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ABSTRACT

The subject technology provides for performing clear channel assessment (CCA) in
LTE-U. Transmissions may be monitored in a resource reserved for CCA. An energy of the
transmissions is detected over a shorter duration than an assigned slot in the resource reserved
for CCA. A beacon may be transmitted in a slot assigned to a wireless entity for CCA in
response to detecting a clear channel based on the monitoring. In another aspect, a beacon
transmission for CCA and a timing for the monitoring are adapted in response to detecting the
transmissions for a consecutive number of CCA periods. Further, the subject technology
provides for adjusting to a maximum power for transmission of a beacon in a slot assigned to

a mobile station for CCA in response to detecting a clear channel based on the monitoring.
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LTE-UNLICENSED BAND CLEAR CHANNEL ASSESSMENT OPERATIONS

{6061 This application is a divisional of Canadian Patent Application No. 2924585 filed
October 7,2014.
FIKLD
{0002} Aspects of the present disclosure relate generally to wireless communication

systems, and more particularly, to methods for transmission using LTE m Unlicensed band

("LTE-U™) clear channel assessment (CCA),

BACKGROUND

{0063} Wireless communication wetworks are widely deploved to provide varnious
conummnication services such as voice. video, packet data, messaging, broadcast, cte.
These wireless networks may be mnltiple-access networks capable of supporting multiple
users by sharing the available network resources.  Fxamples of such multiple-access
networks include Code Division Multiple Access {(CDMA) networks, Time Division
Multiple Access {TDMA} networks, Frequency Division Multiple Access (FDMA)
networks, Orthogonal FDMA (OFDMA)} networks, and Single-Carrier FDMA (SC-FDMA)
networks,

{8084} A wircless conumunication network may nchude a number of access point that can
support communication for a number of mobile devices, such as, for example, mobile
stations (STA), laptops, cell phones, PDAs, tablets, ete. A STA may communicate with an
access point via the downlink (DL and uplink (UL). The DL {or forward link) refers to the
communication link from the access point to the STA, and the UL {or reverse link) refers to
the commumnication link from the STA to the access point.

SUMMARY

{B0a%] Methods, apparatus and systems for performing clear channel assessment (CCA} in

LTE techniques are described in the detailed description, and certain aspects are

summarized below. This summary and the following detailed description should be
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interpreted as complementary parts of an integrated disclosurc, which parts may include
redundant subject matter and/or supplemental subject matter. An omission in either section
does not indicate priority or relative impertance of any element described in the integrated
application. Differences between the sections may include supplemental disclosures of
alternative embodiments, additional details, or alternative descriptions of identical
embodiments using different terminology, as should be apparent from the respective
disclosures.

[{0006] In an aspect, a method for performing clear channel assessment (CCA) in LTE-U is
provided. The mcthod may include monitoring for transmissions in a resource rescrved for
CCA, and detecting an energy of the transmissions over a shorter duration than an assigned
slot in the resource reserved for CCA. The shorter duration may be based on at least one
guard period at the edges of the assigned slot. The method may further include transmitting
a beacon in a slot assigned to a wireless entity for CCA in response to detecting a clear
channel based oun the monitoring. The transmissions may follow a timing mask having an
off time period with a first predetermined time offset before an orthogonal frequency
division multiplexing (OFDM} symbol boundary, and an on period with a second
predetermined tirne offset after the OFDM symbol boundary. The method may further
include adapting a beacon transmission for CCA and a timing for the monitoring in
response to detecting the transmissions for a consecutive number of CCA periods.
Adapting the beacon transmission may further include transmitting the beacon in an
auxiliary resource reserved for CCA. The method may further include biasing timing for
detected transmissions to determine blocking by intra-PLMN nodes. In a further aspect, the
method may include adjusting to a maximum power for transmission of a beacon in a slot
assigned to a mobile station for CCA in response to detecting a clear channel based on the
monitoring.

{0007] In another aspect, a method for an access point performing timing advance in LTE-
U may be provided. The method may include receiving, from at least one mobile station, at
least one message comprising timing information from the at least one mobhile station, and
determining, using the received timing information, at least one timing advance parameter
for channel usage beacon signals (CUBS) transmission and an associated clear channel

assessment (CCA) window for the at least one mobile station based on reducing a timing
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difference between the at least mobile station. The receiving may include at least one of
receiving a random access preamble or receiving at least one Rx-Tx timing difference
report comprising the timing information. The transmit timing of CUBS may be different
from the transmit timing of PUSCH. The method may further include transmitting at Jeast
two timing advance commands to a same mobile station. The transmit timing of CUBS
may be the same as a transmit timing from a PUSCH.

| 0008} in a further aspect, a mcthod for performing, at an acccss point, uplink power
control for a mobile station that needs to perform CCA m LTE-U may be provided. The
method may include determining a target received power for CUBS transmissions based on
a CCA power threshold and a power margin based on mobile stations of neighboring access
points. The method may further include determining a slope of a transmission power as a
function of an estimated path loss for CUBS transmission. The method may also include
sending the determined target received power and the determined slope to the mobile
station. The power margin may be further based on an antenna gain different plus a path
loss difference. The slope may be deterrmined such that CUBS transmissions have a similar
power level for mobile stations with small path losses and with large path losses. Further,
the slope may be determined such that CUBS transmissions bave higher power for mobile
stations with smaller path losses,

{6009] In related aspects, a3 wireless communications apparatus may be provided for
performing any of the methods and aspects of the methods summarized above. An
apparatus may includc, for cxample, a processor coupled to a memory, whercin the memory
helds instructions for execution by the processor to cause the apparatus to perform
operations as described above. Certain aspects of such apparatus (e.g., hardware aspecis)
may be exemplified by equipment such as mobile entities or base stations of various types
used for wireless communications. Similarly, an article of manufacture may be provided,
including a non-transitory computer-readable medium holding cncoded instructions, which
when executed by a processor, cause a wircless convmunications apparatus to perform the
methods and aspects of the methods as summarized above.

{0010] Al of the operations of the foregoing methods may be performed by a network
entity or entities of a wireless communication systemy(s), using components as described in

more detail elsewhere herein.
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[0010a] According to one aspect of the present invention, there is provided a method for an
access point in LTE-Unlicensed band (LTE-U), the method comprising: receiving,
from each of a plurality of mobile stations, at least one message comprising timing
information; and determining, using the received timing information, at least one
timing advance parameter for channel usage beacon signals (CUBS) transmission
and an associated clear channel assessment (CCA) window for at least one mobile
station based on reducing a timing difference between the plurality of mobile

stations.

[0010b] According to another aspect of the present invention, there is provided an apparatus
for performing timing advance in LTE-Unlicensed band (LTE-U), the apparatus
comprising: means for receiving, from each of a plurality of mobile stations, at least
one message comprising timing information; and means for determining, using the
received timing information, at least one timing advance parameter for channel
usage beacon signals (CUBS) transmission and an associated Clear Channel
Assessment (CCA) window for at least one mobile station based on reducing a

timing difference between the plurality of mobile stations.

[0010c] According to still another aspect of the present invention, there is provided a non-
transitory computer-readable medium storing instructions, the instructions
comprising: one or more instructions that, when executed by at least one processor
of an access point, cause the access point to: receive, from each of a plurality of
mobile stations, at least one message comprising timing information; and
determine, using the received timing information, at least one timing advance
parameter for channel usage beacon signals (CUBS) transmission and an associated
Clear Channel Assessment (CCA) window for at least one mobile station based on

reducing a timing difference between the plurality of mobile stations.

[0010d] According to yet another aspect of the present invention, there is provided a method
for a mobile station of a plurality of mobile stations, the method comprising:
transmitting at least one message comprising timing information to an access point,
wherein timing information transmitted by each of the plurality of mobile stations is

used the access point to determine at least one timing advance parameter for
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channel usage beacon signals (CUBS) transmission and an associated clear channel
assessment (CCA) window for at least one mobile station of the plurality of mobile
stations based on reducing a timing difference between the plurality of mobile

stations.

[0010e] According to a further aspect of the present invention, there is provided a mobile
station of a plurality of mobile stations, the mobile station comprising: means for
transmitting at least one message comprising timing information to an access point,
wherein timing information transmitted by each of the plurality of mobile stations is
used by the access point to determine at least one timing advance parameter for
channel usage beacon signals (CUBS) transmission and an associated clear channel
assessment (CCA) window for at least one mobile station of the plurality of mobile

stations.

[0010f] According to yet a further aspect of the present invention, there is provided a
mobile station of a plurality of mobile stations, the mobile station comprising: at
least one transceiver configured for transmitting, to an access point, at least one
message comprising timing information, wherein timing information transmitted by
each of the plurality of mobile stations is useable by the access point to determine at
least one timing advance parameter for channel usage beacon signals (CUBS)
transmission and an associated clear channel assessment (CCA) window for at least

one mobile station of the plurality of mobile stations.

