layer including a network layer (e.g., IP
layer) that is terminated at the PDN gateway 118 on the
network side, and an application layer that is terminated
at the other end of the connection (e.g., far end UE, serv-
er, etc.).
[0023] In the control plane, the radio protocol architec-
ture for the UE and eNB is substantially the same for the
physical layer and the L2 layer with the exception that
there is no header compression function for the control
plane. The control plane also includes a radio resource
control (RRC) sublayer in Layer 3 (L3 layer). The RRC

sublayer 516 is responsible for obtaining radio resources
(e.g., radio bearers) and for configuring the lower layers
using RRC signaling between the eNB and the UE.
[0024] FIG. 3 is a block diagram of an eNB 310 in com-
munication with a UE 350 in an access network. In the
DL, upper layer packets from the core network are pro-
vided to a controller/processor 375. The controller/proc-
essor 375 implements the functionality of the L2 layer.
In the DL, the controller/processor 375 provides header
compression, ciphering, packet segmentation and reor-
dering, multiplexing between logical and transport chan-
nels, and radio resource allocations to the UE 350 based
on various priority metrics. The controller/processor 375
is also responsible for HARQ operations, retransmission
of lost packets, and signaling to the UE 350.
[0025] The transmit (TX) processor 316 implements
various signal processing functions for the L1 layer (i.e.,
physical layer). The signal processing functions include
coding and interleaving to facilitate forward error correc-
tion (FEC) at the UE 350 and mapping to signal constel-
lations based on various modulation schemes (e.g., bi-
nary phase-shift keying (BPSK), quadrature phase-shift
keying (QPSK), M-phase-shift keying (M-PSK), M-quad-
rature amplitude modulation (M-QAM)). The coded and
modulated symbols are then split into parallel streams.
Each stream is then mapped to an OFDM subcarrier,
multiplexed with a reference signal (e.g., pilot) in the time
and/or frequency domain, and then combined together
using an Inverse Fast Fourier Transform (IFFT) to pro-
duce a physical channel carrying a time domain OFDM
symbol stream. The OFDM stream is spatially precoded
to produce multiple spatial streams. Channel estimates
from a channel estimator 374 may be used to determine
the coding and modulation scheme, as well as for spatial
processing. The channel estimate may be derived from
a reference signal and/or channel condition feedback
transmitted by the UE 350. Each spatial stream may then
be provided to a different antenna 320 via a separate
transmitter 318TX. Each transmitter 318TX may modu-
late an RF carrier with a respective spatial stream for
transmission.
[0026] At the UE 350, each receiver 354RX receives
a signal through its respective antenna 352. Each receiv-
er 354RX recovers information modulated onto an RF
carrier and provides the information to the receive (RX)
processor 356. The RX processor 356 implements vari-
ous signal processing functions of the L1 layer. The RX
processor 356 may perform spatial processing on the
information to recover any spatial streams destined for
the UE 350. If multiple spatial streams are destined for
the UE 350, they may be combined by the RX processor
356 into a single OFDM symbol stream. The RX proces-
sor 356 then converts the OFDM symbol stream from the
time-domain to the frequency domain using a Fast Fou-
rier Transform (FFT). The frequency domain signal com-
prises a separate OFDM symbol stream for each sub-
carrier of the OFDM signal. The symbols on each sub-
carrier, and the reference signal, are recovered and de-
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modulated by determining the most likely signal constel-
lation points transmitted by the eNB 310. These soft de-
cisions may be based on channel estimates computed
by the channel estimator 358. The soft decisions are then
decoded and deinterleaved to recover the data and con-
trol signals that were originally transmitted by the eNB
310 on the physical channel. The data and control signals
are then provided to the controller/processor 359.
[0027] The controller/processor 359 implements the
L2 layer. The controller/processor can be associated with
a memory 360 that stores program codes and data. The
memory 360 may be referred to as a computer-readable
medium. In the UL, the controller/processor 359 provides
demultiplexing between transport and logical channels,
packet reassembly, deciphering, header decompres-
sion, control signal processing to recover upper layer
packets from the core network. The upper layer packets
are then provided to a data sink 362, which represents
all the protocol layers above the L2 layer. Various control
signals may also be provided to the data sink 362 for L3
processing. The controller/processor 359 is also respon-
sible for error detection using an acknowledgement
(ACK) and/or negative acknowledgement (NACK) proto-
col to support HARQ operations.
[0028] In the UL, a data source 367 is used to provide
upper layer packets to the controller/processor 359. The
data source 367 represents all protocol layers above the
L2 layer. Similar to the functionality described in connec-
tion with the DL transmission by the eNB 310, the con-
troller/processor 359 implements the L2 layer for the user
plane and the control plane by providing header com-
pression, ciphering, packet segmentation and reorder-
ing, and multiplexing between logical and transport chan-
nels based on radio resource allocations by the eNB 310.
The controller/processor 359 is also responsible for
HARQ operations, retransmission of lost packets, and
signaling to the eNB 310.
[0029] Channel estimates derived by a channel esti-
mator 358 from a reference signal or feedback transmit-
ted by the eNB 310 may be used by the TX processor
368 to select the appropriate coding and modulation
schemes, and to facilitate spatial processing. The spatial
streams generated by the TX processor 368 may be pro-
vided to different antenna 352 via separate transmitters
354TX. Each transmitter 354TX may modulate an RF
carrier with a respective spatial stream for transmission.
[0030] The UL transmission is processed at the eNB
310 in a manner similar to that described in connection
with the receiver function at the UE 350. Each receiver
318RX receives a signal through its respective antenna
320. Each receiver 318RX recovers information modu-
lated onto an RF carrier and provides the information to
a RX processor 370. The RX processor 370 may imple-
ment the L1 layer.
[0031] The controller/processor 375 implements the
L2 layer. The controller/processor 375 can be associated
with a memory 376 that stores program codes and data.
The memory 376 may be referred to as a computer-read-

able medium. In the UL, the controller/processor 375 pro-
vides demultiplexing between transport and logical chan-
nels, packet reassembly, deciphering, header decom-
pression, control signal processing to recover upper layer
packets from the UE 350. Upper layer packets from the
controller/processor 375 may be provided to the core net-
work. The controller/processor 375 is also responsible
for error detection using an ACK and/or NACK protocol
to support HARQ operations.
[0032] FIG. 4 is a diagram 400 of a UE 402 receiving
a downlink signal 414 and an interfering signal 424. In
some examples, the UE 402 may receive the downlink
transmission 416 which includes the downlink signal 414
and the interfering signal 424. The UE 402 receives the
downlink signal 414 from the serving eNB 418 of the cell
410. In one example, the serving cell 410 may be a part
of an LTE-Unlicensed (e.g., LTE licensed-assisted ac-
cess for unlicensed spectrum, LTE stand-alone on unli-
censed spectrum, etc.) communication system (e.g., an
LTE system deployed using unlicensed spectrum). The
UE 402 receives the interfering signal 424 from a base
station (BS) / access point (AP) 428 of the cell 420. The
BS/AP 428 may be associated with a particular wireless
technology. For example, the BS/AP 428 may be an eNB
associated with LTE or an AP associated with Wi-Fi
802.11n, 802.11ac, or 802.11ax.
[0033] In certain deployments of an LTE system, the
network may not be aware of the interference experi-
enced at a UE. For example, in deployment using unli-
censed wireless spectrum, there may be uncoordinated
transmissions of heterogeneous types of wireless tech-
nologies impacting the UE. In a first example, the signals
414, 424 may be LTE-Unlicensed transmissions from the
same PLMN. Such transmissions may be synchronous
in time/frequency, and have a time granularity of one sub-
frame. In a second example, the signals 414, 424 may
be LTE-Unlicensed transmissions from a different PLMN
(which may be completely uncoordinated). Such trans-
missions may be asynchronous is time/frequency, and
have a time granularity of one subframe. In a third exam-
ple, the signals 414, 424 may be different Wi-Fi trans-
missions. Such transmissions may be bursty in time. Ex-
amples of wireless technologies associated with Wi-Fi
include Wi-Fi 802.11 (20 MHz and 40 MHz), Wi-Fi
802.11ac (20 MHz, 40 MHz, 80 MHz, and 160 MHz), and
Wi-Fi 802.11ax (2.5 or 5 MHz granularity). In such sce-
narios, the eNB 418 may not be able to take the interfering
signal 424 into account for scheduling the downlink signal
414 or for other measures of interference mitigation.
[0034] FIG. 5 is a first diagram 500 for illustrating ex-
emplary methods/apparatuses configured for UE assist-
ed interference learning. The UE 502 is within the serving
cell 510 and receives a downlink signal 514 from the serv-
ing eNB 518. Moreover, the UE 502 receives the inter-
fering signal 524 from a BS/AP 528, which is within the
UE 502 reception radius 520. The downlink signal 514
and the interfering signal 524 are received concurrently
in time. The BS/AP 528 may be an LTE eNB associated
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with a different PLMN, may be a Wi-Fi AP, or otherwise,
may be a BS/AP that is uncoordinated with the eNB 518
such that the eNB 518 is unaware of the interfering signal
524.
[0035] In exemplary configurations, in order to provide
the eNB 518 knowledge of the interfering signal 524, the
UE 502 may detect, estimate, measure, and/or classify
the interference from the BS/AP 528. In some examples,
the UE 502 may detect the interfering signal 524 based
on, e.g., detected type and/or estimated interference.
The UE 502 may further determine properties of the in-
terfering signal 524, such as interference levels, proper-
ties of the interference, and/or the type of interference
(e.g., a type of wireless technology). In some examples,
the UE 502 may determine the properties by estimating
from the detected interferences, matching the detected
interferences with known patterns of interferences, or any
other method that may be relevant. In one example, the
UE 502 may detect a Wi-Fi preamble in the interfering
signal 524, and may classify the BS/AP 528 as a Wi-Fi
interferer associated with one of the Wi-Fi wireless tech-
nologies (e.g., 802.11a, 802.11n, 802.11ac, 802.11ax,
etc.). In another example, the UE 502 may detect that
the interfering signal 524 is bursty in time (e.g., lasting
100 us - 200 us rather than 1 ms), and may classify the
interfering signal 524 as Wi-Fi (based on its bursty na-
ture). In yet another example, the UE 502 may determine
a bandwidth of the interference, and may classify the Wi-
Fi interference based on the determined bandwidth (e.g.,
as one of the Wi-Fi wireless technologies 802.11a,
802.11n, 802.11ac, or 802.11ax based on the deter-
mined bandwidth). In yet another example, the UE 502
may determine that the interfering signal 524 is an LTE-
Unlicensed interferer from a different PLMN based on
the PLMN ID, the asynchronous LTE-Unlicensed wave-
form, and/or because the interference lasts for periods
of 1 ms. In the aforementioned examples, the UE 502
may use LTE, Wi-Fi, and/or other types of receivers to
estimate the interference associated with various wire-
less technologies. For example, the UE 502 may use a
Wi-Fi receiver when determining or estimating the inter-
ference based on a detected Wi-Fi preamble. In another
example, the UE 502 may use an LTE receiver when
determining or estimating the interference based on the
burstiness or the bandwidth of the interference.
[0036] The UE 502 may report the determined proper-
ties of the interfering signal 524 (e.g., interference levels,
properties of the interference, and/or the type of interfer-
ence such as the type of wireless technology) to the serv-
ing eNB 518 (e.g., via signaling 516). The UE 502 may
report the number of interferers to the serving eNB 518.
The UE 502 may report a strength of the interference, a
periodicity (temporal frequency) of the interference,
and/or other properties of the interference.
[0037] The UE 502 and/or the eNB 518 may use the
determined information to improve communication per-
formance. For example, the eNB 518 may improve
scheduling and/or interference measurement configura-

