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(57) Abstract: Methods, apparatuses, systems, and devices are described for
wireless communication. In one method, a control format indicator value for
a frame may be received over a physical carrier in a shared spectrum. Based
on the control format indicator value, a number of subframes of the frame to
be used by a base station for downlink transmissions over the physical carrier
may be determined. The control format indicator value may indicate an end
of transmission, if data is to be transmitted during the frame, a number of
subframes to be used for transmission, or whether the current subframe is the
final subframe used for transmission. In some cases, a user equipment (UE)
may use the control format indicator value to determine a sleep schedule.
Further, ACK/NACK transmissions by a UE may be scheduled based on the
control format indicator value.
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DOWNLINK CONTROL FORMAT INDICATOR

CROSS REFERENCES
[0001] The present Application for Patent claims priority to U.S. Patent Application
No. 14/494,956 by Chen et al., entitled “DOWNLINK CONTROL FORMAT INDICATOR,”
filed September 24, 2014; and U.S. Provisional Patent Application No. 61/890,554, by Chen
et al., entitled “DOWNLINK CONTROL MANAGEMENT IN LTE-U,” filed October 14,

2013; each of which is assigned to the assignee hereof.

BACKGROUND
[0002] Wireless communication networks are widely deployed to provide various
communication services such as voice, video, packet data, messaging, broadcast, and the like.
These wireless networks may be multiple-access networks capable of supporting multiple

users by sharing the available network resources.

[0003] A wireless communication network may include a number of access points. The
access points of a cellular network may include a number of base stations, such as NodeBs
(NBs) or evolved NodeBs (eNBs). The access points of a wireless local area network
(WLAN) may include a number of WLAN access points, such as WiFi nodes. Each access
point may support communication for a number of user equipments (UEs) and may often
communicate with multiple UEs at the same time. Similarly, each UE may communicate
with a number of access points, and may sometimes communicate with multiple access points
and/or access points employing different access technologies. An access point may
communicate with a UE via downlink and uplink. The downlink (or forward link) refers to
the communication link from the access point to the UE, and the uplink (or reverse link)

refers to the communication link from the UE to the access point.

[0004] As cellular networks become more congested, operators are beginning to look at
ways to increase capacity. One approach may include the use of a WLAN to offload some of
the traffic and/or signaling of a cellular network. WLANS (or WiFi networks) are attractive
because, unlike cellular networks that operate in a licensed spectrum, WiFi networks

generally operate in an unlicensed spectrum.
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[0005] When devices that communicate using different protocols (e.g., cellular and WLAN
protocols) share a spectrum, a contention-based protocol may be used to determine what

device(s) are able to transmit in different transmission periods of the shared spectrum.

SUMMARY
[0006] The described features generally relate to one or more improved methods,
apparatuses, systems, and/or devices for wireless communication. More particularly, the
described features relate to improved techniques for transmitting control information when
physical carriers are capable of cross-scheduling in a shared spectrum. A control format
indicator value, such as for a frame, may be transmitted/received. The recipient of the
transmission may use the control format indicator value to determine a number of subframes
to be used for downlink transmissions. In this way, the recipient of the transmission may
know how long to listen for the scheduled transmission. Additionally, the recipient may
determine a sleep schedule of a user equipment, or schedule acknowledgment/negative-

acknowledgment transmissions based on the control format indicator value.

[0007] According to a first set of illustrative embodiments, a method for wireless
communication is described. In one configuration, a control format indicator value for a
frame may be received. The control format indicator value for the frame may be received
over a physical carrier in a shared spectrum. The method may further include determining a
number of subframes of the frame to be used by a basc station for downlink transmissions
over the physical carrier. In some cascs, determining the number of subframes may be based

on the control format indicator value.

[0008] In certain cxamples, a slecp schedule of a uscr equipment (UE) for the frame may
be determined. The sleep schedule may be determined based on the control format indicator

value.

[0009] In certain examples, acknowledgment (ACK)/negative-acknowledgment (NACK)
transmissions by a user equipment (UE) may be scheduled. The ACK/NACK transmissions
may be scheduled based on the control format indicator value. Additionally or alternatively,
the control format indicator value is received during a first subframe of the frame. In some
cases, the control format indicator value is received during a first symbol of the first subframe

of the frame.
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[0010] In certain examples, the control format indicator value is received during a last
subframe of a previous frame. The control format indicator value may be received during a
first symbol of a subframe of the frame. In some cases, a bitwidth of the control format
indicator value may be based on a structure of the frame. The control format indicator value
may indicate at least one of an end of transmission, if data is to be transmitted during the
frame, a number of subframes of the frame to be used for transmission, and a final subframe
for transmission. In some cases, the control format indicator value may be received as a part
of at least onc of a Channel Usage Pilot Signal (CUPS), Channel Usage Beacon Signal
(CUBS), cell-specific reference signal (CRS), enhanced CRS (¢CRS), transmission format
indicator channel (TFICH), enhanced TFICH (¢TFICH), physical control format indicator
channel (PCFICH), and enhanced PCFICH (EPCFICH).

[0011] According to a second set of illustrative ecmbodiments, an apparatus for wircless
communication may include a processor and memory coupled to the processor. The
processor may be configured to receive, over a physical carrier in a shared spectrum, a
control format indicator valuc for a frame; and determine, based on the control format
indicator value, a number of subframes of the frame to be used by a base station for downlink
transmissions over the physical carrier. The processor may be further configured to perform

one or more aspects of the method of the first set of illustrative embodiments.

[0012] According to a third set of illustrative embodiments, a method for wircless
communication may include determining a number of subframes of a frame to be used by a
base station for downlink transmissions over a physical carrier in a shared spectrum, and
transmitting, over the physical carrier, a control format indicator value for the frame based on

the determined number of subframes of the frame.

[0013] In certain examples, acknowledgment (ACK)/negative-acknowledgment (NACK)
transmissions may be received by a user equipment (UE) based on the control format
indicator value. The control format indicator value may be transmitted during a first
subframe of the frame. In some cases, the control format indicator value is transmitted
during a first symbol of the first subframe of the frame. The control format indicator value
may be transmitted during a last subframe of a previous frame. In some examples, the
control format indicator value may be transmitted during a first symbol of a subframe of the

frame.
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[0014]  In certain examples, a bitwidth of the control format indicator value may be
based on a structure of the frame. The control format indicator value may indicate at least
one of an end of transmission, if data is to be transmitted during the frame, a number of
subframes of the frame to be used for transmission, and a final subframe for transmission.
In some cases, the control format indicator value may be transmitted as a part of at least
one of a Channel Usage Pilot Signal (CUPS), Channel Usage Beacon Signal (CUBS),
cell-specific reference signal (CRS), enhanced CRS (eCRS), transmission format indicator
channel (TFICH), enhanced TFICH (eTFICH), physical control format indicator channel
(PCFICH), and enhanced PCFICH (EPCFICH).

[0015]  According to a fourth set of illustrative embodiments, an apparatus for wireless
communication may include a processor and memory coupled to the processor. The
processor may be configured to determine a number of subframes of a frame to be used by
a base station for downlink transmissions over a physical carrier in a shared spectrum; and
transmit, over the physical carrier, a control format indicator value for the frame based on
the determined number of subframes of the frame. In certain examples, the processor may
be further configured to implement one or more aspects of the method of the third set of

illustrative embodiments.

[0015a] According to one aspect of the present invention, there is provided a method at a
user equipment, UE, for wireless communication, comprising: monitoring in a shared
spectrum, in which spectrum transmitting devices contend for access, a first physical
carrier and a second physical carrier for control information used to dynamically schedule
at least one physical carrier of the physical carriers, wherein monitoring the physical
carriers includes monitoring a restricted number of decoding candidates on at least one of
the physical carriers, wherein restricting the number of blind decoding candidates is based
on cross-carrier scheduling between the physical carriers; receiving over a physical carrier
of the physical carriers a control format indicator value for a frame; and determining,
based on the control format indicator value, a number of subframes of the frame to be used
by a base station for downlink transmissions over the at least one physical carrier of the

physical carriers.

[0015b] According to another aspect of the present invention, there is provided an
apparatus for wireless communication, comprising: a processor; and a memory coupled to

the processor; wherein the processor is configured to: monitor in a shared spectrum, in

Date Regue/Date Received 2021-06-17
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which spectrum transmitting devices contend for access, a first physical carrier and a
second physical carrier for control information used to dynamically schedule at least one
physical carrier of the physical carriers wherein monitoring the plurality of physical
carriers includes monitoring a restricted number of decoding candidates on at least one of
the physical carriers, wherein restricting the number of decoding candidates is based on
cross-carrier scheduling between the physical carriers; receive over a physical carrier of
the physical carriers a control format indicator value for a frame; and determine, based on
the control format indicator value, a number of subframes of the frame to be used by a
base station for downlink transmissions over the at least one physical carrier of the

physical carriers.

[0016]  Further scope of the applicability of the described methods and apparatuses will
become apparent from the following detailed description, claims, and drawings. The
detailed description and specific examples are given by way of illustration only, since
various changes and modifications within the spirit and scope of the description will

become apparent to those skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] A further understanding of the nature and advantages of the present invention
may be realized by reference to the following drawings. In the appended figures, similar
components or features may have the same reference label. Further, various components of
the same type may be distinguished by following the reference label by a dash and a
second label that distinguishes among the similar components. If only the first reference
label is used in the specification, the description is applicable to any one of the similar

components having the same first reference label irrespective of the second reference
label.

Date Regue/Date Received 2021-06-17
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[0018] FIG. 1 shows a diagram of a wireless communication system, in accordance with

various aspects of the present disclosure;

[0019] FIG. 2A shows a diagram that illustrates examples of deployment scenarios for
using long term evolution (LTE) in an unlicensed spectrum, in accordance with various

aspects of the present disclosure;

[0020] FIG. 2B shows a wireless communication system that illustrates an example of a
standalone mode for wireless communications over an unlicensed or shared spectrum, in

accordance with various aspects of the present disclosure;

[0021] FIG. 3 shows examples of an unlicensed frame/interval for a cellular downlink in an

unlicensed spectrum, in accordance with various aspects of the present disclosure;

[0022] FIG. 4A shows an example of a periodic gating interval usable by both a cellular
downlink and a cellular uplink in an unlicensed spectrum, in accordance with various aspects

of the present disclosure;

[0023] FIG. 4B shows an example of how a contention-based protocol such as LB may be
implemented within an S’ subframe, in accordance with various aspects of the present

disclosure;

[0024] FIG. 5 shows an example of cross-carrier scheduling within a periodic gating

interval of a shared spectrum, in accordance with various aspects of the present disclosure;

[0025] FIG. 6A shows a first example in which a first physical carrier and a second
physical carrier may be monitored for a downlink control transmission for the first physical

carrier, in accordance with various aspects of the present disclosure;

[0026] FIG. 6B shows a second example in which a first physical carrier and a second
physical carrier may be monitored for a downlink control transmission for the first physical

carrier, in accordance with various aspects of the present disclosure;

[0027] FIG. 7 shows an example of physical carriers grouped in first and second groups, in

accordance with various aspects of the present disclosure;
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[0028] FIG. 8 shows another example in which a first physical carrier and a second
physical carrier may be monitored for a downlink control transmission for the first physical

carrier, in accordance with various aspects of the present disclosure;

[0029] FIG. 9A shows an example of a non-overlapping common search space (CSS) and

UE-specific search space (USS), in accordance with various aspects of the present disclosure;

[0030] FIG. 9B shows an example of a completely overlapped common search space (CSS)
and UE-specific search space (USS), in accordance with various aspects of the present

disclosure;

[0031] FIG. 10 shows an example broadcast of indications of CCA success, in accordance

with various aspects of the present disclosure;

[0032] FIG. 11 shows an exemplary transmission of control format indicator values during
respective periodic gating intervals, in accordance with various aspects of the present

disclosure;

[0033] FIGS. 12A & 12B show block diagrams of apparatuses for use in wireless

communication, in accordance with various aspects of the present disclosure;

[0034] FIG. 13A shows a block diagram of a downlink control management module for use

in wireless communication, in accordance with various aspects of the present disclosure;

[0035] FIG. 13B shows a block diagram of a CCA success indication management module
for use in wireless communication, in accordance with various aspects of the present

disclosure;

[0036] FIG. 13C shows a block diagram of an occupied bandwidth management module for

use in wireless communication, in accordance with various aspects of the present disclosure;

[0037] FIG. 13D shows a block diagram of a control format indicator value management
module for use in wireless communication, in accordance with various aspects of the present

disclosure;

[0038] FIG. 14 shows a block diagram illustrating a UE configured for wireless

communication, in accordance with various aspects of the present disclosure;
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[0039] FIG. 15 shows a block diagram illustrating an eNB configured for wireless

communication, in accordance with various aspects of the present disclosure;

[0040] FIGS. 16 shows a block diagram of a multiple-input multiple-output (MIMO)
communications system that is shown to include an ¢eNB and a UE, in accordance with

various aspects of the present disclosure;

[0041] FIG. 17 is a flowchart illustrating an examples of a method for wireless

communication, in accordance with various aspects of the present disclosure;

[0042] FIG. 18 is a flowchart illustrating an examples of a method for wireless

communication, in accordance with various aspects of the present disclosure;

[0043] FIG. 19 is a flowchart illustrating an examples of a method for wireless

communication, in accordance with various aspects of the present disclosure;

[0044] FIG. 20 is a flowchart illustrating an examples of a method for wireless

communication, in accordance with various aspects of the present disclosure;

[0045] FIG. 21 is a flowchart illustrating an examples of a method for wireless

communication, in accordance with various aspects of the present disclosure;

[0046] FIG. 22 is a flowchart illustrating an examples of a method for wireless

communication, in accordance with various aspects of the present disclosure;

[0047] FIG. 23 is a flowchart illustrating an examples of a method for wireless

communication, in accordance with various aspects of the present disclosure;

[0048] FIG. 24 is a flowchart illustrating an examples of a method for wireless

communication, in accordance with various aspects of the present disclosure;

[0049] FIG. 25 is a flowchart illustrating an examples of a method for wireless

communication, in accordance with various aspects of the present disclosure;

[0050] FIG. 26 is a flowchart illustrating an examples of a method for wireless

communication, in accordance with various aspects of the present disclosure;

[0051] FIG. 27 is a flowchart illustrating an examples of a method for wireless

communication, in accordance with various aspects of the present disclosure;
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[0052] FIG. 28 is a flowchart illustrating an examples of a method for wireless

communication, in accordance with various aspects of the present disclosure;

[0053] FIG. 29 is a flowchart illustrating an examples of a method for wireless

communication, in accordance with various aspects of the present disclosure; and

[0054] FIG. 30 is a flowchart illustrating an examples of a method for wireless

communication, in accordance with various aspects of the present disclosure.

DETAILED DESCRIPTION

[0055] Methods, apparatuses, systems, and devices are described in which a transmitting
device contends for access to a plurality of physical carriers in a shared spectrum. Because
access to all of the plurality of physical carriers may not be guaranteed, issues may arise
when the physical carriers are cross-scheduled. For example, when a first physical carrier is
cross-scheduled with a second physical carrier, and a transmitting device is able to gain
access to the first physical carrier but not the second physical carrier, a receiving device may
not receive the control information which is necessary to make use of transmissions via the
first physical carrier. Reservation of the first physical carrier without gaining access to the

second physical carrier may therefore waste resources and/or delay transmissions.

[0056] In some cases, the methods, apparatuses, systems, and devices described herein may
provide operators of cellular networks (e.g., operators of Long Term Evolution (LTE) or
LTE-Advanced (LTE-A) communications networks) with more opportunities to use a shared

unlicensed spectrum (e.g., a WLAN spectrum typically used for WiFi communications).

[0057] The techniques described herein are not limited to LTE, and may also be used for
various wireless communication systems such as CDMA, TDMA, FDMA, OFDMA, SC-
FDMA, and other systems. The terms “system’ and “network” are often used
interchangeably. A CDMA system may implement a radio technology such as CDMA2000,
Universal Terrestrial Radio Access (UTRA), etc. CDMA2000 covers IS-2000, 1S-95, and IS-
856 standards. IS-2000 Releases 0 and A are commonly referred to as CDMA2000 1X, 1X,
etc. IS-856 (TIA-856) is commonly referred to as CDMA2000 1xEV-DO, High Rate Packet
Data (HRPD), etc. UTRA includes Wideband CDMA (WCDMA) and other variants of
CDMA. A TDMA system may implement a radio technology such as Global System for
Mobile Communications (GSM). An OFDMA system may implement a radio technology
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such as Ultra Mobile Broadband (UMB), Evolved UTRA (E-UTRA), IEEE 802.11 (Wi-Fi),
IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM, etc. UTRA and E-UTRA are part of
Universal Mobile Telecommunication System (UMTS). LTE and LTE-Advanced (LTE-A)
are new releases of UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A, and
GSM are described in documents from an organization named “3rd Generation Partnership
Project” (3GPP). CDMA2000 and UMB are described in documents from an organization
named “3rd Generation Partnership Project 2”7 (3GPP2). The techniques described herein
may be used for the systems and radio technologics mentioned above as well as other systems
and radio technologics. The description below, however, describes an LTE system for
purposcs of cxample, and LTE terminology is uscd in much of the description below,

although the techniques are applicable beyond LTE applications.

[0058] The following description provides examples, and is not limiting of the scope,
applicability, or configuration set forth in the claims. Changes may be made in the function
and arrangement of elements discussed without departing from the spirit and scope of the
disclosure. Various embodiments may omit, substitute, or add various procedures or
components as appropriate. For instance, the methods described may be performed in an
order different from that described, and various steps may be added, omitted, or combined.
Also, features described with respect to certain embodiments may be combined in other

embodiments.

[0059] FIG. 1 shows a diagram of a wireless communication system 100, in accordance
with various aspects of the present disclosure. The wireless communication system 100
includes a plurality of access points (e.g., base stations, eNBs, or WLAN access points) 105,
a number of user equipments (UEs) 115, and a core network 130. Some of the access points
105 may communicate with the UEs 115 under the control of a base station controller (not
shown), which may be part of the core network 130 or certain access points 105 (e.g., base
stations or eNBs) in various embodiments. Some of the access points 105 may communicate
control information and/or user data with the core network 130 through backhaul 132. In
some embodiments, some of the access points 105 may communicate, either directly or
indirectly, with each other over backhaul links 134, which may be wired or wireless
communication links. The wireless communication system 100 may support operation on
multiple carriers (waveform signals of different frequencies). Multi-carrier transmitters can

transmit modulated signals simultaneously on the multiple carriers. For example, each
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communications link 125 may be a multi-carrier signal modulated according to various radio
technologies. Each modulated signal may be sent on a different carrier and may carry control

information (e.g., reference signals, control channels, etc.), overhead information, data, etc.

[0060] The access points 105 may wirelessly communicate with the UEs 115 via one or
more access point antennas. Each of the access points 105 may provide communication
coverage for a respective coverage area 110. In some embodiments, an access point 105 may
be referred to as a base station, a base transceiver station (BTS), a radio base station, a radio
transceiver, a basic service set (BSS), an extended service set (ESS), a NodeB, an cvolved
NodeB (eNB), a Home NodeB, a Home ¢NodeB, a WLAN access point, a WiFi node, a node,
or some other suitable terminology. The coverage arca 110 for an access point may be
divided into scctors making up only a portion of the coverage arca (not shown). The wireless
communication systcm 100 may include access points 105 of different types (e.g., macro,
micro, and/or pico base stations). The access points 105 may also utilize different radio
technologies, such as cellular and/or WLAN radio access technologies. The access points
105 may be associated with the same or different access networks or operator deployments.
The coverage areas of different access points 105, including the coverage areas of the same or
different types of access points 105, utilizing the same or different radio technologies, and/or

belonging to the same or different access networks, may overlap.

