
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
45

9 
31

4
B

1

(Cont. next page)

*EP003459314B1*
(11) EP 3 459 314 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
06.01.2021 Bulletin 2021/01

(21) Application number: 17726377.9

(22) Date of filing: 18.05.2017

(51) Int Cl.:
H04W 74/08 (2009.01) H04W 72/04 (2009.01)

(86) International application number: 
PCT/IB2017/052947

(87) International publication number: 
WO 2017/199205 (23.11.2017 Gazette 2017/47)

(54) SCHEDULING MULTIPLE SUBFRAMES IN UNLICENSED SPECTRUM

PLANUNG MEHRERER UNTERRAHMEN IN EINEM UNLIZENZIERTEN SPEKTRUM

PLANIFICATION DE MULTIPLES SOUS-TRAMES DANS UN SPECTRE SANS LICENCE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 20.05.2016 US 201662339667 P

(43) Date of publication of application: 
27.03.2019 Bulletin 2019/13

(73) Proprietor: Telefonaktiebolaget LM Ericsson 
(publ)
164 83 Stockholm (SE)

(72) Inventors:  
• KOORAPATY, Havish

Saratoga, California 95070 (US)
• FALAHATI, Sorour

112 29 Stockholm (SE)
• CHENG, Jung-fu

Fremont, California 94539 (US)
• MUKHERJEE, Amitav

Fremont, California 94538 (US)

(74) Representative: Ericsson
Patent Development 
Torshamnsgatan 21-23
164 80 Stockholm (SE)

(56) References cited:  
WO-A2-2016/072917 US-A1- 2016 143 014

• HUAWEI ET AL: "UL category 4 LBT with eNB 
assistance", 3GPP DRAFT; R1-164072, 3RD 
GENERATION PARTNERSHIP PROJECT (3GPP), 
MOBILE COMPETENCE CENTRE ; 650, ROUTE 
DES LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS 
CEDEX ; FRANCE , vol. RAN WG1, no. Nanjing, 
China; 20160523 - 20160527 14 May 2016 
(2016-05-14), XP051096612, Retrieved from the 
Internet: 
URL:http://www.3gpp.org/ftp/tsg_ran/WG1_RL 
1/TSGR1_85/Docs/ [retrieved on 2016-05-14]

• SEQUANS COMMUNICATIONS: "Considerations 
for LAA UL LBT", 3GPP DRAFT; R1-164318, 3RD 
GENERATION PARTNERSHIP PROJECT (3GPP), 
MOBILE COMPETENCE CENTRE ; 650, ROUTE 
DES LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS 
CEDEX ; FRANCE , vol. RAN WG1, no. Nanjing, 
China; 20160523 - 20160527 13 May 2016 
(2016-05-13), XP051090287, Retrieved from the 
Internet: 
URL:http://www.3gpp.org/ftp/tsg_ran/WG1_RL 
1/TSGR1_85/Docs/ [retrieved on 2016-05-13]

• ERICSSON: "Multi-subframe scheduling design 
for Enhanced LAA", 3GPP DRAFT; R1-165142, 
3RD GENERATION PARTNERSHIP PROJECT 
(3GPP), MOBILE COMPETENCE CENTRE ; 650, 
ROUTE DES LUCIOLES ; F-06921 
SOPHIA-ANTIPOLIS CEDEX ; FRANCE , vol. RAN 
WG1, no. Nanjing, China; 20160523 - 20160527 14 
May 2016 (2016-05-14), XP051089837, Retrieved 
from the Internet: 
URL:http://www.3gpp.org/ftp/tsg_ran/WG1_RL 
1/TSGR1_85/Docs/ [retrieved on 2016-05-14]



