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(57) Abstract: Embodiments of wireless communication devices (WCDs) and methods for cancelling signal interference in the
WCDs are generally described herein. Some of these embodiments describe a WCD that includes a receiver to generate a received
signal, which includes at least a first signal transmitted to the WCD by a network station that operates in a full-duplex mode while
the WCD operates in a half-duplex mode. The WCD also includes a module to generate an interference cancellation signal for the re-
ceived signal based on interference information obtained from at least the received signal. The interference information is associated
with a second signal transmitted to the network station by an additional device. The first signal is transmitted while the second signal
is transmitted. The first and second signals include the same radio-frequency (RF) carrier.
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INTERFERENCE CANCELLATION FOR SIGNALS HAVING

THE SAME RADIO-FREQUENCY CARRIER AND TRANSMITTED AT THE

SAME TIME

TECHNICAL FIELD
[0001] Embodiments pertain to wireless communications. Some
embodiments relate to transmission of signals in wireless networks including those
networks that operate based on a 3GPP Evolved Universal Terrestrial Radio Access
Network (E-UTRAN) Long-Term-Evolution (LTE-A) advanced network standard
and networks that operate based on IEEE 802.11 standards.

BACKGROUND
[0002] Conventional wireless communication networks use several
techniques for transmission of different signals, such as downlink and uplink
signals. For example, in frequency division duplexing (FDD), different signals may
be transmitted at the same time using different radio-frequency carriers. In time
division duplexing (TDD), different signals may be transmitted at the same radio-
frequency carrier but at different time slots. As described below in the detailed
description, a technique different from FDD and TDD may be used. In some
situations, interference may occur in signals transmitted using such a technique.
Thus, the integrity of signals at the receiving devices may be compromised if the
devices employ no solution to deal with such interference. Moreover, lack of
interference solution may place a constraint on some operations in a network station

communicating with those devices.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] FIG. 1 is a block diagram of a wireless communication network
including a network station and wireless communication devices, according to some

embodiments described herein.
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[0004] FIG. 2 is a block diagram showing example signals communicated
between the network station and each of the wireless communication devices of
FIG. 1, according to some embodiments described herein.

[0005] FIG. 3 is a block diagram of a wireless communication device
including a receiver and an interference cancellation unit, according to some
embodiments described herein.

[0006] FIG. 4 is a flow chart showing a method of operating a wireless
communication device, according to some embodiments described herein.

[0007] FIG. 5 is a block diagram of a wireless communication device

including a module, according to some embodiments described herein.

DETAILED DESCRIPTION
[0008] The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
[0009] FIG. 1 shows a wireless communication network 100 including a
network station 102 and wireless communication devices 111 and 112, according to
some embodiments described herein. Network station 102 may be arranged (e.g.,
configured) to wirelessly communicate with wireless communication device (WCD)
111 through a wireless connection 113 and with WCD 112 through a wireless
connection 115.
[0010] An example of wireless communication network 100 includes an
Evolved Universal Terrestrial Radio Access Network (E-UTRAN) using the 3rd
Generation Partnership Project (3GPP) Long Term Evolution (LTE) standards.
Additional examples of wireless communication network 100 include Worldwide
Interoperability for Microwave Access (WiMax) networks, 3rd Generation (3G)

networks, Wi-Fi networks, and other wireless data communication networks.



WO 2015/171119 PCT/US2014/036966

10

15

20

25

30

[0011] An example of network station 102 includes a base station (BS), an
Enhanced Node B (eNB), an Access Point (AP), or another type of network station
or network equipment. Network station 102 may be arranged to operate based on
the 3GPP-LTE standards or other wireless data communication standards.

[0012] In some embodiments, network station 102 may be configured to
transmit orthogonal frequency division multiplexed (OFDM) communication
signals over a multicarrier communication channel in accordance with an orthogonal
frequency division multiple access (OFDMA) communication technique. The
OFDM signals may comprise a plurality of orthogonal subcarriers. In some
embodiments, the OFDMA communication technique may be either an FDD
technique that uses different uplink and downlink spectrum or a TDD technique that
uses the same spectrum for uplink and downlink.

[0013] In some embodiments, wireless communication network 100 may
operate based on IEEE 802.11 standards including IEEE 802.11 High Efficiency
WLAN (HEW) standard. In such HEW embodiments, network station 102 may
include an access point that may operate as a master station which may be arranged
to contend for a wireless medium (e.g., during a contention period) to receive
exclusive control of the medium for an HEW control period (i.e., a transmission
opportunity (TXOP)). The master station may transmit an HEW master-sync
transmission at the beginning of the HEW control period. During the HEW control
period, HEW stations may communicate with the master station in accordance with
a non-contention based multiple access technique. This is unlike conventional Wi-
Fi communications in which devices communicate in accordance with a contention-
based communication technique, rather than a multiple access technique. During
the HEW control period, the master station may communicate with HEW stations
using one or more HEW frames. During the HEW control period, legacy stations
refrain from communicating. In some embodiments, the master-sync transmission
may be referred to as an HEW control and schedule transmission.