[0010g] According to still a further aspect of the present invention, there is provided a non-
transitory computer-readable medium storing instructions, the instructions
comprising: one or more instructions that, when executed by at least one processor of
a mobile station of a plurality of mobile stations, cause the mobile station to: transmit
at least one message comprising timing information to an access point, wherein
timing information transmitted by each of the plurality of mobile stations is used by
the access point to determine at least one timing advance parameter for channel usage
beacon signals (CUBS) transmission and an associated clear channel assessment

(CCA) window for at least one mobile station of the plurality of mobile stations.

Date Regue/Date Received 2021-10-15
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BRIEF DESCRIPTION OF THE DRAWINGS
jee11) FIG. 1 is a block diagram conccptually illustrating an cxample of a
telecommunications system.
10012} FIG. 2 is a block diagram illustrating an example of a downlink frame structure in a

telecommunications system.

[0013] FIG. 3 is a block diagram illustrating a design of a base station/eNB and a UE
configured according to one aspect of the present disclosure.

[0014) FIG. 4A discloses a contiguous carrier aggregation type.

{0015) FIG. 4B discloses a non-contiguous carrier aggregation type.

[{6016) FIG. 5 illustrates cxample clcar channcl asscssment (CCA) placcment options in a

downlink subframe structure.
[(0017) FIG. ¢ illustrates CCA placenient options im an example time division duplex

(TDD) frame structure.

[0018] FIG. 7 illustrates CCA in an example wireless comnmnication systent,

{0019] FIG. 8 iltustrates CCA for two nodes having a timing offset.

[0020] FIG. 9 illustrates CCA for two nedes having another timing offset.

{6021} FIG. 10 illustrates a shifted timing mask.

{6022] FIG. 11 illustrates an embodiment of methodologies for CCA in LTE-U,

{0023] FIG. 12 illustrates another embodiment of methodologies for CCA in LTE-U.

{0024] FIG. 13 illustrates embodiment of methodologies for timing advance in LTE-U.

[6025) FIG. 14 illustrates yet anothet embodiment of methodologies for CCA in LTE-U.,

{0026} FIG. 15 illustrates yet another embodiment of methodologies for CCA in LTE-U.

{0027] FIG. 16 illustrates yet another embodiment of methodologies for CCA in LTE-U.

{0028] FIG. 17 illustrates an example apparatus for implementing the methodology of FIG.
11.

{0029] FIG. 18 illustrates an example apparatus for implementing the methodology of FIG.
12.

[0030] FIG. 19 illustrates an example apparatus for implementing the methodology of FIG.
13.
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{0031] FIG. 20 illustratcs an cxamplc apparatus for implementing the methodology of FIG.
14,

[6032] FIG. 21 illustrates an cxample apparatus for implementing the methodology of FIG.
15.

[6033] FIG. 22 illustrates an example apparatus for implementing the methodelogy of FIG.
16.

DETAILED DESCRIPTION
{0034] The detailed description sct forth below, in connection with the appended drawings,

is intended as a description of various configurations and is not mtended (o represent the
only configurations in which the concepts described herein may be practiced. The detailed
description includes specific details for the purpose of providing a thorough understanding
of the various concepts. However, it will be apparent to those skilled in the art that these
concepts may be practiced without these specific details. In some instances, well-known
structures and components are shown in block diagram form in order to avoid obscuring
such concepts.

{0035) The technigues deseribed herein may be used for various wircless communication
networks such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and other nctworks. The
terms “network” and “systein” are often used interchangeably. A CDMA. network may
miplement a radio technology such as Universal Terrestrial Radio Access (UTRA),
CDMAZ2000, etc. UTRA ijocludes Wideband CDMA (WCDMA) and other variants of
CDMA. CDMAZ2000 covers IS-2000, IS-95 and IS-856 standards. A TDMA network may
implement a radio technology such as Global System for Mobile Communications (GSM).
An OFDMA network may implement a radio technology such as Evolved UTRA (E-
UTRA), Ulira Mobile Broadband (UMB), TEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX),
IEEE 802.20, Flash-OFDMA, ete. UTRA and E-UTRA are part of Universal Mobile
Telecomnmmnication System (UMTS). 3GPP Long Term Evolution (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). CDMAZ000 and UMB are described in
documents from an organization named “3rd Generation Partership Project 2 (3GPP2).

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

[0036] FIG. 1 shows a wireless communication network 100, which may be an LTE
network. The wircless network 100 may include a number of eNBs 110 and other network
entitics. An ¢NB may be a station that communicates with the UEs and may also be
referred to as a base station, a Node B, an access point, or other term. Each ¢NB 110a,
110b, 110¢c may provide communication coverage for a particular geographic arca. In
3GPP, the term *cell” can refer to a coverage arca of an ¢eNB and/or an ¢NB subsysiem
serving this coverage area, depending on the context in which the term is used.

{6037] An eNB may provide communication coverage for a macro cell, a pico cell, a femto
cell, and/or other types of cell. A macro cell may cover a relatively large geographic area
{e.g., several kilometers in radius) and may allow unrestricted access by UEs with service
subscription. A pico cell may cover a relatively small geographic area and may allow
unrestricted access by UEs with service subscription. A femto cell may cover a relatively
small geographic area (e.g., a home) and may allow restricted access by UEs having
association with the femto cell {(e.g., UEs in a Closed Subscriber Group (CSG), UEs for
uscrs in the home, cte.). An ¢NB for a macro cell may be referred to as a macro cNB. An
eNB for a pico cell may be referred to as a pico eNB. An eNB for a femto cell may be
referred to as a femto eNB or a home ¢NB (HNB). In the example shown in FIG. 1, the
eNBs 110a, 110b and 110c may be macro eNBs for the macro cells 102a, 102b and 102c¢,
respectively. The eNB 110x may be a pico eNB for a pico cell 102x, serving a UE 120x.
The eNBs 110y and 110z may be femto eNBs for the femto cells 102y and 102z,
respectively. An eNB may support one or multiple (e.g., three) cells.

[0038] The wireless network 100 may be a heterogeneous network that includes eNBs of
diffcrent types, e.g., macre cNBs, pico cNBs, fomto ¢NBs, rclays, cte. Thesc different
types of eNBs may have different transmit power levels, different coverage areas, and
different impact on interference in the wireless network 100. For example, macro eNBs
may have a high transmit power level (e.g., 20 Watts) whereas pico eNBs, femto eNBs and

relays may have a lower transmit power level (e.g., 1 Watt).
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10039] The wircless network 100 may support synchronons or asynchronous operation.
Broadcast multicast operations may require synchronization of base stations within a
defined area, but the present technology is not limited thereby. For synchronous operation,
the ¢eNBs may have similar frame timing, and transmissions from different eNBs may be
approximately aligned in time. For asynchronous operation, the eNBs may have different
frame timing, and transmissions from different eNBs may not be aligned in time. The
techniques described herein may be used for both synchronous and asynchronous operation.

[0040] A network controller 130 may couple to a set of ¢NBs and provide coordination and
control for these ¢NBs, The network controller 130 may communicate with the ¢NBs 110
via a backhaul. The ¢NBs 110 may also communicate with one another, ¢.g., directly or
indirectly via wireless or wireline backhaul.

{0041] The UEs 120 may be dispersed throughout the wireless network 100, and ecach UE
may be stationary or mobile. A UE may also be referred to as a terminal, a mobile station,
a subscriber unit, a node, a station, ete. A UE may be a cellular phone, a personal digital
assistant (PDA), a wireless modern, a wireless communication device, a handheld device, a
laptep computer, a cordless phone, a wireless local loop (WLL) station, or other mobile
devices. A UE may be able to communicate with macro eNBs, pico eNBs, femto eNBs,
relays, or other network cntitics. In FIG. 1, a solid linc with double arrows indicatcs
desired transmissions between a UE and a serving eNB, which is an eNB designated to
serve the UE on the downlink and/or uplink. A dashed line with double arrows indicates
mnterfering transmissions between a UE and an eNB.

{0042] LTE utilizes orthogonal frequency division multiplexing (CFDM) on the downlink
and single-carrier frequency diviston multiplexing (SC-FDM) on the uplink. OFDM and
SC-FDM partition the system bandwidth into multiple (K) orthogonal subcarriers, which
are also commonly referred to as tones, bins, ctc. Each subcarrier may be modulated with
data. In general, modulation symbols arc scnt in the frequency domain with OFDM and in
the time domain with SC-FDM. The spacing between adjacent subcarriers may be fixed,
and the total number of subcarriers (K) may be dependent on the system bandwidth. For
example, K may be equal to 128, 256, 512, 1024 or 2048 for system bandwidth of 1.25, 2.5,

5, 10 or 20 megahertz (MHz), respectively. The system bandwidth may alsc be partitioned
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into subbands. For cxample, a subband may cover 1.08 MHz, and there may be |, 2, 4, 8 or
16 subbands for system bandwidth of £.25, 2.5, 5, 10 or 20 MHz, respectively.