2

EP 3 459 314 B1

• ERICSSON: "On Signaling of UL Channel Access 
Parameters", 3GPP DRAFT; R1-163152, 3RD 
GENERATION PARTNERSHIP PROJECT (3GPP), 
MOBILE COMPETENCE CENTRE ; 650, ROUTE 
DES LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS 
CEDEX ; FRANCE , vol. RAN WG1, no. Busan, 
Korea; 20160411 - 20160415 2 April 2016 
(2016-04-02), XP051080568, Retrieved from the 
Internet: 
URL:http://www.3gpp.org/ftp/tsg_ran/WG1_RL 
1/TSGR1_84b/Docs/ [retrieved on 2016-04-02]

• ERICSSON: "On Channel Access Procedures for 
Transmissions with Only UL Grants", 3GPP 
DRAFT; R1-165155, 3RD GENERATION 
PARTNERSHIP PROJECT (3GPP), MOBILE 
COMPETENCE CENTRE ; 650, ROUTE DES 
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS 
CEDEX ; FRANCE , vol. RAN WG1, no. Nanjing, 
China; 20160523 - 20160527 14 May 2016 
(2016-05-14), XP051096241, Retrieved from the 
Internet: 
URL:http://www.3gpp.org/ftp/tsg_ran/WG1_RL 
1/TSGR1_85/Docs/ [retrieved on 2016-05-14]

• ERICSSON: "On Support of Conditional UL 
Transmissions without LBT", 3GPP DRAFT; 
R1-165156, 3RD GENERATION PARTNERSHIP 
PROJECT (3GPP), MOBILE COMPETENCE 
CENTRE ; 650, ROUTE DES LUCIOLES ; F-06921 
SOPHIA-ANTIPOLIS CEDEX ; FRANCE , vol. RAN 
WG1, no. Nanjing, China; 20160523 - 20160527 14 
May 2016 (2016-05-14), XP051096240, Retrieved 
from the Internet: 
URL:http://www.3gpp.org/ftp/tsg_ran/WG1_RL 
1/TSGR1_85/Docs/ [retrieved on 2016-05-14]



EP 3 459 314 B1

3

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] Particular embodiments are directed to wireless
communications and, more particularly, to methods and
apparatus for scheduling multiple subframes in unli-
censed spectrum.

INTRODUCTION

[0002] The Third Generation Partnership Project
(3GPP) initiative referred to as License Assisted Access
(LAA) enables long term evolution (LTE) equipment to
operate in the unlicensed 5 GHz radio spectrum. The
unlicensed 5 GHz spectrum is used as a complement to
the licensed spectrum. Accordingly, devices connect in
the licensed spectrum (primary cell or PCell) and use
carrier aggregation to benefit from additional transmis-
sion capacity in the unlicensed spectrum (secondary cell
or SCell). To reduce the changes required for aggregat-
ing licensed and unlicensed spectrum, the LTE frame
timing in the primary cell is simultaneously used in the
secondary cell.
[0003] The standalone LTE-U forum and 3GPP Rel-
14 work item on Uplink Licensed-Assisted Access (LAA)
may specify that LTE user equipments (UEs) may trans-
mit on the uplink in the unlicensed 5 GHz or license-
shared 3.5 GHz radio spectrum. For the case of stan-
dalone LTE-U, all downlink and uplink transmissions take
place entirely on the unlicensed spectrum.
[0004] Regulatory requirements may not permit trans-
missions in the unlicensed spectrum without prior chan-
nel sensing. This is because the unlicensed spectrum is
shared with radios of similar or dissimilar wireless tech-
nologies. Wireless devices may perform channel sensing
using a listen-before-talk (LBT) method. The LBT method
includes sensing the transmission medium for a pre-de-
fined minimum amount of time and backing off if the chan-
nel is busy.
[0005] Wi-Fi, LAA and Standalone LTE-U may operate
in multi-carrier mode with simultaneous transmission
across multiple unlicensed channels in the 5 GHz band.
Wi-Fi follows a hierarchical multi-carrier LBT scheme
across multiple carriers which are selected using specific
channel bonding rules.
[0006] For LAA and Standalone LTE-U, uplink trans-
missions are explicitly scheduled by the eNB which has
full control over when UEs are allowed to transmit. How-
ever, for carriers operating in unlicensed spectrum, UEs
perform some form of LBT before transmitting on the car-
rier. The form of LBT may depend on the number of UEs
that are scheduled, the number of subframes that are
scheduled in succession, the length of the previous trans-
missions on the carrier and other such factors. It is known
that some parameters related to LBT can be signaled by
the eNB to UEs so that they may perform LBT before
transmission. However, the known signaling parameters