[0014] In some embodiments, the multiple-access technique used during the
HEW control period may be a scheduled OFDMA technique, although this is not a

requirement. In some embodiments, the multiple access technique may be a time-
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division multiple access (TDMA) technique or a frequency division multiple access
(FDMA) technique. In some embodiments, the multiple access technique may be a
space-division multiple access (SDMA) technique.

[0015] The master station may also communicate with legacy stations in
accordance with legacy IEEE 802.11 communication techniques. In some
embodiments, the master station may also be configurable communicate with HEW
stations outside the HEW control period in accordance with legacy IEEE 802.11
communication techniques, although this is not a requirement.

[0016] In some embodiments, the links of an HEW frame may be
configurable to have the same bandwidth and the bandwidth may be one of 20MHz,
40MHz, 80MHz or 160MHz. In some embodiments, a 320MHz bandwidth may be
used. In some embodiments, bandwidths of SMHz and/or 10MHz may also be used.
In these embodiments, each link of an HEW frame may be configured for
transmitting a number of spatial streams.

[0017] In FIG. 1, examples of WCDs 111 and 112 include user equipment
(UE) and terminal equipment (e.g., data terminal equipment). Examples of user
equipment and terminal equipment include cellular telephones (e.g., smartphones),
tablet computers, e-readers (e.g., e-book readers), notebook computers, laptop
computers, desktop computers, personal computers, servers, personal digital
assistants (PDAs), digital cameras, medical devices (e.g., a heart rate monitor, a
blood pressure monitor, etc.), televisions, web appliances, set-top boxes (STBs),
network routers, network switches, network bridges, parking meters, sensors, and
other types devices and equipment.

[0018] WCDs 111 and 112 may be arranged (e.g., configured) to operate
based on the 3GPP-LTE standards or other wireless data communication standards.
FIG. 1 shows wireless communication network 100 including only two WCDs
(WCDs 111 and 112) to communicate with network station 102 as an example.
Wireless communication network 100, however, may include more than two WCDs.
[0019] Network station 102 may have a simultaneous transmit (Tx) and
receive (Rx) capability (STR capability), such that it may operate in STR mode

(e.g., full-duplex mode) to simultaneously (e.g., concurrently) transmit and receive



WO 2015/171119 PCT/US2014/036966

10

15

20

25

30

signals (e.g., radio-frequency (RF) signals). Network station 102 may include an
RF transceiver that has a full-duplex capability that may operate in full-duplex mode
to simultaneously transmit and receive signals. For example, network station 102
may transmit a downlink (DL) signal to WCD 111 while network station 102
receives an uplink (UL) signal from WCD 112 at the same time at the same RF
carrier. In another example, network station 102 may transmit a DL signal to WCD
112 while network station 102 receives a UL signal from WCD 111.

[0020] Network station 102 and WCDs 111 and 112 may be arranged to
operate such that a DL signal (e.g., transmitted by network station 102) and a UL
signal (e.g., transmitted by WCD 111 or 112) may be transmitted at the same time at
the same RF carrier (e.g., a single RF carrier). This technique may allow wireless
communication network 100 to increase (e.g., double) its handing capacity in
comparison with other techniques, such as FDD and TDD.

[0021] In some situations, a UL signal transmitted by one WCD may cause
interference in a DL signal transmitted by network station 102 to another WCD
when the DL and UL signals have the same RF carrier and are transmitted at the
same time. For example, if WCDs 111 and 112 are near each other, a DL signal
(transmitted by network station 102) received by one of the WCDs 111 and 112
(e.g., WCD 111) may be interfered with by a stronger UL signal transmitted by the
other WCD (e.g., WCD 112). To overcome interference in such a situation, each of
WCDs 111 and 112 may employ components to perform an interference
cancellation operation to cancel (e.g., reduce or eliminate) the interference, as
described in more detail below.

[0022] FIG. 2 is a diagram showing example signals communicated between
network station 102 and each of WCD 111 and 112 of FIG. 1, according to some
embodiments described herein. As shown in FIG. 2, during a time interval 231,
network station 102 may operate in STR mode to transmit a signal (e.g., DL signal)
201 to WCD 111 and to receive a signal (e.g., UL signal) 202 transmitted by WCD
112. Signals 201 and 202 may have the same RF carrier f;. During a time interval
232, network station 102 may also operate in STR mode to transmit a signal (e.g.,

DL signal) 203 to WCD 112 and to receive a signal (e.g., UL signal) 204
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transmitted by WCD 111. Signals 204 and 203 may also have the same RF carrier
fi. During a time interval 233, network station 102 may also operate in STR mode
to simultaneously transmit and receive additional signals (not shown).