[0061] In some embodiments, the wireless communication system 100 may include an
LTE/LTE-A communications system (or network), which LTE/LTE-A communications
system may support one or more unlicensed or shared spectrum modes of operation or
deployment scenarios. In other embodiments, the wireless communication system 100 may
support wireless communication using an unlicensed spectrum and an access technology
different from LTE/LTE-A, or a licensed spectrum and an access technology different from
LTE/LTE-A. In LTE/LTE-A communications systems, the term evolved NodeB or eNB may
be generally used to describe of the access points 105. The wireless communication system
100 may be a Heterogeneous LTE/LTE-A network in which different types of eNBs provide
coverage for various geographical regions. For example, each eNB 105 may provide
communication coverage for a macro cell, a pico cell, a femto cell, and/or other types of cell.
Small cells such as pico cells, femto cells, and/or other types of cells may include low power

nodes or LPNs. A macro cell generally covers a relatively large geographic area (e.g.,
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several kilometers in radius) and may allow unrestricted access by UEs with service
subscriptions with the network provider. A pico cell would generally cover a relatively
smaller geographic area and may allow unrestricted access by UEs with service subscriptions
with the network provider. A femto cell would also generally cover a relatively small
geographic area (e.g., a home) and, in addition to unrestricted access, may also provide
restricted access by UEs having an association with the femto cell (e.g., UES in a closed
subscriber group (CSG), UEs for users in the home, and the like). An ¢NB for a macro cell
may be referred to as a macro ¢eNB. An ¢NB for a pico ccll may be referred to as a pico ¢NB.
And, an eNB for a femto cell may be referred to as a femto ¢eNB or a home eNB. An ¢NB

may support onc or multiple (e.g., two, three, four, and the like) cells.

[0062] The core network 130 may communicate with the eNBs 105 via a backhaul 132
(e.g., S1 application protocol, ctc.). The cNBs 105 may also communicatc with onc another,
e.g., directly or indirectly via backhaul links 134 (e.g., X2 application protocol, ctc.) and/or
via backhaul 132 (e.g., through core network 130). The wireless communication system 100
may support synchronous or asynchronous operation. For synchronous opecration, the ¢NBs
may have similar frame and/or gating timing, and transmissions from different eNBs may be
approximately aligned in time. For asynchronous operation, the eNBs may have different
frame and/or gating timing, and transmissions from different eNBs may not be aligned in
time. The techniques described herein may be used for either synchronous or asynchronous

operations.

[0063] The UEs 115 may be dispersed throughout the wireless communication system 100,
and each UE 115 may be stationary or mobile. A UE 115 may also be referred to by those
skilled in the art as a mobile device, a mobile station, a subscriber station, a mobile unit, a
subscriber unit, a wireless unit, a remote unit, a wireless device, a wireless communication
device, a remote device, a mobile subscriber station, an access terminal, a mobile terminal, a
wireless terminal, a remote terminal, a handset, a user agent, a mobile client, a client, or some
other suitable terminology. A UE 115 may be a cellular phone, a personal digital assistant
(PDA), a wireless modem, a wireless communication device, a handheld device, a tablet
computer, a laptop computer, a cordless phone, a wearable item such as a watch or glasses, a
wireless local loop (WLL) station, or the like. A UE 115 may be able to communicate with
macro eNBs, pico eNBs, femto eNBs, relays, and the like. A UE 115 may also be able to
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communicate over different access networks, such as cellular or other WWAN access

networks, or WLAN access networks.

[0064] The communications links 125 shown in wireless communication system 100 may
include uplinks for carrying uplink (UL) transmissions (e.g., from a UE 115 to an eNB 105)
and/or downlinks for carrying downlink (DL) transmissions (e.g., from an eNB 105 to a UE
115). The UL transmissions may also be called reverse link transmissions, while the DL
transmissions may also be called forward link transmissions. The downlink transmissions
may be made using a licensed spectrum (e.g., LTE), an unlicensed spectrum or both.
Similarly, the uplink transmissions may be made using a licensed spectrum (e.g., LTE), an

unlicensed spectrum, or both.

[0065] In some embodiments of the wircless communication system 100, various
deployment scenarios for LTE/LTE-A over an unlicensed or shared spectrum may be
supported, including a supplemental downlink mode in which LTE downlink capacity in a
licensed spectrum may be offloaded to an unlicensed spectrum, a carrier aggregation mode in
which both LTE downlink and uplink capacity may be offloaded from a licensed spectrum to
an unliccnsed spectrum, and a standalone modc in which LTE downlink and uplink
communications between a base station (e.g., cNB) and a UE may take place in an unlicensed
spectrum. Base stations or eNBs 105 as well as UEs 115 may support one or more of these or
similar modes of operation. OFDMA communications signals may be used in the
communications links 125 for LTE downlink transmissions in an unlicensed and/or a licensed
spectrum, while SC-FDMA communications signals may be used in the communications

links 125 for LTE uplink transmissions in an unlicensed and/or a licensed spectrum.

[0066] In some examples, transmissions scheduled on a carrier of the unlicensed spectrum
may be scheduled using a carrier of the licensed spectrum. For example, a first carrier in the
licensed spectrum may be an anchor carrier configured to schedule transmissions to a
receiving device over a second carrier in the unlicensed spectrum. However, the transmitting
device may only be able to transmit the scheduled transmission over the second carrier if
access to the second carrier is obtained using a clear channel assessment (CCA) procedure.
Thus, in some examples, the first carrier may transmit an indication to the receiving device of
whether the CCA for the second carrier was successful. This indication may allow the

receiving device to ascertain whether to listen to the second carrier for the scheduled
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transmission. As explained in more detail below, the receiving device may also adjust
ACK/NACK and CSI parameters for the second carrier based on the indication received on

the first carrier.

[0067] FIG. 2A shows a diagram that illustrates examples of deployment scenarios for
using LTE in an unlicensed spectrum, in accordance with various aspects of the present
disclosure. In one embodiment, FIG. 2A illustrates a wireless communication system 200
illustrating examples of a supplemental downlink mode and a carrier aggregation mode for an
LTE network that supports LTE/LTE-A over an unlicensed or shared spectrum. The wircless
communication system 200 may be an example of portions of the wircless communication
system 100 of FIG. 1. Morcover, the base station 205 may be an cxample of the base stations
105 of FIG. 1, while the UEs 215, 215-a, and 215-b may be examples of the UEs 115 of FIG.
1.

[0068] In thc cxample of a supplemental downlink mode in the wireless communication
system 200, the base station 205 may transmit OFDMA communications signals to a UE 215
using a downlink 220. The downlink 220 may be associated with a frequency F1 in an
unlicensed spectrum. The base station 205 may transmit OFDMA communications signals to
the same UE 215 using a bidirectional link 225 and may receive SC-FDMA communications
signals from that UE 215 using the bidirectional link 225. The bidirectional link 225 may be
associated with a frequency F4 in a licensed spectrum. The downlink 220 in the unlicensed
spectrum and the bidirectional link 225 in the licensed spectrum may operate concurrently.
The downlink 220 may provide a downlink capacity offload for the base station 205. In some
embodiments, the downlink 220 may be used for unicast services (e.g., addressed to one UE)
services or for multicast services (e.g., addressed to several UEs). This scenario may occur
with any service provider (e.g., traditional mobile network operator (MNQ)) that uses a

licensed spectrum and needs to relieve some of the traffic and/or signaling congestion.

[0069] In one example of a carrier aggregation mode in the wireless communication system
200, the base station 205 may transmit OFDMA communications signals to a UE 215-a using
a bidirectional link 230 and may receive SC-FDMA communications signals from the same
UE 215-a using the bidirectional link 230. The bidirectional link 230 may be associated with
the frequency F1 in the unlicensed spectrum. The base station 205 may also transmit

OFDMA communications signals to the same UE 215-a using a bidirectional link 235 and
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may receive SC-FDMA communications signals from the same UE 215-a using the
bidirectional link 235. The bidirectional link 235 may be associated with a frequency F2 in a
licensed spectrum. The bidirectional link 230 may provide a downlink and uplink capacity
offload for the base station 205. Like the supplemental downlink described above, this
scenario may occur with any service provider (e.g., MNO) that uses a licensed spectrum and

nceds to relieve some of the traffic and/or signaling congestion.

[0070] In another example of a carrier aggregation mode in the wireless communication
system 200, the base station 205 may transmit OFDMA communications signals to a UE 215-
b using a bidirectional link 240 and may receive SC-FDMA communications signals from the
same UE 215-b using the bidirectional link 240. The bidirectional link 240 may be
associated with a frequency F3 in an unlicensed spectrum. The base station 205 may also
transmit OFDMA communications signals to the same UE 215-b using a bidirectional link
245 and may receive SC-FDMA communications signals from the same UE 215-b using the
bidirectional link 245. The bidirectional link 245 may be associated with the frequency F2 in
the licensed spectrum. The bidirectional link 240 may provide a downlink and uplink
capacity offload for the base station 205. This example and those provided above are
presented for illustrative purposes and there may be other similar modes of operation or
deployment scenarios that combine LTE over a licensed spectrum and LTE over an

unlicensed or shared spectrum for capacity offload.

[0071] As described above, the typical service provider that may benefit from the capacity
offload offered by using LTE in an unlicensed band is a traditional MNO with LTE spectrum.
For these service providers, an operational configuration may include a bootstrapped mode
(e.g., supplemental downlink, carrier aggregation) that uses the LTE primary component
carrier (PCC) on the licensed spectrum and a secondary component carrier (SCC) on the

unlicensed spectrum.

[0072] In the carrier aggregation mode, data and control may generally be communicated in
LTE (e.g., bidirectional links 225, 235, and 245) while data may generally be communicated
in LTE/LTE-A over an unlicensed or shared spectrum (e.g., bidirectional links 230 and 240).
The carrier aggregation mechanisms supported when using an unlicensed or shared spectrum

may fall under a hybrid frequency division duplexing-time division duplexing (FDD-TDD)
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carrier aggregation or a TDD-TDD carrier aggregation with different symmetry across

component carriers.

[0073] FIG. 2B shows a wireless communication system 250 that illustrates an example of
a standalone mode for an unlicensed or shared spectrum, in accordance with various aspects
of the present disclosure. The wireless communication system 250 may be an example of
portions of the wireless communication system 100 of FIG. 1 and/or 200 of FIG. 2A.
Moreover, the base station 205 may be an example of the base stations 105 and/or 205
described with reference to FIG. 1 and/or 2A, while the UE 215-¢ may be an example of the
UESs 115 and/or 215 of FIG. 1 and/or 2A.

[0074] In the example of a standalone mode in the wireless communication system 250, the
base station 205 may transmit OFDMA communications signals to the UE 215-c using a
bidircctional link 255 and may receive SC-FDMA communications signals from the UE 215-
¢ using the bidirectional link 255. The bidirectional link 255 may be associated with the
frequency F3 in an unlicensed spectrum described above with reference to FIG. 2A. The
standalonc mode may be used in non-traditional wircless access scenarios, such as in-stadium
access (e.g., unicast, multicast). The typical service provider for this modc of opcration may
be a stadium owner, cable company, event host, hotel, enterprise, or large corporation that

does not have licensed spectrum.

[0075] In some embodiments, a transmitting apparatus such as an eNB 105 and/or base
station 205 described with reference to FIG. 1, 2A, and/or 2B, or a UE 115 and/or 215
described with reference to FIG. 1, 2A, and/or 2B, may use a gating interval to gain access to
a channel of the shared spectrum (e.g., to a physical channel of the licensed or unlicensed
spectrum). The gating interval may define the application of a contention-based protocol,
such as a Listen Before Talk (LBT) protocol based on the LBT protocol specified in ETSI
(EN 301 893). When using a gating interval that defines the application of an LBT protocol,
the gating interval may indicate when a transmitting apparatus needs to perform a Clear
Channel Assessment (CCA). The outcome of the CCA may indicate to the transmitting
apparatus whether a channel of the shared unlicensed spectrum is available or in use. When
the CCA indicates that the channel is available (e.g., “clear” for use), the gating interval may
allow the transmitting apparatus to use the channel - typically for a predefined transmission

interval. In some cases, if the CCA indicates that the channel is available, channel state
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information (CSI) for the channel may be measured and reported, such as based on reference
signals in the frame where the CCA is cleared. In some examples, the CSI may be an
instantaneous, or short-term, CSI and/or a statistical, or long-term, CSI. When the CCA
indicates that the channel is not available (e.g., in use or reserved), the gating interval may
prevent the transmitting apparatus from using the channel during the transmission interval. In
some cases, if the CCA indicates that the channel is not available, CSI may be measured
based on a previous frame and/or may be omitted for the frame. In some cxamples, the CCA
may be an extended CCA (ECCA), in which successful contention to the unlicensed radio
frequency spectrum band depends on the performance of a plurality of N CCAs, where N is a

predefined positive integer.

[0076] In some cascs, it may be uscful for a transmitting apparatus to generate a gating
interval on a periodic basis and synchronize at least one boundary of the gating interval with
at Icast onc boundary of a periodic frame structure. For cxample, it may be uscful to gencrate
a periodic gating interval for a cellular downlink in a shared spectrum, and to synchronize at
least one boundary of the periodic gating interval with at Ieast one boundary of a periodic
frame structure (e.g., LTE/LTE-A radio frame) associated with the cellular downlink.

Examples of such synchronization are shown in FIG. 3.

[0077] FIG. 3 shows cxamples 300 of an unlicensed frame/interval 305, 315, and/or 325
for a cellular downlink in an unlicensed spectrum, in accordance with various aspects of the
present disclosure. The unlicensed frame/interval 305, 315, and/or 325 may be used as a
periodic gating interval by an eNB that supports transmissions over the unlicensed spectrum.
Examples of such an eNB may be the access points 105 and/or base stations 205 described
with reference to FIG. 1, 2A, and/or 2B. The unlicensed frame/interval 305, 315, and/or 325
may be used with the wireless communication system 100, 200, and/or 250 described with

reference to FIG. 1, 2A, and/or 2B.

[0078] By way of example, the duration of the unlicensed frame/interval 305 is shown to be
equal to (or approximately equal to) a duration of an LTE/LTE-A radio frame 310 of a
periodic frame structure associated with a cellular downlink. In some embodiments,
“approximately equal” means the duration of the unlicensed frame/interval 305 is within a

cyclic prefix (CP) duration of the duration of the periodic frame structure.
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[0079] At least one boundary of the unlicensed frame/interval 305 may be synchronized
with at least one boundary of the periodic frame structure that includes the LTE/LTE-A radio
frames N-1 to N+1. In some cases, the unlicensed frame/interval 305 may have boundaries
that are aligned with the frame boundaries of the periodic frame structure. In other cases, the
unlicensed frame/interval 305 may have boundaries that are synchronized with, but offset
from, the frame boundaries of the periodic frame structure. For example, the boundaries of
the unlicensed frame/interval 305 may be aligned with subframe boundarics of the periodic
frame structure, or with subframe midpoint boundarics (e.g., the midpoints of particular

subframes) of the periodic frame structure.

[0080] In some cascs, the periodic frame structurc may include LTE/LTE-A radio frames
N-1to N+1. Each LTE/LTE-A radio frame 310 may have a duration of ten milliscconds, for
example, and the unlicensed frame/interval 305 may also have a duration of ten milliscconds.
In these cases, the boundaries of the unlicensed frame/interval 305 may be synchronized with
the boundarics (e.g., frame boundaries, subframe boundarics, or subframc midpoint

boundaries) of onc of the LTE/LTE-A radio frames (e.g., the LTE/LTE-A radio frame (N)).

[0081] By way of cxample, the duration of the unlicensed frames/intervals 315 and 325 are
shown to be sub-multiples of (or approximate sub-multiples of) the duration of the periodic
frame structure associated with the cellular downlink. In some embodiments, an
“approximate sub-multiple of”” means the duration of the unlicensed frame/interval 315, 325
is within a cyclic prefix (CP) duration of the duration of a sub-multiple of (e.g., half or one-
tenth) the periodic frame structure. For example, the unlicensed frame/interval 315 may have
a duration of five milliseconds and the unlicensed frame/interval 325 may have a duration of

1 or 2 milliseconds.

[0082] FIG. 4A shows an example 400 of a periodic gating interval 405 usable by both a
cellular downlink and a cellular uplink in an unlicensed spectrum. The periodic gating
interval 405 may be used by eNBs and UEs that support LTE/LTE-A communications in an
unlicensed or shared spectrum. Examples of such eNBs may be the eNBs 105 and 205
described with reference to FIG. 1, 2A, and 2B. Examples of such UEs may be the UEs 115
and 215 described with reference to FIG. 1, 2A, and 2B.

[0083] By way of example, the duration of the periodic gating interval 405 is shown to be

equal to (or approximately equal to) the duration of a periodic frame structure 440 associated
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with the cellular downlink. The boundaries of the periodic gating interval 405 may be

synchronized with (e.g., aligned with) the boundaries of the periodic frame structure 440.

[0084] The periodic frame structure 440 may include an LTE/LTE-A radio frame having
ten subframes (e.g., SFO, SF1, ..., SF9). Subframes SF0Q through SF4 may be downlink (D)
subframes 410, subframe SF5 may be a special (S°) subframe 415, subframes SF6 through SF
8 may be uplink (U) subframes 420, and subframe SF9 may be a special (S”) subframe 425.
The S’ subframe SF9 may be used by an eNB to perform a CCA (e.g., a downlink CCA or
DCCA 430) for a downlink transmission in subframes SF0O through SF4. The S’ subframe
SF5 may be used by a UE to perform a CCA (e.g., an uplink CCA or ULCCA 435) for an
uplink transmission in subframes SF6 through part of SF9. In some cascs, an S” subframe

may be used by an ¢NB to perform an ECCA.

[0085] Beccausc the S’ subframes 415 and 425 have durations of one millisecond, they may
include onc or more CCA slots or windows in which the transmitting devices contending for
a particular physical channel of an unlicensed spectrum may perform their CCAs. When a
transmitting device’s CCA indicates the physical channel is available, but the device’s CCA
is completed before the end of an S’ subframe 415 or 425, the device may transmit one or
more signals to reserve the channel until the end of the S” subframe 415 or 425. The one or
morg¢ signals may in some cascs include Channel Usage Pilot Signals (CUPS), Channcl
Usage Beacon Signals (CUBS), and/or a cell-specific reference signal (CRS). CUPS, CUBS,
and/or a CRS may be used for both channel synchronization and channel reservation. That is,
a device that performs a CCA for the channel after another device begins to transmit CUPS,
CURBS, or a CRS on the channel may detect the energy of the CUPS, CUBS, or CRS and

determine that the channel is currently unavailable.

[0086] In some cases, a transmitting device, such as an eNB, may not have data to transmit
during all of the allowed subframes, such as D subframes 410. For example, the transmitting
device may not have data, but may transmit other information (e.g., primary synchronization
signals (PSS), secondary synchronization signals (SSS), cell specific reference signals (CRS),
enhanced CRS (eCRS), etc.). A portion of CUBS, such as one payload combination, may be
used and/or reserved to indicate that the transmitting device is not transmitting data and/or
only transmitting synchronization signals. In some examples, a portion (e.g., one payload

combination) of an enhanced transmission format indicator channel (¢TFICH) or an enhanced
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physical format indicator channel (¢PFICH) may be used and/or reserved to indicate that the

transmitting device is not transmitting data and/or only transmitting synchronization signals.

[0087] In some examples, a transmitting device, such as an eNB, may stop transmission
before all of the allowed subframes, such as D subframes 410, are over. Additional bits may
be added, such as to CUBS, to indicate the number of subframes the transmitting device
intends to use for transmission, though this may increase the number of hypothesis for CUBS.
In some cases, a signal, such as one similar to CUBS, may be used at the end of transmission,
such as symbol 0 of the next subframe, to indicate the end of transmission. In some
cxamples, a signal, such as a physical control format indicator channel (PCFICH) or a similar
signal, may carry the number of active subframes, such as in the first symbol of a subframe.
In some cases, the PCFICH or similar signal may carry at lcast one bit to indicate whether the

current subframe 1s the last of the subframes to be used for transmission.

[0088] Following a transmitting device’s successful completion of CCA for a physical
channel and/or the transmission of CUPS, CUBS, or a CRS over a physical channel, the
transmitting device may use the physical channel for up to a predetermined period of time
(e.g., a portion of an LTE/LTE-A radio frame) to transmit a waveform (e.g., an LTE-based

wavcform).

[0089] FIG. 4B shows an cxample of how a contention-based protocol such as LBT may
be implemented within an S” subframe 450 such as the S’ subframe 415 or 425 described
with reference to FIG. 4A. The contention-based protocol may be used with, for example,
the wireless communication system 100, 200, and/or 300, the access points or eNBs 105

and/or 205, and/or the UEs 115 and/or 215 described with reference to FIG. 1, 2A, and/or 2B.