tions based on the received information. For another ex-
ample, the UE 502 may improve interference estima-
tion/mitigation/cancelation and/or demodulation/decod-
ing performance based on the determined information.
[0038] Moreover, the eNB 518 may utilize the informa-
tion receive from the UE 502, such as the type of inter-
ference and/or the type of wireless technology, to adjust
the window contention (e.g., a time period before retrying
for communication). For example, within a communica-
tion system operating in the unlicensed band under Lis-
ten-before-Talk rules, a node (e.g., an eNB) attempting
to transmit needs to sense the medium (e.g., transmis-
sion spectrum) and determine whether the medium is
free to use. If the medium is not free, then the node re-
attempts channel sensing after a certain time window, or
the contention window, before contending again. This
time duration of this window may be adjusted static, semi-
static or dynamically adjusted.
[0039] In some examples, the eNB 518 may optimize
the contention window either semi-statically or dynami-
cally based on the feedback transmitted by the UE 502
(e.g., the type of interference and/or the type of wireless
technology of the interfering signal 524). This optimiza-
tion may be pertinent to the type of collision observed
and reported by the UE 502. For example, the contention
window may be adjusted a certain way if a Wi-Fi inter-
ference is reported, and may be adjusted a different way
if another LTE-U interferer is reported to optimized per-
formance. By example, if Wi-Fi interference is detected,
the contention window may be increased to avoid exces-
sive interference to the Wi-Fi network. Conversely, if
LTE-U interference is detected the contention window
may remain the same (or be minimally adjusted) to allow
the opportunity of more efficient usage of the medium
among LTE-U users. In both scenarios, the adjustment
to the contention window may be determined as a func-
tion of interference strength, relative strength between
desired signal and interference, duration of interference
to the desired transmission, or bandwidth of interference
to the desired transmission. In some examples, the UE
feedback is incorporated into channel sensing process
as well for the determination of contention window length.
[0040] FIG. 6 is a second diagram 600 for illustrating
exemplary methods/apparatuses configured for UE as-
sisted interference learning. In some examples, the
BSs/APs 640, 650, 660, and 670 may be Wi-Fi APs
and/or LTE-Unlicensed eNB interferers within the UE 602
reception radius 620. An example is presented in a case
that the BSs/APs 640, 650, 660 are Wi-Fi APs, and the
BS/AP 670 is an LTE-Unlicensed eNB interferer. The AP
650 may be an 802.11n Wi-Fi system. The UE 602 may
receive interfering signal 650i from the AP 650. The in-
terfering signal 650i may have a bandwidth of 20 MHz or
40 MHz and may be in accordance with the 802.1 In Wi-
Fi specification. The AP 660 may be an 802.11ac Wi-Fi
system. The UE 602 may receive interfering signal 660i
from the AP 660. The interfering signal 660i may have a
bandwidth of 20/40/80/160 MHz (depending on the de-
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ployment) and may be in accordance with the 802.11ac
Wi-Fi specification. The AP 640 may be an 802.11ax Wi-
Fi system (with bandwidth granularity of 5 MHz). As the
AP 640 is within a clear channel assessment (CCA) zone
630, the AP 640 and the eNB 618 may coordinate to-
gether such that the UE 602 does not receive interference
from the AP 640.
[0041] In this example, the eNB 618 of the serving cell
610 has no knowledge of the various interfering signals
(e.g., 650i, 660i, 670i). The UE 602 may detect, estimate,
measure, and/or classify each of the interfering signals
650i, 660i, 670i based on detected interference. Alterna-
tively or in addition, the UE 602 may determine properties
of the interfering signals 650i, 660i, 670i. In some exam-
ples, the UE 602 may determine the properties by esti-
mating from the detected interferences, matching the de-
tected interferences with known patterns of interferenc-
es, or any other method that may be relevant. The de-
termined properties may include the types of the wireless
technologies, such as Wi-Fi 802.11a, Wi-Fi 802.11n, Wi-
Fi 802.1 1ac, Wi-Fi 802.11ax, LTE, etc. Moreover, prop-
erties may further include information regarding a deploy-
ment of the type of wireless technology. For example, for
an interfering signal in accordance with Wi-Fi 802.11n,
the determined properties may include indications of
whether the interfering signal has a bandwidth of 20 MHz
or 40 MHz.
[0042] The UE 602 may report the information indicat-
ing the properties of the interfering signals 650i, 660i,
670i (e.g., a type of wireless technology, interference lev-
els, properties of the interference, and/or the type of in-
terference) to the serving eNB 618 (e.g., via uplink sig-
naling 616) for improved interference mitigation meas-
ures. In some examples, the UE 602 and/or the eNB 618
may utilize the determined properties of the interfering
signals or the information indicating the properties of the
interfering signal(s) to improve interference mitiga-
tion/cancelation. In one example, the eNB 618 may,
based on the reported information indicating the proper-
ties of the interfering signals, adjust a downlink assign-
ment to the UE 602 to improve mitigation/cancelation of
the interfering signals. For example, the eNB 618 may
change frequency resources scheduled for the downlink
signal 614 to avoid a bandwidth of an interfering signal.
In another example, the eNB 618 may change (e.g., low-
er) an MCS for the downlink signal 614 for better demod-
ulation/decoding performance in the presence of the in-
terfering signal. The eNB 618 may transmit a downlink
assignment to the UE 602 for the downlink signal 614.
The downlink assignment may include scheduling and
an MCS, one or more of which may be determined by
the eNB 618 based on the received properties. The UE
602 receives the downlink assignment for the downlink
signal 614 from the serving eNB 618 and receives the
downlink signal 614 accordingly (e.g., based on the
scheduled frequency resources and/or the MCS).
[0043] In one example, the eNB 618 may, based on
the reported information indicating the properties of the