[0023] WCD 111 may or may not have the STR capability. If WCD 111
does not have the STR capability, it may be a half-duplex device that operates in a
half-duplex mode, such as in only Rx mode or in only Tx mode but not in both
modes at the same time at the same RF carrier. WCD 111 may switch from one
mode to another depending on whether it receives or transmits signals. For
example, WCD 111 may switch from an Rx mode 211 to a Tx mode 212 during a
time interval 213. WCD 111 may switch from Tx mode 212 to a mode 219 during a
time interval 215. Thus, in the example of FIG. 2, if WCD 111 does not have the
STR capability, it may operate in a half-duplex mode (e.g., Rx mode 211) during
time interval 231 to receive signal 201 and subsequently operate in a half-duplex
mode (e.g., Tx mode 212) during time interval 232 to transmit signal 204.

[0024] If WCD 111 has the STR capability, it may be a full-duplex device
that has the capability of operating in STR mode (both Rx and Tx modes at the same
time at the same RF carrier). In some cases, although WCD 111 may have the STR
capability, it may operate in only Rx mode (e.g., during time interval 231), or in
only Tx mode (e.g., during time interval 232). If WCD 111 has the STR capability,
it may switch between a half-duplex mode (e.g., Rx mode 211 or Tx mode 212) and
a full-duplex mode (e.g., mode 219). Thus, in the example of FIG. 2, if WCD 111
has the STR capability, it may operate in a half-duplex mode (e.g., Rx mode 211)
during time interval 231 to receive signal 201, operate in a half-duplex mode (e.g.,
Tx mode 212) during time interval 232 to transmit signal 204, or operate in a full-
duplex mode 219 (e.g., STR mode) to simultaneously transmit and receive signals
(not shown).

[0025] WCD 112 may or may not have the STR capability. If WCD 112
does not have the STR capability, it may be a half-duplex device that operates in a
half-duplex mode, such as in only Rx mode or in only Tx mode but not in both
modes at the same time. WCD 112 may switch from one mode to another

depending on whether it receives or transmits signals. For example, WCD 112 may
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switch from a Tx mode 222 to an Rx mode 221 during a time interval 223. WCD
112 may switch from Rx mode 221 to a mode 229 during a time interval 225. Thus,
in the example of FIG. 2, if WCD 112 does not have the STR capability, it may
operate in a half-duplex mode (e.g., Tx mode 222) during time interval 231 to
transmit signal 202 and subsequently operate in a half-duplex mode (e.g., Rx mode
221) during time interval 232 to receive signal 203.

[0026] If WCD 112 has the STR capability, it may be a full-duplex device
that has the capability of operating in STR mode (both Rx and Tx modes at the same
time). In some cases, although WCD 112 may have the STR capability, it may
operate in only Tx mode (e.g., during time interval 231), or in only Rx mode (e.g.,
during time interval 232). If WCD 112 has the STR capability, it may switch
between a half-duplex mode (e.g., Rx mode 221 or Tx mode 222) and a full-duplex
mode (e.g., mode 229). Thus, in the example of FIG. 2, if WCD 112 has the STR
capability, it may operate in a half-duplex mode (e.g., Tx mode 222) during time
interval 231 to transmit signal 202, operate in a half-duplex mode (e.g., Rx mode
221) during time interval 232 to receive signal 203, or operate in a full-duplex mode
229 (e.g., STR mode) to simultaneously transmit and receive signals (not shown).
[0027] As mentioned above with reference to FIG. 1, in some situations, a
UL signal transmitted by one WCD may cause interference to a DL signal received
by another WCD when the DL and UL signals have the same RF carrier and are
transmitted at the same time. In FIG. 2, such a situation may happen during time
interval 231 or 232 in FIG. 2. For example, if WCDs 111 and 112 are near each
other during time interval 231, signal 201 (e.g., DL signal) received by WCD 111
may be interfered with by a stronger signal 202 (e.g., UL signal) transmitted by
WCD 112. In another example, if WCDs 111 and 112 are near each other during
time interval 232, signal 203 (e.g., DL signal) received by WCD 112 may be
interfered with by a stronger signal 204 (e.g., UL signal) transmitted by WCD 111.
[0028] In the above examples, WCD 111 may perform an interference
cancellation operation during time interval 231 to cancel interference caused by
signal 202 to signal 201. WCD 112 may perform an interference cancellation

operation during time interval 232 to cancel interference caused by signal 204 to
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signal 203. The interference cancellation operation employed by WCD 111 and
WCD 112 may improve or maintain the accuracy of information (e.g., data)
associated with the signal (e.g., signal 201 or 203) received by the receiving WCD.
[0029] In addition, the interference cancellation operation employed by
WCD 111 and WCD 112 may also improve some of the operations in network
station 102. For example, network station 102 may include a scheduler to schedule
transmissions of DL and UL signals. Without the interference cancellation
operation employed by the WCD (e.g., WCD 111 or 112) described herein, network
station 102 may schedule transmissions of DL and UL signals such that any two
WCDs (one for receiving a DL signal and the other for transmitting a UL signal)
should have enough distance between them (e.g., should not be near each other) to
avoid WCD-to-WCD interference. This distance factor may place a constraint in
scheduler design in network station 102. For example, without the interference
cancellation operation employed by the WCD described herein, network station 102
may not be able to freely select arbitrary WCDs for DL or UL transmission at a
particular moment, even if the WCDs need either DL or UL transmission at that
particular moment, because a potential WCD-to-WCD interference may occur.
[0030] With the interference cancellation operation employed by the WCD
(e.g., WCD 111 or 112) described herein, the above-mentioned constraint may be
removed from the scheduling operation in network station 102 because WCD-to-
WCD interference (if it occurs) may be cancelled by the interference cancellation
operation described herein. Thus, latency of signal (e.g., data packet) delivery may
be improved and scheduler design may be simpler for network station 102.