[0090] When uscd as the S subframe 415, the S° subframe 450 may have a guard period
(or silent period) 455 and a CCA period 460. By way of example, cach of the guard period
455 and the CCA period 460 may have a duration of 0.5 milliseconds and include seven
OFDM symbol positions 4615 (labeled in FIG. 4B as Slots 1 through 7). When used as the
S’ subframe 425, the §° subframe 450 may have an uplink transmission period in place of the

guard period 455.

[0091] In some cases, an eNB may select one or more of the OFDM symbol positions 465

to perform a CCA 470 for a subsequent transmission period of an unlicensed spectrum, to
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determine whether the transmission period of the unlicensed spectrum is available for a
transmission during the transmission period. In some cases, the CCA 470 is a part of an
ECCA procedure. In some examples, if the CCA indicates that a channel is available, CSI,
such as CSI feedback for the channel or carrier, may be measured and/or reported based on
reference signals in a frame, such as the frame which includes the OFDM symbol position
465 uscd to perform the CCA 470. In some examples, if the CCA indicates that a channel is
not available, CSI, such as CSI feedback for the channcl or carrier, may be measured based
on a previous frame, or may be omitted for the frame. In some cascs, different onces of the
OFDM symbol positions 465 may be pscudo-randomly identificd or selected by an eNB in
different occurrences of the S° subframc 450 (i.e., in different S° subframes used to perform
CCA 470 for different transmission periods of the unlicensed spectrum). The pscudo-random
identification or sclection of OFDM symbol positions may be controlled using a hopping
sequence. In other cases, the same OFDM symbol position 465 may be sclected by an ¢eNB

in different occurrences of the S° subframe.

[0092] The eNBs of a wircless communications system may be operated by the same or
different operators. In some embodiments, the eNBs operated by different operators may
select different ones of the OFDM symbol positions 465 in a particular S” subframe 450,
thereby avoiding CCA collisions between different operators. If the pseudo-random selection
mechanisms of different operators are coordinated, OFDM symbol positions 465 may be
pseudo-randomly selected by a plurality of different operators such that the eNBs of the
different operators cach have an equal opportunity to perform CCA 470 in the earliest OFDM
symbol position (i.e., Slot 1) for certain transmission periods. Thus, over time, the eNBs of
the different operators may each have an opportunity to perform CCA 470 first and gain
access to a transmission period of the unlicensed spectrum regardless of the needs of eNBs of
other operators. After a successful CCA 470, an eNB may transmit CUPS, CUBS, or a CRS
to prevent other devices and/or operators from using one or more physical channels of the

transmission interval of the unlicensed spectrum.

[0093] FIG. 5 shows an example 500 of cross-carrier scheduling within a periodic gating
interval 505 of a shared spectrum. The periodic gating interval 505 may be an example of
one or more aspects of the periodic gating interval 405 shown in FIG. 4 and may include a

number of subframes (e.g., ten subframes labeled SFO0, SF1, ..., SF9). In the example shown,
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subframes SFO through SF4 are downlink (D) subframes 510, subframe SF5 is a special (S”)
subframe 515 in which a number of CCA slots may be provided for the apparatuses (e.g.,
UEs) of different operators to perform an uplink CCA (UCCA), subframes SF6 through SF8
are uplink (U) subframes 520, and subframe SF9 is a special (S”) subframe 525 in which a
number of CCA slots may be provided for the apparatuses (e.g., eNBs) of different operators
to perform a downlink CCA (DCCA).

[0094] FIG. 5 shows two sequences of subframes. A first sequence of subframes 530 is
shown for a first physical carrier (e.g., a first component carrier (CC1)), and a second
sequence of subframes 535 is shown for a sccond physical carricr (e.g., a second component
carricr (CC2)). In some cases, one or both of the sequences of subframes 530, 535 may be a
sequence of subframes in an unlicensed or shared spectrum. In some cases, onc or both of
the scquences of subframes 530, 535 may be a scquence of subframes in a licenscd and/or
LTE/LTE-A spectrum. The downlink subframes 510 of CC2 may be cross-carrier scheduled
via the downlink subframes 510 of CC1. The uplink subframes 520 of CC2 may also be

cross-carrier scheduled via the downlink subframes 510 of CCl.

[0095] A problem that arises when relying on multiple physical carriers (e.g., CC1 and
CC2) for data transmissions in a shared spectrum is that transmissions on cach physical
carricr may be subject to CCA, and CCAs may separately pass or fail for cach physical
carrier (e.g., separately for CC1 and CC2). Thus, a CCA may pass for an uplink or downlink
transmission period on a first physical carrier, but because a CCA fails for an uplink or
downlink transmission period on a second physical carrier, which second physical carrier
dynamically schedules the first physical carrier, the uplink or downlink transmission period
on the first physical carrier may be wasted. For example, if a DCCA 540 passes for CC2, a
downlink transmission period 545 may be reserved for a downlink transmission via CC2.
However, if the DCCA 540 fails for CC1, the downlink transmission period 545 may not be
reserved for CC1. If the downlink subframes 510 of the downlink transmission period 545 of
CC2 were to be cross-carrier scheduled via the downlink subframes 510 of the downlink
transmission period 545 of CC1 (e.g., via cross-carrier scheduling for DL 550), the downlink
control information that was to be carried via the downlink subframes 510 of the downlink
transmission period 545 of CC1 will not be available, effectively wasting the downlink

subframes 510 of the downlink transmission period 545 of CC2 and also making the special
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subframe 515 unusable for performing a UCCA 555 for the uplink transmission period 560 of
CC2. Furthermore, if the uplink subframes 520 of the uplink transmission period 560 of CC2
were to be cross-carrier scheduled via the downlink subframes 510 of the downlink
transmission period 545 of CC1 (e.g., via cross-carrier scheduling for UL 565), the uplink
control information that was to be carried via the downlink subframes 510 of the downlink
transmission period 545 of CC1 may not be available. Still further, if the uplink subframes
520 of the uplink transmission period 560 of CC1 werc to be scheduled via the downlink
subframes 510 of the downlink transmission period 545 of CC1, the uplink control
information that was to be carried via the downlink subframes 510 of the downlink
transmission period 545 of CC1 will not be available, and even if a UCCA 555 for the uplink
transmission period 560 of CC1 passes, the uplink subframes 520 of the uplink transmission
period 560 of CC1 may not be usable.

[0096] To cnable the dynamic scheduling of one or more physical carriers (e.g., one or
morc¢ CCs) capable of being cross-carricr scheduled, despite a CCA failurc on another
physical carrier (e.g., despite a CCA failure such as the CCA failure described with reference
to FIG. 5), cach of the onc or more physical carriers may be configured to support same-
carrier scheduling in addition to cross-carrier scheduling, such that each of the one or more
physical carriers may be cross-carrier or same-carrier scheduled, depending on whether CCA
passes or fails for the physical carrier(s) on which the one or more physical carriers are
capable of being cross-scheduled. A UE may then be configured to monitor multiple
physical carriers (e.g., two or more physical carriers including a first physical carrier and a
second physical carrier) for the control information used to dynamically schedule the one or
more physical carriers. Thus, for example, a first physical carrier and a second physical

carrier may be monitored for a downlink control transmission for the first physical carrier.

[0097] The monitoring of multiple physical carriers for the control information used to
dynamically schedule one or more physical carriers may be used in the context of both uplink

and downlink scheduling, and also in the context of semi-persistent scheduling (SPS).

[0098] FIG. 6A shows a first example 600 in which a first physical carrier (e.g., CC1) and
a second physical carrier (e.g., CC2) may be monitored for a downlink control transmission
for the first physical carrier. In particular, an EPDCCH resource 610 (e.g., a control channel)

of CC1 may carry a downlink control transmission for a transmission (e.g., a PDSCH
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transmission) on CC1 in a given subframe 605 or an EPDCCH resource 615 of CC2 may
carry a downlink control transmission for the transmission (e.g., the PDSCH transmission) on
CCl1 in the given subframe 605. A UE may therefore monitor both the first physical carrier
and the second physical carrier for the downlink control transmission for CCI1. In the given
subframe 605, the UE may discover the downlink control transmission for the PDSCH
transmission on CC1 has been scheduled using the EPDCCH resource 610 of CCl1 or the
EPDCCH resource 615 of CC2. In another subframe, the UE may discover the downlink
control transmission for CC1 has been scheduled using the same or different EPDCCH
resource (e.g., the EPDCCH resource 610 of CC1 or EPDCCH resource 615 of CC2) as the
previous subframe. In some cascs, the identity of the EPDCCH resource 610 or 615 on
which the downlink control transmission is carricd may depend on whether a CCA was
successful for CC1 and/or CC2, and/or the level of interference associated with CC1 and/or

CC2.

[0099] In some cascs, the first physical carrier and/or the second physical carrier may also
be monitored for a downlink control transmission for the second physical carrier. For
example, the EPDCCH resource 610 of CC1 may also or alternately carry a downlink control
transmission for a transmission (e.g., a PDSCH transmission) on CC2 in a given subframe
605, and/or the EPDCCH resource 615 of CC2 may also or alternately carry a downlink
control transmission for a transmission (e.g., the PDSCH transmission) on CC2 in the given
subframe 605. A UE may therefore monitor both the first physical carrier and the second

physical carrier for the downlink control transmission for CC2.

[0100] By way of example, FIG. 6A illustrates an example 600 in which at least one of the
first physical carrier (e.g., CC1) or the second physical carrier (e.g., CC2) may include a
control channel for a plurality of different physical carriers (e.g., EPDCCH for CC1 and
CC2). In some cases, however, separate control channels may be provided for each physical

carrier, as described with reference to FIG. 6B.

[0101] FIG. 6B shows a second example 650 in which a first physical carrier (e.g., CCI)
and a second physical carrier (e.g., CC2) may be monitored for a downlink control
transmission for the first physical carrier. In particular, an EPDCCH resource 660 of CC1
may carry a downlink control transmission for a transmission (e.g., a PDSCH transmission)

on CCl in a given subframe 655 or an EPDCCH resource 665 of CC2 may carry a downlink
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control transmission for the transmission (e.g., the PDSCH transmission) on CC1 in the given
subframe 655. A UE may therefore monitor both the first physical carrier and the second
physical carrier for the downlink control transmission for CC1. In the given subframe 655,
the UE may discover the downlink control transmission for the PDSCH transmission on CC1
has been scheduled using the EPDCCH resource 660 of CC1 or the EPDCCH resource 665 of
CC2. In another subframe, the UE may discover the downlink control transmission for CC1
has been scheduled using the same or different EPDCCH resource (e.g., the EPDCCH
resource 660 of CC1 or EPDCCH resource 665 of CC2) as the previous subframe. In some
cases, the identity of the EPDCCH resource 660 or 665 on which the downlink control
transmission is carried may depend on whether a CCA was successful for CC1 and/or CC2,

and/or the level of interference associated with CC1 and/or CC2.

[0102] In some cascs, the first physical carrier and/or the second physical carrier may also
be monitored for a downlink control transmission for the second physical carrier. For
example, a second EPDCCH resource 670 of CC1 may carry a downlink control transmission
for a transmission (e.g., a PDSCH transmission) on CC2 in a given subframe 655 or a second
EPDCCH resource 675 of CC2 may carry a downlink control transmission for a transmission
(e.g., the PDSCH transmission) on CC2 in the given subframe 655. A UE may thercfore
monitor both the first physical carrier and the second physical carrier for the downlink control

transmission for CC2.

[0103] In some cases, the EPDCCH resource 660, 665, 670, and/or 675 may be a PDCCH

resource.

[0104] The techniques described with reference to FIG. 6A and/or 6B may be particularly
useful when a physical carrier is cross-carrier scheduled with a physical carrier in a shared
spectrum (e.g., an unlicensed or shared spectrum) in which transmitting devices contend for
access. When a physical carrier is cross-carrier scheduled with a physical carrier in a
spectrum in which transmitting devices have guaranteed access (e.g., in a licensed and/or
LTE/LTE-A spectrum), the techniques described with reference to FIG. 6A and/or 6B may

not be desirable.

[0105] When a UE is configured to monitor both a first physical carrier and a second
physical carrier for a downlink control transmission for the first physical carrier, it may be

desirable to maintain a same or similar maximum number of blind decodes as would be
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performed when the UE is configured to monitor only a single physical carrier for the
downlink control transmission. In order to maintain a reasonable maximum number of blind
decodes, while also providing scheduling flexibility over a first physical carrier or a second
physical carrier, various techniques may be employed. A first technique may include
associating the first physical carrier and the second physical carrier with a common set of
(and possibly reasonable number of) possible downlink control information (DCI) formats
and/or a common sct of (and possibly rcasonable number of) possible DCI sizes. The
downlink control transmission for the first physical carrier may then be blind decoded based
on the common set of possible DCI formats and/or the common sct of possible DCI sizes. A
sccond technique may include sharing a same sct of control resourcces of a physical channcl
among the control channels of different physical carriers. A third technique may include
restricting a number of blind decodes performed for the downlink control transmission on at
least one of the first physical carrier or the second physical carrier based on a cross-carrier
scheduling between the first physical carrier and the second physical carrier. A fourth
technique may include restricting the set of possible DCI formats and/or the set of possible
DCI sizes associated with at least one of the first physical carrier or the second physical
carrier when a downlink control transmission is used to schedule transmissions on a different
physical carrier. The restricted set of possible DCI formats and/or the set of possible DCI
sizes may, in turn, restrict the number of blind decodes (e.g., a restriction to three DCI sizes
in a multiple-input multiple-output (MIMO) system may restrict the number of blind decodes
to about sixty, whereas a restriction to two DCI sizes in a non-MIMO system may restrict the

number of blind decodes to about 44).

[0106] The first technique for maintaining a reasonable number of blind decodes (i.e.,
associating the first physical carrier and the second physical carrier with a common set of
possible DCI formats and/or a common set of possible DCI sizes) is described below in

further detail.

[0107] Each of a plurality of UEs in a wireless communication system may be separately
configured with a downlink transmission mode (TM) for each physical carrier, and each
downlink TM may be associated with a set of DCI formats. For example, a downlink
transmission mode 10 (TM10) may be associated with a DCI format 1A and a DCI format
2D. The DCI size of a DCI format for a particular UE and particular physical channel may
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depend on the DCI format itself and/or various other factors. The other factors may include
system bandwidth; whether the DCI format is size-matched with another DCI format; and/or
the set of enabled features for the DCI format for the particular UE and particular physical
channel. The set of enabled features may include, for example, aperiodic sounding reference
signal (SRS) triggering, cross-carrier scheduling, coordinated multipoint (CoMP) including
onc or morc channel state information (CSI) processes), UE-specific search space (USS),
common scarch space (CSS), number of antenna ports, ctc. Thus, even under the same
bandwidth and downlink TM, the DCI sizes for a DCI format used by two different physical

carriers may differ.

[0108] A greater number of DCI sizes for a DCI format increases the maximum number of
blind decodes that may be performed and may prevent search space sharing when a UE is
configurcd to monitor two or more physical carricrs for a downlink control transmission for a
physical carricr. However, if the usc of a common sct of (and possibly rcasonable number of)
possible DCI formats and DCI sizes is enforced for all physical carriers configured for use by
a particular UE, the maximum number ot blind decodes performed by the particular UE may

be decreased.

[0109] In somc cascs, the usc of a common sct of possible DCI formats and DCI sizcs
across all physical carricrs may be too restrictive (e.g., when two or more physical carricrs
have different system bandwidths). In these cases, DCI size-matching may be performed
across two or more physical carriers in a group, and cross-carrier transmissions may be
allowed with the group of physical carriers. In this regard, FIG. 7 shows an example 700 of
a plurality of physical carriers (e.g., CC1, CC2, ..., CC5). The physical carriers CC1 and
CC2 may be grouped into a first group (e.g., Group 1) for the purpose of cross-carrier
scheduling and may be DCI-size matched within Group 1. The physical carriers CC3, CC4,
and CC5 may be grouped into a second group (e.g., Group 2) for the purpose of cross-carrier
scheduling and may be DCI-size matched within Group 2. In some cases, more or fewer
groups may be formed. In some cases, one or more physical carriers may not be grouped.
By way of example, each of the physical carriers CC1 through CCS5 is shown to have a
control channel that is shared by each of the physical carriers in its group. In other
embodiments, each of the physical carriers may have a separate control channel for each of

the physical carriers in its group. By way of example, the control channels are shown to be
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EPDCCH control channels. In alternate embodiments, the control channels may take the

form of PDCCH or other types of control channels.

[0110] Examples of the second technique for maintaining a reasonable number of blind
decodes (i.e., sharing a same set of control resources of a physical channel among the control
channels of different physical carriers) is shown in FIG. 6A and/or 7, wherein the set of

shared control resources include a shared set of EPDCCH resources.

[0111] The third technique for maintaining a reasonable number of blind decodes (i.e.,
restricting a number of blind decodes performed for the downlink control transmission on at
least one of the first physical carrier or the second physical carrier based on a cross-carrier
scheduling between the first physical carrier and the second physical carrier) is described
below in further detail. The third technique may be useful in reducing the number of blind
decodes under different DCI sizes and/or to reduce false alarm probability (e.g., the probably
of incorrectly identifying a transmission as a downlink control transmission for a particular

physical carrier).

[0112] The number of blind decodes performed for a downlink control transmission may in
some cases be restricted by monitoring a restricted number of decoding candidates for the
downlink control transmission on at lcast onc of a first physical carrier and a second physical
carricr. the restricted number of decoding candidates may be based on cross-carrier
scheduling between the first physical carrier and the sccond physical carricr. The number of
blind decodes performed for a downlink control transmission on at lcast onc of the first
physical carrier or the second physical carrier may also, or alternately, be restricted by
monitoring a restricted number of resource sets for the downlink control transmission based
on the cross-carrier scheduling between the first physical carrier and the second physical
carrier. The number of blind decodes performed for a downlink control transmission on at
least one of the first physical carrier or the second physical carrier may also, or alternately, be
restricted by monitoring at least one resource set having a restricted size based on the cross-

carrier scheduling between the first physical carrier and the second physical carrier.

[0113] FIG. 8 shows an example 800 in which a first physical carrier (e.g., CCl) and a
second physical carrier (e.g., CC2) may be monitored for a downlink control transmission for
the first physical carrier. In particular, either of a first EPDCCH resource 810 (e.g., a first

resource set) or a second EPDCCH resource 815 (e.g., a second resource set) of CC1 may
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carry a downlink control transmission for a transmission (e.g., a PDSCH transmission) on
CC1 in a given subframe 805. Alternately, an EPDCCH resource 825 of CC2 (e.g., a second
EPDCCH resource 825 or resource set of CC2) may carry a downlink control transmission
for the transmission (e.g., the PDSCH transmission) on CCl1 in the given subframe 805. A
UE may therefore monitor both the first and second EPDCCH resources 8§10, 815 of CC1, but
only the second EPDCCH resource 825 of CC2 for the downlink control transmission for
CCl1. In the given subframe 805, the UE may discover the downlink control transmission for
the PDSCH transmission on CC1 has been scheduled using the first EPDCCH resource 810
of CCl, the second EPDCCH resource 815 of CCl1, or the second EPDCCH resource 825 of
CC2. In another subframe, the UE may discover the downlink control transmission for CC1
has been scheduled using the same or different EPDCCH resource as the previous subframe.
In somc cascs, the identity of the EPDCCH resource 810, 815, or 810 on which the downlink
control transmission is carried may depend on whether a CCA was successtul for CC1 and/or

CC2, and/or the level of interference associated with CC1 and/or CC2.

[0114] In some cases, the first physical carricr and/or the second physical carrier may also
be monitored for a downlink control transmission for the second physical carrier. For
example, a second EPDCCH resource 815 of CC1 may carry a downlink control transmission
for a transmission (e.g., a PDSCH transmission) on CC2 in a given subframe 805.
Alternately, a first EPDCCH resource 820 or a second EPDCCH resource 825 of CC2 may
carry a downlink control transmission for a transmission (e.g., the PDSCH transmission) on
CC2 in the given subframe 805. A UE may therefore monitor both the first physical carrier

and the second physical carrier for the downlink control transmission for CC2.

[0115] In some cases, the EPDCCH resource 660, 665, 670, and/or 675 may be a PDCCH

resource.