interfering signals, determine a configuration for meas-
uring interference. For example, for an LTE interfering
signal, the interference measurement may be configured
for each subframe based on the periodicity of the LTE
interfering signal. For a Wi-Fi interfering signal, the inter-
ference measurement may be performed more often due
to the burst transmissions of the Wi-Fi. The eNB 618
may, for example, configure the interference measure-
ment for each symbol. In one example, the eNB 618 may
provide the configuration for measuring interference to
the UE 602 via an RRC signaling message. The interfer-
ence measurement configuration may indicate interfer-
ence measurement resources (IMRs) and may indicate
zero-power channel state information reference signals
(ZP-CSI-RS) for performing the interference measure-
ment.
[0044] In one example, the UE 602 may process the
received downlink signal 614 from the serving eNB 618
and process the downlink signal 614 based on the de-
termined properties of the interfering signals. The
processing of the downlink signal 614 may include de-
coding/demodulating the downlink signal 614. In one ex-
ample, the UE 602 may mitigate (e.g., subtract, reduce,
cancel) the interference based on the determined prop-
erties of the interfering signals before demodulating and
decoding the downlink signal 614.
[0045] FIG. 7 is a flow chart 700 of a method of wireless
communication. FIG. 8 is another portion of the flow chart
700. The method may be performed by a UE (e.g., UE
402, 502, 602, etc.).
[0046] At 702, an interfering signal may be detected.
Referring to FIG. 5, the UE 502 may detect, estimate,
measure, and/or classify the interference (e.g., the inter-
fering signal) over time from the BS/AP 528. In some
examples, the UE 502 may detect the interfering signal
524 based on interference detected and/or estimated.
The UE 502 may determine one or more of interference
levels, properties of the interference, and/or the type of
interference. Referring to FIG. 6, for example, the eNB
618 of the serving cell 610 has no knowledge of the var-
ious interfering signals (e.g., 650i, 660i, 670i). The UE
602 may detect, estimate, measure, and/or classify each
of the interfering signals 650i, 660i, 670i based on inter-
ference that is detected and/or estimated.
[0047] At 704, properties of the interfering signal may
be determined. For example, the properties may include
at least a type of wireless technology. Referring to FIG.
5, the UE 502 may determine properties of the interfering
signal 524, such as interference levels, properties of the
interference, and/or the type of interference (e.g., a type
of wireless technology). In some examples, the UE 502
may determine the properties by estimating from the de-
tected interferences, matching the detected interferenc-
es with known patterns of interferences, or any other
method that may be relevant. For example, the UE 502
may detect a Wi-Fi preamble in the interfering signal 524,
and may classify the BS/AP 528 as a Wi-Fi interferer
associated with one of the Wi-Fi wireless technologies
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(e.g., 802.11a, 802.11n, 802.11ac, 802.11ax, etc.). The
UE 502 may detect that the interfering signal 524 is bursty
in time (e.g., lasting 100 us - 200 us rather than 1 ms),
and may classify the interfering signal 524 as Wi-Fi based
on its bursty nature. In yet another example, the UE 502
may determine a bandwidth of the interference, and may
classify the Wi-Fi interference based on the determined
bandwidth (e.g., as one of the Wi-Fi wireless technolo-
gies 802.11a, 802.11n, 802.11ac, or 802.11ax based on
the determined bandwidth). In yet another example, the
UE 502 may determine that the interfering signal 524 is
an LTE-Unlicensed interferer from a different PLMN
based on the PLMN ID, the asynchronous LTE-Unli-
censed waveform, and/or because the interference lasts
for periods of 1 ms.
[0048] Referring to FIG. 6, for example, the UE 602
may determine properties of the interfering signals 650i,
660i, 670i. In some examples, the UE 602 may determine
the properties by estimating from the detected interfer-
ences, matching the detected interferences with known
patterns of interferences, or any other method that may
be relevant. The determined properties may include the
types of the wireless technologies, such as Wi-Fi
802.11a, Wi-Fi 802.11n, Wi-Fi 802.11ac, Wi-Fi 802.11ax,
LTE, etc. Moreover, properties may further include infor-
mation regarding a deployment of the type of wireless
technology. For example, for an interfering signal in ac-
cordance with Wi-Fi 802.11n, the estimated properties
may include indications of whether the interfering signal
has a bandwidth of 20 MHz or 40 MHz.
[0049] At 706, information indicating the interfering sig-
nal properties is transmitted. For example, the properties
of the interfering signal may be transmitted to a serving
eNB. The transmitted information may, for example, in-
dicate at least one of a strength of each of the at least
one interfering signal, a periodicity of each of the at least
one interfering signal, a bandwidth of each of the at least
one interfering signal, or a frequency of each of the at
least one interfering signal.
[0050] Referring to FIG. 5, for example, the UE 502
may report the determined properties of the interfering
signal 524 (e.g., interference levels, properties of the in-
terference, and/or the type of interference such a type of
wireless technology) to the serving eNB 518 (e.g., via
signaling 516). The UE 502 may report the number of
interferers to the serving eNB 518. The UE 502 may re-
port a strength of the interference, a periodicity (temporal
frequency) of the interference, and/or other properties of
the interference.
[0051] Referring to FIG. 6, for example, the UE 602
may report the information indicating the properties of
the interfering signals 650i, 660i, 670i (e.g., interference
levels, properties of the interference, and/or the type of
interference such as a type of wireless technology) to the
serving eNB 618 (e.g., via signaling 616) for improved
interference mitigation measures.
[0052] At 708, a configuration for measuring interfer-
ence may be received. The configuration may be based

on the transmitted information (e.g., of step 706) and re-
ceived by the UE. In some examples, the configuration
may be received in a radio resource control (RRC) mes-
sage indicating interference measurement resources. In
some examples, the configuration may be received in an
RRC message indicating interference measurement re-
sources.
[0053] In one example, the eNB 618 may, based on
the reported information indicating the properties of the
interfering signals, determine a configuration for meas-
uring interference. For example, for an LTE interfering
signal, the interference measurement may be configured
for each subframe based on the periodicity of the LTE
interfering signal. For a Wi-Fi interfering signal, the inter-
ference measurement may be performed more often due
to the burst transmissions of the Wi-Fi. The eNB 618
may, for example, configure the interference measure-
ment for each symbol. In one example, the eNB 618 may
provide the configuration for measuring interference to
the UE 602 via an RRC signaling message. The interfer-
ence measurement configuration may indicate interfer-
ence measurement resources (IMRs) and may indicate
zero-power channel state information reference signals
(ZP-CSI-RS) for performing the interference measure-
ment.
[0054] At 710, a downlink assignment for a downlink
transmission may be received, e.g., from the serving
eNB. The downlink assignment may be based on the
transmitted information (e.g., of step 706). Referring to
FIG. 6, for example, the UE 602 and/or the eNB 618 may
utilize the determined properties of the interfering signals
or the information indicating the properties of the inter-
fering signal(s) to improve interference mitigation/cance-
lation. In one example, the eNB 618 may, based on the
reported information indicating the properties of the in-
terfering signals, adjust a downlink assignment to the UE
602 to improve mitigation/cancelation of the interfering
signals. For example, the eNB 618 may change frequen-
cy resources scheduled for the downlink signal 614 to
avoid a bandwidth of an interfering signal. In another ex-
ample, the eNB 618 may change (e.g., lower) an MCS
for the downlink signal 614 for better demodulation/de-
coding performance in the presence of the interfering sig-
nal. The eNB 618 may transmit a downlink assignment
to the UE 602 for the downlink signal 614. The downlink
assignment may include scheduling and an MCS, one or
more of which may be determined by the eNB 618 based
on the received properties.
[0055] At 712, a downlink transmission may be re-
ceived, e.g., from the serving eNB. Referring to FIG. 5,
for example, the UE 502 may receive the downlink trans-
mission via the downlink signal 614. Referring to FIG. 6,
for example, the UE 602 may receive the downlink trans-
mission via the downlink signal 614.
[0056] At 714, the downlink transmission may be proc-
essed, e.g., based on the determined properties of the
interfering signal. Referring to FIG. 5, for example, the
UE 502 and/or the eNB 518 may use the determined
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information to improve communication performance. For
example, the eNB 518 may improve scheduling and/or
interference measurement configurations based on the
received information. For another example, the UE 502
may improve interference estimation/mitigation/cancela-
tion and/or demodulation/decoding performance based
on the determined information.
[0057] Referring to FIG. 6, for example, the eNB 618
may transmit a downlink assignment to the UE 602 for
the downlink signal 614. The downlink assignment may
include scheduling and an MCS, one or more of which
may be determined by the eNB 618 based on the re-
ceived properties. The UE 602 receives the downlink as-
signment for the downlink signal 614 from the serving
eNB 618 and receives the downlink signal 614 accord-
ingly (e.g., based on the scheduled frequency resources
and/or the MCS). In one example, the UE 602 may proc-
ess the received downlink signal 614 from the serving
eNB 618 and process the downlink signal 614 based on
the estimated properties of the interfering signals. The
processing of the downlink signal 614 may include de-
coding/demodulating the downlink signal 614. In one ex-
ample, the UE 602 may mitigate (e.g., subtract, reduce,
cancel) the interference based on the estimated proper-
ties of the interfering signals before demodulating and
decoding the downlink signal 614.
[0058] At 802, a downlink signal may be received, e.g.,
by the UE. The downlink signal may include a downlink
transmission from the serving eNB and the at least one
interfering signal. Referring to FIG. 6, for example, the
UE 602 receives a downlink signal that includes downlink
signal 614 (e.g., downlink transmission) from the serving
eNB 618. The downlink signal may further include inter-
fering signals 650i, 660i, and/or 670i.
[0059] At 804, the interfering signal may be deter-
mined, e.g., based on the determined properties of the
interfering signal. Referring to FIG. 5, for example, the
UE 502 may detect a Wi-Fi preamble in the interfering
signal 524, and may classify the BS/AP 528 as a Wi-Fi
interferer associated with one of the Wi-Fi wireless tech-
nologies (e.g., 802.11a, 802.11n, 802.11ac, 802.11ax,
etc.). In another example, the UE 502 may detect that
the interfering signal 524 is bursty in time (e.g., lasting
100 us - 200 us rather than 1 ms), and may classify the
interfering signal 524 as Wi-Fi based on its bursty nature.
In yet another example, the UE 502 may determine a
bandwidth of the interference, and may classify the Wi-
Fi interference based on the determined bandwidth (e.g.,
as one of the Wi-Fi wireless technologies 802.11a,
802.11n, 802.11ac, or 802.11ax based on the deter-
mined bandwidth). In yet another example, the UE 502
may determine that the interfering signal 524 is an LTE-
Unlicensed interferer from a different PLMN based on
the PLMN ID, the asynchronous LTE-Unlicensed wave-
form, and/or because the interference lasts for periods
of 1 ms.
[0060] Referring to FIG. 6, for example, the UE 602
may detect, estimate, measure, and/or classify each of