[0031] FIG. 3 shows a block diagram of a WCD 300 including a receiver
310 and an interference cancellation unit 320, according to some embodiments
described herein. WCD 300 may correspond to WCD 111 or WCD 112 of FIG. 1.
Thus, WCD 111 or WCD 112 may include components and operations of WCD
300. Receiver 310 may operate to receive a DL signal from a network station (e.g.,
network station 102 in FIG. 1). Interference cancellation unit 320 may operate to
perform an interference cancellation operation to cancel interference in the DL

signal that may be caused by another signal (e.g., a UL signal) from another device
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near WCD 300. The interference cancellation operation performed by interference
cancellation unit 320 may include a successive interference cancellation (SIC)
operation. Thus, interference cancellation unit 320 may include components to
perform an SIC operation. For simplicity, FIG. 3 omits some of the components
that may be used in an SIC operation.

[0032] As shown in FIG. 3, WCD 300 may include an antenna 301 to
receive an RF signal 302. Receiver 310 may include a down converter 312 to
down-convert signal 302 and generate a baseband signal 313, and an analog-to-
digital converter (ADC) 314 to receive baseband signal 313 and generate a received
signal 315, which includes a baseband digital signal.

[0033] Signal 302 received by antenna 301 may include a DL signal (e.g.,
signal 201 in FIG. 2) transmitted by a network station (e.g., network station 102 in
FIG. 1) intended for WCD 300. In some situations, however, signal 302 may also
include another signal in addition to the DL signal. For example, if a UL signal
(e.g., signal 202 in FIG. 2) having the same RF carrier as the DL signal is
transmitted by another device while the DL signal is being transmitted, the UL
signal may interfere with the DL signal if that device is near enough to WCD 300 to
cause the interference. Thus, in this example, signal 302 may include both the
information associated with the DL signal intended for WCD 300 and the
information associate with the UL signal that causes the interference.

[0034] Interference cancellation unit 320 may include a demodulator 321 to
demodulate received signal 315 and generate a demodulated signal 322, and a
decoder 323 to decode demodulated signal 322 to generate a decoded signal 328.
Interference cancellation unit 320 may obtain interference information (e.g.,
information associated with the signal (e.g., UL signal) that causes the interference)
based on decoded signal 328. Interference cancellation unit 320 may then
regenerate the interference based on the interference information. Interference
cancellation unit 320 may also include an encoder 324 to generate an encoded signal
325 (which includes the regenerated interference) based on the interference
information included in the decoded signal 328, and a modulator 326 to modulate

encoded signal 325 to generate interference cancellation signal 327. Interference
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cancellation unit 320 may then subtract interference cancellation signal 327 from
received signal 315 in order to cancel interference in the DL signal.

[0035] Decoded signal 328 may also be used to generate a data signal (not
shown) that contains information (e.g., bits of a data stream) associated with the DL
signal intended for WCD 300. For example, after interference cancellation signal
327 is subtracted from received signal 315, a resulting signal is generated. Thus,
decoded signal 328 may include updated information based on the resulting signal.
Then, the data signal may be generated by further decoding the updated information.
The data signal may be provided to other components (not shown) of WCD 300 for
further processing.

[0036] FIG. 4 is a flow chart showing a method 400 of operating a WCD,
according to some embodiments described herein. Method 400 may be performed
by a WCD, such as WCD 111, 112, or 300 described above or WCD 500 described
below. The WCD used in method 400 is incapable of simultaneously transmitting
and receiving signals. Alternatively, the WCD used in method 400 is capable of
simultaneously transmitting and receiving signals. The WCD used in method 400
may communicate (e.g., by way of DL signal or UL signal, or both) with a network
station (e.g., network station 102). The network station is capable of simultaneously
transmitting and receiving signals. As shown in FIG. 4, method 400 may include
activities 410, 412, and 414.

[0037] Activity 410 may include generating an interference cancellation
signal for a received signal (e.g., received signal 315 in FIG. 3). Generating the
interference cancellation signal in activity 410 may include down-converting an RF
signal (e.g., signal 302 in FIG. 3) to generate a down-converted baseband signal,
generating a received signal (e.g., a digital baseband signal) based on the baseband
signal, demodulating the received signal to generate a demodulated signal, decoding
the demodulated signal to generated a decoded signal, obtaining interference
information from the decoded signal in order to regenerate the interference, and
generating the interference cancellation signal based on the interference

information. Activity 410 may also include encoding the interference information
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to generate an encoded signal (which includes the regenerated interference), and
modulating the encoded signal to generate the interference cancellation signal.
[0038] Activity 412 of method 400 may include subtracting the interference
cancellation signal from the received signal. The subtraction may generate a
resulting signal (e.g., the remaining portion the received signal after the interference
cancellation signal is subtracted from it).