[0116] An example of the fourth technique for maintaining a reasonable number of blind
decodes (i.e., restricting the set of possible DCI formats and/or the set of possible DCI sizes
associated with at least one of the first physical carrier or the second physical carrier when a
downlink control transmission is used to schedule transmissions on a different physical
carrier) may also be described with reference to FIG. 8. For example, a UE may monitor
CC1 for DCI associated with both downlink grants and uplink grants (e.g., DCI formats 1A,
2D, 0, and 4), but only monitor CC2 for DCI associated with uplink grants (e.g., DCI formats
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0 and 4) and refrain from monitoring CC2 for DCI associated with DCI formats 1A and 2D.
In another example, a UE might only monitor CC1 and/or CC2 with DCI formats associated
with (or not associated with) MIMO. In this manner, the number of blind decodes may be
restricted despite there being distinct DCI sizes. Even in the presence of same DCI sizes, the
restriction may help reduce false alarm probability. The number of blind decodes may be
further restricted when the UE is not configured with SPS by, for example, only monitoring

CCl1 for DCI associated with DCI format 1A when the UE is not configured with SPS.

[0117] In wircless communication systems such as an LTE/LTE-A system, a UE may
somctimes monitor a primary component carricr (PCC) for a system information broadcast
and/or receive dedicated signaling that conveys system information. The UE may in some
cases need to receive the system information via the PCC and/or the dedicated signaling
before transmitting or recciving over at least one sccondary component carricr (SCC).
However, when use of the PCC is subject to CCA, the delivery of system information may
experience delay (though SCC system information may still be delivered by an SCC PDSCH

using dcdicated signaling).

[0118] o cnablc the receipt of system information for onc or more physical carricrs (e.g.,
one or more CCs) despite a CCA failure on another physical carrier (e.g., despite a CCA
failure such as the CCA failure described with reference to FIG. 5), system information for
physical carriers may be transmitted and received via dedicated signaling, and/or a cross-

carrier system information broadcast may be enabled.

[0119] The transmission and reception of system information via dedicated signaling may
in some cases be provided by transmitting system information for a physical carrier (e.g., a
PCC or an SCC) via dedicated signaling over a shared data channel (e.g., a PDSCH) of the
physical carrier. A UE may then monitor the shared data channel of the physical carrier and
receive the system information for the physical carrier via the dedicated signaling over the

shared data channel of the physical carrier.

[0120] In some cases, a UE may monitor past CCA performance or system information
delivery history to determine which physical carrier to use for dedicated signaling. For
example, when the CCA performance of a physical carrier (e.g., a PCC or an SCC) is
associated with one or more CCA failures (e.g., recent CCA failures), a shared data channel

of another physical carrier (e.g., the other of the PCC or the SCC) may be used for dedicated
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signaling of system information, and the shared data channel of the other physical carrier may

be monitored for system information for the second physical carrier.

[0121] A cross-carrier system information broadcast is a broadcast of system information
for each of a number of physical carriers in a carrier group over each of the other physical
carriers in the carrier group. Thus, a system information broadcast for a first physical carrier
may be broadcast over both the first physical carrier and a second physical carrier, and

possibly over other physical carriers in a carrier group.

[0122] A cross-carrier system information broadcast may be enabled for all physical
carriers or for all of the physical carriers in a particular carrier group (e.g., on a per group
basis, such as for one or both of the carrier groups described with reference to FIG. 7). The
physical carriers within a carrier group may in some cases include at least one PCC and at
least one SCC. In some cascs, a system information broadcast may be transmitted over a

physical broadcast channel (e.g., a PBCH).

[0123] When one or two resource scts arc used as a common scarch space (CSS) for a
downlink control transmission or DCI, as described, for example, with reference to FIG. 6A
and/or 6B, the combinations of sizes of the one or two resource scts may be limited. For
example, the sizes of the one or two resources scts may be limited to one fixed combination,
such as a combination where onc resource set includes 4 physical resource block (PRB) pairs
and the other resource sct includes 8 PRB pairs. The location(s) (e.g., frequency location(s))
of the resource sct(s) or PRB pairs of a CSS may in somce cascs be bascd on a cell identificr
(ID) of a cell that transmits information using the at least one resource set. For example, in a
frequency interleaved structure of a 20 Megahertz (MHz) system, the 4 PRB pairs may be
located at PRB indices 0, 30, 60, and 90, and the 8 PRB pairs may be located at PRB indices
1, 13,25, 37, 55, 67,79, and 91 for a first cell ID (with the middle 6 PRBs avoided), and at
PRB indices 2, 14, 26, 38, 56, 68, 80, and 92 for a second cell ID. In order to exploit
frequency diversity and to satisfy the LTE 80% occupied bandwidth threshold, the frequency

locations of the PRB pairs may occupy at least the edges of a given bandwidth.

[0124] In some cases, the size(s) and location(s) of the resource set(s) used as a CSS may
be indicated to a UE. For example, the size(s) and location(s) may be broadcast to the UE via
EPBCH. Alternately, the UE may perform a number of blind decodes to determine the

size(s) and location(s) of the resource set(s).
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[0125] In some cases, there may be interplay between CSS and USS resource sets for
handling EPDCCH (or PDCCH) capacity, and the total number of resource sets monitored by
a UE in a CSS and a USS. For example, three or more EPDCCH resource sets may be
supported per UE, with up to & PRB pairs per resource set. In this example, a first resource
set may be part of a CSS and second and third resource sets may be part of a USS. The first
resource sct may carry unicast traftic as well as other traffic. In a second example, two
EPDCCH resource scts may be supported per UE, with at Ieast one resource sct having more
than 8-PRB pairs. In this example, a first resource set may be part of a CSS and a second
resource set may be part of a USS. The first resource set may include up to 8 PRB pairs (e.g.,
2, 4, or 8 PRB pairs) and the sccond resource sct may include up to 16 PRB pairs (e.g., 2, 4,
8, or 16 PRB pairs. Alternately, and by way of further example, the first and second resource
scts may cach include up to 16 PRB pairs or up to 12 PRB pairs. In a third example, the
number of EPDCCH resource sets may be system bandwidth dependent. In this example,
two resource sets, cach having up to 8 PRB pairs, may be maintained for system bandwidths
equal to or below 10 MHz, and for system bandwidths greater than 10 MHz, two or three
resource sets configured as described with reference to the first two examples in this

paragraph may be maintained.

[0126] From the perspective of a UE, and given the numbers of resource sets described in
the preceding paragraph, the UE may monitor one CSS EPDCCH resource set and up to two
USS EPDCCH resource sets, or up to two CSS EPDCCH resource sets and up to two USS
EPDCCH resource sets. A CSS resource set and a USS resource set for a UE may be
separate or joint. In the latter case, and given the numbers of resource sets described in the
preceding paragraph, the UE may monitor one CSS+USS EPDCCH resource set and up to
one USS EPDCCH resource set. Alternately, the UE may monitor two CSS+USS EPDCCH
resource sets. A CSS EPDCCH resource set and a USS EPDCCH resource set may partly

overlap or completely overlap.

[0127] FIG. 9A shows an example 900 of non-overlapping CSS and USS resource sets. In
particular, a CSS resource set occupies bands 910, 920, 930, and 940 of a frequency
spectrum, a first USS resource set occupies bands 915 and 935 of the frequency spectrum,
and a second USS resource set occupies bands 905 and 925 of the frequency spectrum. In

contrast, FIG. 9B shows an example 950 of completely overlapped CSS and USS resource
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sets. In particular, a CSS resource set and a first USS resource set occupy bands 955, 965,
970, and 980 of a frequency spectrum, and a second USS resource set occupy bands 960 and
975 of the frequency spectrum. In the examples 900 and 950, all UEs may monitor the CSS

resource set, but different UEs may monitor the different USS resource sets.

[0128] In an LTE/LTE-A system, a download assignment index (DAI) in an uplink grant
may indicate a total number of downlink subframes scheduled within a given association set.
The association set is a set of downlink subframes that require acknowledgment
(ACK)/negative-acknowledgment (NACK) feedback from a given uplink subframe. A DAI
assists a UE in detecting whether it has missed one or more downlink grants for the
association sect. In a system (e.g., an unlicensed and/or shared spectrum LTE/LTE-A system)
in which physical carriers are cross-scheduled, and in which transmitting devices contend for
access to the physical carriers in a shared spectrum, it may be useful to indicate to a UE
whether a CCA, or a CCA as a part of an ECCA operation, performed by a basc station for a
given physical carricr was successful. Thus, in some cascs, a basc station may transmit to a
UE, over a first physical carricr of a shared spectrum, an indication of whether a CCA
performed by the base station for a second physical carrier of the shared spectrum was

successful.

[0129] A basc station’s indication of whether a CCA performed by the base station for a
physical carrier was successful may be explicit or implicit. For example, an explicit
indication of whether a CCA performed by a base station for a particular physical carrier was
successful may include an indication provided by one bit of an uplink grant, broadcast signal,
or UE-specific signal associated with another physical carrier. An implicit indication of
whether a CCA performed by a base station for a particular physical carrier was successful
may include, for example, a DAI associated with an uplink grant transmitted using another
physical carrier (e.g., when a CCA fails, a 2-bit DAI may be set to binary 11 to indicate that
no downlink subframes are scheduled for an association set of the physical carrier for which
the CCA failed). In some examples, if a CCA indicates that a channel is available, CSI may
be measured and/or reported based on reference signals in the frame including the CCA. In
some cases, if a CCA indicates that a channel is not available, CSI may be measured and/or

reported based on a previous frame, or may be omitted for the frame containing the CCA.
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[0130] A UE may use an indication of whether a CCA performed for a physical carrier was
successful to determine a total ACK/NACK payload size in an uplink subframe configured to
carry ACK/NACK information for more than one physical carrier. For example, if a UE is
configured to use five physical carriers, but CCA performed by a base station is only
successful for three of the physical carriers, the ACK/NACK payload size in an uplink
subframe configurcd to ACK/NACK information for the five physical carriers may be
determined based on the ACK/NACK information for the three physical carriers for which
CCA was successful.

[0131] FIG. 10 shows an cxample 1000 broadcast of indications of CCA success for the
physical carriers CC1 through CCS5. In particular, cach physical carrier may carry a sct of N-
I bits, where N is the number of physical carriers in a group of physical carriers for which
indications of CCA succcss arc being transmitted. In the example 1000, N = 5, so cach
physical carry may include four bits for indicating the success or failure of CCAs performed
for other physical carriers in the group. Each bit may assume a logic “1” when CCA
succeeds for a respective onc of the physical carriers, and may assumc a logic “0” when CA
fails for the respective one of the physical carriers. A bit need not be included for the
physical carrier on which a set of four bits is carried, as the CCA success for the physical
carrier carrying a set of four bits is implicitly known. In the example 1000 shown in FIG. 10,
CCA is successful for physical carriers CC1, CC2, and CC4, and thus, a set 1005, 1010, or
1015 of N-1 bits indicating the relevant CCA successes and failures is transmitted over each
of the physical carriers CC1, CC2, and CC4. A respective set of N-1 bits may be provided

for each subframe for which CCAs are performed.

[0132] In unlicensed spectrum, there may be a specified occupied bandwidth threshold for
a channel. The occupied bandwidth threshold may be imposed by a regulatory body (e.g., the
Federal Communications Commission). Occupied bandwidth may be defined as a frequency
sweep from 0.5% energy to 99.5% energy. An occupied bandwidth threshold may indicate,
for example, that the occupied bandwidth needs to be greater than or equal to 80% of a
nominal bandwidth. When only a limited number of UEs are scheduled for downlink
transmission and their corresponding downlink transmissions do not fill the downlink system
bandwidth in accordance with an occupied bandwidth threshold, a filler signal may be

transmitted over at least one unscheduled resource in a frame, to meet the occupied
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bandwidth threshold. The filler signal may in some cases include a predetermined sequence,

such as a channel usage beacon signal (CUBS).

[0133] In other embodiments, failure to meet an occupied bandwidth threshold may be
overcome by increasing a bandwidth of at least one channel transmitted over a frame to
satisfy the occupied bandwidth threshold for the frame. For example, a modulation order or
code rate may be reduced so that a transport block size may be increased to occupy a larger

number of resources.

[0134] In other embodiments, failure to meet an occupied bandwidth threshold may be
overcome by allocating search space resources (e.g., additional search space resources) to at

least one UE.

[0135] In some cases, an expanded/enhanced physical control format indicator channel
(EPCFICH) may be blindly decoded as part of the blind decode of a physical carrier. A
portion the EPCFICH may be used to carry a control format indicator value. The control
format indicator valuc may be used to determine a number of subframes of a frame that will
be used by a base station for downlink transmissions over the physical carrier. In some cases,
a CUBS, such as through additional bits, may be used to indicate the number of subframes to
be used for transmission. The number of subframes of a frame that will be used by a base
station for downlink transmissions over a physical carrier may in some cases be used by a UE

to 1) determine a sleep schedule of the UE, or 2) schedule ACK/NACK transmissions.

[0136] By way of cxample, an EPCFICH may be transmitted and reccived during a first
subframc of a frame, and in some cascs in a first symbol of the first subframc of the frame.
Alternately, an EPCFICH may be transmitted and received during a last symbol of a last
subframe of the frame. The latter may be uscful to indicate an End of Transmission, or a last
subframe to be transmitted, when a base station does not know, a priori, how many downlink
subframes it will transmit. Further, a CUBS signal may be transmitted at the end of
transmission, or in the next subframe such as the first symbol of the next subframe, to

indicate an End of Transmission.

[0137] A bitwidth of the control format indicator value may be based on the structure of a
frame. For example, if a frame has N downlink subframes, logz(N) bits enable a base station

to notify a UE of any possible number of scheduled downlink subframes in a frame.
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[0138] FIG. 11 shows an exemplary transmission 1100 of control format indicator values
1105, 1110, and 1115 during respective periodic gating intervals (or frames) n, n+1, and n+2.
A control format indicator value of 001 may indicate that a base station has scheduled a
downlink subframe in a first subframe of a frame; a control format indicator value of 010
may indicate that a base station has scheduled downlink subframes in first and second

subframes of a frame; and so on.

[0139] FIG. 12A shows a block diagram 1200 of an apparatus 1215 for use in wireless
communication, in accordance with various aspects of the present disclosure. In some
cmbodiments, the apparatus 1215 may be an example of one or more aspects of one or more
of the UEs 115 and/or 215 described with reference to FIG. 1, 2A, and/or 2B. The apparatus
1215 may also be a processor. The apparatus 1215 may include a receiver module 1210, a
communication management module 1220, and/or a transmitter module 1230. Each of these

components may be in communication with cach other.

[0140] The components of the apparatus 1215 may, individually or collectively, be
implemented using one or more application-specific integrated circuits (ASICs) adapted to
perform some or all of the applicable functions in hardware. Alternatively, the functions may
be performed by onc or more other processing units (or corcs), on onc or morc integrated
circuits. In other embodiments, other types of integrated circuits may be used (e.g.,
Structured/Platform ASICs, Field Programmable Gate Arrays (FPGAs), and other Semi-
Custom ICs), which may be programmed in any manner known in the art. The functions of
each unit may also be implemented, in whole or in part, with instructions embodied in a

memory, formatted to be executed by one or more general or application-specific processors.

[0141] In some embodiments, the receiver module 1210 may be or include a radio
frequency (RF) receiver, such as an RF receiver operable to receive transmissions in a first
radio frequency spectrum band and/or a second radio frequency spectrum band. In some
cases, the first radio frequency spectrum band may be a licensed radio frequency spectrum
band (e.g., an LTE/LTE-A radio frequency spectrum band) and/or the second radio frequency
spectrum band may be an unlicensed radio frequency spectrum band. The receiver module
1210 may be used to receive various types of data and/or control signals (i.e., transmissions)
over one or more communication links (e.g., physical channels) of a wireless communication

system including the first radio frequency spectrum band and/or the second radio frequency
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spectrum band, such as one or more communication links of the wireless communication

system 100, 200, and/or 250 described with reference to FIG. 1, 2A, and/or 2B.

[0142] In some embodiments, the transmitter module 1230 may be or include an RF
transmitter, such as an RF transmitter operable to transmit in the first radio frequency
spectrum band and/or the second radio frequency spectrum band. The transmitter module
1230 may be used to transmit various types of data and/or control signals (i.e., transmissions)
over one or more communication links (e.g., physical channels) of a wireless communication
system, such as onc or morc communication links of the wircless communication system 100,

200, and/or 250 described with reference to FIG. 1, 2A, and/or 2B.

[0143] In some embodiments, the communication management module 1220 may be used
to manage wircless communication over the first radio frequency spectrum band and/or the
sccond radio frequency spectrum band. For example, the communication management
module 1220 may be used to manage wircless communication in a supplemental downlink
mode and/or a carricr aggregation mode using the first radio frequency spectrum band and the
sccond radio frequency spectrum band, and/or in a standalonc modc of opcration using the
sccond radio frequency spectrum band. In some cases, the communication management
module 1220 may manage downlink control information for a number of physical carriers
ovcer which the apparatus 1215 may receive downlink control transmission. The downlink
control information may include, for example, same-carrier or cross-carrier scheduling
information for a number of physical carriers, system information, indicators of whether CCA

was successful for particular physical carriers, and/or control status indicator values.

[0144] FIG. 12B shows a block diagram 1250 of an apparatus 1255 for usc in wircless
communication, in accordance with various aspects of the present disclosure. In some
embodiments, the apparatus 1255 may be an example of one or more aspects of one or more
of the apparatus 1215 described with reference to FIG. 12A and/or the UEs 115 and/or 215
described with reference to FIG. 1, 2A, and/or 2B. The apparatus 1255 may also be a
processor. The apparatus 1255 may include a receiver module 1260, a communication
management module 1265, and/or a transmitter module 1270. Each of these components

may be in communication with each other.

[0145] The components of the apparatus 1255 may, individually or collectively, be

implemented using one or more ASICs adapted to perform some or all of the applicable
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functions in hardware. Alternatively, the functions may be performed by one or more other
processing units (or cores), on one or more integrated circuits. In other embodiments, other
types of integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, and other
Semi-Custom ICs), which may be programmed in any manner known in the art. The
functions of each unit may also be implemented, in whole or in part, with instructions
embodied in a memory, formatted to be executed by one or more general or application-

specific processors.

[0146] In some embodiments, the receiver module 1260 may be or include an RF receiver,
such as an RF receiver operable to receive transmissions in a first radio frequency spectrum
band and/or a second radio frequency spectrum band. In some cases, the first radio frequency
spectrum band may be a licensed radio frequency spectrum band (e.g., an LTE/LTE-A radio
frequency spectrum band) and/or the second radio frequency spectrum band may be an
unlicensed radio frequency spectrum band. The RF recciver may include separate receivers
for the first radio frequency spectrum band and the second radio frequency spectrum band.
The separate receivers may in some casces take the form of a first licensed spectrum module
1262 for communicating over the first radio frequency spectrum band, and a first unlicensed
spectrum module 1264 for communicating over the second radio frequency spectrum band.
The receiver module 1260, including the first licensed spectrum module 1262 and/or the first
unlicensed spectrum module 1264, may be used to receive various types of data and/or
control signals (i.e., transmissions) over one or more communication links (e.g., physical
channels) of a wircless communication system, such as one or more communication links of
the wireless communication system 100, 200, and/or 250 described with reference to FIG. 1,

2A, and/or 2B.

[0147] In some embodiments, the transmitter module 1270 may be or include an RF
transmitter, such as an RF transmitter operable to transmit in the first radio frequency
spectrum band and/or the second radio frequency spectrum band. The RF transmitter may
include separate transmitters for the first radio frequency spectrum band and the second radio
frequency spectrum band. The separate transmitters may in some cases take the form of a
second licensed spectrum module 1272 for communicating over the first radio frequency
spectrum band, and a second unlicensed spectrum module 1274 for communicating over the

second radio frequency spectrum band. The transmitter module 1270, including the second
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licensed spectrum module 1272 and/or the second unlicensed spectrum module 1274, may be
used to transmit various types of data and/or control signals (i.e., transmissions) over one or
more communication links (e.g., physical channels) of a wireless communication system,
such as one or more communication links of the wireless communication system 100, 200,

and/or 250 described with reference to FIG. 1, 2A, and/or 2B.

[0148] In some embodiments, the communication management module 1265 may be an
example of one or more aspects of the communication management module 1220 described
with reference to FIG. 12A and may include a downlink control management module 1275, a
CCA success indication management module 1280, an occupied bandwidth management

modulc 1285, and/or a control format indicator valuc management module 1290.