do not fully encompass all the use cases and problems
that will be encountered for uplink transmissions in unli-
censed spectrum. In the embodiments described herein,
we disclose more signaling methods to solve these prob-
lems and address the new use cases. In addition, the
embodiments described herein describe how some sig-
naling parameters can be used to increase efficiency of
LTE in unlicensed spectrum.
[0007] As background, LTE uses OFDM in the down-
link and Discrete Fourier Transform (DFT)-spread OFDM
(also referred to as single-carrier FDMA) in the uplink.
The basic LTE downlink physical resource comprises a
time-frequency grid as illustrated in FIGURE 1.
[0008] FIGURE 1 illustrates an example OFDM sym-
bol. The horizontal axis represents time and the other
axis represents frequency. Each resource element cor-
responds to one OFDM subcarrier during one OFDM
symbol interval. An uplink subframe has the same sub-
carrier spacing as the downlink and the same number of
SC-FDMA symbols in the time domain as OFDM symbols
in the downlink. In the time domain, LTE downlink trans-
missions are organized into radio frames.
[0009] FIGURE 2 illustrates an example radio frame.
Each radio frame is 10 ms and consists of ten equally-
sized subframes of length Tsubframe = 1 ms. For normal
cyclic prefix, one subframe consists of 14 OFDM sym-
bols. The duration of each symbol is approximately 71.4
ms.
[0010] Resource allocation in LTE is typically de-
scribed in terms of resource blocks, where a resource
block corresponds to one slot (0.5 ms) in the time domain
and 12 contiguous subcarriers in the frequency domain.
A pair of two adjacent resource blocks in time direction
(1.0 ms) is known as a resource block pair. Resource
blocks are numbered in the frequency domain, starting
with 0 from one end of the system bandwidth.
[0011] Downlink transmissions are dynamically sched-
uled. In each subframe a base station transmits control
information about which terminals data is transmitted to
and upon which resource blocks the data is transmitted
in the current downlink subframe. This control signaling
is typically transmitted in the first 1, 2, 3 or 4 OFDM sym-
bols in each subframe and the number n = 1, 2, 3 or 4 is
known as the Control Format Indicator (CFI). The down-
link subframe also contains common reference symbols,
which are known to the receiver and used for coherent
demodulation of e.g. the control information.
[0012] FIGURE 3 illustrates an example downlink sub-
frame. The subframe includes reference symbols and
control signaling. In the illustrated example, the control
region includes 3 OFDM symbols (i.e., CFI = 3). The ref-
erence symbols include cell specific reference symbols
(CRS), which may support multiple functions including
fine time and frequency synchronization and channel es-
timation for certain transmission modes.
[0013] For LTE Rel-8 to Rel-10, a base station sched-
ules downlink transmissions using a Physical Downlink