[0039] Activity 414 may include generating a data signal. Generating the
data signal may include decoding the resulting signal (generated in activity 412).
The data signal may include information associated with a DL signal transmitted to
the WCD by a network station. Activity 414 may also include providing the data
signal to other components of the WCD for further processing.

[0040] Method 400 may include performing an SIC operation, such that one
or more of the activities 410, 412, and 414 may be included as part of the SIC
operation.

[0041] Method 400 may include fewer or more activities than the activities

shown in FIG. 4. For example, method 400 may include activities associated with
the operations of WCD 111, 112, or 300 described above with reference to FIG. 1
through FIG. 3, and operations of a WCD described below with reference to FIG. 5.
[0042] FIG. 5 shows a block diagram of a WCD 500 including a module
502, according to some embodiments described herein. WCD 500 may correspond
to WCD 111 or WCD 112 (FIG. 1) or WCD 300 (FIG. 3). Thus, WCD 111, WCD
112, or WCD 300 may include components and operations of WCD 500. As shown
in FIG. 5, WCD 500 may also include at least one antenna 501 (e.g., a single
antenna or multiple antennas), a transceiver 503 having a transmitter 508 and a
receiver 510, and a memory 530. Receiver 510 may correspond to receiver 310 of
FIG. 3. Thus, receiver 510 may be arranged to operate in ways similar to, or
identical to, those of receiver 310.

[0043] Module 502 may include a controller 515 and an interference
cancellation unit 520. Interference cancellation unit 520 may correspond to

interference cancellation unit 320 of FIG. 3. Thus, interference cancellation unit
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520 may be arranged to operate in ways similar to, or identical to, those of
interference cancellation unit 320.

[0044] WCD 500 may also include one or more of a keyboard, a display
(e.g., an LCD screen including a touch screen), a non-volatile memory port (e.g., a
Universal Serial Bus (USB) port), speakers, and other mobile device elements.
[0045] Module 502 and transceiver 503 may be arranged (e.g., configured)
to perform operations described above with reference to FIG. 1 through FIG. 4. For
example, receiver 510 may be arranged to receive a DL signal (e.g., signal 201 or
203 in FIG. 2) transmitted by a network station (e.g., network station 102 in FIG. 1).
Transmitter 508 may be arranged to transmit a UL signal (e.g., signal 202 or 204 in
FIG. 2) to a network station (e.g., network station 102 in FIG. 1).

[0040] WCD 500 may be an STR incapable device, such that transceiver
503 may be a half-duplex transceiver. Alternatively, WCD 500 may be an STR
capable device, such that transceiver 503 may be full-duplex transceiver.

[0047] Module 502 may be arranged to perform an interference cancellation
operation to cancel inference to a signal (e.g., signal 201 or 203 in FIG. 2). The
interference cancellation operation performed by module 502 may be similar to, or
identical to, that described above with reference to FIG. 1 through FIG. 4. Module
502 may use at least one of interference cancellation unit 520 and controller 515 to
perform the interference cancellation operation.

[0048] Controller 515 may be arranged (e.g., configured) to provide
processing and control functionalities for WCD 500, including at least part of the
interference cancellation operation described above with reference to FIG. 1 through
FIG. 4. Controller 515 may include one or more processors that may include one or
more central processing units (CPUs), one or more graphics processing units
(GPUs), or a combination of one or more CPUs and one or more GPUs.

[0049] Memory 530 may include volatile memory, non-volatile memory, or
a combination of both. Memory 530 may store instructions (e.g., firmware
programs, software programs, or a combination of both). Controller 515 may

execute instructions in memory 530 to result in WCD 500 performing operations
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such as the interference cancellation operation performed by WCD 111, 112, or 300,
described in method 400, described herein with reference to FIG. 1 through FIG. 4.
[0050] The at least one antenna 501 may include one or more directional or
omnidirectional antennas, including, for example, dipole antennas, monopole
antennas, patch antennas, loop antennas, microstrip antennas or other types of
antennas suitable for transmission of RF signals. In some embodiments, instead of
two or more antennas, a single antenna with multiple apertures may be used. In
these embodiments, each aperture may be considered a separate antenna. The at
least one antenna 501 may be arranged to support multiple-input and multiple-
output (MIMO) communications. In some MIMO embodiments, the at least one
antenna 501 may be effectively separated to benefit from spatial diversity and the
different channel characteristics that may result between each of the at least one
antenna 501 and the antennas of a transmitting station. In some MIMO
embodiments, the at least one antenna 501 may be separated by up to 1/10 of a
wavelength or more.

[0051] FIG. 5 shows WCD 500 including one transceiver 503 and at least
one antenna 501 as an example. The number of transceivers and antennas may vary.
Module 502 and transceiver 503 may be arranged to operate in different
communication networks, such as a 3GPP-LTE network, a WiMax network, and
other communication networks.