[0149] In some embodiments, the downlink control management module 1275 may be used
to identify at lcast a first physical carrier and a second physical carrier used by an operator in
a shared spectrum, and to monitor both the first physical carrier and the second physical
carricr for a downlink control transmission for the first physical carrier, as described, for
cxample, with reference to FIG. 6A and/or 6B. In some cascs, the downlink control
management module 1275 may receive an indication from the CCA success indication
management module 1280 whether a channel is available. In some cxamples, if an indication
that a channel is available is received, the downlink control management module 1275 may
measure and/or report CSI, such as CSI feedback for a second physical layer in an uplink
subframe, such as based on reference signals in the frame including the CCA. In some
examples, if an indication that a channel is not available is received, the downlink control
management module 1275 may measure and/or report CSI based on a previous frame, or may

omit CSI for the frame.

[0150] In some embodiments, the CCA success indication management module 1280 may
be used to receive, over a first physical carrier of a shared spectrum such as an unlicensed or
shared spectrum, an indication of whether a CCA, or a CCA as a part of an ECCA operation,
performed by a base station was successful for a second physical carrier of the shared

spectrum.

[0151] In some embodiments, the occupied bandwidth management module 1285 may be
used to determine whether a total set of transmissions scheduled for a frame satisfies an

occupied bandwidth threshold for the frame. If not, the occupied bandwidth management
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module 1285 may transmit a filler signal over at least one unscheduled resource in the frame

based on the determination.

[0152] In some embodiments, the control format indicator value management module 1290
may receive, over a physical carrier in a shared spectrum, a control format indicator value for
a frame. Based on the control format indicator value, the control format indicator value
management module 1290 may determine a number of subframes of the frame to be used by

a base station for downlink transmissions over the physical carrier.

[0153] FIG. 13A shows a block diagram 1300 of a downlink control management module
1305 for use in wireless communication, in accordance with various aspects of the present
disclosure. The downlink control management module 1305 may be an example of one or
more aspects of the downlink control management module 1275 described with reference to
FIG. 12B. The downlink control management module 1305 may include a carrier
identification module 1310, a carrier monitoring module 1315, a decoding restriction module

1320, a decoding module 1325, and/or a system information handling module 1330.

[0154] The components of the downlink control management module 1305 may,
individually or collectively, be implemented using onc or more ASICs adapted to perform
some or all of the applicable functions in hardware. Alternatively, the functions may be
performed by one or more other processing units (or cores), on onc or more intcgrated
circuits. In other embodiments, other types of integrated circuits may be used (e.g.,
Structurcd/Platform ASICs, FPGAs, and other Semi-Custom 1Cs), which may be
programmed in any manner known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions embodied in a memory, formatted to be

executed by one or more general or application-specific processors.

[0155] In some embodiments, the carrier identification module 1310 may be used to
identify at least a first physical carrier and a second physical carrier used by an operator in a

shared or unlicensed spectrum.

[0156] In some embodiments, at least one of the first physical carrier or the second physical
carrier may include a control channel for a different physical carrier, as described, for

example, with reference to FIG. 6A and/or 6B. In other embodiments, at least one of the first
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physical carrier or the second physical carrier may include a control channel for a plurality of

different physical carriers, as described, for example, with reference to FIG. 6A.

[0157] In some embodiments, at least the first physical carrier and the second physical
carrier may be associated with a common set of possible DCI formats and/or a common set of

possible DCI sizes.

[0158] In some cases, at least one of the first physical carrier or the second physical carrier
may include a primary component carrier and the other of the first physical carrier or the

second physical carrier may include a secondary component carrier.

[0159] In some embodiments, the carrier monitoring module 1315 may be used to monitor
both a first physical carrier and a second physical carrier identified by the carrier
identification module 1310 for a downlink control transmission for the first physical carrier.
In some cases, the carrier monitoring module 1315 may also monitor the first physical carrier
and the second physical carrier for a downlink control transmission for the second physical

carricr.

[0160] In some embodiments, monitoring the first physical carrier and the second physical
carricr for the downlink control transmission may include monitoring the first physical carrier
for at lcast a first DCI format and the sccond physical carrier for at least a second DCI

format. The first DCI format may be different from the second DCI format.

[0161] In some embodiments, monitoring the first physical carrier and the second physical
carricr for the downlink control transmission may include monitoring the first physical carrier
for at lcast a first DCI size and the sccond physical carrier for at least a second DCI size. The

first DCI size may be different from the second DCI size.

[0162] In some embodiments, monitoring the first physical carrier and the second physical
carricr for the downlink control transmission may include restricting the monitoring of the
second physical carrier to DCI associated with uplink grants for the first physical carrier. In
some cascs, monitoring the first physical carricr and the sccond physical carrier for the
downlink control transmission may further include 1) monitoring the first physical carrier for
at least a first DCI format associated with downlink grants for the first physical carrier and
monitoring at least a second DCI format associated with uplink grants for the first physical

carrier, and 2) monitoring the second physical carrier for at least the second DCI format
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associated with uplink grants for the first physical carrier. In some cases, the method 1700
may include refraining from monitoring the second physical carrier for at least the first DCI
format associated with downlink grants for the first physical carrier. The first DCI format
associated with downlink grants for the first physical carrier may be different from the second
DCI format associated with uplink grants for the first physical carrier. An example of the

opcrations described in this paragraph is described with reference to FIG. 8.

[0163] In some embodiments, monitoring the first physical carrier and the second physical
carricr for a downlink control transmission may include monitoring a restricted number of
decoding candidates for the downlink control transmission, on at lcast one of the first

physical carrier or the second physical carricr, based on cross-carrier scheduling.

[0164] In somc embodiments, monitoring the first physical carrier and the second physical
carricr for a downlink control transmission may include monitoring a restricted number of

resource scts for the downlink control transmission based on cross-carrier scheduling.

[0165] In somc embodiments, monitoring the first physical carrier and the second physical
carrier for a downlink control transmission may include monitoring at lcast one resource sct

including a restricted size based on cross-carrier scheduling.

[0166] In somc embodiments, the monitoring may include monitoring a CSS including at
least one resource set, as described, for example, with reference to FIG. 9A and/or 9B. In
some embodiments, at lcast one resource sct of the CSS may be separate from a USS, as
described, for example, with reference to FIG. 9A. In other embodiments, at Icast onc
resource set of the CSS may at least partially overlap a USS. In some cases, that at lcast
partial overlap may be a complete overlap, as described, for example, with reference to FIG.

9B.

[0167] In some embodiments, the total number of resource scts monitored by a UE for the

CSS and a USS may be restricted.

[0168] In somec embodiments, a location or locations of resources of the at least onc
resource set may be based on a cell ID of a cell that transmits information using the at least

onge resource sct.

[0169] In some embodiments, the carrier monitoring module 1315 may monitor a shared

data channel (e.g., a PDSCH) of a first physical carrier for system information for the first
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physical carrier. In some embodiments, the shared data channel of the first physical carrier
may be monitored for the system information for the first physical carrier in response to a

CCA failure associated with the second physical carrier.

[0170] In some embodiments, the decoding restriction module 1320 may be used to restrict
a number of blind decodes performed for a downlink control transmission on at least one of a
first physical carrier or a second physical carrier based on a cross-carrier scheduling between

the first physical carrier and the second physical carrier.

[0171] In some embodiments, the decoding module 1325 may be used to perform a number
of blind decodes for a downlink control transmission on at least one of a first physical carrier
or a second physical carrier. In some cases, the number of blind decodes performed by the
decoding module 1325 may be restricted based on a number of factors. In some cascs, a
downlink control transmission may be blind decoded for a first physical carrier or a second
physical carrier based on a common sct of possible DCI formats and/or a common sct of DCI

Sizes.

[0172] In some embodiments, the system information handling module 1330 may be used
to receive system information for a number of physical carriers. In some cases, and by way
of example, the system information handling module 1330 may rcceive system information
for a first physical carrier via dedicated signaling over a shared data channel of the first
physical carrier. In some cases, and by way of further example, a system information
broadcast may be received for the first physical carrier over a physical broadcast channel of

cach of the first physical carrier and the second physical carrier.

[0173] FIG. 13B shows a block diagram 1335 of a CCA success indication management
module 1340 for use in wircless communication, in accordance with various aspects of the
present disclosure. The CCA success indication management module 1340 may be an
example of one or more aspects of the CCA success indication management module 1280
described with reference to FIG. 12B. The CCA success indication management module
1340 may include a CCA success indication reception module 1345 and/or an ACK/NACK

payload size determination module 1350.

[0174] The components of the CCA success indication management module 1340 may,

individually or collectively, be implemented using one or more ASICs adapted to perform



10

15

20

25

CA 02924536 2016-03-15

WO 2015/057368 PCT/US2014/057519
43

some or all of the applicable functions in hardware. Alternatively, the functions may be
performed by one or more other processing units (or cores), on one or more integrated
circuits. In other embodiments, other types of integrated circuits may be used (e.g.,
Structured/Platform ASICs, FPGAs, and other Semi-Custom 1Cs), which may be
programmed in any manner known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions embodicd in a memory, formatted to be

executed by onc or more gencral or application-specific processors.

[0175] In some embodiments, the CCA success indication reception module 1345 may be
used to receive, over a first physical carrier of the shared spectrum, an indication of whether a
CCA, or a CCA as a part of an ECCA operation, performed by a base station was successful

for a second physical carrier of the shared spectrum.

[0176] In some embodiments, an uplink grant for the second physical carrier may be
received over the first physical carrier, and the indication of whether the CCA performed by
the base station was successful may be received by the CCA success indication reception
module 1345 as part of the uplink grant. In other embodiments, a signal including the
indication of whether the CCA performed by the base station was successful may be received
via at lcast one of a broadcast signal or a UE-specific signal transmitted over the first physical
carricr. In yct other embodiments, a downlink assignment index may be received by the
CCA success indication reception module 1345 over the first physical carrier, and the
indication of whether the CCA for the second physical carrier was successful may be implicit

in the downlink assignment index.

[0177] In some embodiments, the ACK/NACK payload size determination module 1350
may be used to determine a total ACK/NAK payload size in an uplink subframe based on an

indication of whether a CCA for a physical carrier was successful.

[0178] FIG. 13C shows a block diagram 1355 of an occupied bandwidth management
module 1360 for use in wireless communication, in accordance with various aspects of the
present disclosure. The occupied bandwidth management module 1360 may be an example
of one or more aspects of the occupied bandwidth management module 1285 described with
reference to FIG. 12B. The occupied bandwidth management module 1360 may include an
occupied bandwidth determination module 1365, a filler signal transmission module 1370, an

occupied bandwidth expansion module 1375, and/or a resource allocation module 1380.
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[0179] The components of the occupied bandwidth management module 1360 may,
individually or collectively, be implemented using one or more ASICs adapted to perform
some or all of the applicable functions in hardware. Alternatively, the functions may be
performed by one or more other processing units (or cores), on one or more integrated
circuits. In other embodiments, other types of integrated circuits may be used (e.g.,
Structured/Platform ASICs, FPGAs, and other Semi-Custom [Cs), which may be
programmed in any manner known in the art. The functions of cach unit may also be
implemented, in whole or in part, with instructions embodicd in a memory, formatted to be

executed by onc or more gencral or application-specific processors.

[0180] In some embodiments, the occupied bandwidth determination module 1365 may be
used to determine whether a total set of transmissions scheduled for a frame satisfics an

occupicd bandwidth threshold for the frame.

[0181] In some embodiments, the filler signal transmission module 1370 may be used to
transmit a filler signal over at least onc unscheduled resource in a frame, based on a
determination made by the occupied bandwidth determination module 1365 (e.g., a
dctermination that the occupicd bandwidth docs not satisfy an occupicd bandwidth threshold
of thc frame). In somce cascs, the filler signal may include a predetermined sequence, such as

a channcl usage beacon signal (CUBS).

[0182] In somc ecmbodiments, the occupicd bandwidth cxpansion module 1375 may be
uscd to increase a bandwidth of at least one channel transmitted over a frame to satisfy the
occupied bandwidth threshold for the frame. The occupied bandwidth expansion module
1375 may be activated based on a determination by the occupied bandwidth determination
module 1365 that the occupied bandwidth does not satisfy an occupied bandwidth threshold
of the frame. In some cases, increasing the bandwidth of the at least one channel transmitted
over the frame may include reducing a modulation order or code rate for the at least one

channel transmitted over the frame.

[0183] In some embodiments, the resource allocation module 1380 may be used to allocate
search space resources to at least one UE based on a determination made by the occupied

bandwidth determination module 1365.



10

15

20

25

CA 02924536 2016-03-15

WO 2015/057368 PCT/US2014/057519
45

[0184] FIG. 13D shows a block diagram 1385 of a control format indicator value
management module 1390 for use in wireless communication, in accordance with various
aspects of the present disclosure. The control format indicator value management module
1390 may be an example of one or more aspects of the control format indicator value
management module 1290 described with reference to FIG. 12B. The control format
indicator value management module 1390 may include a control format indicator value
reception module 1392, a subframe usage determination module 1394, a sleep schedule

determination module 1396, and/or an ACK/NACK scheduling module 1398.

[0185] The components of the control format indicator value management module 1390
may, individually or collectively, be implemented using one or more ASICs adapted to
perform some or all of the applicable functions in hardware. Alternatively, the functions may
be performed by onc or more other processing units (or corcs), on onc or morc integrated
circuits. In other embodiments, other types of integrated circuits may be used (e.g.,
Structurcd/Platform ASICs, FPGAs, and other Semi-Custom 1Cs), which may be
programmed in any manner known in the art. The functions of cach unit may also be
implemented, in whole or in part, with instructions embodied in a memory, formatted to be

executed by one or more general or application-specific processors.

[0186] In somc ecmbodiments, the control format indicator valuc reception module 1392
may be used to receive a control format indicator value for a frame over a physical carrier in
a shared spectrum. In some embodiments, the control format indicator value may be received
during a first subframe of a frame, and in some cases during a first symbol of the first
subframe. In other embodiments, the control format indicator value may be received during a
last symbol of a last subframe of a frame. A bitwidth of the control format indicator value

may be based on the structure of a frame.

[0187] In some embodiments, the subframe usage determination module 1394 may be used
to determine, based on a control format indicator value received by the control format
indicator value reception module 1392, a number of subframes of a frame to be used by a

base station for downlink transmissions over a physical carrier.

[0188] In some embodiments, the sleep schedule determination module 1396 may be used
to determine, based on a control format indicator value received by the control format

indicator value reception module 1392, a sleep schedule of a UE for a frame.
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[0189] In some embodiments, the ACK/NACK scheduling module 1398 may be used to
schedule ACK/NACK transmissions based on a control format indicator value received by

the control format indicator value reception module 1392.

[0190] FIG. 14 shows a block diagram 1400 of a UE 1415 configured for wircless
communication, in accordance with various aspects of the present disclosure. The UE 1415
may have various configurations and may be included or be part of a personal computer (e.g.,
a laptop computer, netbook computer, tablet computer, etc.), a cellular telephone, a PDA, a
digital video recorder (DVR), an internct appliance, a gaming console, an e-reader, etc. The
UE 1415 may in some cascs have an internal power supply (not shown), such as a small
battery, to facilitate mobile operation. In some embodiments, the UE 1415 may be an
cxample of onc or more aspects of onc of the apparatuses 1215 and/or 1255 described with
reference to FIG. 12A and/or 12B, and/or onc of the UEs 115 and/or 215 described with
reference to FIG. 1, 2A, and/or 2B. The UE 1415 may be configured to implement at least
some of the features and functions described with reference to FIG. 1, 2A, 2B, 3, 4A, 4B, 5,
6A, 6B, 7, 8,9A,9B, 10, 11, 12A, 12B, 13A, 13B, 13C, and/or 13D. The UE 1415 may be
configured to communicate with one or more of the eNBs or apparatuses 105 and/or 205

described with reference to FIG. 1, 2A, and/or 2B.

[0191] The UE 1415 may include a processor module 1410, a memory module 1420, at
least one transceiver module (represented by transceiver module(s) 1470), at least one
antenna (represented by antenna(s) 1480), and/or a UE shared RF spectrum band module
1440. Each of these components may be in communication with each other, directly or

indirectly, over one or more buses 1435.

[0192] The memory module 1420 may include random access memory (RAM) and/or read-
only memory (ROM). The memory module 1420 may store computer-readable, computer-
executable software (SW) code 1425 containing instructions that are configured to, when
executed, cause the processor module 1410 to perform various functions described herein for
communicating over a first radio frequency spectrum band (e.g., an LTE/LTE-A and/or
licensed radio frequency spectrum band) and/or a second radio frequency spectrum band..
Alternatively, the software code 1425 may not be directly executable by the processor
module 1410 but be configured to cause the UE 1415 (e.g., when compiled and executed) to

perform various of the functions described herein.
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[0193] The processor module 1410 may include an intelligent hardware device, e.g., a
CPU, a microcontroller, an ASIC, etc. The processor module 1410 may process information
received through the transceiver module(s) 1470 and/or information to be sent to the
transceiver module(s) 1470 for transmission through the antenna(s) 1480. The processor
module 1410 may handle, alone or in connection with the UE shared RF spectrum band
module 1440, various aspects of communicating over the first radio frequency spectrum band

and/or the second radio frequency spectrum band.

[0194] The transceiver module(s) 1470 may include a modem configured to modulate
packets and provide the modulated packets to the antenna(s) 1480 for transmission, and to
demodulate packets received from the antenna(s) 1480. The transceiver module(s) 1470 may
in some cascs be implemented as one or more transmitter modules and one or more scparate
receiver modules. The transceiver module(s) 1470 may support communications in the first
radio frequency spectrum band and/or the second radio frequency spectrum band. The
transceiver module(s) 1470 may be configured to communicate bi-directionally, via the
antcnna(s) 1480, with onc or morc of the ¢NBs or apparatuscs 105 and/or 205 described with
reference to FIG. 1, 2A, and/or 2B. While the UE 1415 may include a single antenna, there

may be embodiments in which the UE 1415 may include multiple antennas 1480.

[0195] The UE shared RF spectrum band module 1440 may be configured to perform
and/or control some or all of the features and/or functions described with reference to FIG. 1,
2A, 2B, 3,4A,4B, 5, 6A, 6B, 7, 8,9A, 9B, 10, 11, 12A, 12B, 13A, 13B, 13C, and/or 13D
related to wireless communication in a shared radio frequency spectrum band such as the first
radio frequency spectrum band and/or the second radio frequency spectrum band. For
example, the UE shared RF spectrum band module 1440 may be configured to support a
supplemental downlink mode, a carrier aggregation mode, and/or a standalone mode of
operation in the second radio frequency spectrum band. The UE shared RF spectrum band
module 1440 may include an LTE module 1445 configured to handle LTE communications,
an LTE unlicensed module 1450 configured to handle LTE/LTE-A communications over an
unlicensed or shared spectrum, and/or an unlicensed module 1455 configured to handle
communications other than LTE/LTE-A communications in the unlicensed spectrum. The
UE shared RF spectrum band module 1440 may also include a UE LTE unlicensed

communication management module 1460. The UE LTE unlicensed communication
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management module 1460 may be an example of one or more aspects of the communication
management module 1220 and/or 1265 described with reference to FIG. 12A and/or 12B.
The UE shared RF spectrum band module 1440, or portions of it, may include a processor,
and/or some or all of the functionality of the UE shared RF spectrum band module 1440 may
be performed by the processor module 1410 and/or in connection with the processor module

1410.

[0196] FIG. 15 shows a block diagram 1500 illustrating a node 1505 configured for
wireless communication, in accordance with various aspects of the present disclosure. The
node 1505 may have various configurations and may be included or be part of an access
point, a basc station, a basc transceiver station (BTS), a radio basc station, a radio transceiver,
a basic service sct (BSS), an extended service sct (ESS), a NodeB, an evolved NodeB (eNB),
a Homc NodeB, a Home cNodeB, a WLAN access point, a WiFi nodc, and/or a UE. In some
cmbodiments, the node 1505 may be an cxample of onc or more aspects of onc of the access
points 105 and/or 205 described with reference to FIG. 1, 2A, and/or 2B. The node 1505
may be configured to implement or facilitate at lcast some of the features and functions
described with reference to FIG. 1, 2A, 2B, 3, 4A, 4B, 5, 6A, 6B, 7, §, 9A, 9B, 10, 11, 12A,
12B, 13A, 13B, 13C, and/or 13D. The node 1505 may include a processor module 1510, a
memory module 1520, at least one transceiver module (represented by transceiver module(s)
1555), at least one antenna (represented by antenna(s) 1560), and/or an eNB shared RF
spectrum band module 1570. The node 1505 may also include one or more of a base station
communications module 1530, a network communications module 1540, and a system
communications management module 1550. Each of these components may be in

communication with each other, directly or indirectly, over one or more buses 1535.