the interfering signals 650i, 660i, 670i. Alternatively or in
addition, the UE 602 may determine properties of the
interfering signals 650i, 660i, 670i. In some examples,
the UE 602 may determine the properties by estimating
from the detected interferences, matching the detected
interferences with known patterns of interferences, or any
other method that may be relevant. The determined prop-
erties may include the types of the wireless technologies,
such as Wi-Fi 802.11a, Wi-Fi 802.11n, Wi-Fi 802.11ac,
Wi-Fi 802.11ax, LTE, etc. Moreover, properties may fur-
ther include information regarding a deployment of the
type of wireless technology. For example, for an interfer-
ing signal in accordance with Wi-Fi 802.11n, the estimat-
ed properties may include indications of whether the in-
terfering signal has a bandwidth of 20 MHz or 40 MHz.
[0061] At 806, interference of the interfering signal may
be mitigated, e.g., from the downlink transmission based
on the determined interfering signal (which may be based
on based on the determined properties of the interfering
signal). Referring to FIG. 5, for example, the UE 502
and/or the eNB 518 may use the determined information
to improve communication performance. For example,
the eNB 518 may improve scheduling and/or interference
measurement configurations based on the received in-
formation. For another example, the UE 502 may improve
interference estimation/mitigation/cancelation and/or de-
modulation/decoding performance based on the deter-
mined information.
[0062] Referring to FIG. 6, for example, the UE 602
and/or the eNB 618 may utilize the determined properties
of the interfering signals or the information indicating the
properties of the interfering signal(s) to improve interfer-
ence mitigation/cancelation. In one example, the eNB
618 may, based on the reported information indicating
the properties of the interfering signals, adjust a downlink
assignment to the UE 602 to improve mitigation/cance-
lation of the interfering signals. For example, the eNB
618 may change frequency resources scheduled for the
downlink signal 614 to avoid a bandwidth of an interfering
signal. In another example, the eNB 618 may change
(e.g., lower) an MCS for the downlink signal 614 for better
demodulation/decoding performance in the presence of
the interfering signal. The eNB 618 may transmit a down-
link assignment to the UE 602 for the downlink signal
614. The downlink assignment may include scheduling
and an MCS, one or more of which may be determined
by the eNB 618 based on the received properties. The
UE 602 receives the downlink assignment for the down-
link signal 614 from the serving eNB 618 and receives
the downlink signal 614 accordingly (e.g., based on the
scheduled frequency resources and/or the MCS).
[0063] In one example, the eNB 618 may, based on
the reported information indicating the properties of the
interfering signals, determine a configuration for meas-
uring interference. For example, for an LTE interfering
signal, the interference measurement may be configured
for each subframe based on the periodicity of the LTE
interfering signal. For a Wi-Fi interfering signal, the inter-
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ference measurement may be performed more often due
to the burst transmissions of the Wi-Fi. The eNB 618
may, for example, configure the interference measure-
ment for each symbol. In one example, the eNB 618 may
provide the configuration for measuring interference to
the UE 602 via an RRC signaling message. The interfer-
ence measurement configuration may indicate interfer-
ence measurement resources (IMRs) and may indicate
zero-power channel state information reference signals
(ZP-CSI-RS) for performing the interference measure-
ment.
[0064] In one example, the UE 602 may process the
received downlink signal 614 from the serving eNB 618
and process the downlink signal 614 based on the esti-
mated properties of the interfering signals. The process-
ing of the downlink signal 614 may include decoding/de-
modulating the downlink signal 614. In one example, the
UE 602 may mitigate (e.g., subtract, reduce, cancel) the
interference based on the estimated properties of the in-
terfering signals before demodulating and decoding the
downlink signal 614.
[0065] FIG. 9 is a conceptual data flow diagram 900
illustrating the data flow between different means/com-
ponents in an exemplary apparatus 902. The apparatus
may be a UE (e.g., UE 402, 502, or 602). The apparatus
902 includes a reception component 904, an interfering
mitigation component 906, a transmission component
910, an interfering signal detection component 912, an
interfering signal property estimation component 914,
and an interfering signal estimation component 916.
[0066] The reception component 904 receives a down-
link signal from a serving eNB 950 and an interfering
signal from a BS/AP 990 and outputs signal information.
The reception component 904 may in addition receive
the downlink assignment or the configuration for meas-
uring interference.
[0067] The interfering signal detection component 912
detects the interfering signal based on signal information
from the reception component 904. The interfering signal
detection component 912 may output the interfering sig-
nal information to the interfering signal property estima-
tion component 914.
[0068] The interfering signal property estimation com-
ponent 914 estimates the properties of the interfering sig-
nal based on the interfering signal information from the
interfering signal detection component 912 and/or the
signal information from the reception component 904.
Based on the received information, the interfering signal
property estimation component 914 may output the in-
terfering signal information.
[0069] The interfering signal estimation component
916 estimates the interfering signal based on the inter-
fering signal information. For example, the interfering sig-
nal estimation component 916 may estimate the interfer-
ing signal as an LTE-Unlicensed signal or the Wi-Fi signal
of various deployments. The interfering signal estimation
component 916 may output the estimated interfering sig-
nal to the downlink transmission processing component