[0052] In some embodiments, the WCD 500 may be configured to receive
(e.g., from network station 102 in FIG. 1) OFDM communication signals in
accordance with an OFDMA communication technique. The OFDM signals may
comprise a plurality of orthogonal subcarriers.

[0053] Although WCD 500 is shown as having several separate functional
elements, one or more of the functional elements may be combined and may be
implemented by combinations of software-configured elements, such as processing
elements including digital signal processors (DSPs), and/or other hardware
elements. For example, some elements may comprise one or more microprocessors,
DSPs, application specific integrated circuits (ASICs), radio-frequency integrated

circuits (RFICs) and combinations of various hardware and logic circuitry for
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performing at least the functions and operations described herein. In some
embodiments, the functional elements may refer to one or more processes operating
on one or more processing elements.

[0054] Embodiments may be implemented in one or a combination of
hardware, firmware and software. Embodiments may also be implemented as
instructions (e.g., firmware programs, software programs, or a combination of both)
stored on a computer-readable storage medium, which may be read and executed by
at least one processor to perform the operations described herein. A computer-
readable storage medium may include any non-transitory mechanism (e.g., non-
transitory computer-readable medium) for storing information (e.g., instructions) in
a form readable by a machine (e.g., a computer). Examples of a computer-readable
storage medium may include read-only memory (ROM), random-access memory
(RAM), magnetic disk storage media, optical storage media, flash-memory devices,
and other storage devices and media. In these embodiments, one or more processors
of the WCD 500 may be configured with the instructions to perform the operations

described herein.

ADDITIONAL NOTES AND EXAMPLES
[0055] Example 1 includes subject matter (such as a device, apparatus, or
machine) including a wireless communication device (WCD) comprising a receiver
to generate a received signal, the received signal including at least a first signal
transmitted to the WCD by a network station, and a module to generate an
interference cancellation signal for the received signal based on interference
information obtained from at least the received signal, the interference information
associated with a second signal transmitted to the network station by an additional
device, wherein the first signal by the network station is transmitted to the WCD
while the second signal by an additional device is transmitted, and the first and
second signals include a same radio-frequency (RF) carrier.
[0056] In Example 2, the subject matter of Example 1 may optionally
include, wherein the first signal includes a downlink signal transmitted by the

network station to the WCD.
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[0057] In Example 3, the subject matter of Example 2 may optionally
include, wherein the second signal includes an uplink signal transmitted by the
additional device to the network station.

[0058] In Example 4, the subject matter of Example 1 may optionally
include, wherein the first signal includes a downlink signal transmitted by the
network station to the WCD based on an orthogonal frequency division multiple
access (OFDMA) communication technique.

[0059] In Example 5, the subject matter of Example 1 may optionally
include, wherein the WCD is a half-duplex device, and the network station is
arranged to transmit the first signal while the network station receives the second
signal.

[0060] In Example 6, the subject matter of Example 1 may optionally
include, wherein the module is arranged to subtract the interference cancellation
signal from the received signal to generate a resulting signal, and decode the
resulting signal to generate a data signal, the data signal including information
associated with the first signal from the network.

[0061] In Example 7, the subject matter of any one of Example 1 to
Example 5 may optionally include, wherein the module is arranged to perform a
successive interference cancellation operation to obtain the interference information.
[0062] In Example 8, the subject matter of any one of Example 1 to
Example 5 may optionally include, further comprising a half-duplex transceiver,
wherein the receiver is part of the half-duplex transceiver.

[0063] In Example 9, the subject matter of any one of Example 1 to
Example 5 may optionally include, further comprising a full-duplex transceiver,
wherein the receiver is part of the full-duplex transceiver.

[0064] In Example 10, the subject matter of any one of Example 1 to
Example 5 may optionally include, wherein the module is arranged to generate a
baseband signal based on a signal received by an antenna coupled to the receiver,
and generate a digital baseband signal based on the baseband signal, wherein the

digital baseband signal includes the received signal.
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[0065] In Example 11, the subject matter of Example 9 may optionally
include, wherein the module is arranged to demodulate the received signal to
generate a demodulated signal, decode the demodulated signal to generate a
decoded signal, and obtain the interference information based on the decoded signal.
[0066] In Example 12, the subject matter of any one of Example 1 to
Example 6 may optionally include, wherein the WCD includes one of a cellular
telephone, a tablet computer, an e-reader, a notebook computer, and a personal
digital assistant device.

[0067] In Example 13, the subject matter of any one of Example 1 to
Example 5 may optionally include, wherein the network transmitter includes one of
a base station and an enhanced node B (eNB).

[0068] In Example 14, the subject matter of Example 1 may optionally
include, further comprising a transmitter to transmit a third signal to the network
station, wherein the first and third signals include a same RF carrier.