[0043] FIG. 2 shows a downlink frame structure used in LTE. The transmission timeline
for the downlink may be partitioned into units of radio frames 200. Each radio frame, for
example, frame 202, may have a predetermined duration (e.g., 10 milliseconds (ms)) and
may be partitioned mto 10 subframes 204 with mdices of 0 through 9. Each subframe, for
example ‘Subframe 0’ 206, may include two slots, for example, ‘Slot 0° 208 and “Slot 1°
210. Each radio frame may thus inchude 20 slots with indices of 0 through 19. Each slot
may include ‘L’ symbol periods, ¢.g., 7 symbol periods 212 for a normal cyclic prefix (CP),
as shown in FIG. 2, or 6 symbol periods for an extended cyclic prefix. The normal CP and
extended CP may be referred to herein as different CP types. The 2L symbol periods in
cach subframe may be assigned indices of 0 through 21L-1. The available time frequency
resources may be partitioned into resource blocks. Each resource block may cover ‘N’
subcarriers (e.g., 12 subcarriers) in one slot.

[0044] In LTE, an eNB 110 may send a primary synchromization signal (PSS) and a
secondary synchromization signal {SSS) for each cell in the eNB 110. The primary and
secondary synchronization signals may be sent in symbol periods 6 and 3, respectively, in
cach of subframes 0 and 5 of cach radio framc with the normal cyclic prefix, as shown in
FIG. 2. The synchronization signals may be used by UEs for cell detection and acquisition.
The eNB 110 may send a Physical Broadcast Channel (PBCH) in symbol periods 0 to 3 in
slot 1 of subframe 0. The PBCH may carry certain system information.

{0045] The eNB 110 may send a Physical Control Format Indicator Channel (PCFICH) in
valy a portion of the first symbol period of each subframe, afthough depicted in the entire
first symbol period 214 in FIG. 2. The PCFICH may convey the number of symbol periods
(M) used for control channels, where M may be equal to 1, 2 or 3 and may change from
subframc to subframc. M may also be cqual to 4 for a small system bandwidth, ¢.g., with
less than 10 resource blocks. In the example shown in FIG. 2, M=3. The eNB 110 may
send a Physical H-ARQ Indicator Channel (PHICH) and a Physical Downlink Control
Channel (PDCCH) in the first M symbol periods of each subframe (M=3 in FIG. 2). The
PHICH may carry information to support hybrid automatic retransmission (H-ARQ). The

PDCCH may carry information on resource allecation for UEs and control information for
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downlink channcls. Although not shown in the first symbol period in FIG. 2, it is
understood that the PDCCH and PHICH are also included in the first symbol period.
Similarly, the PRICH and PDCCH are also both in the second and third symbeol periods,
although not shown that way in FIG. 2. The ¢NB 110 may send a Physical Downlink
Shared Channel (PDSCH) in the remaining symbol periods of each subframe. The PDSCH
may carry data for UEs scheduled for data transmission on the downlink. The various
signals and channels in LTE are described in 3GPP TS 36.211, entitled “Evolved Universal
Terrestrial Radio Access (E-UTRA); Physical Channels and Modulation,” which is publicly
available.

{6046] The ¢NB 110 may send the PSS, SSS and PBCH in the center 1.08 MHz of the
system bandwidth used by the eNB 110. The ¢NB 110 may send the PCFICH and PHICH
across the entire system bandwidth in each symbol period in which these channels are sent.
The eNB 110 may send the PDCCH to groups of UEs in certain portions of the system
bandwidth. The eNB 110 may send the PDSCH to specific UEs in specific portions of the
systern bandwidth. The eNB 110 may send the PSS, SSS, PBCH, PCFICH and PHICH ina
broadcast manner to all UEs, may send the PDCCH in a unicast manner to specific UEs,
and may also send the PDSCTI in a unicast manner to specific UEs.

{0047] A number of resource clements may be avalable in cach symbol period. Each
resource element may cover one subcarrier it one symbol period and may be used to send
one modulation symbol, which may be a real or complex value, Resource clements not
used for a reference signal in each symbol pericd may be arranged into resource element
groups (REGs). Each REG may include four resource elements in one symbol period. The
PCFICH ray occupy four REGs, which wmay be spaced approximately equally across
frequency, in symbol period ). The PHICH may occupy three REGs, which may be spread
across frequency, in one or more configurable symbol periods. For example, the three
REGs for the PHICH may all belong in symbol period 0 or may be spread in symbol
periods 0, | and 2. The PDCCH may occupy 9, 18, 32 or 64 REGs, which may be selected
from the available REGs, in the first M symbol periods. Only certain combinations of
REGs may be allowed for the PDCCH.

{0048] A UE may know the specific REGs used for the PHICH and the PCFICH. The UE

may search different combinations of REGs for the PDCCH. The number of combinations
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to scarch is typically lcss than the number of allowed combinations for the PDCCH. An
eNB 110 may send the PDCCH to the UE in any of the combinations that the UE will
search.

[6049] FIG. 3 shows a block diagram of a design of a base statiow/eNB 110 and a UE 120,
which may be onc of the base stations/eNBs 110 and one of the UEs 120 in FIG. I. The
base station 110 may also be a base station of some other type. The base station 110 may
be equipped with antennas 334a through 334t, and the UE 120 may be equipped with
antennas 352a through 352r.

{0050] At the base station 110, a transmit processor 320 may receive data from a data
source 312 and control mformation from a controller/processor 340. The control
information may be for the PBCH, PCFICH, PHICH, PDCCH, etc. The data may be for
the PDSCH, etc. The processor 320 may process (e.g.. encode and symbol map) the data
and control information to obtain data symbols and control symbols, respectively, The
processor 320 may also penerate reference symbols, eg., for the PSS, SSS, and cell-
specific reference signal. A transmit (TX) multiple-input multiple-output (MIMO)
processor 330 may perform spatial processing (e.g., precoding) on the data symbols, the
control symbols, and/or the reference symbols, if applicable, and wmay provide output
symbol streams to the modulators (MODs) 332a through 332t, Each modulator 332 may
process a respective output symbol stream (e.g., for OFDM, ¢ic.) to obtain an output
sample stream. Each modulator 332 may further process (e.g., convert to analog, amplify,
filter, and upcouvert) the output sample stream to obtain a downlink signal. Downlink
signals from modulators 332a through 332t may be transmitted via the antennas 334a
through 334¢, respectively.

[0051] At the UE 120, the antennas 352a through 352¢ may receive downlink signals from
the base station 110 and/or neighboring base stations and may provide received signals to
the demodulators (DEMODs) 354a through 354, respectively. Each demodutator 354 may
condition (e.g., filter, amplify, downeconvert, and digitize) a respective received signal to
obtain input samples. Each demodulator 354 may further process the input samples (e.g.,
for OFDM, etc.) to obtain received symbols. A MIMO detector 356 may obtain received
symbols from all the demodulators 354a through 354+, perform MIMO detection on the

received symbols if applicable, and provide detected symbols. A receive (RX) processor
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358 may process (e.g., demodulate, deinterleave, and decode) the detected symbols,
provide decoded data for the UE 120 to a data sink 360, and provide decoded control
information to a controller/processor 380.

{0052| On the uplink, at the UE 120, a transmit processor 364 may receive and process data
(e.g.. for the PUSCH) from a data source 362 and control information (e.z., for the
PUCCH) from the controller/processor 380. The processor 364 may also generate
reference symbols for a reference signal, The symbols from the transmit proccssor 364
may be precoded by a TX MIMO processor 366 if applicable, further processed by the
modulators 354a through 354r (c.g., for SC-FDM, etc.), and transmitted to the basc station
110. At the base station 119, the uplink signals from the UE 120 may be received by the
aniennas 334, processed by the demodulators 332, detected by a MIMO detector 336 if
applicable, and further processed by a receive processor 338 to obtain decoded data and
control information sent by the UE 120. The processor 338 may provide the decoded data
to a data sink 339 and the decoded control information to the controller/processor 340.

[0053] If the UE transmits data on the PUSCH without a simultaneous transmission on the
PUCCH for a serving cell ¢, then the UE transmit power Poygey.() for PUSCH

transmission in subframe i for the serving cell ¢ may be given by:

{Forans o0
[0054] Prusciio () = ming oo

3
i
1101030 (Mpyscn cUN + Po_puscn.c () + & (/) PLe + Aqp (D + 1, (i),!?

[dB
M]

[00s5] For example. Py pusche may be a target received power. @, may be a stope of the
target received power.