908.
[0070] The interfering mitigation component 906 re-
ceives the downlink assignment or the configuration for
measuring interference from the reception component
904. Based on the received information, the interfering
mitigation component 906 provides to the reception com-
ponent 904 mitigation information to mitigate the inter-
fering signal.
[0071] The downlink transmission processing compo-
nent 908 receives the downlink assignment or the con-
figuration for measuring interference from the reception
component 904. Based on the received information, the
downlink transmission processing component 908 pro-
vides to the reception component 904 processing infor-
mation to process the downlink signal.
[0072] The transmission component 910 may receive
the properties of the interfering signal (e.g., the estimated
interfering signal from the interfering signal estimation
component 916 or the interfering signal property infor-
mation from the interfering signal property estimation
component 914). The transmission component 910 may
output the received properties of the interfering signal to
the eNB 950. Based on the properties of the interfering
signal, the eNB 950 may output the downlink assignment
or the configuration for measuring interference to the re-
ception component 904.
[0073] The apparatus may include additional compo-
nents that perform each of the blocks of the algorithm in
the aforementioned flow charts of FIGs. 7 and 8. As such,
each block in the aforementioned flow charts of FIGs. 7
and 8 may be performed by a component and the appa-
ratus may include one or more of those components. The
components may be one or more hardware components
specifically configured to carry out the stated process-
es/algorithm, implemented by a processor configured to
perform the stated processes/algorithm, stored within a
computer-readable medium for implementation by a
processor, or some combination thereof.
[0074] FIG. 10 is a diagram 1000 illustrating an exam-
ple of a hardware implementation for an apparatus 902’
employing a processing system 1014. The processing
system 1014 may be implemented with a bus architec-
ture, represented generally by the bus 1024. The bus
1024 may include any number of interconnecting buses
and bridges depending on the specific application of the
processing system 1014 and the overall design con-
straints. The bus 1024 links together various circuits in-
cluding one or more processors and/or hardware com-
ponents, represented by the processor 1004, the com-
ponents 904, 906, 908, 910, 912, 914, 916 and the com-
puter-readable medium / memory 1006. The bus 1024
may also link various other circuits such as timing sourc-
es, peripherals, voltage regulators, and power manage-
ment circuits, which are well known in the art, and there-
fore, will not be described any further.
[0075] The processing system 1014 may be coupled
to a transceiver 1010. The transceiver 1010 is coupled
to one or more antennas 1020. The transceiver 1010
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provides a means for communicating with various other
apparatus over a transmission medium. The transceiver
1010 receives a signal from the one or more antennas
1020, extracts information from the received signal, and
provides the extracted information to the processing sys-
tem 1014, specifically the reception component 904. In
addition, the transceiver 1010 receives information from
the processing system 1014, specifically the transmis-
sion component 910, and based on the received infor-
mation, generates a signal to be applied to the one or
more antennas 1020. The processing system 1014 in-
cludes a processor 1004 coupled to a computer-readable
medium / memory 1006. The processor 1004 is respon-
sible for general processing, including the execution of
software stored on the computer-readable medium /
memory 1006. The software, when executed by the proc-
essor 1004, causes the processing system 1014 to per-
form the various functions described supra for any par-
ticular apparatus. The computer-readable medium /
memory 1006 may also be used for storing data that is
manipulated by the processor 1004 when executing soft-
ware. The processing system further includes at least
one of the components 906, 908, 912, 914, and 916. The
components may be software components running in the
processor 1004, resident/stored in the computer reada-
ble medium / memory 1006, one or more hardware com-
ponents coupled to the processor 1004, or some combi-
nation thereof. The processing system 1014 may be a
component of the UE 350 and may include the memory
360 and/or at least one of the TX processor 368, the RX
processor 356, and the controller/processor 359.
[0076] In one configuration, the apparatus 902/902’ for
wireless communication includes means for detecting at
least one interfering signal and means for estimating
properties of the at least one interfering signal. The prop-
erties include at least a type of wireless technology. The
apparatus further includes means for transmitting infor-
mation indicating the properties of each of the at least
one interfering signal to a serving eNB. The apparatus
may further include means for receiving a downlink as-
signment for a downlink transmission from the serving
eNB. The downlink assignment may be based on the
transmitted information. The apparatus may further in-
clude means for receiving a configuration for measuring
interference. The configuration may be based on the
transmitted information. The apparatus may further in-
clude means for receiving a downlink transmission from
the serving eNB, and means for processing the downlink
transmission based on the estimated properties for each
of the at least one interfering signal. In one configuration,
the apparatus may further include means for receiving a
downlink signal. The downlink signal includes a downlink
transmission from the serving eNB and the at least one
interfering signal. The apparatus may further include
means for estimating the at least one interfering signal
based on the estimated properties for each of the at least
one interfering signal, and means for mitigating interfer-
ence of the at least one interfering signal from the down-

link transmission based on the estimated at least one
interfering signal (which may be based on the estimated
properties for each of the at least one interfering signal).
The aforementioned means may be one or more of the
aforementioned components of the apparatus 902 and/or
the processing system 1014 of the apparatus 902’ con-
figured to perform the functions recited by the aforemen-
tioned means. As described supra, the processing sys-
tem 1014 may include the TX Processor 368, the RX
Processor 356, and the controller/processor 359. As
such, in one configuration, the aforementioned means
may be the TX Processor 368, the RX Processor 356,
and the controller/processor 359 configured to perform
the functions recited by the aforementioned means.
[0077] FIG. 11 is a flow chart 1100 of a method of wire-
less communication. The method may be performed by
an eNB (e.g., the serving eNB 518, 618). At 1102, infor-
mation indicating interfering signal properties may be re-
ceived from the UE. For example, the eNB may receive,
from a UE, information indicating properties of each of
at least one interfering signal of the UE. Thus, the eNB
received information regarding the interfering signal ex-
perienced at the UE. The properties may include at least
a type of wireless technology. The received information
may, for example, indicate at least one of a strength of
each of the at least one interfering signal, a periodicity
of each of the at least one interfering signal, a bandwidth
of each of the at least one interfering signal, or a frequen-
cy of each of the at least one interfering signal. In some
examples, the interfering signal, such as an LTE-Unli-
censed signal or a Wi-Fi signal, may be unknown to the
eNB or to the network.
[0078] Referring to FIG. 5, for example, the eNB 518
may receive from the UE 502 the determined properties
of the interfering signal 524 (e.g., interference levels,
properties of the interference, and/or the type of interfer-
ence such as a type of wireless technology) to the serving
eNB 518 (e.g., via signaling 516). The UE 502 may report
the number of interferers to the serving eNB 518. The
UE 502 may report a strength of the interference, a pe-
riodicity (temporal frequency) of the interference, and/or
other properties of the interference.
[0079] Referring to FIG. 6, for example, the eNB 618
may receive from the UE 602 the information indicating
the properties of the interfering signals 650i, 660i, 670i
(e.g., interference levels, properties of the interference,
and/or the type of interference such as a type of wireless
technology) to the serving eNB 618 (e.g., via signaling
616) for improved interference mitigation measures.
[0080] At 1104, information may be sent, e.g., to the
UE, based on the received information. For example, the
eNB may send information to the UE based on the re-
ceived information indicating the properties of each of
the at least one interfering signal. Referring to FIG. 5, the
eNB 518 may transmit to the UE 502 (e.g., via the down-
link signal 514) a configuration for measuring interfer-
ence. The configuration may be based on the received
information (e.g., of step 702). In some examples, the
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configuration may be transmitted in a radio resource con-
trol (RRC) message indicating interference measure-
ment resources.
[0081] Referring to FIG. 6, in one example, the eNB
618 may, based on the reported information indicating
the properties of the interfering signals, determine a con-
figuration for measuring interference. For example, for
an LTE interfering signal, the interference measurement
may be configured for each subframe based on the pe-
riodicity of the LTE interfering signal. For a Wi-Fi inter-
fering signal, the interference measurement may be per-
formed more often due to the burst transmissions of the
Wi-Fi. The eNB 618 may, for example, configure the in-
terference measurement for each symbol. In one exam-
ple, the eNB 618 may provide the configuration for meas-
uring interference to the UE 602 via an RRC signaling
message. The interference measurement configuration
may indicate interference measurement resources
(IMRs) and may indicate zero-power channel state infor-
mation reference signals (ZP-CSI-RS) for performing the
interference measurement.
[0082] In some examples, the eNB may send informa-
tion including downlink assignment to the UE. The down-
link assignment may be based on the received informa-
tion (e.g., of step 702). Referring to FIG. 6, for example,
the eNB 618 may, based on the reported information in-
dicating the properties of the interfering signals, adjust a
downlink assignment to the UE 602 to improve mitiga-
tion/cancelation of the interfering signals. For example,
the eNB 618 may change frequency resources sched-
uled for the downlink signal 614 to avoid a bandwidth of
an interfering signal. In another example, the eNB 618
may change (e.g., lower) an MCS for the downlink signal
614 for better demodulation/decoding performance in the
presence of the interfering signal. The eNB 618 may
transmit a downlink assignment to the UE 602 for the
downlink signal 614. The downlink assignment may in-
clude scheduling and an MCS, one or more of which may
be determined by the eNB 618 based on the received
properties.
[0083] At 1106, a contention window may be adjusted.
For example, referring to FIG. 5, the contention window
of downlink transmission (e.g., the downlink signal 514)
from the serving eNB 518 may be adjusted based on the
information on the interfering signal 524 (e.g., the type
of interference and/or the type of wireless technology)
reported by the UE 502. For example, the eNB 518 may
adjust the contention window a certain way if the UE 502
reports a Wi-Fi interference, and may adjust the conten-
tion window a different way if the UE 502 reports another
LTE-U to optimized performance. In some examples, the
UE feedback is incorporated into channel sensing proc-
ess as well for the determination of contention window
length.
[0084] FIG. 12 is a conceptual data flow diagram 1200
illustrating the data flow between different means/com-
ponents in an exemplary apparatus 1202. The apparatus
may be an eNB (e.g., the serving eNB 518 or 618). The