[0069] Example 15 includes subject matter including a method of operating
a wireless communication device (WCD), the method comprising generating an
interference cancellation signal based at least in part on a received signal at a
receiver of the WCD, the received signal including at least a first signal transmitted
to the WCD by a network station, and the interference cancellation signal including
information associated with a second signal transmitted by an additional device to
the network station, and subtracting the interference cancellation signal from the
received signal, wherein the first and second signals are transmitted during a same
time interval, and the first and second signals include a same radio-frequency (RF)
carrier.

[0070] In Example 16, the subject matter of Example 15 may optionally
include, wherein generating the interference cancellation signal is performed as part
of a successive interference cancellation operation.

[0071] In Example 17, the subject matter of Example 15 may optionally
include, wherein generating the interference cancellation signal includes
demodulating the received signal to generate a demodulated signal, decoding the

demodulated signal to generate a decoded signal, obtaining interference information
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from the decoded signal, and generating the interference cancellation signal based
on the interference information.

[0072] In Example 18, the subject matter of Example 15 may optionally
include, further comprising receiving a radio-frequency (RF) signal, wherein the
WCD is in a half-duplex mode when the RF signal is received, down-converting the
RF signal to generate a baseband signal, and generating a digital baseband signal
based on the baseband signal, wherein the digital baseband signal includes the
received signal.

[0073] In Example 19, the subject matter of any one of Example 15 to
Example 18 may optionally include, wherein the first signal includes a downlink
signal and the second signal includes an uplink signal, and the WCD and the
additional device are near each other, such that the downlink signal received by the

WCD is interfered with by the uplink signal.

[0074] In Example 20, the subject matter of Example 15 may optionally
include, wherein the WCD is incapable of simultaneously transmitting and receiving
signals.

[0075] In Example 21, the subject matter of Example 15 may optionally
include, wherein the WCD is capable of simultaneously transmitting and receiving
signals.

[0076] Example 22 includes subject matter including a computer-readable

storage medium for storing information, which when executed, causes a wireless
communication device (WCD) to generate an interference cancellation signal based
at least in part on a received signal at a receiver of the WCD, the received signal
including at least a first signal transmitted to the WCD by a network station, and the
interference cancellation signal including information associated with a second
signal transmitted by an additional device to the network station, and to subtract the
interference cancellation signal from the received signal, wherein the first and
second signals are transmitted during a same time interval, and the first and second

signals include a same radio-frequency (RF) carrier.
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[0077] In Example 23, the subject matter of Example 22 may optionally
include, wherein the first signal includes a downlink signal transmitted by the
network station to the device, and the second signal includes an uplink signal
transmitted by the additional device to the network station.

[0078] In Example 24, the subject matter of Example 22 may optionally
include, wherein the WCD is incapable of simultaneously transmitting and receiving
signals, and the network station is capable of simultaneously transmitting and
receiving signals.

[0079] The subject matter of Example 1 through Example 24 may be
combined in any combination.

[0080] The Abstract is provided to comply with 37 C.F.R. Section 1.72(b)
requiring an abstract that will allow the reader to ascertain the nature and gist of the
technical disclosure. It is submitted with the understanding that it will not be used
to limit or interpret the scope or meaning of the claims. The following claims are
hereby incorporated into the detailed description, with each claim standing on its

own as a separate embodiment.
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CLAIMS

What is claimed is:

1. A wireless communication device (WCD) comprising:

a receiver to generate a received signal, the received signal including at least
a first signal transmitted to the WCD by a network station operating in a full-duplex
mode while the WCD operates in a half-duplex mode; and

a module to generate an interference cancellation signal for the received
signal based on interference information obtained from at least the received signal,
the interference information associated with a second signal transmitted to the
network station by an additional device, wherein the first signal by the network
station is transmitted to the WCD while the second signal by the additional device is
transmitted, and the first and second signals include a same radio-frequency (RF)

carrier.

2. The WCD of claim 1, wherein the first signal includes a downlink signal

transmitted by the network station to the WCD.

3. The WCD of claim 2, wherein the second signal includes an uplink signal

transmitted by the additional device to the network station.

4. The WCD of claim 1, wherein the first signal includes a downlink signal
transmitted by the network station to the WCD based on an orthogonal frequency

division multiple access (OFDMA) communication technique.

5. The WCD of claim 1, wherein the WCD is a half-duplex device, and the
network station is arranged to transmit the first signal while the network station

receives the second signal.
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6. The WCD of claim 1, wherein the module is arranged to:

subtract the interference cancellation signal from the received signal to
generate a resulting signal; and

decode the resulting signal to generate a data signal, the data signal

including formation associated with the first signal from the network station.

7. The WCD of claim 1, wherein the module is arranged to perform a

successive interference cancellation operation to obtain the interference information.

8. The WCD of claim 1, further comprising a half-duplex transceiver, wherein

the receiver is part of the half-duplex transceiver.

9. The WCD of claim 1, further comprising a full-duplex transceiver, wherein

the receiver is part of the full-duplex transceiver.

10. The WCD of claim 1, wherein the module is arranged to:

generate a baseband signal based on a signal received by an antenna coupled
to the receiver; and

generate a digital baseband signal based on the baseband signal, wherein the

digital baseband signal includes the received signal.