[0056] Further details and formulas for power control in LTE may be provided in, for
example, 3GPP TS 36.213,

{0057] The controllers/processors 340 and 380 may direct the operation at the base station
110 and the UE 120, respectively. The processor 340 and/or other processors and modules
at the base station 110 may perform or direct the execution of various processes for the
techniques described herein. The processor 380 and/or other processors and modules at the

JE 120 may also perform or dircct the excoution of the functional blocks illustrated in the
figures below and/or other processes for the techniques described herein. The processor

340 and/or other processors and modules at the eNB 110 may perform or direct the
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cxecution of the functional blocks illustrated in the figurcs below and/or other processcs for
the techniques described herein. The memories 342 and 382 may store data and program
codes for the base station 110 and the UE 120, respectively. A scheduler 344 may schedule
UESs for data transmission on the downlink and/or uplink.

[0058] As will be readily appreciated, antennas 352, modulators 354, transmit processor
364, and/or TX MIMO processor 366 may form a transmit chain of UE 120 and supply
means for sending or transmitting uplink signals under the control of processor 380. For
example, the transmit chain may supply means for performing CCA in LTE-U.

[6059] As will be readily appreciated, antennas 352, demodulators 354, receive processor
358, and/or RX MIMO detector 356 may form a receive chain of UE 120 and supply means
for performing CCA in LTE-U.

[00690] In one aspect, processor 380 includes modules for performing operations of the
methods described herein, by executing instructions held in the memory 382. Such
modules, for example, may include means for determining at least one metric associated
with a constraint on a transmissions chamnel of the unlicensed communication band. Such
modules, for example, may be utilized by processor 380 to conirol operation of the
respective transmit and receive chains.

{0061} The controllers/processors 340 and 380 may dircet the operation at the base station
110 and the UE 120, respectively. The processor 340 and/or other processors and modules
at the base station 11¢ may perform or direct the execution of various processes for the
techniques described herein. The processor 380 and/or other processors and modules at the

JE 120 may also perform or direct the execution of the functional blocks illustrated in
FIGS. 11, 12, 14, and 16, and/or other processes for the techniques described herein. The
memories 342 and 382 may store data and program codes for the base station 110 and the
UE 120, respectively. A scheduler 344 may schedule UEs for data transmission on the
downlink and/or uplink.

[0062] In one configuration, the UE 120 for wireless communication may include means
for performing the process illustrated in the figures below. In one aspect, the
aforementioned means may be the processor(s), the controller/processor 380, the memory
382, the receive processor 358, the MIMO detector 356, the demodulators 354a, and the

antennas 352a configured to perform the fumctions recited by the aforementioned means. In
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another aspect, the aforementioned means may be a modulc or any apparatus configurced to
perform the functions recited by the aforementioned means.

[0063] FIG. 4A shows an example of contiguous carrier aggregation. Te achieve high data
rates for LTE, it may be necessary to increase the transmission bandwidth(s) that are
supported by using a single carrier or channel. By using carrier aggregation (CA), it is
possible to use more than one carrier and increase the overall transmission bandwidth. In
an embodiment, K number of component carriers (CCs) may be available and may be
adjacent to cach other, where in general K may be any integer value. K may be limited to 5
or less in some LTE releases, As shown in FIG. 4A, component carricrs 402a, 404a, and
406a are adjacent to cach other. Each of the component carriers 402a, 404a, and 406a may
have a bandwidth of up to 20 MHz. The overall system bandwidth may be up to 100 MHz
when five CCs are supported. FIG. 4B shows an example of non-contiguous carrier
aggregation. K number of CCs may be available and may be separate from each other. As
shown in FIG. 4B, component carriers 402b, 404h, and 406b are not adjacent or are non-
contiguous to each other. Each CC may have a2 bandwidth of up to 20 MHz. The
aggregaied carriers may inclade a primary component carrier (PCC), serving the primary
serving cell (PSC or PCell). The primary serving cell may be referred to as the PCell. The
aggregated carriers may inchide a mumber of sceondary component carricrs {SCC), cach
serving a respective secondary serving cell (SSC or SCell).

[0064] In accordance with one or more aspects of the disclosure, there are provided
methods and apparatuses for LTE-U devices performing clear channel assessment (CCA).
In at least one embodiment, LTE operation in an unlicensed band may offer significantly
better coverage and higher speetral efficiency in comparison to WiFi, while also enabling a
seaniless flow of data across licensed and unlicensed in a core network. In an example,
from the perspective of a user, LTE-U may provide an enhanced broadband experience,
higher data ratcs, scamless usc of both licensed and unkicensed bands, with high reliability
and robust mobility through a licensed anchor carrier. However, a consideration for LTE-U
is to ensure that LTE-U co-exists with current access technologies such as WiFi on “fair”
and “friendly” bases.

{0065] LTE may provide scveral operational modes. For operation in the unlicensed

spectrumn, LTE may be referred to as LTE-U (“LTE in Unlicensed band™) as discussed
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before. Such unlicensed spectrum may include unlicensed or “licensc-exempt™ radio bands
for 802.11 (WiFi), 802.15.1 (Bluctooth) and 802.15.4 (ZigBec) that are used in a 2.4GHz
ISM (Industrial, Scientific and Medical) band and a SGHz U-NII (Unlicensed National
Information Infrastructure) band. LTE-U may enable data offload initially in an unlicensed
band(s) by leveraging LTE carrier aggregation and Supplemental Pownlink (SDL)
protocols. For example, LTE-U may provide a supplemental downlink (SDL) mode for use
by existing licensed spectrum service providers (traditional MNO). The SDL may be used
for downlink capacity offload. In another mode, carricr aggregation (CA) may be used by
existing licensed spectrum service providers (traditional MNO). The CA mode may be
used for downlink and uplink capacity offload. In another mode called standalone (SA)
mode, no licensed spectrum may be used by a service provider. The SA mode may be used
by venue {e.g., a sports stadium) operators or MVNOs. SA mode may be used for in-venne
access or for non-traditional wireless access, or in an enterprise setting,

[6066] Carrier aggregation CA mode may include a design based on CA using either or
both the licensed specirom and the unlicensed spectrum.  In one design, the licensed
spectriim may be used as an anchor or primary component carrier (PCC). Control and
critical data may be trausported on the licensed spectrurn. The unlicensed spectrum may be
uscd for data offioad providing data-only transmissions. In the downlink and uplink, L.TE
on the licensed channel may provide both control and data. LTE on the unlicensed channet
may provide data.

[0067] For operation in the unlicensed spectrum, devices may be configured for listen-
before-talk (LBT). In this configuration, the downlink transmitter at the eNB may perform
CCA every 10 millisecond (ms). However, it is appreciated that other time periods for
performing CCA may be used and still be within the scope of the subject technology. [n
one aspect, LBT may be based on a fixed frame period. The CCA may provide a
mcchanism for the transmifter the grab-and-relinquish the resources with the CCA aligned
to a radio frame boundary. In one example, LBT may not be provided at the UE because
LBT may only be required at the transmitter.

{0068| FIG. 5 illustrates example CCA placement options in a downlink (DL) frame
structure. For example, LBT in the downlink may be achieved through a partial uplink ($”)

subframe to schedule succeeding downlink subframes. For example, CCA in the §
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subframc may bc usced for a nodc to rescrve or hold the upcoming transmission resourecs.
In the example of FIG. 5, the opportunities for CCA occur at subframe 9. The number of
slots for CCA placement may be referred to as a CCA reuse factor, which may be 7 in FIG.
5. In subframe 9, a guard period (GP) may be provided prior to the CCA placement
oppertunities. For example, a minimum idle time may be greater than or equal to 0.5 ms.
A cell-specifie (or common) reference signal (CRS) may be provided every 3™ subframe.
The waveform used for transmission of the subframes may be based on a UE reference
signal (UEFS) based demodulation.

{6069] LBT frames may coincide with the 10ms radio frames. One LBT frame may
include 9 downlink {(DL) subframes followed by one S’ subframe. The DL subframes may
be used for data transmission (e.g., 9 ms per radio frame). The §° subframe may be vsed
for discontinuous transmission (DTX), CCA, or channel usage beacon signals (CUBS).

{0670] CCA may succeed if a receive power, detected at a node, during CCA stays below a
specified threshold. Tf CCA succeeds at a node then the node may “grab-and-hold” the
mediurn, until the start of the next S° subframe. The node may transmit CUBS for the
remaining symbols of the S’ subframe. CUBS may ensure that other nodes performing
CCA later in the S’ subframe sense that the mediom is occupied. In this regard, the
transmission of CUBS may cffcetively block the transmission signals of other UEs that arc
nearby, The node may then transmit data from the next (e.g., Oth) subframe onwards until
needed (for up to 9 subframes).

{0071) In an embodiment, all nodes within the same public land mobile network (PLMN)
perform CCA at the same time. None of the nodes block each other as a result of
synchronized CCA. This may promote full spatial re-use within 4 deployment, In an
embodiment, by default, nodes from different deployments are configured to perform CCA
at different points in time. CCA occasions may be permuted in time for fairess across
deployments. Coopcrating deployments may decide to perform CCA at same timec.