[0197] The memory module 1520 may include RAM and/or ROM. The memory module
1520 may store computer-readable, computer-executable software (SW) code 1525
containing instructions that are configured to, when executed, cause the processor module
1510 to perform various functions described herein for communicating over a first radio
frequency spectrum band (e.g., an LTE/LTE-A and/or licensed radio frequency spectrum
band) and/or a second radio frequency spectrum band.. Alternatively, the software code 1525
may not be directly executable by the processor module 1510 but be configured to cause the

node 1505 (e.g., when compiled and executed) to perform various functions described herein.
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[0198] The processor module 1510 may include an intelligent hardware device, e.g., a
central processing unit (CPU), a microcontroller, an ASIC, etc. The processor module 1510
may process information received through the transceiver module(s) 1555, the base station
communications module 1530, and/or the network communications module 1540. The
processor module 1510 may also process information to be sent to the transceiver module(s)
1555 for transmission through the antenna(s) 1560, to the basc station communications
module 1530 for transmission to one or more other nodes or eNBs 1505-a and 1505-b, and/or
to the network communications module 1540 for transmission to a corc network 1545, which
may be an cxample of aspects of the core network 130 described with reference to FI1G. 1.
The processor module 1510 may handle, alone or in connection with the ¢NB sharcd RF
spectrum band module 1570, various aspects of communicating over the first radio frequency

spectrum band and/or the second radio frequency spectrum band.

[0199] The transceiver module(s) 1555 may include a modem configured to modulate
packcts and provide the modulated packets to the antenna(s) 1560 for transmission, and to
demodulate packets received from the antenna(s) 1560. The transceiver module(s) 1555 may
in some cases be implemented as one or more transmitter modules and one or more separate
receiver modules. The transceiver module(s) 1555 may support communications in the first
radio frequency spectrum band and/or the second radio frequency spectrum band. The
transceiver module(s) 1555 may be configured to communicate bi-directionally, via the
antenna(s) 1560, with one or more of the UEs or apparatuses 115, 215, 1215, 1255, and/or
1415 described with reference to FIG. 1, 2A, 2B, 12A, 12B, and/or 14, for example. The
node 1505 may typically include multiple antennas 1560 (e.g., an antenna array). The node
1505 may communicate with the core network 1545 through the network communications
module 1540. The node 1505 may also communicate with other nodes or eNBs, such as the

eNBs 1505-a and 1505-b, using the base station communications module 1530.

[0200] According to the architecture of FIG. 15, the system communications management
module 1550 may manage communications with other nodes, base stations, eNBs, and/or
apparatuses. In some cases, functionality of the system communications management
module 1550 may be implemented as a component of the transceiver module(s) 1555, as a
computer program product, and/or as one or more controller elements of the processor

module 1510.
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[0201] The eNB shared RF spectrum band module 1570 may be configured to perform,
control, and/or facilitate some or all of the features and/or functions described with reference
to FIG. 1, 2A, 2B, 3, 4A, 4B, 5, 6A, 6B, 7, 8, 9A, 9B, 10, 11, 12A, 12B, 13A, 13B, 13C,
and/or 13D related to wireless communication in a shared radio frequency spectrum band
such as the first radio frequency spectrum band and/or the second radio frequency spectrum
band. In somc cascs, the ¢eNB shared RF spectrum band module 1570 may be configured to
support a supplemental downlink mode, a carrier aggregation mode, and/or a standalone
mode of operation in the second radio frequency spectrum band. The eNB shared RF
spectrum band module 1570 may include an LTE module 1575 configured to handle LTE
communications, an L'TE unlicensed module 1580 configured to handle LTE/LTE-A
communications in an unlicensed or shared spectrum, and/or an unlicensed module 1585
configured to handle communications other than LTE/LTE-A communications in an
unlicensed or shared spectrum. The eNB shared RF spectrum band module 1570 may also
include an eNB LTE unlicensed communication management module 1590. The eNB LTE
unlicensed communication management module 1590 may generate and transmit some or all
of the data and/or control information received by the apparatuses and/or UEs 115, 215,
1215, 1255, and/or 1415 described with reference to FIG. 1, 2A, 2B, 12A, 12B, and/or 14. In
some cases, and by way of example, the eNB LTE unlicensed communication management
module 1590 may indicate control information, such as the set/subset of DCI formats that
should be monitored on a given physical carrier, to cach of a number of UESs, in a semi-static
fashion (e.g., using a radio resource control (RRC) configuration/reconfiguration message).
The eNB shared RF spectrum band module 1570, or portions of it, may include a processor,
and/or some or all of the functionality of the eNB shared RF spectrum band module 1570
may be performed by the processor module 1510 and/or in connection with the processor

module 1510.

[0202] FIG. 16 shows a block diagram of a multiple-input multiple-output (MIMO)
communications system 1600 that is shown to include an eNB 1605 and a UE 1615, in
accordance with various aspects of the present disclosure. The eNB 1605 and the UE 1615
may support wireless communication over a first radio frequency spectrum band (e.g., an
LTE/LTE-A and/or licensed radio frequency spectrum band) and/or a second radio frequency
spectrum band.. The eNB 1605 may be an example of one or more aspects of one of the

eNBs 105, 205, and/or 1505 described with reference to FIG. 1, 2A, 2B, and/or 15. The UE



10

15

20

25

30

CA 02924536 2016-03-15

WO 2015/057368 PCT/US2014/057519
51

1615 may be an example of one or more aspects of one of the apparatuses 1205 and/or 1255
described with reference to FIG. 12A and/or 12B, and/or one of the UEs 115, 215, and/or
1415 described with reference to FIG. 1, 2A, 2B, and/or 14. The MIMO communications
system 1600 may illustrate aspects of the wireless communication system 100, 200, and/or

250 described with reference to FIG. 1, 2A, and/or 2B.

[0203] The eNB 1605 may be equipped with antennas 1634-a through 1634-x, and the UE
1615 may be equipped with antennas 1652-a through 1652-n. In the MIMO communications
system 1600, thc cNB 1605 may be able to send data over multiple communication links at
the same time. Each communication link may be called a “layer” and the “rank” of the
communication link may indicatc the number of layers used for communication. For
cxample, in a 2x2 MIMO system where the eNB 1605 transmits two “layers,” the rank of the
communication link between the eNB 1605 and the UE 1615 may be two.

[0204] Atthe ¢eNB 1605, a transmit (Tx) processor 1620 communicatively coupled with a
transmit memory 1642 may receive data from a data source. The transmit processor 1620
may process the data. The transmit processor 1620 may also generate a reference sequence
for a number of reference symbols and/or a cell-specific reference signal. A transmit (Tx)
MIMO processor 1630 may perform spatial processing (e.g., precoding) on data symbols,
control symbols, and/or reference symbols, if applicable, and may provide output symbol
streams to the transmit (Tx) modulators 1632-a through 1632-x. Each modulator 1632 may
process a respective output symbol stream (e.g., for OFDM, etc.) to obtain an output sample
stream. Each modulator 1632 may further process (e.g., convert to analog, amplify, filter,
and upconvert) the output sample stream to obtain a downlink (DL) signal. In one example,
DL signals from modulators 1632-a through 1632-x may be transmitted via the antennas

1634-a through 1634-x, respectively.

[0205] Atthe UE 1615, the antennas 1652-a through 1652-n may receive the DL signals
from the eNB 1605 and may provide the received signals to the receive (Rx) demodulators
1654-a through 1654-n, respectively. Each demodulator 1654 may condition (e.g., filter,
amplify, downconvert, and digitize) a respective received signal to obtain input samples.
Each demodulator 1654 may further process the input samples (e.g., for OFDM, etc.) to
obtain received symbols. A MIMO detector 1656 may obtain received symbols from all the
demodulators 1654-a through 1654-n, perform MIMO detection on the received symbols if
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applicable, and provide detected symbols. A receive (Rx) processor 1658 may process (e.g.,
demodulate, deinterleave, and decode) the detected symbols, providing decoded data for the
UE 1615 to a data output, and provide decoded control information to a processor 1680, or

memory 1682.

[0206] On the uplink (UL), at the UE 1615, a transmit (Tx) processor 1664 may receive
and process data from a data source. The transmit processor 1664 may also generate a
reference sequence for a number of reference symbols and/or a reference signal. The
symbols from the transmit processor 1664 may be precoded by a transmit (Tx) MIMO
processor 1666 if applicable, further processed by the transmit (Tx) modulators 1654-a
through 1654-n (e.g., for SC-FDMA, etc.), and be transmitted to the eNB 1605 in accordance
with the transmission parameters received from the eNB 1605, At the eNB 1605, the UL
signals from thec UE 1615 may be reccived by the antennas 1634, processed by the receiver
(Rx) demodulators 1632, detected by a MIMO detector 1636 if applicable, and further
processed by a receive (Rx) processor 1638, The receive processor 1638 may provide

decoded data to a data output and to the processor 1640.

[0207] 'The proccssors 1640 and 1680 may include respective modules or functions 1641
and 1681 for managing wircless communication in the first radio frequency spectrum band
and/or the sccond radio frequency spectrum band. In some embodiments, the module or
function 1641 may be an example of one or more aspects of the eNB LTE unlicensed
communication management module 1590 described with reference to FIG. 15, and/or the
module or function 1681 may be an example of one or more aspects of the communication
management module 1220, 1265, and/or 1460 described with reference to FIG. 12A, 12B,
and/or 14. The eNB 1605 may use the module or function 1641 to communicate with the UE
1615 and/or other UEs or apparatuses, while the UE 1615 may use the module or function
1681 to communicate with the eNB 1605 and/or other eNBs or apparatuses. In some cases,
the eNB 1605 and UE 1615 may only transmit a channel or channels over the second radio

frequency spectrum band after performing a successful CCA.

[0208] The components of the eNB 1605 may, individually or collectively, be implemented
using one or more ASICs adapted to perform some or all of the applicable functions in
hardware. Each of the noted modules may be a means for performing one or more functions

related to operation of the MIMO communications system 1600. Similarly, the components
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of the UE 1615 may, individually or collectively, be implemented using one or more ASICs
adapted to perform some or all of the applicable functions in hardware. Each of the noted
components may be a means for performing one or more functions related to operation of the

MIMO communications system 1600.

[0209] FIG. 17 is a flow chart illustrating an example of a method 1700 for wireless
communication, in accordance with various aspects of the present disclosure. For clarity, the
method 1700 is described below with reference to aspects of one or more of the apparatuses
1215 and/or 1255 described with reference to FIG. 12A and/or 12B, and/or one or more of
the UEs 115, 215, 1415, and/or 1615 described with reference to FIG. 1, 2A, 2B, 14, and/or
16. In some embodiments, an apparatus or UE such as onc of the apparatuses 1215 or 1255,
or onc of thc UEs 115, 215, 1415, or 1615, may execute one or more scts of codes to control

the functional clements of the apparatus or UE to perform the functions described below.

[0210] At block 1705, at Icast a first physical carrier and a second physical carricr used by
an operator in an unlicensed or shared spectrum may be identified. The operation(s) at block
1705 may in some cascs be performed using the communication management module 1220,
1265, 1460, and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the
downlink control management module 1275 and/or 1305 described with reference to FI1G.
12B and/or 13A, and/or the carrier identification module 1310 described with reference to

FIG. 13A.

[0211] In some embodiments, at Icast onc of the first physical carricr or the second physical
carrier may include a control channel for a different physical carrier, as described, for

example, with reference to FIG. 6A and/or 6B. In other embodiments, at Icast one of the first
physical carrier or the second physical carrier may include a control channel for a plurality of

different physical carriers, as described, for example, with reference to FIG. 6A.

[0212] In some cases, at lcast one of the first physical carrier or the second physical carrier
may include a primary component carrier and the other of the first physical carrier or the

second physical carrier may include a secondary component carrier.

[0213] At block 1710, both the first physical carrier and the second physical carrier may be
monitored for a downlink control transmission for the first physical carrier. In some cases,

the first physical carrier and the second physical carrier may also be monitored for a
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downlink control transmission for the second physical carrier. The operation(s) at block 1710
may in some cases be performed using the communication management module 1220, 1265,
1460, and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the downlink
control management module 1275 and/or 1305 described with reference to FIG. 12B and/or

13A, and/or the carrier monitoring module 1315 described with reference to FIG. 13A.

[0214] In some embodiments, monitoring the first physical carrier and the second physical
carrier for the downlink control transmission may include monitoring the first physical carrier
for at least a first DCI format and the second physical carrier for at Icast a second DCI

format. The first DCI format may be different from the second DCI format.

[0215] In some embodiments, monitoring the first physical carrier and the second physical
carrier for the downlink control transmission may include monitoring the first physical carrier
for at least a first DCI size and the second physical carrier for at lcast a second DCI size. The

first DCI size may be different from the second DCI size.

[0216] In some embodiments, monitoring the first physical carrier and the second physical
carrier for the downlink control transmission may include restricting the monitoring of the
sccond physical carricr to DCI associated with uplink grants for the first physical carrier. In
some cascs, monitoring the first physical carricr and the second physical carrier for the
downlink control transmission may further include 1) monitoring the first physical carrier for
at lcast a first DCI format associated with downlink grants for the first physical carrier and
monitoring at Icast a sccond DCI format associated with uplink grants for the first physical
carrier, and 2) monitoring the second physical carrier for at least the second DCI format
associated with uplink grants for the first physical carrier. In some cases, the method 1700
may include refraining from monitoring the second physical carrier for at least the first DCI
format associated with downlink grants for the first physical carrier. The first DCI format
associated with downlink grants for the first physical carrier may be different from the second
DCIT format associated with uplink grants for the first physical carrier. An example of the

operations described in this paragraph is described with reference to FIG. 8.

[0217] The method 1700 may be performed in various contexts, such as, in a supplemental
downlink mode, in a carrier aggregation mode, or in a standalone mode of operation in the

second radio frequency spectrum band.
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[0218] Thus, the method 1700 may provide for wireless communication. It should be noted
that the method 1700 is just one implementation and that the operations of the method 1700

may be rearranged or otherwise modified such that other implementations are possible.

[0219] FIG. 18 is a flow chart illustrating an example of a method 1800 for wireless
communication, in accordance with various aspects of the present disclosure. For clarity, the
method 1800 is described below with reference to aspects of one or more of the apparatuses
1215 and/or 1255 described with reference to FIG. 12A and/or 12B, and/or one or more of
the UEs 115, 215, 1415, and/or 1615 described with reference to FIG. 1, 2A, 2B, 14, and/or
16. In some embodiments, an apparatus or UE such as one of the apparatuses 1215 or 1255,
or onc of the UEs 115, 215, 1415, or 1615, may cxccute one or more scts of codes to control

the functional elements of the apparatus or UE to perform the functions described below.

[0220] At block 1805, at Icast a first physical carrier and a sccond physical carrier used by
an opcrator in an unlicensed or shared spectrum may be identified. The first physical carrier
and the sccond physical carrier may be associated with a common set of possible DCI
formats and/or a common set of possible DCI sizes. The operation(s) at block 1805 may in
some cascs be performed using the communication management module 1220, 1265, 1460,
and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the downlink control
management module 1275 and/or 1305 described with reference to FIG. 12B and/or 13A,

and/or the carrier identification module 1310 described with reference to FIG. 13A.

[0221] In some cascs, at lecast onc of the first physical carrier or the second physical carrier
may include a primary component carrier and the other of the first physical carrier or the

second physical carrier may include a secondary component carrier.

[0222] At block 1810, both the first physical carricr and the sccond physical carrier may be
monitored for a downlink control transmission for the first physical carrier. In some cases,
the first physical carrier and the second physical carrier may also be monitored for a
downlink control transmission for the second physical carrier. The operation(s) at block 1810
may in some cases be performed using the communication management module 1220, 1265,
1460, and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the downlink
control management module 1275 and/or 1305 described with reference to FIG. 12B and/or

13A, and/or the carrier monitoring module 1315 described with reference to FIG. 13A.
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[0223] At block 1815, the downlink control transmission for the first physical carrier may
be blind decoded based on the common set of possible DCI formats and/or the common set of
DCI sizes. The operation(s) at block 1815 may in some cases be performed using the
communication management module 1220, 1265, 1460, and/or 1681 described with reference
to FIG. 12A, 12B, 14, and/or 16, the downlink control management module 1275 and/or 1305
described with reference to FIG. 12B and/or 13A, and/or the decoding module 1325

described with reference to FIG. 13A.

[0224] The method 1800 may be performed in various contexts, such as, in a supplemental
downlink mode, in a carricr aggregation mode, or in a standalonec modc of operation in the

sccond radio frequency spectrum band.

[0225] Thus, the method 1800 may provide for wireless communication. It should be noted
that the method 1800 is just onc implementation and that the operations of the method 1800

may be rearranged or otherwise modified such that other implementations arc possible.

[0226] FIG. 19 is a flow chart illustrating an example of a method 1900 for wireless
communication, in accordance with various aspects of the present disclosure. For clarity, the
method 1900 is described below with reference to aspects of one or more of the apparatuses
1215 and/or 1255 described with reference to FIG. 12A and/or 12B, and/or one or more of
the UEs 115, 215, 1415, and/or 1615 described with reference to FIG. 1, 2A, 2B, 14, and/or
16. In some embodiments, a device or UE such as one of the apparatuses 1215 or 1255, or
onc of thc UEs 115, 215, 1415, or 1615, may cxccute onc or more scts of codes to control the

functional clements of the device or UE to perform the functions described below.

[0227] At block 1905, at Icast a first physical carricr and a sccond physical carricr uscd by
an opecrator in an unlicensed or shared spectrum may be identified. The operation(s) at block
1905 may in some cases be performed using the communication management module 1220,
1265, 1460, and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the
downlink control management module 1275 and/or 1305 described with reference to FIG.
12B and/or 13A, and/or the carrier identification module 1310 described with reference to

FIG. 13A.
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[0228] In some cases, at least one of the first physical carrier or the second physical carrier
may include a primary component carrier and the other of the first physical carrier or the

second physical carrier may include a secondary component carrier.

[0229] At block 1910, a number of blind decodes performed for the downlink control
transmission on at least one of the first physical carrier or the second physical carrier may be
restricted based on a cross-carrier scheduling between the first physical carrier and the second
physical carrier. The operation(s) at block 1910 may in some cases be performed using the
communication management module 1220, 1265, 1460, and/or 1681 described with reference
to FIG. 12A, 12B, 14, and/or 16, the downlink control management module 1275 and/or 1305
described with reference to FIG. 12B and/or 13A, and/or the decoding restriction module

1320 described with reference to FIG. 13A.

[0230] Atblock 1915, both the first physical carrier and the second physical carrier may be
monitored for a downlink control transmission for the first physical carrier. In some cascs,
the first physical carrier and the second physical carrier may also be monitored for a
downlink control transmission for the sccond physical carricr. The opcration(s) at block 1915
may in some cascs be performed using the communication management module 1220, 1265,
1460, and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the downlink
control management module 1275 and/or 1305 described with reference to FIG. 12B and/or

13A, and/or the carrier monitoring module 1315 described with reference to FIG. 13A.

[0231] In some embodiments, monitoring the first physical carrier and the second physical
carrier for the downlink control transmission may include monitoring a restricted number of
decoding candidates for the downlink control transmission on at least one of the first physical

carrier or the second physical carrier based on the cross-carrier scheduling.

[0232] In some embodiments, monitoring the first physical carrier and the second physical
carrier for the downlink control transmission may include monitoring a restricted number of

resource sets for the downlink control transmission based on the cross-carrier scheduling.

[0233] In some embodiments, monitoring the first physical carrier and the second physical
carrier for the downlink control transmission may include monitoring at least one resource set

including a restricted size based on the cross-carrier scheduling.
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[0234] At block 1920, a number of blind decodes may be performed for the downlink
control transmission on at least one of the first physical carrier or the second physical carrier.
The operation(s) at block 1920 may in some cases be performed using the communication
management module 1220, 1265, 1460, and/or 1681 described with reference to FIG. 12A,
12B, 14, and/or 16, the downlink control management module 1275 and/or 1305 described
with reference to FIG. 12B and/or 13 A, and/or the decoding module 1325 described with
reference to FIG. 13A.