11. The WCD of claim 10, wherein the module is arranged to:
demodulate the received signal to generate a demodulated signal;
decode the demodulated signal to generate a decoded signal; and

obtain the interference information based on the decoded signal.

12. The WCD of claim 1, wherein the WCD includes one of a cellular
telephone, a tablet computer, an e-reader, a notebook computer, and a personal

digital assistant device.
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13. The WCD of claim 1, wherein the network station includes one of a base

station and an enhanced node B (eNB).

14. The WCD of claim 1, further comprising a transmitter to transmit a third
signal to the network station, wherein the first and third signals include a same RF

carrier.

15. A method of operating a wireless communication device (WCD), the method
comprising:

generating an interference cancellation signal based at least in part on a
received signal at a receiver of the WCD, the received signal including at least a
first signal transmitted to the WCD by a network station, and the interference
cancellation signal including information associated with a second signal
transmitted by an additional device to the network station, wherein the first and
second signals are transmitted during a same time interval, and the first and second
signals include a same radio-frequency (RF) carrier; and

subtracting the interference cancellation signal from the received signal.

16. The method of claim 15, wherein generating the interference cancellation

signal is performed as part of a successive interference cancellation operation.

17. The method of claim 15, wherein generating the interference cancellation
signal includes:
demodulating the received signal to generate a demodulated signal;
decoding the demodulated signal to generate a decoded signal;
obtaining interference information from the decoded signal; and
generating the interference cancellation signal based on the interference

information.
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18. The method of claim 15, further comprising:
receiving a radio-frequency (RF) signal, wherein the WCD is in a half-
duplex mode when the RF signal is received;
down-converting the RF signal to generate a baseband signal; and
generating a digital baseband signal based on the baseband signal, wherein

the digital baseband signal includes the received signal.

19. The method of claim 15, wherein the first signal includes a downlink signal
and the second signal includes an uplink signal, and the WCD and the additional
device are near each other, such that the downlink signal received by the WCD is

interfered with by the uplink signal.

20. The method of claim 15, wherein the WCD is incapable of simultaneously

transmitting and receiving signals.

21. The method of claim 15, wherein the WCD is capable of simultaneously

transmitting and receiving signals.

22. A computer-readable storage medium for storing information, which when
executed, causes a wireless communication device (WCD) to:

generate an interference cancellation signal based at least in part on a
received signal at a receiver of the WCD, the received signal including at least a
first signal transmitted to the WCD by a network station, and the interference
cancellation signal including information associated with a second signal
transmitted by an additional device to the network station, wherein the first and
second signals are transmitted during a same time interval, and the first and second
signals include a same radio-frequency (RF) carrier; and

subtract the interference cancellation signal from the received signal.

23. The computer-readable storage medium of claim 22, wherein the first signal

includes a downlink signal transmitted by the network station to the device, and the



WO 2015/171119 PCT/US2014/036966
23

second signal includes an uplink signal transmitted by the additional device to the

network station.

24. The computer-readable storage medium of claim 22, wherein the WCD is
5 incapable of simultaneously transmitting and receiving signals, and the network

station is capable of simultaneously transmitting and receiving signals.



PCT/US2014/036966

WO 2015/171119

1/5

00}

711 ~GOM  |aomb-

NOILYLS
xm@éz

Z01




PCT/US2014/036966

WO 2015/171119

2/5

¢ 'Ol

/ B S g
V8 ouws 8% Houms 2L
) 300M | 300N %y | 300N %
. N .\w? i w “
T4 g |
— ] m =
Lo s S8 HOLMS | s
| 3aom 300N T 00N | %
i 5 ” M 3 5 i \_7
sz g g SN I <}
R 2 3
(A A 0T E &7
- 2l FAD A
SO I
= T
§ H i §
i § i §
i | i i
! ! J f
| M | H
¥ | ” M
[ 300M 300N )
R X R X R
| SNO3NYLINAIS SNOINVLINIS SNOINVLINAIS
K ) H 7 A v A
067 4x4 182

Zil
(oM

L1l

AN
NOILYLS
AHOMIIN



PCT/US2014/036966

WO 2015/171119

3/5

08

© LINA NOLYTIIONYD JONINTRILN “ ¢ o4

! Go¢

i }

} H

| 43OONI F—r= HOLYINGON

w 6z¢ |

w ; | 0lg

| 74y 9z¢ | e S
| HINTOIY

; b T g }

m w ~ »

w M300030 F=— MOLVINAOWIA et 4 Jar—ie 30y fey— HILIIANCO
828 R4 | W e -t %MS

) NS 128 | o plg Als

~20g




WO 2015/171119 PCT/US2014/036966

4/5

410

3

GENERATE
AN INTERFERENCE CANCELLATION SIGNAL
FOR A RECEIVED SIGNAL

SUBTRACT
THE INTERFERENCE CANCELLATION SIGNAL
FROM THE RECEIVED SIGNAL TO GENERATE
A RESULTING SIGNAL

414 \

GENERATE A DATA SIGNAL
FROM THE RESULTING SIGNAL

FIG. 4
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