{0072} FIG. 6 illustrates CCA placement options in an example time division duplex
(IDD) frame structure. Subframe S (¢.g., subframe 9) may be used to hold the succeeding
DL subframes (e.g., subframes 0-4) by providing DL CCA placement options. For
example, subframe S’ {e.g., subframe 9) may include partial UL, DL CCA (downlink clear

channel assessment), and DL CUBS (downlink channel usage beacon signals). Subframe S
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(c.g., subframe 5) may be used to hold the succeeding UL subframes (c.g., subframes 6-8).
For example, subframe S (e.g., subframe 3) may include downlink pilot time slot (DWPTS),
GP, UL CCA, and UL CUBS.

{0073] FIG. 7 illustrates CCA in an example wircless communication system. Only UEs
with pending opportunistic transmissions may perform CCA in the § subframe. If CCA
suceeeds, the UE may transmit UL-CUBS (uplink channel usage beacon signals) to clear
the channel. This method may only block others when necessary. UL CCA (uplink clear
channel assessment) could be made independent of DL CCA clearance (the range of the
CCA transmission). Different LTE-U PLMNs may take UL based on assignments from the
PCC.

{0074] In the example of FIG. 7, the devices may block other devices in LTE-U systems
710 and 720. The clcarance of a mebile device 715 in LTE-U system 710 may be
sufficiently small to avoid blocking other devices. The clearance of a mobile device 765 in
LTE-U system 720, however, may block mobile device 760 connected to the Wi-Fi access
point.

{0075] In one design for CCA, nodes from the same operator may perform CCA at the
same time. CCA sensitivity to time alignment errors may affect the performance of CCA.
1f there is a timing error of X', and the CCA interval is 'Y, a fraction of X/Y TX power
may leak into the RX chain. The TX power may come from TX on previous non-CCA
symbol or TX on next CCA symbol. The severity of the problem may vary. For a CCA
slot of 20 microseconds (us), the DL CCA may be on the order of 3 ps to meet TDD eNB
timing requirements. Assuming RX timing is on the same order, the RX CCA may be 3 ps.
Potential leakage may be have a worst case of misalignment on both sides of the symbol (3
+ 3) over the 20 ps slot for 6/20 or 5 dB leakage with an average of 3/20 or 11 dB leakage.
The TX/RX switching time may be +/-18 ps.

{0076] An over the air (OTA) issuc may arisc in CCA operations.  For a 500 meter cell
size, an additional 1.5 us timing difference may need to be accounted for. DL OTA based
synchronization may introduce timing offset among different stratums. OTA delay may be
reflected in the higher stratum eNB timing. UL CCA may arise in CCA operations.
Timing advance for different UEs may further push apart the CCA time. This may be

acceptable for RX of UEs close to the base station. The RX timing from other UEs may be
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well-adjusted. This may not be as acceptable for RX of UEs far from the basc station. The
RX timing from the cell center UEs may be further delayed compared to close-by UEs.

10077] Timing and synchronization may be adjusted to address the issues related to CCA.
In one embodiment, CCA may be positioned in the middle of an OFDM symbol, ¢.g.,
providing a guard period of 23 us on cach side of the symbol. In one aspect, an on-off
timing mask may be used for CUBS. The timing mask may move the transient period into
the defined OFDM symbol duration. For example, instead of having the transient period as
{T-20, T}, the period may be redefined as [T-10, T+10]. This may provide sufficient
margin for timing uncertainty,

{06078] In another embodiment, UE timing advance may be adjusted. Enhanced Cell ID, E-
CelliD, or ECID is a positioning technique that may allow an ¢NB to gather OTA timing
information from UEs. The UE timing adjustment may be made based on ECID
nformation. The timing advance may be adjusted to reduce the timing difference between
UEs. A zero timing adjustment may be made to follow the DL which may be acceptable
for small cells. In another aspect, timing advance or ECID techniques may be available at
the UE. For example, the UE may optimize timing advance parameters and variables.

{0079] eNB OTA based synchronization mway allow higher tier nodes to bias timing to
account for OTA delay.

{0080] FIG. 8 illustrates CCA for two nodes having a timing offset. In the example of FIG.,
8, two nodes Node | and Node 2 may have the same CCA slot (e.g., the two nodes are part
of the same PLMN). The two nodes may have a timing offset, e.g., delta illustrated in FIG.
8. Node 1 may succeed in CCA, but the TX power from Node 1 may leak into Node 2 RX
due 1o the timing offset. For example, the transmission from Node 1 intended for the
CUBS transmission time interval (TTT) may leak into the CCA N TTI of Node 2 due to the
timing offset between the two nodes.

i6os1) FIG. 9 ilinstratcs CCA for two nodes having another timing offsct.  The timing
offset in FIG. 9 may be a smaller timing offset than illustrated in the example of FIG. 8. In
the example of FIG. 9, two nodes Node 1 and Node 2 may have the same CCA slot (e.g.,
the two nodes are part of the same PLMN). The two nodes may have a timing offset, c.g.,
delta illustrated in FIG. 9. Node 1 may succeed in CCA, but the TX power from Node 1

may leak into Node 2 RX due to the timing offset. For example, the transmission from
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Nede 1 intended for the CUBS TTI may leak inte the CCA N TT1 of Node 2 duc to the
timing offset between the two nodes.

[06082] FIG. 10 illustrates a shified timing mask. In the example of FIG. 10, two nodes
Node 1 and Node 2 may have the same CCA slot (e.g., the two nodes are part of the same
PLMN). The two nodes may have a timing offset, e.g., delta illustrated in FIG. 10. Node |
may succeed in CCA. The transmission for CUBS may be based on 4 timing mask. For
example, the timing mask may include on and off periods. The off period may be
predetermined time period (e.g., a few milliscconds) before the OFDM symbol boundary.
The on period may be predetermined time period {(c.g., a few milliseconds) after the OFDM
symbol boundary. Using the timing mask may reduce interference.

[0083] In one embodiment, the waveform may be modified, such as increasing the size of a
CCA slot to reduce sensitivity.

[0084] In another embodiment, an adaptive algorithm may be used when a node is
constantly blocked in CCA. For example, the node may detect blocking and bias timing.
The node may reduce TX power on CUBS in case of blocking. The node may move o an
auxiliary CCA slot for nodes blocked by intra-PLMN transmissions. When the node is no
longer blocked by intra-PLMN transmisstons, then the node may move back to the assigned
CCA slot.

[0085] UL CUBRBS open loop power inversion may be used at each node based on current
LTE specifications using power spectral density (PSD) control. Open loop power control
may result in less silencing of other UEs when a UE is close to the eNB. The power control
may result in more silencing to other UEs when a UE is far away from the eNB. A PO may
be used to achieve same target RSST 4t the ¢NB based on total power. The Target may be a
CCA threshold of e.g., -62 dBm, plus a margin. The margin may be predicted based on a
coupling loss difference between the serving cell eNB and UEs from another PLMN. The
margin may bc an antenna gain difference plus a path less diffcrence {c.g., shadowing +
distance). The power control may be beneficial for SRS/CUBS reception at the eNB, The
power control may be beneficial for inter-cell interference management to facilitate reuse 1.
The power control, however, may be inadequate in silencing Wi-Fi and other LTE-U nodes.

[n addition, UEs further away from the eNB may create a larger reuse factor.
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{00386] In anothecr embodiment, the UL CUBS may be bascd on a maximum power. This
may be beneficial for silencing other PLMN/RAT UEs, and match the DL CUBS. The
maximum power, however, may be difficult for a reuse of 1 due io inter—cell interference.
eNB interference cancellation may be used to address this issue. Intra-cell RX signal
dynamic range may be high for this approach.

[0087] FIG. 11 illustrates embodiments of methodologies for CCA 1n LTE-U. The method
may be performed by a wireless entity such as a UE, mobile entity, eNB, femto access
point, or the like. The methed 1 100 may include, at 1102, monitoring for transmissions in a
resource reserved for CCA. The method may include, at 1104, detecting an energy of the
transmissions over a shorter duration than an assigned slot in the resource reserved for
CCA.

[0088] FIG. 12 illustrates other embodiments of methodologies for CCA in LTE-U., The
method may be performed by a wireless entity such as a UE, mobile entity, eNB, femto
access point, or the like. The method 1200 may include, at 1202, monitoring for
fransmissions in a resource reserved for CCA.  The method may include, at 1204,
transmitting a beacon in a slot assigned to a wireless entity for CCA in response to
detecting a clear channel based on the monitoring. For example, the transmissions may
follow a timing mask having an off time period with a first predeicrmined time offsct
before an OFDM symbol boundary, and an on period with a second predetermined time
offset after the OFDM symbel boundary

[0089] FIG. 13 illustrates embodiments of methodologies for timing advance in LTE-U.
The method may be performed by an eNB, femto access point, or the like. The method
1300 may include, at 1302, receiving, from at least one mobile station, at least one message
comprising timing information from the at least one mobile station. The method may
include, at 1304, determining, using the received timing information, at least one timing
advance paramcter for CUBS transmission and an associated CCA window for the at least
one mobile station based on reducing a timing difference between the at least mobile
station.