apparatus includes a reception component 1204, an in-
formation generation component 1206, a contention win-
dow adjustment component 1208, and a transmission
component 1210.
[0085] The reception component 1204 receives the
properties of the interfering signal from a UE 1250 and
provides the information to the information generation
component 1206. For example, the reception of the in-
formation regarding interfering signal(s) may be similar
to that described in connection with Fig. 11. Based on
the properties of the interfering signal, the information
generation component 1206 generates information (such
as the configuration for interference measurements or
the scheduling information for a downlink transmission)
based on the properties of the interfering signal. The con-
tention window adjustment component 1208 receives the
properties of the interfering signal from the reception
component 1204, such as the properties of the interfering
signal or the type of wireless technology of the interfering
signal. Based on the information, the contention window
adjustment component 1208 may generate the conten-
tion window adjustment (as described in FIG. 11) and
provide the adjustment to the transmission component
1210.
[0086] The transmission component 1210 transmits
the information based on the properties of the interfering
signal to the UE 1250 or the contention window opera-
tions as described in connection with FIG. 11.
[0087] The apparatus may include additional compo-
nents that perform each of the blocks of the algorithm in
the aforementioned flow charts of FIG. 11. As such, each
block in the aforementioned flow charts of FIG. 11 may
be performed by a component and the apparatus may
include one or more of those components. The compo-
nents may be one or more hardware components spe-
cifically configured to carry out the stated processes/al-
gorithm, implemented by a processor configured to per-
form the stated processes/algorithm, stored within a com-
puter-readable medium for implementation by a proces-
sor, or some combination thereof.
[0088] FIG. 13 is a diagram 1300 illustrating an exam-
ple of a hardware implementation for an apparatus 1202’
employing a processing system 1314. The processing
system 1314 may be implemented with a bus architec-
ture, represented generally by the bus 1324. The bus
1324 may include any number of interconnecting buses
and bridges depending on the specific application of the
processing system 1314 and the overall design con-
straints. The bus 1324 links together various circuits in-
cluding one or more processors and/or hardware com-
ponents, represented by the processor 1304, the com-
ponents 1204, 1206, 1208, 1210, and the computer-read-
able medium / memory 1306. The bus 1324 may also
link various other circuits such as timing sources, periph-
erals, voltage regulators, and power management cir-
cuits, which are well known in the art, and therefore, will
not be described any further.
[0089] The processing system 1314 may be coupled
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to a transceiver 1310. The transceiver 1310 is coupled
to one or more antennas 1320. The transceiver 1310
provides a means for communicating with various other
apparatus over a transmission medium. The transceiver
1310 receives a signal from the one or more antennas
1320, extracts information from the received signal, and
provides the extracted information to the processing sys-
tem 1314, specifically the reception component 1204. In
addition, the transceiver 1310 receives information from
the processing system 1314, specifically the transmis-
sion component 1210, and based on the received infor-
mation, generates a signal to be applied to the one or
more antennas 1320. The processing system 1314 in-
cludes a processor 1304 coupled to a computer-readable
medium / memory 1306. The processor 1304 is respon-
sible for general processing, including the execution of
software stored on the computer-readable medium /
memory 1306. The software, when executed by the proc-
essor 1304, causes the processing system 1314 to per-
form the various functions described supra for any par-
ticular apparatus. The computer-readable medium /
memory 1306 may also be used for storing data that is
manipulated by the processor 1304 when executing soft-
ware. The processing system further includes at least
one of the components 1204, 1206, 1208, and 1210. The
components may be software components running in the
processor 1304, resident/stored in the computer reada-
ble medium / memory 1306, one or more hardware com-
ponents coupled to the processor 1304, or some combi-
nation thereof. (Include if invention resides in eNB) The
processing system 1314 may be a component of the eNB
310 and may include the memory 376 and/or at least one
of the TX processor 316, the RX processor 370, and the
controller/processor 375.
[0090] In one configuration, the apparatus 1202/1202’
for wireless communication includes means for receiv-
ing, from a UE, information indicating properties of each
of at least one interfering signal of the UE. The properties
may include at least a type of wireless technology. The
apparatus further includes means for sending informa-
tion to the UE based on the received information indicat-
ing the properties of each of the at least one interfering
signal. The aforementioned means may be one or more
of the aforementioned components of the apparatus
1202 and/or the processing system 1314 of the appara-
tus 1202’ configured to perform the functions recited by
the aforementioned means. As described supra, the
processing system 1314 may include the TX Processor
316, the RX Processor 370, and the controller/processor
375. As such, in one configuration, the aforementioned
means may be the TX Processor 316, the RX Processor
370, and the controller/processor 375 configured to per-
form the functions recited by the aforementioned means.
[0091] It is understood that the specific order or hier-
archy of blocks in the processes / flow charts disclosed
is an illustration of exemplary approaches. Based upon
design preferences, it is understood that the specific or-
der or hierarchy of blocks in the processes / flow charts

may be rearranged. Further, some blocks may be com-
bined or omitted. The accompanying method claims
present elements of the various blocks in a sample order,
and are not meant to be limited to the specific order or
hierarchy presented.
[0092] The previous description is provided to enable
any person skilled in the art to practice the various as-
pects 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 is to be accorded
the full scope consistent with the language claims, where-
in 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." The word "exemplary" is used
herein to mean "serving as an example, instance, or il-
lustration." Any aspect described herein as "exemplary"
is not necessarily to be construed as preferred or advan-
tageous over other aspects. Unless specifically stated
otherwise, the term "some" refers to one or more. Com-
binations such as "at least one of A, B, or C," "at least
one of A, B, and C," and "A, B, C, or any combination
thereof’ include any combination of A, B, and/or C, and
may include multiples of A, multiples of B, or multiples of
C. Specifically, combinations such as "at least one of A,
B, or C," "at least one of A, B, and C," and "A, B, C, or
any combination thereof’ may be A only, B only, C only,
A and B, A and C, B and C, or A and B and C, where any
such combinations may contain one or more member or
members of A, B, or C. All structural and functional equiv-
alents to the elements of the various aspects described
throughout this disclosure that are known or later come
to be known to those of ordinary skill in the art are ex-
pressly incorporated herein by reference and are intend-
ed to be encompassed by the claims. Moreover, nothing
disclosed herein is intended to be dedicated to the public
regardless of whether such disclosure is explicitly recited
in the claims. No claim element is to be construed as a
means plus function unless the element is expressly re-
cited using the phrase "means for."
[0093] In the following, further examples are described
to facilitate understanding of the invention.
[0094] In one further example, a method of wireless
communication of a user equipment (UE), comprising de-
tecting at least one interfering signal; determining prop-
erties of the at least one interfering signal, the properties
including at least a type of wireless technology; and trans-
mitting information indicating the properties of each of
the at least one interfering signal to a serving evolved
Node B (eNB). In the method, the properties of the at
least one interfering signal may comprise information re-
garding the type of wireless technology. In the method,
the transmitted information may further indicate at least
one of a strength of each of the at least one interfering
signal, a periodicity of each of the at least one interfering
signal, a bandwidth of each of the at least one interfering
signal, or a frequency of each of the at least one inter-
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fering signal. The method may further comprising receiv-
ing a downlink assignment for a downlink transmission
from the serving eNB, wherein the downlink assignment
is based, at least in part, on the transmitted information.
The method may further comprising receiving a config-
uration for measuring interference, the configuration be-
ing based on the transmitted information. In the method,
the configuration for measuring interference may be re-
ceived in a radio resource control (RRC) message indi-
cating interference measurement resources. The meth-
od may further comprising receiving a downlink trans-
mission from the serving eNB; and processing the down-
link transmission based on the determined properties for
each of the at least one interfering signal. The method
may further comprising receiving a downlink signal, the
downlink signal comprising a downlink transmission from
the serving eNB and the at least one interfering signal;
and mitigating interference of the at least one interfering
signal from the downlink transmission based on the de-
termined properties for each of the at least one interfering
signal.
[0095] In one further non-claimed example, an appa-
ratus for wireless communication, comprising a memory;
and at least one processor coupled to the memory and
configured to detect at least one interfering signal; deter-
mine properties of the at least one interfering signal, the
properties including at least a type of wireless technolo-
gy; and transmit information indicating the properties of
each of the at least one interfering signal to a serving
evolved Node B (eNB). In the apparatus, the properties
of the at least one interfering signal may comprise infor-
mation regarding the type of wireless technology. In the
apparatus, the transmitted information may further indi-
cate at least one of a strength of each of the at least one
interfering signal, a periodicity of each of the at least one
interfering signal, a bandwidth of each of the at least one
interfering signal, or a frequency of each of the at least
one interfering signal. In the apparatus, the at least one
processor may be further configured to receive a down-
link assignment for a downlink transmission from the
serving eNB, wherein the downlink assignment may be
based, at least in part, on the transmitted information. In
the apparatus, the at least one processor may be further
configured to receive a configuration for measuring in-
terference, the configuration may be based on the trans-
mitted information. In the apparatus, the at least one proc-
essor may be further configured to receive the configu-
ration for measuring interference in a radio resource con-
trol (RRC) message indicating interference measure-
ment resources. In the apparatus, the at least one proc-
essor may be further configured to receive a downlink
transmission from the serving eNB; and process the
downlink transmission based on the determined proper-
ties for each of the at least one interfering signal. In the
apparatus, the at least one processor may be further con-
figured to receive a downlink signal, the downlink signal
comprising a downlink transmission from the serving eNB
and the at least one interfering signal; and mitigate inter-