Control Channel (PDCCH). From LTE Rel-11 and on-
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wards, downlink transmissions may also be scheduled
on an Enhanced Physical Downlink Control Channel
(EPDCCH) .
[0014] The PDCCH/EPDCCH carries downlink control
information (DCI) such as scheduling decisions and pow-
er-control commands. For example, the DCI includes
downlink scheduling assignments such as Physical
Downlink Shared Channel (PDSCH) resource indication,
transport format, hybrid-ARQ information, and control in-
formation related to spatial multiplexing (if applicable). A
downlink scheduling assignment also includes a com-
mand for power control of the Physical Uplink Control
Channel (PUCCH) used for transmission of hybrid-ARQ
(HARQ) acknowledgements in response to downlink
scheduling assignments. The DCI may also include up-
link scheduling grants such as Physical Uplink Shared
Channel (PUSCH) resource indication, transport format,
and hybrid-ARQ-related information. An uplink schedul-
ing grant also includes a command for power control of
the PUSCH. The DCI may also include power control
commands for a set of terminals as a complement to the
commands included in the scheduling assign-
ments/grants.
[0015] One PDCCH/EPDCCH carries one DCI mes-
sage containing one of the groups of information listed
above. Because a base station may schedule multiple
terminals simultaneously, and each terminal may be
scheduled on both downlink and uplink simultaneously,
multiple scheduling messages may be transmitted within
each subframe. Each scheduling message is transmitted
on separate PDCCH/EPDCCH resources. Consequent-
ly, multiple simultaneous PDCCH/EPDCCH transmis-
sions are typically within each subframe in each cell. Fur-
thermore, support for different radio-channel conditions
may use link adaptation. In link adaptation the code rate
of the PDCCH/EPDCCH is selected by adapting the re-
source usage for the PDCCH/EPDCCH to match the ra-
dio-channel conditions.
[0016] The LTE Rel-10 standard and above supports
bandwidths larger than 20 MHz. One requirement of LTE
Rel-10 is backward compatibility with LTE Rel-8. This
includes spectrum compatibility. One way to provide
compatibility is for an LTE Rel-10 carrier wider than 20
MHz to appear as a number of LTE carriers to an LTE
Rel-8 terminal. Each such carrier may be referred to as
a Component Carrier (CC).
[0017] For early LTE Rel-10 deployments, the number
of LTE Rel-10-capable terminals will likely be smaller
than the number of LTE legacy terminals already in ex-
istence. Thus, efficient use of a wide carrier is needed
for legacy terminals, i.e. providing carriers where legacy
terminals may be scheduled in all parts of the wideband
LTE Rel-10 carrier. One solution uses carrier aggrega-
tion. Using carrier aggregation, an LTE Rel-10 terminal
may receive multiple component carriers. The compo-
nents carriers may have the same structure as a Rel-8
carrier.
[0018] FIGURE 4 illustrates an example of carrier ag-