{0090 FIG. 14 illustrates other embediments of methodologies for CCA in LTE-U. The
method may be performed by a wircless entity such as a UE, mobile entity, eNB, femto

access point, or the like. The method 1400 may include, at 1402, monitoring for
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transmissions in a resource rescrved for CCA. The method may include, at 1404, adapting
a transmission for CCA and a timing for the monitoring in response to detecting the
transmissions for a consecutive number of CCA periods.

{0091] FIG. 15 illustrates other embodiments of methodologies for CCA in LTE-U. The
method may be performed by an ¢eNB, fenrto access point, or the like. The method 1500
may include, at 1502, determining a target received power for CUBS transmissions based
on a CCA power threshold and a power margin based on mobile stations of neighborning
access points. The method may include, at 1504, determining a slope of a transmission
power as a function of an estimated path loss for CUBS fransmission. The method may
include, at 1506, sending the determined target received power and the determined slope to
the mobile station.

{0092] FIG. 16 illustrates other cmbodiments of methodologies for CCA in LTE-U, The
method may be performed by & wireless entity such as a UE, mobile entity, or the like. The
method 1600 may include, at 1602, monitoring for transmissions in a resource reserved for
CCA. The method may include, at 1604, adjusting to a maximum power for transmission
of a beacon in a slot assigned to the mobile station for CCA in response to detecting a clear
channel based on the monitoring.

{0093] With reference to FIG. 17, there is provided an exemplary apparatus 1700 that may
be configured as a wireless entity such as a UE, mobile entity, eNB, femto access point, or
other suitable entity, or as a processor, component or similar device for use within the UE,
mobile entity, eNB, femto access point, or other suitable entity, for CCA. The apparatus
1700 may inclode functional blocks that can yepresent functions implemented by a
processor, sofiware, or combination thereof (e.g., firmware).

{0094] As illustrated, in one embodiment, the apparatus 1700 may include an electrical
component or module 1702 for monitoring for transmissions in a resource reserved for
CCA. The apparatus 1700 may include an clectrical component or module 1704 for
detecting an energy of the transmissions over a shorter duration than an assigned slot in the
resource reserved for CCA.

{0095] In related aspects, the apparatus 1700 may optionally include a processor
component 1700 having at least one processor, in the case of the apparatus 1700 configured

as a network entity. The processer 1700, in such case, may be in operative communication
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with the compencnts 1702-1704 or similar components via a bus 1712 or similar
communication coupling. The processor 1710 may effect initiation and scheduling of the
processes or functions performed by electrical components or modules 1702-1704.

{0096| In further related aspects, the apparatus 1700 may include a network interface
component 1714 for cominunicating with other network entities. The apparatus 1700 may
optionally include a component for storing information, such as, for example, a memory
device/component 1716. The computer readable medivm or the memory component 1716
may be operatively coupled to the other components of the apparatus 1700 via the bus 1712
or the like. The memory component 1716 may be adapted to store computer readable
instructions and data for performing the activity of the componcnis 1702-1704, and
subcomponents thereof, or the processor 1710. The memory component 1716 may retain
instructions for executing functions assoctated with the components 1702-1704. While
shown as being exiernal to the memory 1716, it is to be understood that the components
1702-1704 can exist within the memory 1716.

{0697] With reference to FIG. 18, there is provided an exemplary apparatus 1800 that may
be configured as a wireless entity such as a UE, mobile entity, eNB, femto access point, or
other suitable entity, or as a processor, component or similar device for use within the UE,
mobile cntity, cNB, fomto access point, or other suitable entity, for CCA. The apparatus
1800 may include functional blocks that can represent functions implemented by a
processor, software, or combination thereof (e.g., firmware),

HITB | As iltustrated, in one embodiment, the apparatus 1800 may include an electrical
component or module 1802 for monitoring for wansmissions in a resource reserved for
CCA. The apparaies 1800 may imclude an elecirical component or module 1804 for
transmitting a beacon in a slot assigned to a wireless entity for CCA in response to
detecting a clear channel based on the monitoring.

{0099 In rclated aspects, the apparatus 1800 may eoptionally include a processor
component 1800 having at least onc processor, in the case of the apparatus 1860 configured
as a network entity. The processor 1800, in such case, may be in operative communication
with the components 1802-1804 or similar components via a bus 1812 or similar
communication coupling. The processor 1810 may effect initiation and scheduling of the

processes or functions performed by electrical components or modules 1802-1804.
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{00160] In further rclated aspeets, the apparatus 1800 may include a nctwerk interface
component 1814 for communicating with other network entities. The apparatus [800 may
optionally include a component for storing information, such as, for example, a memory
device/component 1816. The computer readable medinm or the memory component 1816
may be operatively coupled to the other components of the apparatus 1800 via the bus 1812
or the like. The memory component 1816 may be adapted to store computer readable
mstructions and data for performing the activity of the components 1802-1804, and
subcomponents thercof, or the processor 1810. The memory component 1816 may retain
mstructions for executing functions associated with the components 1802-1804, While
shown as being external to the memory 1816, it is to be understood that the components
1802-1804 can exist within the memory 1816.

[00161] With reference to FIG. 19, there is provided an exemplary apparatus 1900 that may
be configured as an eNB, femto access point, or other suitable entity, or as a processor,
component or similar device for use within the eNB, femto access point, or other suitable
entity, for CCA. The apparatus 1900 may inclode functional blocks that can represent
functions implemented by a processor, software, or combination thereof (e.g., firmware).

[00192] As illustrated, in one embodiment, the apparatus 1900 may include an electncal
component or module 1902 for receiving, from at lcast one mobile station, at least onc
message comprising timing information from the at least one mobile station. The apparatus
1900 may include an electrical component or module 1904 for determining, using the
received timing inforination, at least one timing advance parameter for CUBS transmission
and an associated CCA window for the at least one mobile station based on reducing a
timting difference between the at least mobile station.

[00103] In related aspects, the apparatus 1900 may optionally include a processor
component 1800 having at least one processor, in the case of the apparatus 1900 configured
as a network catity. The processor 1900, in such casc, may be in operative communication
with the components 1902-1904 or similar components via a bus 1912 or similar
communication coupling. The processor 1910 may effect initiation and scheduling of the
processes or functions performed by electrical components or moedules 1902-1904.

{00104) In further refated aspects, the apparatus 1900 may include a network interface

component 1914 for communicating with other network entities. The apparatus 1960 may
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optienally includc a component for storing information, such as, for cxample, a memory
device/component 216, The computer readable medivm or the memory component 1916
may be operatively coupled to the other components of the apparatus 1900 via the bus 1912
or the like. The memory component 1916 may be adapted to store computer readable
instructions and data for performing the activity of the components 1902-1904, and
subcomponents thereof, or the processor 1910, The memory component 1916 may retain
instructions for executing functions associated with the components 1902-1904. While
shown as being external to the memory 1916, it is to be understood that the components
1902-1904 can exist within the memory 1916,

{00105] With reference to FIG. 20, there is provided an exemplary apparatus 2000 that may
be configured as a wireless entity such as a UE, mohile entity, eNB, femto access point, or
other suitable entity, or as a processor, component or similar device for use within the UE,
mobile entity, eNB, femto access point, or other suitable entity, for CCA. The apparatus
2000 may include functional blocks that can represent functions implemented by a
processor, software, or combination thereof (e.g., firmware).

[00106] As lustrated, in one embodiment, the apparatus 2000 may include an electrical
component or module 2002 for monitoring for transmussions in a resource reserved for
CCA. The apparatus 2000 may include an cleetrical component or moedule 2004 for
adapting a transmission for CCA and a timing for the monitoring in response to detecting
the transmissions for a consecutive number of CCA periods.

[@C167] In related aspects, the apparatus 2000 may optionally include a processor
component 2000 having at least one processor, in the case of the apparatus 2000 configured
as a network entity. The processor 2000, in such case, may be in operative communication
with the components 2002-2004 or similar components via a bus 2012 or similar
communication coupling. The processor 2010 may effect initiation and scheduling of the
proccsses or functions performed by clectrical components or modules 2002-2004.

{00108] In further related aspects, the apparatus 2000 may include a network interface
compaonent 2014 for communicating with other network entities. The apparatus 2000 may
optionally include a component for storing information, such as, for example, a2 memory
device/component 2016. The computer readable medium or the memory component 2016

may be operatively coupled to the other components of the apparatus 2000 via the bus 2012
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or the like. The memory componcnt 2016 may be adapted to store computer readable
instructions and data for performing the activity of the components 2002-2004, and
subcomponents thereof, or the processor 2010, The memory component 2016 may retain
instructions for exccuting functions associated with the components 2002-2004, While
shown as being external to the memory 2016, it is to be understood that the components
2002-2004 can exist within the memory 2016.