[0235] The method 1900 may be performed in various contexts, such as, in a supplemental
downlink mode, in a carricr aggregation mode, or in a standalonec modc of operation in the

sccond radio frequency spectrum band.

[0236] Thus, the method 1900 may provide for wireless communication. It should be noted
that the method 1900 is just onc implementation and that the operations of the method 1900

may be rearranged or otherwise modified such that other implementations arc possible.

[0237] FIG. 20 is a flow chart illustrating an example of a method 2000 for wircless
communication, in accordance with various aspects of the present disclosure. For clarity, the
method 2000 is described below with reference to aspects of one or more of the apparatuses
1215 and/or 1255 described with reference to FIG. 12A and/or 12B, and/or one or more of
the UEs 115, 215, 1415, and/or 1615 described with reference to FIG. 1, 2A, 2B, 14, and/or
16. In some embodiments, a device or UE such as one of the apparatuses 1215 or 1255, or
onc of thc UEs 115, 215, 1415, or 1615, may cxccute onc or more scts of codes to control the

functional clements of the device or UE to perform the functions described below.

[0238] At block 2005, at Icast a first physical carricr and a sccond physical carricr uscd by
an opecrator in an unlicensed or shared spectrum may be identified. The operation(s) at block
2005 may in some casecs be performed using the communication management module 1220,
1265, 1460, and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the
downlink control management module 1275 and/or 1305 described with reference to FIG.
12B and/or 13A, and/or the carrier identification module 1310 described with reference to

FIG. 13A.
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[0239] In some cases, at least one of the first physical carrier or the second physical carrier
may include a primary component carrier and the other of the first physical carrier or the

second physical carrier may include a secondary component carrier.

[0240] At block 2010, both the first physical carrier and the second physical carrier may be
monitored for a downlink control transmission for the first physical carrier. In some cases,
the first physical carrier and the second physical carrier may also be monitored for a
downlink control transmission for the second physical carrier. The operation(s) at block 2010
may in some cases be performed using the communication management module 1220, 1265,
1460, and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the downlink
control management module 1275 and/or 1305 described with reference to FIG. 12B and/or

13A, and/or the carrier monitoring module 1315 described with reference to FIG. 13A.

[0241] At block 2015, a shared data channel (e.g., a PDSCH) of the first physical carrier
may be monitored for system information for the first physical carrier. The operation(s) at
block 2015 may in some cases be performed using the communication management module
1220, 1265, 1460, and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the
downlink control managecment module 1275 and/or 1305 described with reference to FI1G.

12B and/or 13A, and/or the carricr monitoring module 1315 described with reference to FIG.
13A.

[0242] In somc ecmbodiments, the shared data channcl of the first physical carricr may be
monitored for the system information for the first physical carrier in response to a CCA

failure associated with the second physical carrier.

[0243] At block 2020, the system information for the first physical carrier may be received
via dedicated signaling over the shared data channel of the first physical carrier. The
operation(s) at block 2020 may in some cases be performed using the communication
management module 1220, 1265, 1460, and/or 1681 described with reference to FIG. 12A,
12B, 14, and/or 16, the downlink control management module 1275 and/or 1305 described
with reference to FIG. 12B and/or 13A, and/or the system information handling module 1330
described with reference to FIG. 13A.
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[0244] The method 2000 may be performed in various contexts, such as, in a supplemental
downlink mode, in a carrier aggregation mode, or in a standalone mode of operation in the

second radio frequency spectrum band.

[0245] Thus, the method 2000 may provide for wireless communication. It should be noted
that the method 2000 is just one implementation and that the operations of the method 2000

may be rearranged or otherwise modified such that other implementations are possible.

[0246] FIG. 21 is a flow chart illustrating an example of a method 2100 for wireless
communication, in accordance with various aspects of the present disclosure. For clarity, the
method 2100 is described below with reference to aspects of one or more of the apparatuses
1215 and/or 1255 described with reference to FIG. 12A and/or 12B, and/or one or more of
the UEs 115, 215, 1415, and/or 1615 described with reference to FIG. 1, 2A, 2B, 14, and/or
16. In some embodiments, a device or UE such as one of the apparatuses 1215 or 1255, or
onc of the UEs 115, 215, 1415, or 1615, may exccute onc or more scts of codes to control the

functional clements of the device or UE to perform the functions described below.

[0247] Atblock 2105, at Icast a first physical carrier and a second physical carricr used by
an operator in an unlicensed or shared spectrum may be identified. The operation(s) at block
2105 may in some cascs be performed using the communication management module 1220,
1265, 1460, and/or 1681 dcscribed with reference to FIG. 12A, 12B, 14, and/or 16, the
downlink control management module 1275 and/or 1305 described with reference to FIG.
12B and/or 13A, and/or the carrier identification module 1310 described with reference to

FIG. 13A.

[0248] In some cascs, at lcast onc of the first physical carrier or the second physical carrier
may include a primary component carricr and the other of the first physical carrier or the

second physical carrier may include a secondary component carrier.

[0249] At Dblock 2110, both the first physical carricr and the sccond physical carrier may be
monitorcd for a downlink control transmission for the first physical carricr. In some cascs,
the first physical carrier and the second physical carrier may also be monitored for a
downlink control transmission for the second physical carrier. The operation(s) at block 2110
may in some cases be performed using the communication management module 1220, 1265,

1460, and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the downlink
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control management module 1275 and/or 1305 described with reference to FIG. 12B and/or

13A, and/or the carrier monitoring module 1315 described with reference to FIG. 13A.

[0250] At block 2115, a system information broadcast may be received for the first
physical carrier over a physical broadcast channel of each of the first physical carrier and the
second physical carrier. The operation(s) at block 2115 may in some cases be performed
using the communication management module 1220, 1265, 1460, and/or 1681 described with
reference to FIG. 12A, 12B, 14, and/or 16, the downlink control management module 1275
and/or 1305 described with reference to FIG. 12B and/or 13A, and/or the system information

handling module 1330 described with reference to FIG. 13A.

[0251] The method 2100 may be performed in various contexts, such as, in a supplemental
downlink mode, in a carricr aggregation mode, or in a standalonec modc of operation in the

sccond radio frequency spectrum band.

[0252] Thus, the method 2100 may provide for wireless communication. It should be noted
that the method 2100 is just one implementation and that the opcerations of the method 2100

may be rearranged or otherwise modified such that other implementations arc possible.

[0253] FIG. 22 is a flow chart illustrating an example of a method 2200 for wireless
communication, in accordance with various aspects of the present disclosure. For clarity, the
method 2200 is described below with reference to aspects of one or more of the apparatuses
1215 and/or 1255 described with reference to FIG. 12A and/or 12B, and/or one or more of
the UEs 115, 215, 1415, and/or 1615 described with reference to FIG. 1, 2A, 2B, 14, and/or
16. In some embodiments, a device or UE such as one of the apparatuses 1215 or 1255, or
onc of thc UEs 115, 215, 1415, or 1615, may cxccute onc or more scts of codes to control the

functional clements of the device or UE to perform the functions described below.

[0254] At block 2205, at Icast a first physical carricr and a sccond physical carricr uscd by
an opecrator in an unlicensed or shared spectrum may be identified. The operation(s) at block
2205 may in some cases be performed using the communication management module 1220,
1265, 1460, and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the
downlink control management module 1275 and/or 1305 described with reference to FIG.
12B and/or 13A, and/or the carrier identification module 1310 described with reference to

FIG. 13A.
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[0255] In some cases, at least one of the first physical carrier or the second physical carrier
may include a primary component carrier and the other of the first physical carrier or the

second physical carrier may include a secondary component carrier.

[0256] At block 2210, both the first physical carrier and the second physical carrier may be
monitored for a downlink control transmission for the first physical carrier. The monitoring
may include monitoring a CSS including at least one resource set, as described, for example,
with reference to FIG. 9A and/or 9B. The operation(s) at block 2210 may in some cases be
performed using the communication management module 1220, 1265, 1460, and/or 1681
described with reference to FIG. 12A, 12B, 14, and/or 16, the downlink control management
module 1275 and/or 1305 described with reference to FIG. 12B and/or 13A, and/or the carrier

monitoring module 1315 described with reference to FIG. 13A.

[0257] In somec embodiments, at lcast one resource sct of the CSS may be scparate from a
USS, as described, for example, with reference to FIG. 9A. In other embodiments, at least

onc resource sct of the CSS may at least partially overlap a USS. In some cascs, that at lcast
partial overlap may be a complete overlap, as described, for example, with reference to FIG.

9B.

[0258] In some embodiments, the total number of resource scts monitored by a UE for the

CSS and a USS may be restricted.

[0259] In some embodiments, a location or locations of resources of the at least one
resource sct may be based on a cell ID of a cell that transmits information using the at least

onge resource sct.

[0260] The method 2200 may be performed in various contexts, such as, in a supplemental
downlink modec, in a carricr aggregation mode, or in a standalonc mode of opcration in the

second radio frequency spectrum band.

[0261] Thus, the method 2200 may provide for wircless communication. It should be noted
that the method 2200 is just one implementation and that the operations of the method 2200

may be rearranged or otherwise modified such that other implementations are possible.

[0262] FIG. 23 is a flow chart illustrating an example of a method 2300 for wircless
communication, in accordancc with various aspects of the present disclosure. For clarity, the

mcthod 2300 is described below with reference to aspects of one or more of the apparatuscs
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1215 and/or 1255 described with reference to FIG. 12A and/or 12B, and/or one or more of
the UEs 115, 215, 1415, and/or 1615 described with reference to FIG. 1, 2A, 2B, 14, and/or
16. In some embodiments, a device or UE such as one of the apparatuses 1215 or 1255, or
one of the UEs 115, 215, 1415, or 1615, may execute one or more sets of codes to control the

functional elements of the device or UE to perform the functions described below.

[0263] Atblock 2305, an indication of whether a CCA, such as a CCA as a part of an
ECCA operation, performed by a base station was successful, for a second physical carrier of
a shared spectrum, may be received over a first physical carrier of the shared spectrum. The
opcration(s) at block 2305 may in some cases be performed using the communication
management module 1220, 1265, 1460, and/or 1681 described with reference to FIG. 12A,
12B, 14, and/or 16, the CCA success indication management module 1280 and/or 1340
described with reference to FIG. 12B and/or 13B, and/or the CCA success indication

reception module 1345 described with reference to FIG. 13B.

[0264] In somc ecmbodiments, an uplink grant for the seccond physical carricr may be
received over the first physical carrier, and the indication of whether the CCA performed by
the base station was successful may be received as part of the uplink grant. In other
embodiments, a signal including the indication of whether the CCA performed by the base
station was successful may be received over the first physical carrier. The signal may in some
cases include at least one of a broadcast signal or a UE-specific signal. In yet other
embodiments, a downlink assignment index may be received over the first physical carrier,
and the indication of whether the CCA for the second physical carrier was successful may be

implicit in the downlink assignment index.

[0265] In some cases, at least one of the first physical carrier or the second physical carrier
may include a primary component carrier and the other of the first physical carrier or the

second physical carrier may include a secondary component carrier.

[0266] The method 2300 may be performed in various contexts, such as, in a supplemental
downlink mode, in a carrier aggregation mode, or in a standalone mode of operation in the

second radio frequency spectrum band.
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[0267] Thus, the method 2300 may provide for wireless communication. It should be noted
that the method 2300 is just one implementation and that the operations of the method 2300

may be rearranged or otherwise modified such that other implementations are possible.

[0268] FIG. 24 is a flow chart illustrating an example of a method 2400 for wireless
communication, in accordance with various aspects of the present disclosure. For clarity, the
method 2400 is described below with reference to aspects of one or more of the apparatuses
1215 and/or 1255 described with reference to FIG. 12A and/or 12B, and/or one or more of
the UEs 115, 215, 1415, and/or 1615 described with reference to FIG. 1, 2A, 2B, 14, and/or
16. In some embodiments, a device or UE such as one of the apparatuses 1215 or 1255, or
onc of the UEs 115, 215, 1415, or 1615, may execute onc or more scts of codes to control the

functional clements of the device or UE to perform the functions described below.

[0269] At block 2405, an indication of whether a CCA, such as a CCA as a part of an
ECCA opcration, performed by a base station was successful, for a second physical carrier of
a shared spectrum, may be received over a first physical carrier of the shared spectrum. The
opcration(s) at block 2405 may in some cascs be performed using the communication
management module 1220, 1265, 1460, and/or 1681 described with reference to FIG. 12A,
12B, 14, and/or 16, the CCA success indication management module 1280 and/or 1340
described with reference to FIG. 12B and/or 13B, and/or the CCA success indication

reception module 1345 described with reference to FIG. 13B.

[0270] In somc embodiments, an uplink grant for the seccond physical carricr may be
received over the first physical carrier, and the indication of whether the CCA performed by
the base station was successful may be received as part of the uplink grant. In other
embodiments, a signal including the indication of whether the CCA performed by the base
station was successful may be received over the first physical carrier. The signal may in some
cases include at least one of a broadcast signal or a UE-specific signal. In yet other
embodiments, a downlink assignment index may be received over the first physical carrier,
and the indication of whether the CCA for the second physical carrier was successful may be
implicit in the downlink assignment index. In some cases, a CSI feedback for the second
physical carrier in an uplink subframe may be determined based on the indication of whether
the CCA for the second physical carrier was successful. If the CCA indicates availability of a

channel, CSI may be measured and/or reported, such as based on reference signals in the
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frame including the CCA. In some examples, if the CCA indicates a channel or carrier is not
available, CSI may be measured and/or reported for that channel or carrier, such as based on

a previous frame, or CSI may be omitted for the frame.

[0271] At block 2410, a total ACK/NAK payload size in an uplink subframe may be
determined based on the indication of whether the CCA for the second physical carrier was
successful. The operation(s) at block 2410 may in some cases be performed using the
communication management module 1220, 1265, 1460, and/or 1681 described with reference
to FIG. 12A, 12B, 14, and/or 16, thc CCA success indication management module 1280
and/or 1340 described with reference to FIG. 12B and/or 13B, and/or the ACK/NACK

payload size determination module 1350 described with reference to FIG. 13B.

[0272] In some cascs, at least one of the first physical carrier or the second physical carrier
may include a primary component carricr and the other of the first physical carrier or the

sccond physical carrier may include a secondary component carrier.

[0273] The method 2400 may be performed in various contexts, such as, in a supplemental
downlink mode, in a carricr aggregation mode, or in a standalonec mode of operation in the

sccond radio frequency spectrum band.

[0274] Thus, the method 2400 may provide for wireless communication. It should be noted
that the method 2400 is just onc implementation and that the operations of the method 2400

may be rearranged or otherwise modified such that other implementations arc possible.

[0275] FIG. 25 is a flow chart illustrating an example of a method 2500 for wireless
communication, in accordance with various aspects of the present disclosure. For clarity, the
method 2500 is described below with reference to aspects of one or more of the apparatuses
1215 and/or 1255 described with reference to FIG. 12A and/or 12B, onc of the ¢NBs 105,
205, 1505, and/or 1605 described with reference to FIG. 1, 2A, 2B, 15, and/or 16, and/or onc
or morc of the UEs 115, 215, 1415, and/or 1615 described with reference to FIG. 1, 2A, 2B,
14, and/or 16. In somc cmbodiments, an apparatus, cNB, or UE such as onc of the
apparatuses 1215 or 1255, one of the eNBs 105, 205, 1505, or 1605, or onc of the UEs 115,
215, 1415, or 1615, may execute one or more scts of codes to control the functional elements

of the apparatus, eNB, or UE to perform the functions described below.
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[0276] At Dblock 2505, it may be determined, at a transmitting device such as a UE or eNB,
whether a total set of transmissions scheduled for a frame satisfies an occupied bandwidth
threshold for the frame. The operation(s) at block 2505 may in some cases be performed
using the communication management module 1220, 1265, 1460, 1590, 1641, and/or 1681
described with reference to FIG. 12A, 12B, 14, and/or 16, the occupied bandwidth
management module 1285 and/or 1360 described with reference to FIG. 12B and/or 13C,
and/or the occupied bandwidth determination module 1365 described with reference to FIG.
13C.

[0277] At block 2510, a filler signal may be transmitted over at least onc unscheduled
resource in the frame based on the determination made at block 2505 (e.g., based on a
determination that the occupicd bandwidth does not satisfy the occupied bandwidth threshold
of the frame). The operation(s) at block 2510 may in some cases be performed using the
communication management module 1220, 1265, 1460, 1590, 1641, and/or 1681 described
with rcference to FIG. 12A, 12B, 14, and/or 16, the occupicd bandwidth management module
1285 and/or 1360 described with reference to FIG. 12B and/or 13C, and/or the filler signal

transmission module 1370 described with reference to FIG. 13C.

[0278] In somc cascs, the filler signal may include a predetermined scquence, such as a

CUBS.

[0279] 'The mcthod 2500 may be performed in various contcxts, such as, in a supplemental
downlink modec, in a carricr aggregation mode, or in a standalonc modc of opceration in the

second radio frequency spectrum band.

[0280] Thus, the method 2500 may provide for wireless communication. It should be noted
that the method 2500 is just one implementation and that the operations of the method 2500

may be rearranged or otherwise modified such that other implementations are possible.

[0281] FIG. 26 is a flow chart illustrating an example of a method 2600 for wireless
communication, in accordancc with various aspects of the present disclosure. For clarity, the
method 2600 is described below with reference to aspects of one or more of the apparatuses
1215 and/or 1255 described with reference to FIG. 12A and/or 12B, one of the eNBs 105,
205, 1505, and/or 1605 described with reference to FIG. 1, 2A, 2B, 15, and/or 16, and/or one
or more of the UEs 115, 215, 1415, and/or 1615 described with reference to FIG. 1, 2A, 2B,
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14, and/or 16. In some embodiments, an apparatus, eNB, or UE such as one of the
apparatuses 1215 or 1255, one of the eNBs 105, 205, 1505, or 1605, or one of the UEs 115,
215, 1415, or 1615, may execute one or more sets of codes to control the functional elements

of the apparatus, eNB, or UE to perform the functions described below.

[0282] At block 2605, it may be determined, at a transmitting device such as a UE or eNB,
whether a total set of transmissions scheduled for a frame satisfies an occupied bandwidth
threshold for the frame. The operation(s) at block 2605 may in some cases be performed
using the communication management module 1220, 1265, 1460, 1590, 1641, and/or 1681
described with reference to FIG. 12A, 12B, 14, and/or 16, the occupicd bandwidth
management module 1285 and/or 1360 described with reference to FIG. 12B and/or 13C,
and/or the occupied bandwidth determination module 1365 described with reference to FIG.

13C.

[0283] At block 2610, a bandwidth of at lcast one channel transmitted over the frame may
be increased, based on the determination made at block 2605, to satisfy the occupied
bandwidth threshold for the frame. In some cases, increasing the bandwidth of the at least
onc channel transmitted over the frame may include reducing a modulation order or code rate
for the at least one channel transmitted over the frame. The operation(s) at block 2610 may
in some cascs be performed using the communication management module 1220, 1265, 1460,
1590, 1641, and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the
occupied bandwidth management module 1285 and/or 1360 described with reference to FIG.
12B and/or 13C, and/or the occupied bandwidth expansion module 1375 described with
reference to FIG. 13C.

[0284] The method 2600 may be performed in various contexts, such as, in a supplemental
downlink mode, in a carrier aggregation mode, or in a standalone mode of operation in the

second radio frequency spectrum band.

[0285] 'Thus, the method 2600 may provide for wireless communication. It should be noted
that the method 2600 is just one implementation and that the operations of the method 2600

may be rearranged or otherwise modified such that other implementations are possible.

[0286] FIG. 27 is a flow chart illustrating an example of a method 2700 for wireless

communication, in accordance with various aspects of the present disclosure. For clarity, the
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method 2700 is described below with reference to aspects of one or more of the apparatuses
1215 and/or 1255 described with reference to FIG. 12A and/or 12B, one of the eNBs 105,
205, 1505, and/or 1605 described with reference to FIG. 1, 2A, 2B, 15, and/or 16, and/or one
or more of the UEs 115, 215, 1415, and/or 1615 described with reference to FIG. 1, 2A, 2B,
14, and/or 16. In some embodiments, an apparatus, eNB, or UE such as one of the
apparatuses 1215 or 1255, onc of the eNBs 105, 205, 1505, or 1605, or onc of the UEs 115,
215, 1415, or 1615, may execute one or more scts of codes to control the functional clements

of the apparatus, cNB, or UE to perform the functions described below.