ference of the at least one interfering signal from the
downlink transmission based on the determined proper-
ties for each of the at least one interfering signal.
[0096] In one further example, an apparatus for wire-
less communication, comprising means for detecting at
least one interfering signal; means for determining prop-
erties of the at least one interfering signal, the properties
including at least a type of wireless technology; and
means for transmitting information indicating the proper-
ties of each of the at least one interfering signal to a serv-
ing evolved Node B (eNB). In the apparatus, the proper-
ties of the at least one interfering signal may comprise
information regarding the type of wireless technology. In
the apparatus, the transmitted information may further
indicate at least one of a strength of each of the at least
one interfering signal, a periodicity of each of the at least
one interfering signal, a bandwidth of each of the at least
one interfering signal, or a frequency of each of the at
least one interfering signal. The apparatus may further
comprising means for receiving a downlink assignment
for a downlink transmission from the serving eNB, where-
in the downlink assignment is based, at least in part, on
the transmitted information. The apparatus may further
comprising means for receiving a configuration for meas-
uring interference, the configuration being based on the
transmitted information. In the apparatus, the configura-
tion for measuring interference may be received in a radio
resource control (RRC) message indicating interference
measurement resources. The apparatus may further
comprising means for receiving a downlink transmission
from the serving eNB; and means for processing the
downlink transmission based on the determined proper-
ties for each of the at least one interfering signal. The
apparatus may further comprising means for receiving a
downlink signal, the downlink signal comprising a down-
link transmission from the serving eNB and the at least
one interfering signal; and means for mitigating interfer-
ence of the at least one interfering signal from the down-
link transmission based on the determined properties for
each of the at least one interfering signal.
[0097] In one further example, a computer-readable
medium storing computer executable code for wireless
communication, comprising code for detecting at least
one interfering signal; determining properties of the at
least one interfering signal, the properties including at
least a type of wireless technology; and transmitting in-
formation indicating the properties of each of the at least
one interfering signal to a serving evolved Node B (eNB).
In the computer-readable medium, the properties of the
at least one interfering signal may comprise information
regarding the type of wireless technology. In the compu-
ter-readable medium, the transmitted information may
further indicate at least one of a strength of each of the
at least one interfering signal, a periodicity of each of the
at least one interfering signal, a bandwidth of each of the
at least one interfering signal, or a frequency of each of
the at least one interfering signal. The computer-readable
medium may further comprising code for receiving a
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downlink assignment for a downlink transmission from
the serving eNB, wherein the downlink assignment is
based, at least in part, on the transmitted information.
The computer-readable medium may further comprising
code for receiving a configuration for measuring interfer-
ence, the configuration being based on the transmitted
information. In the computer-readable medium, the con-
figuration for measuring interference may be received in
a radio resource control (RRC) message indicating inter-
ference measurement resources. The computer-reada-
ble medium may further comprising code for receiving a
downlink transmission from the serving eNB; and
processing the downlink transmission based on the de-
termined properties for each of the at least one interfering
signal. The computer-readable medium may further com-
prising code for receiving a downlink signal, the downlink
signal comprising a downlink transmission from the serv-
ing eNB and the at least one interfering signal; and mit-
igating interference of the at least one interfering signal
from the downlink transmission based on the determined
properties for each of the at least one interfering signal.
[0098] In one further non-claimed example, a method
of wireless communication of an evolved Node B (eNB),
comprising receiving, from a user equipment (UE), infor-
mation indicating properties of each of at least one inter-
fering signal of the UE, the properties including at least
a type of wireless technology; and sending information
to the UE based, at least in part, on the received infor-
mation indicating the properties of each of the at least
one interfering signal. In the method, the sent information
may comprise downlink assignment for a downlink trans-
mission to mitigate the at least one interfering signal. In
the method, the sent information may comprise a config-
uration for interference measurements by the UE. In the
method, the at least one interfering signal may be un-
known to the eNB. In the method, the at least one inter-
fering signal may comprise an LTE-Unlicensed signal. In
the method, the at least one interfering signal may com-
prise a Wi-Fi signal. The method may further comprising,
adjusting a contention window of a downlink transmission
based, at least in part, on the received information indi-
cating the properties of each of the at least one interfering
signal.
[0099] In one further non-claimed example, an appa-
ratus for wireless communication, comprising a memory;
and at least one processor coupled to the memory and
configured to receive, from a user equipment (UE), infor-
mation indicating properties of each of at least one inter-
fering signal of the UE, the properties including at least
a type of wireless technology; and send information to
the UE based on the received information indicating the
properties of each of the at least one interfering signal.
In the apparatus, the sent information may comprise
downlink assignment for a downlink transmission to mit-
igate at least one interfering signal. In the apparatus, the
sent information may comprise a configuration for inter-
ference measurements by the UE. In the apparatus, the
at least one interfering signal may be unknown to the

apparatus. In the apparatus, the at least one interfering
signal may comprise an LTE-Unlicensed signal. In the
apparatus, the at least one interfering signal may com-
prise a Wi-Fi signal. In the apparatus, the at least one
processor may be further configured to adjust a conten-
tion window of a downlink transmission based, at least
in part, on the received information indicating the prop-
erties of each of the at least one interfering signal.
[0100] In one further non-claimed example, an appa-
ratus for wireless communication, comprising means for
receiving, from a user equipment (UE), information indi-
cating properties of each of at least one interfering signal
of the UE, the properties including at least a type of wire-
less technology; and means for sending information to
the UE based, at least in part, on the received information
indicating the properties of each of the at least one inter-
fering signal. In the apparatus, the sent information may
comprise downlink assignment for a downlink transmis-
sion to mitigate the at least one interfering signal. In the
apparatus, the sent information may comprise a config-
uration for interference measurements by the UE. In the
apparatus, the at least one interfering signal may be un-
known to the apparatus. In the apparatus, the at least
one interfering signal may comprise an LTE-Unlicensed
signal. In the apparatus, the at least one interfering signal
may comprise a Wi-Fi signal. The apparatus may further
comprising means for adjusting a contention window of
a downlink transmission based, at least in part, on the
received information indicating the properties of each of
the at least one interfering signal.
[0101] In one further non-claimed example, a compu-
ter-readable medium storing computer executable code
for wireless communication, comprising code for receiv-
ing, from a user equipment (UE), information indicating
properties of each of at least one interfering signal of the
UE, the properties including at least a type of wireless
technology; and sending information to the UE based, at
least in part, on the received information indicating the
properties of each of the at least one interfering signal.
In the computer-readable medium, the sent information
may comprise downlink assignment for a downlink trans-
mission to mitigate the at least one interfering signal. In
the computer-readable medium, the sent information
may comprise a configuration for interference measure-
ments by the UE. In the computer-readable medium, the
at least one interfering signal may comprise an LTE-Un-
licensed signal. In the computer-readable medium, the
at least one interfering signal may comprise a Wi-Fi sig-
nal. The computer-readable medium may further com-
prising code for adjusting a contention window of a down-
link transmission based, at least in part, on the received
information indicating the properties of each of the at least
one interfering signal.

Claims

1. A method of wireless communication for a user
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equipment, UE (102, 206,
350, 402, 502, 602, 902), comprising:

detecting (702) at least one interfering signal;
determining (704) properties of the at least one
interfering signal, the properties including at
least a type of wireless technology, wherein the
type of wireless technology comprises a classi-
fication of the at least one interfering signal as
being in accordance with a Wi-Fi wireless tech-
nology or a Long Term Evolution, LTE, wireless
technology; and
transmitting (706) information indicating the
properties of each of the at least one interfering
signal to a serving evolved Node B, eNB (106,
204, 310, 418, 518, 618, 950, 1202).

2. The method of claim 1, wherein the properties of the
at least one interfering signal comprise information
regarding the type of wireless technology.

3. The method of claim 1, wherein the transmitted in-
formation further indicates at least one of a strength
of each of the at least one interfering signal, a peri-
odicity of each of the at least one interfering signal,
a bandwidth of each of the at least one interfering
signal, or a frequency of each of the at least one
interfering signal.

4. The method of claim 1, further comprising receiving
(710) a downlink assignment for a downlink trans-
mission from the serving eNB, wherein the downlink
assignment is based, at least in part, on the trans-
mitted information.

5. The method of claim 1, further comprising receiving
(708) a configuration for measuring interference, the
configuration being based on the transmitted infor-
mation.

6. The method of claim 5, wherein the configuration for
measuring interference is received in a radio re-
source control, RRC, message indicating interfer-
ence measurement resources.

7. The method of claim 1, further comprising:

receiving (712) a downlink transmission from the
serving eNB; and
processing (714) the downlink transmission
based on the determined properties for each of
the at least one interfering signal.

8. The method of claim 1, further comprising:

receiving (802) a downlink signal, the downlink
signal comprising a downlink transmission from
the serving eNB and the at least one interfering

signal; and
mitigating (806) interference of the at least one
interfering signal from the downlink transmission
based on the determined properties for each of
the at least one interfering signal.