{00109] With reference to FIG. 21, there is provided an exemplary apparatus 2100 that may
be configured as a wircless entity such as an eNB, femto access point, or other suitable
entity, or as a processor, component or similar device for use within the cNB, femto access
point, or other suitable entity, for CCA. The apparatus 2100 may include functional blocks
that can represent functions implemented by a processor, software, or combination thercof
(e.g., firmware).

[00110] As illustrated, in one embodiment, the apparatus 2100 may include an electrical
component or module 2102 for determining a target received power for CUBS
transmissions based on a CCA power threshold and a power margin based on mobile
stations of neighboring access points. The apparatus 2100 may include an electrical
component or module 2104 for determining a slope of a transmission power as a function
of an cstimated path Joss for CUBS transmission. The apparatus 2100 may include an
electrical component or module 2104 for sending the determined target received power and
the determined slope to the mobiie station.

[ec11y] In related aspects, the apparatus 2100 may optionally include a processor
component 2100 having at least one processor, in the case of the apparatus 2100 configured
as a network entity. The processor 2100, in such case, may be in operative communication
with the components 2102-2106 or similar components via a bus 2112 or similar
communication coupling. The processor 2110 may effect initiation and scheduling of the
processcs or functions performed by clectrical components or modules 2102-2106.

{00112 In further related aspects, the apparatus 2100 may include a network interface
component 2114 for communicating with other network entities. The apparatus 2100 may
optionally inctude a component for storing information, such as, for example, a memory
device/component 2116. The computer readable medium or the memory component 2116

may be operatively coupled to the other components of the apparatus 2100 via the bus 2112
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or the like. The memory component 2116 may be adapted to storc computer readable
instructions and data for performing the activity of the components 2102-2106, and
subcomponents thereof, or the processor 2110. The memory component 2116 may retain
instructions for exccuting functions assoctated with the components 2102-2106. While
shown as being external to the memory 2116, it is to be understood that the components
2102-2106 can exist within the memory 2116.

{00113] With reference to FIG. 22, there is provided an exemplary apparatus 2200 that may
be configured as a wireless entity such as a UE, mobile entity, ¢NB, femito access point, or
other suitable entity, or as a processor, component or similar device for use within the UE,
mobile entity, eNB, femto access point, or other suitable entity, for CCA. The apparatus
2200 may include functional blecks that can represent functions implemented by a
processor, software, or combination thereof (e.g., firmware).

{60114] As illustrated, in one embodiment, the apparatus 2200 may include an electrical
component or modale 2202 for monitoring for transmissions in a resource reserved for
CCA. The apparatus 2200 may include an electrical compenent or module 2204 for
adjusting to a maximun power for transinission of a beacon in a slot assigned to the mobile
station for CCA in response to detecting a clear channel based on the monitoring.

{60115] In rclated aspeets, the apparatus 2200 may optionally include a processor
component 2200 having at least one processor, in the case of the apparatus 2200 configured
as a network entity. The processor 2200, in such case, may be in operative communication
with the components 2202-2204 or similar components via a bus 2212 or similar
communication coupling. The processor 2210 may effect initiation and scheduling of the
processes or functions performed by elecirical components or modules 2202-2204.

[00116] In further related aspects, the apparatus 2200 may include a network interface
component 2214 for communicating with other network entities. The apparatus 2200 may
optionally include a componcnt for storing information, such as, for cxample, a memory
device/component 2216, The computer readable medium or the memory component 2216
may be operatively coupled to the other components of the apparatus 2200 via the bus 2212
or the like. The memory component 2216 may be adapted to store computer readable
instructions and data for performing the activity of the components 2202-2204, and

subcomponents thereof, or the processor 2210. The memory component 2216 may retain
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mstructions for cxccuting functions associated with the components 2202-2204.  Whilc
shown as being external to the memory 2216, it is to be understood that the components
2202-2204 can exist within the memory 2216,

[00117] With reference to FIG. 23, there is provided an exemplary apparatus 2300 that may
be configured as a wireless entity such as a UE, mobile entity, eNB, fenito access point, or
other suitable entity, or as & processor, component or similar device for use within the UE,
mobile entity, eNB, femto access point, or other suitable entity, for CCA. The apparatus
2300 may include functional blocks that can represent functions implemented by a
processor, software, or combination thereof (e.g., firmware).

[00118] As illustrated, in one embodiment, the apparatus 2300 may include an electrical
component or module 2302 for monitoring for transmissions in a resource reserved for
CCA. The apparatus 2300 may include an electrical component or module 2304 for
detecting an energy of the transmissions over a shorter duration than an assigned slot in the
resource Teserved for CCA.

{00119] In related aspects, the apparatus 2300 may optiopally inchude a processor
component 2300 having at least one processor, in the case of the apparatus 2300 configured
as a network entity. The processor 2300, in such case, may be in operative communication
with the components 2302-2304 or similar components via a bus 2312 or similar
communication coupling. The processor 2310 may effect initiation and scheduling of the
processes or functions performed by electrical components or modules 2302-2304.

[00128) In further related aspects, the apparatus 2300 may inchide a network interface
component 2314 for communicating with other network entities. The apparatus 2300 may
optionally include a component for storing information, such as, for example, 1 memory
device/component 2316, The computer readable medium or the memory component 2316
may be operatively coupled to the other components of the apparatus 2300 via the bus 2312
or the like. The memory componcnt 2316 may be adapted to store computer readable
mstructions and data for performing the activity of the components 2302-2304, and
subcomponents thereof, or the processor 2310. The memory component 2316 may retain
instructions for exccuting functions associated with the components 2302-2304, While
shown as being external to the memory 2316, it is to be understood that the components

2302-2304 can exist within the memory 2316.
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{00121} Thosc of skill in thc art would understand that information and signals may bc
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,
clectromagnetic waves, magnetic ficlds or particles, optical fields or particles, or any
combination thereof.

{00122} Those of skill would further appreciate that the various illustrative logical blocks,
modules, circuits, and algorithm steps described in connection with the disclosure herein
may be implemented as clectronic hardware, computer seftware, or combinations of both.
To clearly illustrate this interchangeability of hardware and software, various illustrative
components, blocks, modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as hardware or
software depends upon the particular application and design constraints imposed on the
overall system. Skilled artisans may implement the described functionality in varying ways
for each particular application, bui such implementation decisions should not be mterpreted
as causing a departure from the scope of the present disclosure.

[00123] The wvarious illustrative logical blocks, modules, and circuits described in
conncetion with the disclosure herein may be implemented or performed with a gencral-
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A general-purpose processor
may be a ricroprocessor, but in the alternative, the processor may be any conventional
processer, coniroller, microcontroller, or state machine. A processor mav also be
implemented as a combination of computing devices, e.g., a combination of 2 DSP and a
microproccssor, a plurality of microprocessors, onc or more microprocessors in conjunction
with a DSP core, or any other such configuration.

[00124] The steps of a methed or algorithm described in connection with the disclosure
herein may be embodied directly in hardware, in a software module exccuted by a
processor, or in a combination of the two. A software module may reside in RAM

memory, flash memory, ROM memory, EPROM memory, EEPROM memory, registers,
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hard disk, a removable disk, a CD-ROM, or any othcr form of storage medium known in
the art. An exemplary storage medium is eoupled to the processor such that the processor
can read information from, and write information to, the storage medium. In the
alternative, the storage medium may be inmtegral to the processor. The processor and the
storage medium may reside in an ASIC. The ASIC may reside in a user terminal. In the
alternative, the processor and the storage medium may reside as discrete components in a
user terminal,

{00125] In one or more cxemplary designs, the functions described may be implemented in
hardware, software, firmware, or any combination thereof, If implemented in software, the
functions may be stored on or transmitted over as one or more instructions or code on a
computer-readable medium. Computer-readable media includes both computer storage
media and communication media including any medium that facilitates transfer of a
computer program from one place w another. A storage media may be any available media
that can be accessed by a general purpose or special purpose computer. By way of
example, and not limitation, such computer-readable media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium that can be used to carry or store desired program
code means in the form of instructions or data structures and that can be accessed by a
general-purpose or special-purpose computer, or a general-purpose or special-purpose
processor. Also, any connection may be properly termed a computer-readable medium to
the extent involving non-transient storage of transmitted signals. For example, if the
software is transmitted from a website, server, or other remote source using a coaxial cable,
fiber optic cable, twisted pair, digital subscriber line (DSL), or wireless techniologies such
as infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair,
DSL, or wireless technologies such as infrared, radio, and microwave are included in the
definition of medium, to the cxtent the signal is rotained in the transmission chain on a
storage medium or device memory for any non-transient length of time. Disk and disc, as
used herein, includes compact dise (CD), laser disc, optical disc, digital versatile disc
(DVD), floppy disk and blu-ray disc where disks usually reproduce data magnetically,
while dises reproduce data optically with lasers. Combinations of the above should also be

included within the scope of computer-readable media.
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{60126] The previous descriptien of the disclosure is provided to cnable any person skilled
in the art to make or use the disclosure. Various modifications to the disclosure will be
readily apparent to those skilled in the art, and the generie principles defined herein may be
applied to other variations without departing from the spirit or scope of the disclosure.
Thus, the disclosure is not intended to be limited to the examples and designs described
herein but is t¢ be accorded the widest scope consistent with the principles and nove
features disclosed herein,

{00127] WHAT IS CLAIMED IS:
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CLAIMS:

1. A method for an access point in LTE-Unlicensed band (LTE-U), the method
comprising:

receiving, from each of a plurality of mobile stations, at least one message comprising
timing information; and

determining, using the received timing information, at least one timing advance
parameter for channel usage beacon signals (CUBS) transmission and an associated clear
channel assessment (CCA) window for at least one mobile station based on reducing a timing

difference between the plurality of mobile stations.