[0287] At block 2705, it may be determined, at a transmitting device such as a UE or ¢NB,
whether a total set of transmissions scheduled for a frame satisfies an occupied bandwidth
threshold for the frame. The opcration(s) at block 2705 may in some cases be performed
using thc communication management module 1220, 1265, 1460, 1590, 1641, and/or 1681
described with reference to FIG. 12A, 12B, 14, and/or 16, the occupicd bandwidth
management module 1285 and/or 1360 described with reference to FIG. 12B and/or 13C,
and/or the occupicd bandwidth determination module 1365 described with reference to FIG.
13C.

[0288] At block 2710, scarch spacc resources may be allocated to at lcast onec UE bascd on
the determination made at block 2705. The opcration(s) at block 2710 may in some cascs be
performed using the communication management module 1220, 1265, 1460, 1590, 1641,
and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the occupied
bandwidth management module 1285 and/or 1360 described with reference to FIG. 12B
and/or 13C, and/or the resource allocation module 1380 described with reference to FIG.

13C.

[0289] The method 2700 may be performed in various contexts, such as, in a supplemental
downlink mode, in a carrier aggregation mode, or in a standalone mode of operation in the

second radio frequency spectrum band.

[0290] Thus, the method 2700 may provide for wireless communication. It should be noted
that the method 2700 is just one implementation and that the operations of the method 2700

may be rearranged or otherwise modified such that other implementations are possible.
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[0291] FIG. 28 is a flow chart illustrating an example of a method 2800 for wireless
communication, in accordance with various aspects of the present disclosure. For clarity, the
method 2800 is described below with reference to aspects of one or more of the apparatuses
1215 and/or 1255 described with reference to FIG. 12A and/or 12B, and/or one or more of
the UEs 115, 215, 1415, and/or 1615 described with reference to FIG. 1, 2A, 2B, 14, and/or
16. In some embodiments, a device or UE such as one of the apparatuses 1215 or 1255, or
onc of the UEs 115, 215, 1415, or 1615, may exccute onc or more scts of codes to control the

functional clements of the device or UE to perform the functions described below.

[0292] At block 2805, a control format indicator value for a frame may be received over a
physical carrier in a shared spectrum. The operation(s) at block 2805 may in some cascs be
performed using the communication management module 1220, 1265, 1460, and/or 1681
described with reference to FIG. 12A, 12B, 14, and/or 16, the control format indicator valuc
management module 1290 and/or 1390 described with reference to FIG. 12B and/or 13C,
and/or the control format indicator value reception module 1392 described with reference to
FIG. 13D.

[0293] In some embodiments, the control format indicator value may be received during a
first subframe of a frame, and in some cases during a first symbol of the first subframe. In

other embodiments, the control format indicator value may be received during a last symbol
of a last subframe of a frame. A bitwidth of the control format indicator value may be based

on the structure of a frame.

[0294] At block 2810, a number of subframes of the frame to be used by a base station for
downlink transmissions over the physical carrier may be determined based on the control
format indicator value received at block 2805. The operation(s) at block 2810 may in some
cases be performed using the communication management module 1220, 1265, 1460, and/or
1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the control format indicator
value management module 1290 and/or 1390 described with reference to FIG. 12B and/or
13D, and/or the subframe usage determination module 1394 described with reference to FIG.

13D.

[0295] The method 2800 may be performed in various contexts, such as, in a supplemental
downlink mode, in a carrier aggregation mode, or in a standalone mode of operation in the

second radio frequency spectrum band.
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[0296] Thus, the method 2800 may provide for wireless communication. It should be noted
that the method 2800 is just one implementation and that the operations of the method 2800

may be rearranged or otherwise modified such that other implementations are possible.

[0297] FIG. 29 is a flow chart illustrating an example of a method 2900 for wireless
communication, in accordance with various aspects of the present disclosure. For clarity, the
method 2900 is described below with reference to aspects of one or more of the apparatuses
1215 and/or 1255 described with reference to FIG. 12A and/or 12B, and/or one or more of
the UEs 115, 215, 1415, and/or 1615 described with reference to FIG. 1, 2A, 2B, 14, and/or
16. In some embodiments, a device or UE such as one of the apparatuses 1215 or 1255, or
onc of the UEs 115, 215, 1415, or 1615, may execute onc or more scts of codes to control the

functional clements of the device or UE to perform the functions described below.

[0298] At block 2905, a control format indicator valuc for a frame may be received over a
physical carrier in a shared spectrum. The operation(s) at block 2905 may in some cascs be
performed using the communication management module 1220, 1265, 1460, and/or 1681
described with reference to FIG. 12A, 12B, 14, and/or 16, the control format indicator value
management module 1290 and/or 1390 described with reference to FIG. 12B and/or 13C,
and/or the control format indicator value reception module 1392 described with reference to

FIG. 13D.

[0299] In some embodiments, the control format indicator value may be received during a
first subframe of a frame, and in some cases during a first symbol of the first subframe. In

other embodiments, the control format indicator value may be received during a last symbol
of a last subframe of a frame. A bitwidth of the control format indicator value may be based

on the structure of a frame.

[0300] At block 2910, a number of subframes of the frame to be used by a base station for
downlink transmissions over the physical carrier may be determined based on the control
format indicator value received at block 2905. The operation(s) at block 2910 may in some
cases be performed using the communication management module 1220, 1265, 1460, and/or
1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the control format indicator
value management module 1290 and/or 1390 described with reference to FIG. 12B and/or
13D, and/or the subframe usage determination module 1394 described with reference to FIG.

13D.
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[0301] Atblock 2915, a sleep schedule of a UE for the frame may be determined based on
the control format indicator value received at block 2905. The operation(s) at block 2915
may in some cases be performed using the communication management module 1220, 1265,
1460, and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the control
format indicator value management module 1290 and/or 1390 described with reference to
FIG. 12B and/or 13D, and/or the slecp schedule determination module 1396 described with
reference to FIG. 13D.

[0302] The method 2900 may be performed in various contexts, such as, in a supplemental
downlink mode, in a carricr aggregation mode, or in a standalonec modc of operation in the

sccond radio frequency spectrum band.

[0303] Thus, the method 2900 may provide for wireless communication. It should be noted
that the method 2900 is just one implementation and that the operations of the method 2900

may be rearranged or otherwise modified such that other implementations arc possible.

[0304] FIG. 30 is a flow chart illustrating an example of a method 3000 for wircless
communication, in accordance with various aspects of the present disclosure. For clarity, the
method 3000 is described below with reference to aspects of one or more of the apparatuses
1215 and/or 1255 described with reference to FIG. 12A and/or 12B, and/or one or more of
the UEs 115, 215, 1415, and/or 1615 described with reference to FIG. 1, 2A, 2B, 14, and/or
16. In some embodiments, a device or UE such as one of the apparatuses 1215 or 1255, or
onc of thc UEs 115, 215, 1415, or 1615, may cxccute onc or more scts of codes to control the

functional clements of the device or UE to perform the functions described below.

[0305] At block 3005, a control format indicator valuc for a frame may be received over a
physical carrier in a shared spectrum. The operation(s) at block 3005 may in some cascs be
performed using the communication management module 1220, 1265, 1460, and/or 1681
described with reference to FIG. 12A, 12B, 14, and/or 16, the control format indicator value
management module 1290 and/or 1390 described with reference to FIG. 12B and/or 13C,
and/or the control format indicator value reception module 1392 described with reference to

FIG. 13D.

[0306] In some embodiments, the control format indicator value may be received during a

first subframe of a frame, and in some cases during a first symbol of the first subframe. In
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other embodiments, the control format indicator value may be received during a last symbol
of a last subframe of a frame. A bitwidth of the control format indicator value may be based

on the structure of a frame.

[0307] Atblock 3010, a number of subframes of the frame to be used by a base station for
downlink transmissions over the physical carrier may be determined based on the control
format indicator value received at block 3005. The operation(s) at block 3010 may in some
cases be performed using the communication management module 1220, 1265, 1460, and/or
1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the control format indicator
valuc management module 1290 and/or 1390 described with reference to FIG. 12B and/or
13D, and/or the subframc usage determination module 1394 described with reference to FIG.

13D.

[0308] Atblock 3015, ACK/NACK transmissions may be scheduled by a UE based on the
control format indicator valuc received at block 3005. The operation(s) at block 3015 may in
some cases be performed using the communication management module 1220, 1265, 1460,
and/or 1681 described with reference to FIG. 12A, 12B, 14, and/or 16, the control format
indicator valuc management module 1290 and/or 1390 described with reference to FIG. 12B
and/or 13D, and/or thec ACK/NACK scheduling module 1398 described with reference to
FIG. 13D.

[0309] The mcthod 3000 may be performed in various contcxts, such as, in a supplemental
downlink modec, in a carricr aggregation mode, or in a standalonc modc of opceration in the

second radio frequency spectrum band..

[0310] 'Thus, the method 3000 may provide for wircless communication. It should be noted
that the method 3000 is just one implementation and that the operations of the method 3000

may be rearranged or otherwise modified such that other implementations are possible.

[0311] In some cascs, two or more of the methods 1700, 1800, 1900, 2000, 2100, 2200,
2300, 2400, 2500, 2600, 2700, 2800, 2900, and/or 3000 described with reference to FIG. 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, and/or 30 may be combined.

[0312] The detailed description set forth above in connection with the appended drawings
describes exemplary embodiments and does not represent the only embodiments that may be

implemented or that are within the scope of the claims. The terms “example” and
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"exemplary," when used in this description, mean "serving as an example, instance, or
illustration,” and not “preferred” or “advantageous over other embodiments.” The detailed
description includes specific details for the purpose of providing an understanding of the
described techniques. These techniques, however, may be practiced without these specific
details. In some instances, well-known structures and devices are shown in block diagram

form in order to avoid obscuring the concepts of the described embodiments.

[0313] Information and signals may be represented using any of a variety of different
technologies and techniques. For example, data, instructions, commands, information,
signals, bits, symbols, and chips that may be referenced throughout the above description
may be represented by voltages, currents, electromagnetic waves, magnetic ficlds or particles,

optical ficlds or particles, or any combination thereof.

[0314] The various illustrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
digital signal processor (DSP), an ASIC, an FPGA or other programmable logic device,
discrete gate or transistor logic, discrete hardware components, or any combination thereof
designed to perform the functions described herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional processor,
controllcr, microcontroller, or statc machinc. A proccssor may also be implemented as a
combination of computing devices, e.g., a combination of a DSP and a microprocessor,
multiple microprocessors, one or more microprocessors in conjunction with a DSP core, or

any other such configuration.

[0315] The functions described herein may be implemented in hardware, software executed
by a processor, firmware, or any combination thereof. If implemented in software executed
by a processor, the functions may be stored on or transmitted over as one or more instructions
or code on a computer-readable medium. Other examples and implementations are within the
scope and spirit of the disclosure and appended claims. For example, due to the nature of
software, functions described above can be implemented using software executed by a
processor, hardware, firmware, hardwiring, or combinations of any of these. Features
implementing functions may also be physically located at various positions, including being
distributed such that portions of functions are implemented at different physical locations.

Also, as used herein, including in the claims, “or” as used in a list of items prefaced by “at
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least one of” indicates a disjunctive list such that, for example, a list of “at least one of A, B,

or C” means A or B or C or AB or AC or BC or ABC (i.e., A and B and C).

[0316] Computer-readable media includes both computer storage media and
communication media including any medium that facilitates transfer of a computer program
from one place to another. A storage medium may be any available medium that can be
accessed by a general purpose or special purpose computer. By way of example, and not
limitation, computer-readable media can comprise RAM, ROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage or other magnetic storage devices, or any
other medium that can be used to carry or storc desired program code means in the form of
instructions or data structurcs and that can be accessed by a general-purpose or special-
purposc computcr, or a gencral-purpose or special-purpose processor. Also, any connection
is properly termed a computer-readable medium. For cxample, if the softwarc is transmitted
from a wcbsite, scrver, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologics such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wircless
technologies such as infrared, radio, and microwave are included in the definition of medium.
Disk and disc, as used herein, include compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and Blu-ray disc where disks usually reproduce data
magnetically, while discs reproduce data optically with lasers. Combinations of the above

are also included within the scope of computer-readable media.

[0317] The previous description of the disclosure is provided to enable a person skilled in
the art to make or use the disclosure. Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the generic principles defined herein may be applied
to other variations without departing from the spirit or scope of the disclosure. Throughout
this disclosure the term “example” or “exemplary” indicates an example or instance and does
not imply or require any preference for the noted example. Thus, the disclosure is not to be
limited to the examples and designs described herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.
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CLAIMS:

I. A method at a user equipment, UE, for wireless communication, comprising:

monitoring in a shared spectrum, in which spectrum transmitting devices contend
for access, a first physical carrier and a second physical carrier for control information
used to dynamically schedule at least one physical carrier of the physical carriers, wherein
monitoring the physical carriers includes monitoring a restricted number of decoding
candidates on at least one of the physical carriers, wherein restricting a number of blind
decoding candidates is based on cross-carrier scheduling between the physical carriers;

receiving over a physical carrier of the physical carriers a control format indicator
value for a frame; and

determining, based on the control format indicator value, a number of subframes
of the frame to be used by a base station for downlink transmissions over the at lcast one

physical carrier of the physical carriers.

2. The method of claim 1, further comprising:
scheduling acknowledgment, ACK/negative-acknowledgment, NACK,

transmissions by the UE based on the control format indicator value.

3. The method of claim 1, wherein the control format indicator value is received

during a first subframe of the frame.

4. The method of claim 3, wherein the control format indicator value is received

during a first symbol of the first subframe of the frame.

5. The method of claim 1, wherein the control format indicator value is received

during a last subframe of a previous frame.

6. The method of claim 1, wherein the control format indicator value is received

during a first symbol of a subframe of the frame.

7. The method of claim 1, wherein a bitwidth of the control format indicator value is

based on a structure of the frame.

8. The method of claim 1, wherein the control format indicator value indicates at

least one of an end of transmission, if data is to be transmitted during the frame, a number

Date Regue/Date Received 2022-03-18
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of subframes of the frame to be used for transmission, and a final subframe for

transmission.

9. The method of claim 1, wherein the control format indicator value is received as a
part of at least one of a Channel Usage Pilot Signal, CUPS, Channel Usage Beacon Signal,
CUBS, cell-specific reference signal, CRS, enhanced CRS, eCRS, transmission format
indicator channel, TFICH, enhanced TFICH, ¢TFICH, physical control format indicator
channel, PCFICH, and enhanced PCFICH, EPCFICH.

10. An apparatus for wireless communication, comprising:

a processor; and
a memory coupled to the processor; wherein the processor is configured to:

monitor in a shared spectrum, in which spectrum transmitting devices
contend for access, a first physical carrier and a second physical carrier for
control information used to dynamically schedule at least one physical carrier of
the physical carriers wherein monitoring the plurality of physical carriers includes
monitoring a restricted number of decoding candidates on at least one of the
physical carriers, wherein restricting the number of decoding candidates is based
on cross-carrier scheduling between the physical carriers;

receive over a physical carrier of the physical carriers a control format
indicator value for a frame; and

determine, based on the control format indicator value, a number of
subframes of the frame to be used by a base station for downlink transmissions

over the at least one physical carrier of the physical carriers.

11 The apparatus of claim 10, wherein the processor is further configured to:
schedule acknowledgment, ACK/negative-acknowledgment, NACK,

transmissions by the UE based on the control format indicator value.

12. The apparatus of claim 10, wherein the control format indicator value is received

during a first subframe of the frame.

13. The apparatus of claim 10, wherein the control format indicator value is received

during a last subframe of a previous frame.

Date Regue/Date Received 2022-03-18
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14. The apparatus of claim 10, wherein the control format indicator value is received

during a first symbol of a subframe of the frame.

15. A computer program product comprising a computer readable memory storing
computer executable instructions thereon that when executed by a computer perform the

5  method steps of any one of claims 1 to 9.

Date Regue/Date Received 2022-03-18
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Monitor both the first physical carrier | 1g1¢
and the second physical carrier fora |~
downlink control transmission for the
first physical carrier

Y

Blind decode the downlink control
transmission for the first physical 1815
carrier based on the common set of
possible DCI formats and/or the
common set of DCI sizes

FIG. 18
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1900

Identify at least a first physical carrier | 1905
and a second physical carrier used by ~
an operator in a shared spectrum

Y

Restrict a number of blind decodes
performed for the downlink control
transmission on at least one of the first | 1910
physical carrier or the second physical ~
carrier based on a cross-carrier
scheduling between the first physical
carrier and the second physical carrier

Y

Monitor both the first physical carrier | 1915
and the second physical carrier for a
downlink control transmission for the
first physical carrier

A

Perform a number of blind decodes for

the downlink control transmission on at

least one of the first physical carrier or
the second physical carrier

1920

FIG. 19
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2000

Identify at least a first physical carrier | 2005
and a second physical carrier used by ~
an operator in a shared spectrum

Y

Monitor both the first physical carrier | 5010
and the second physical carrier for a
downlink control transmission for the
first physical carrier

Y

Monitor a shared data channel of the
. X 2015
first physical carrier for system
information for the first physical
carrier

Y

Receive the system information for the [ 505
first physical carrier via dedicated
signaling over the shared data channel
of the first physical carrier

FIG. 20
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2100

Identify at least a first physical carrier | 2105
and a second physical carrier used by ~
an operator in a shared spectrum

Y

Monitor both the first physical carrier | 511
and the second physical carrier for a
downlink control transmission for the
first physical carrier

Y

Receive a system information

broadcast for the first physical carrier | 2115

over a physical broadcast channel of ~

cach of the first physical carrier and the
second physical carrier

FIG. 21
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Identify at least a first physical carrier
and a second physical carrier used by
an operator in a shared spectrum

Y

Monitor both the first physical carrier
and the second physical carrier for a
downlink control transmission for the
first physical carrier, the monitoring
including monitoring a common search
space, the common search space
including at least one resource set

FIG. 22
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2300

Receive over a first physical carrier of
a shared spectrum an indication from a
base station of whether a clear channel | 2305
assessment (CCA) performed by the ~
base station for a second physical
carrier of the shared spectrum was
successful

FIG. 23
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2400

Receive over a first physical carrier of
a shared spectrum an indication from a
base station of whether a clear channel | 2405
assessment (CCA) performed by the
base station for a second physical
carrier of the shared spectrum was
successful

Y

Determine a total ACK/NAK payload | 1410
size in an uplink subframe based on the
indication of whether the CCA for the
second physical carrier was successful

FIG. 24
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2500

Determine, at a transmitting device,
whether a total set of transmissions 2505
scheduled for a frame satisfiesan P~
occupied bandwidth threshold for the
frame

Y

Transmit a filler signal over at least | 2510
one unscheduled resource in the frame ¥~
based on the determination

FIG. 25
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Determine, at a transmitting device,
whether a total set of transmissions
scheduled for a frame satisfies an
occupied bandwidth threshold for the
frame

Y

Increase a bandwidth of at least one
channel transmitted over the frame,
based on the threshold, to satisfy the
occupied bandwidth threshold for the
frame

FIG. 26
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2700

Determine, at a transmitting device,
whether a total set of transmissions 2705
scheduled for a frame satisfiesan P~
occupied bandwidth threshold for the
frame

Y

Allocate search space resources to at | 2710
least one user equipment (UE) based ~
on the determination

FIG. 27
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2800

Receive, over a physical carrierina | 2805
shared spectrum, a control format ~
indicator value for a frame

Y

Determine, based on the control format
indicator value, a number of subframes | 2810
of the frame to be used by a base
station for downlink transmissions over
the physical carrier

FIG. 28
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Receive, over a physical carrier in a
shared spectrum, a control format
indicator value for a frame

Y

Determine, based on the control format
indicator value, a number of subframes
of the frame to be used by a base
station for downlink transmissions over
the physical carrier

Y

Determine a sleep schedule of a UE for
the frame based on the control format
indicator value

FIG. 29
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Receive, over a physical carrier in a
shared spectrum, a control format
indicator value for a frame

Y

Determine, based on the control format
indicator value, a number of subframes
of the frame to be used by a base
station for downlink transmissions over
the physical carrier

Y

Schedule ACK/NAK transmissions by
a UE based on the control format
indicator value

FIG. 30
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