9. A user equipment, UE (102, 206, 350, 402, 502, 602,
902), for wireless communication, comprising:

means (912) for detecting at least one interfering
signal;
means (914) for determining properties of the at
least one interfering signal, the properties in-
cluding at least a type of wireless technology,
wherein the type of wireless technology com-
prises a classification of the at least one inter-
fering signal as being in accordance with a Wi-
Fi wireless technology or a Long Term Evolution,
LTE, wireless technology; and
means (910) for transmitting information indicat-
ing the properties of each of the at least one
interfering signal to a serving evolved Node B,
eNB (106, 204, 310, 418, 518, 618, 950, 1202).

10. A computer-readable medium storing computer ex-
ecutable code for wireless communication, compris-
ing code for carrying out a method according to any
of claims 1 to 8.

Patentansprüche

1. Ein Verfahren von drahtloser Kommunikation für ein
Benutzerendgerät, UE (102, 206, 350, 502, 602,
902), aufweisend:

Detektieren (702) zumindest eines interferieren-
den Signals;
Bestimmen (704) von Eigenschaften des zumin-
dest einen interferierenden Signals, wobei die
Eigenschaften umfassen zumindest einen Typ
von drahtloser Technologie, wobei der Typ von
drahtloser Technologie aufweist eine Klassifika-
tion von dem zumindest einen interferierenden
Signal als in Übereinstimmung sein mit einer Wi-
Fi drahtlosen Technologie oder einer Long Term
Evolution, LTE, drahtlosen Technologie; und
Übertragen (706) von Information, die die Eigen-
schaften von jedem von dem zumindest einen
interferierenden Signal anzeigt, zu einem die-
nenden evolved Node B, eNB (106, 204, 310,
418, 518, 618, 950, 1202).

2. Das Verfahren von Anspruch 1, wobei die Eigen-
schaften von dem zumindest einen interferierenden
Signal aufweisen Information bezüglich des Typs
von drahtloser Technologie.
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3. Das Verfahren von Anspruch 1, wobei die übertra-
gene Information weiter anzeigt zumindest eines von
einer Stärke von jedem von dem zumindest einen
interferierenden Signal, eine Periodizität von jedem
von dem zumindest einen interferierenden Signal,
eine Brandbreite von jedem von dem zumindest ei-
nen interferierenden Signal oder eine Frequenz von
jedem von dem zumindest einen interferierenden Si-
gnal.

4. Das Verfahren von Anspruch 1, weiter aufweisend
Empfangen (710) einer Abwärtsverbindungszuwei-
sung für eine Abwärtsverbindungsübertragung von
dem dienenden eNB, wobei die Abwärtsverbin-
dungszuweisung basiert zumindest teilweise auf der
übertragenen Information.

5. Das Verfahren von Anspruch 1, weiter aufweisend
Empfangen (708) einer Konfiguration für Messen
von Interferenz, wobei die Konfiguration basiert auf
der übertragenen Information.

6. Das Verfahren von Anspruch 5, wobei die Konfigu-
ration für Messen von Interferenz empfangen wird
in einer Funkressourcensteuerungs-, RRC, Nach-
richt, die anzeigt Interferenzmessungsressourcen.

7. Das Verfahren von Anspruch 1, weiter aufweisend:

Empfangen (712) einer Abwärtsverbindungsü-
bertragung von dem dienenden eNB; und
Verarbeiten (714) der Abwärtsverbindungsü-
bertragung basierend auf den bestimmten Ei-
genschaften für jedes von dem zumindest einen
interferierenden Signal.

8. Das Verfahren von Anspruch 1, weiter aufweisend:

Empfangen (802) eines Abwärtsverbindungssi-
gnals, wobei das Abwärtsverbindungssignal
aufweist eine Abwärtsverbindungsübertragung
von dem dienenden eNB und das zumindest ei-
ne interferierende Signal; und
Abschwächen (806) von Interferenz von dem
zumindest einen interferierenden Signal von der
Abwärtsverbindungsübertragung basierend auf
den bestimmten Eigenschaften für jedes von
dem zumindest einen interferierenden Signal.

9. Ein Benutzerendgerät, UE (102, 206, 350, 402, 502,
602, 902), für drahtlose Kommunikation, aufwei-
send:

Mittel (912) zum Detektieren zumindest eines
interferierenden Signals;
Mittel (914) zum Bestimmen von Eigenschaften
des zumindest einen interferierenden Signals,
wobei die Eigenschaften umfassen zumindest

einen Typ von drahtloser Technologie, wobei
der Typ von drahtloser Technologie aufweist ei-
ne Klassifikation von dem zumindest einen in-
terferierenden Signal als in Übereinstimmung
sein mit einer Wi-Fi drahtlosen Technologie
oder einer Long Term Evolution, LTE, drahtlo-
sen Technologie; und
Mittel (910) zum Übertragen von Information,
die die Eigenschaften von jedem von dem zu-
mindest einen interferierenden Signal anzeigt,
zu einem dienenden evolved Node B, eNB (106,
204, 310, 418, 518, 618, 950, 1202).

10. Ein computerlesbares Medium speichernd compu-
terausführbaren Code für drahtlose Kommunikation,
aufweisend Code zum Ausführen eines Verfahrens
gemäß einem von den Ansprüchen 1 bis 8.

Revendications

1. Un procédé de communication sans fil pour un équi-
pement utilisateur, UE (102, 206, 350, 402, 502, 602,
902), comprenant :

la détection (702) d’au moins un signal
d’interférence ;
la détermination (704) de propriétés de l’au
moins un signal d’interférence, les propriétés in-
cluant au moins un type de technologie sans fil,
dans lequel le type de technologie sans fil com-
prend une classification de l’au moins un signal
d’interférence comme étant conforme à une
technologie sans fil Wi-Fi ou une technologie
sans fil évolution à long terme, LTE ; et
la transmission (706) d’une information indi-
quant les propriétés de chacun de l’au moins un
signal d’interférence à un nœud B évolué, eNB,
de desserte (106, 204, 310, 418, 518, 618, 950,
1202).

2. Le procédé selon la revendication 1, dans lequel les
propriétés de l’au moins un signal d’interférence
comprennent une information concernant le type de
technologie sans fil.

3. Le procédé selon la revendication 1, dans lequel l’in-
formation transmise indique en outre au moins une
parmi une intensité de chacun de l’au moins un signal
d’interférence, une périodicité de chacun de l’au
moins un signal d’interférence, une largeur de bande
de chacun de l’au moins un signal d’interférence, ou
une fréquence de chacun de l’au moins un signal
d’interférence.

4. Le procédé selon la revendication 1, comprenant en
outre la réception (710) d’une assignation de liaison
descendante pour une transmission de liaison des-
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cendante à partir de l’eNB de desserte, dans lequel
l’assignation de liaison descendante est basée, au
moins en partie, sur l’information transmise.

5. Le procédé selon la revendication 1, comprenant en
outre la réception (708) d’une configuration pour me-
surer une interférence, la configuration étant basée
sur l’information transmise.

6. Le procédé selon la revendication 5, dans lequel la
configuration pour mesurer une interférence est re-
çue dans un message de contrôle de ressources ra-
dio, RRC, indiquant des ressources de mesure d’in-
terférence.

7. Le procédé selon la revendication 1, comprenant en
outre :

la réception (712) d’une transmission de liaison
descendante à partir de l’eNB de desserte ; et
le traitement (714) de la transmission de liaison
descendante sur la base des propriétés déter-
minées pour chacun de l’au moins un signal d’in-
terférence.

8. Le procédé selon la revendication 1, comprenant en
outre :

la réception (802) d’un signal de liaison descen-
dante, le signal de liaison descendante compre-
nant une transmission de liaison descendante
à partir de l’eNB de desserte et l’au moins un
signal d’interférence ; et
l’atténuation (806) de l’interférence de l’au
moins un signal d’interférence à partir de la
transmission de liaison descendante sur la base
des propriétés déterminées pour chacun de l’au
moins un signal d’interférence.

9. Un équipement utilisateur, UE (102, 206, 350, 402,
502, 602, 902), pour une communication sans fil,
comprenant :

un moyen (912) pour détecter au moins un si-
gnal d’interférence ;
un moyen (914) pour déterminer des propriétés
de l’au moins un signal d’interférence, les pro-
priétés incluant au moins un type de technologie
sans fil, dans lequel le type de technologie sans
fil comprend une classification de l’au moins un
signal d’interférence comme étant conforme à
une technologie sans fil Wi-Fi ou une technolo-
gie sans fil évolution à long terme, LTE ; et
un moyen (910) pour transmettre une informa-
tion indiquant les propriétés de chacun de l’au
moins un signal d’interférence à un nœud B évo-
lué, eNB, de desserte (106, 204, 310, 418, 518,
618, 950, 1202).

10. Un support lisible par ordinateur stockant un code
exécutable par ordinateur pour une communication
sans fil, comprenant un code pour réaliser un pro-
cédé selon l’une quelconque des revendications 1 à
8.
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