2. The method of claim 1, wherein the at least one message comprises at least one
of a random access preamble or at least one Rx-Tx timing difference report comprising the

timing information.

3. The method of claim 1, wherein a transmit timing of CUBS is different from a
transmit timing of Physical Uplink Shared Channel (PUSCH), the method further comprising:

transmitting at least two timing advance commands to a same mobile station.

4. The method of claim 1, wherein a transmit timing of CUBS is the same as a

transmit timing from a PUSCH.

5. The method of claim 1, further comprising:
performing, at the access point, uplink power control for a mobile station that needs to
perform CCA in LTE-U, the performing comprising:

determining a target received power for CUBS transmissions based on a CCA
power threshold and a power margin based on mobile stations of neighboring access
points;

determining a slope of a transmission power as a function of an estimated path
loss for CUBS transmission; and

sending the determined target received power and the determined slope to the

mobile station.

Date Recue/Date Received 2022-09-02



85266448
31

6. The method of claim 5, wherein the power margin is further based on an antenna

gain difference plus a path loss difference.

7. The method of claim 5, wherein the slope is determined such that CUBS
transmissions have a similar power level for mobile stations with small path losses and with

large path losses.

8. The method of claim 5, wherein the slope is determined such that CUBS

transmissions have higher power for mobile stations with smaller path losses.

9. An apparatus for performing timing advance in LTE-Unlicensed band (LTE-U),
the apparatus comprising:

means for receiving, from each of a plurality of mobile stations, at least one message
comprising timing information; and

means for determining, using the received timing information, at least one timing
advance parameter for channel usage beacon signals (CUBS) transmission and an associated
Clear Channel Assessment (CCA) window for at least one mobile station based on reducing a

timing difference between the plurality of mobile stations.

10.  The apparatus of claim 9, further comprising:

means for performing uplink power control for a mobile station that needs to perform
clear channel assessment CCA in LTE-U, the means for performing comprising:

means for determining a target received power for CUBS transmissions based on a CCA
power threshold and a power margin based on mobile stations of neighboring access points;

means for determining a slope of a transmission power as a function of an estimated
path loss for CUBS transmission; and

means for sending the determined target received power and the determined slope to the

mobile station.
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11.  An apparatus for performing timing advance in LTE-Unlicensed band (LTE-U),
the apparatus comprising:

at least one transceiver configured for receiving, from a plurality of mobile stations, at
least one message comprising timing information;

atleast one processor configured for determining, using the received timing information,
at least one timing advance parameter for channel usage beacon signals (CUBS) transmission
and an associated Clear Channel Assessment (CCA) window for at least one mobile station
based on reducing a timing difference between the plurality of mobile stations; and

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

12.  The apparatus of claim 11,
wherein the at least one processor is further configured for performing uplink power
control for a mobile station that needs to perform clear channel assessment CCA in LTE-U, and
wherein, when performing the uplink power control, the processor is configured for:
determining a target received power for CUBS transmissions based on a CCA
power threshold and a power margin based on mobile stations of neighboring access
points; and
determining a slope of a transmission power as a function of an estimated path

loss for CUBS transmission.

13.  The apparatus of claim 12, wherein the at least one transceiver is further
configured for sending the determined target received power and the determined slope to the

mobile station.

14. A non-transitory computer-readable medium storing instructions, the
instructions comprising;:
one or more instructions that, when executed by atleast one processor of an access point,
cause the access point to:
receive, from each of a plurality of mobile stations, at least one message

comprising timing information; and
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determine, using the received timing information, at least one timing advance
parameter for channel usage beacon signals (CUBS) transmission and an associated
Clear Channel Assessment (CCA) window for at least one mobile station based on

reducing a timing difference between the plurality of mobile stations.

15.  The non-transitory computer-readable medium of claim 14, wherein the
instructions further comprise:
one or more instructions that, when executed by the at least one processor, cause the at
least one processor to:
determine a target received power for CUBS transmissions based on a CCA
power threshold and a power margin based on mobile stations of neighboring access
points;
determine a slope of a transmission power as a function of an estimated path loss
for CUBS transmission; and
send the determined target received power and the determined slope to the

mobile station.

16.  The non-transitory computer-readable medium of claim 15, wherein the power

margin is further based on an antenna gain difference plus a path loss difference.

17.  The non-transitory computer-readable medium of claim 14, wherein the at least
one message comprises at least one of a random access preamble or at least one Rx-Tx timing

difference report comprising the timing information.

18.  The non-transitory computer-readable medium of claim 14,
wherein a transmit timing of CUBS is different from a transmit timing of Physical
Uplink Shared Channel (PUSCH), and
wherein the instructions further comprise:
one or more instructions that, when executed by the at least one processor, cause
the access point to:

transmit at least two timing advance commands to a same mobile station.
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19.  The apparatus of claim 10, wherein the slope is determined such that CUBS
transmissions have a similar power level for mobile stations with small path losses and with

large path losses.

20.  The apparatus of claim 9, wherein a transmit timing of CUBS is the same as a

transmit timing from a Physical Uplink Shared Channel (PUSCH).

21.  The apparatus of claim 9, wherein the at least one message comprises at least
one of a random access preamble or at least one Rx-Tx timing difference report comprising the

timing information.

22.  The apparatus of claim 11, wherein a transmit timing of CUBS is different from
a transmit timing of PUSCH.

23.  The apparatus of claim 11, wherein the apparatus further comprises:

transmitting at least two timing advance commands to a same mobile station.

24.  The apparatus of claim 12, wherein the slope is determined such that CUBS
transmissions have a similar power level for mobile stations with small path losses and with

large path losses.

25.  The apparatus of claim 11, wherein the at least one message comprises at least
one of a random access preamble or at least one Rx-Tx timing difference report comprising the

timing information.

26.  The apparatus of claim 11, wherein a transmit timing of CUBS is the same as a

transmit timing from a PUSCH.

27. A method for a mobile station of a plurality of mobile stations, the method
comprising:

transmitting at least one message comprising timing information to an access point,
wherein timing information transmitted by each of the plurality of mobile stations is used by

the access point to determine at least one timing advance parameter for channel usage beacon
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signals (CUBS) transmission and an associated clear channel assessment (CCA) window for at
least one mobile station of the plurality of mobile stations based on reducing a timing difference

between the plurality of mobile stations.

28.  The method of claim 27, wherein the determination by the access point is based

on reducing a timing difference between the plurality of mobile stations.

29. A mobile station of a plurality of mobile stations, the mobile station comprising:
means for transmitting at least one message comprising timing information to an access
point, wherein timing information transmitted by each of the plurality of mobile stations is used
by the access point to determine at least one timing advance parameter for channel usage beacon
signals (CUBS) transmission and an associated clear channel assessment (CCA) window for at

least one mobile station of the plurality of mobile stations.

30.  The mobile station of claim 29, wherein the determination by the access point is

based on reducing a timing difference between the plurality of mobile stations.

31. A mobile station of a plurality of mobile stations, the mobile station comprising:
at least one transceiver configured for transmitting, to an access point, at least one
message comprising timing information, wherein timing information transmitted by each of the
plurality of mobile stations is useable by the access point to determine at least one timing
advance parameter for channel usage beacon signals (CUBS) transmission and an associated
clear channel assessment (CCA) window for at least one mobile station of the plurality of

mobile stations.

32.  The mobile station of claim 31, wherein the determination by the access point is

based on reducing a timing difference between the plurality of mobile stations.

33. A non-transitory computer-readable medium storing instructions, the
instructions comprising:
one or more instructions that, when executed by at least one processor of a mobile station

of a plurality of mobile stations, cause the mobile station to:

Date Recue/Date Received 2022-09-02



85266448
36

transmit at least one message comprising timing information to an access point,
wherein timing information transmitted by each of the plurality of mobile stations is
used by the access point to determine at least one timing advance parameter for channel
usage beacon signals (CUBS) transmission and an associated clear channel assessment

(CCA) window for at least one mobile station of the plurality of mobile stations.

34.  The non-transitory computer-readable medium of claim 33, wherein the
determination by the access point is based on reducing a timing difference between the plurality

of mobile stations.
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