gregation. A system bandwidth of 100 MHz may be rep-
resented by 5 component carriers each with 20 MHz
bandwidth. A UE capable of carrier aggregation may be
assigned a primary cell (PCell), which is always activat-
ed, and one or more secondary cells (SCells) which may
be activated or deactivated dynamically.
[0019] The number of aggregated component carriers
as well as the bandwidth of the individual component
carriers may be different for uplink and downlink. A sym-
metric configuration refers to a configuration where the
number of component carriers in downlink is the same
as in uplink. An asymmetric configuration refers to a con-
figuration where the number of component carriers is dif-
ferent between downlink and uplink. The number of com-
ponent carriers configured in a cell may be different from
the number of component carriers seen by a terminal.
For example, a terminal may support more downlink com-
ponent carriers than uplink component carriers, even
though the cell is configured with the same number of
uplink and downlink component carriers.
[0020] Carrier aggregation may be used for LAA where
the primary carrier (or PCell) operates in licensed spec-
trum, and one or more secondary carriers (or SCells)
operate in unlicensed spectrum.
[0021] Another feature of carrier aggregation is the
ability to perform cross-carrier scheduling. Cross-carrier
scheduling enables a (E)PDCCH on one component car-
rier to schedule data transmissions on another compo-
nent carrier using a 3-bit Carrier Indicator Field (CIF) in-
serted at the beginning of the (E)PDCCH messages. For
data transmissions on a given component carrier, a UE
expects to receive scheduling messages on the (E)PD-
CCH of just one component carrier (i.e., either the same
component carrier, or a different component carrier via
cross-carrier scheduling). The mapping from (E)PDCCH
to PDSCH may be configured semi-statically.
[0022] In LTE, the scheduling information for uplink
and downlink transmissions on the PCell is transmitted
on the PCell using (E)PDCCH. LTE refers to this sched-
uling mechanism as a self-scheduling method. For a
SCell, LTE supports two scheduling mechanisms-self-
scheduling or cross-scheduling. Using SCell self-sched-
uling (similar to PCell self-scheduling), the uplink and
downlink scheduling information for the SCell is trans-
mitted on the same SCell using (E)PDCCH. In SCell
cross-scheduling, the network configures a SCell via
higher layer signaling to use a cross-scheduling mecha-
nism. In this approach, the uplink and downlink schedul-
ing information for a SCell is transmitted on a second cell
using (E)PDCCH. The second cell may be the PCell or
another SCell. In LTE, the downlink and uplink schedul-
ing mechanisms are configured together (i.e., the down-
link and uplink transmissions of a cell are either both self-
scheduling or both cross-scheduling).
[0023] Another wireless network technology that may
share unlicensed spectrum with LTE is a wireless local
area network (WLAN). Typical WLAN deployments use
carrier sense multiple access with collision avoidance
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(CSMA/CA) for medium access. This means that the
channel is sensed to perform a clear channel assessment
(CCA), and a transmission is initiated only if the channel
is determined to be idle. If the channel is determined to
be busy, then the transmission is deferred until the chan-
nel is idle. When the range of several access points using
the same frequency overlap, all transmissions related to
one access point might be deferred when a transmission
on the same frequency to or from another access point
which is within range is detected. Effectively, if several
access points are within range of each other, they will
need to share the channel in time, and the throughput
for the individual access points may be severely degrad-
ed. A general illustration of the listen-before-talk (LBT)
mechanism on a single unlicensed channel is shown in
FIGURE 5.
[0024] FIGURE 5 illustrates an example WLAN listen-
before-talk mechanism. In the case of single-channel
LBT, after a first Wi-Fi station transmits a data frame to
a second Wi-Fi station, the second station transmits an
ACK frame back to the first station with a delay of 16 ms.
The ACK frame is transmitted by the second station with-
out performing an LBT operation. To prevent another sta-
tion interfering with the ACK frame transmission, a station
defers for a duration of 34 ms (referred to as DIFS) after
the channel is observed to be occupied before assessing
again whether the channel is occupied.
[0025] Thus, a station that wishes to transmit first per-
forms a clear channel assessment by sensing the medi-
um for a fixed duration DIFS. If the medium is idle, then
the station assumes that it may take ownership of the
medium and begins a frame exchange sequence. If the
medium is busy, the station waits for the medium to go
idle, defers for DIFS, and waits for a further random back-
off period. To further prevent a station from occupying
the channel continuously and thereby preventing other
stations from accessing the channel, after a successful
transmission, a station performs a random backoff before
transmitting again.
[0026] For multi-carrier operation, Wi-Fi uses a hierar-
chical channel bonding scheme to determine its trans-
mission bandwidth for a frame, which could be 20 MHz,
40 MHz, 80 MHz, or 160 MHz, for example. In the 5 GHz
band, wider Wi-Fi channel widths of 40 MHz, 80 MHz,
160 MHz or 80+80 MHz are formed by combining 20 MHz
sub-channels in a nonoverlapping manner. A pre-deter-
mined primary channel performs the contention window-
based random access procedure after a defer period, if
necessary, and then counts down the random number
generated. The secondary channels perform a quick
CCA check for a PIFS duration (generally 25 ms) before
the potential start of transmission to determine if the ad-
ditional secondary channels are available for transmis-
sion. Based on the results of the secondary CCA check,
transmission is performed on the larger bandwidths; oth-
erwise transmission falls back to smaller bandwidths.
The Wi-Fi primary channel is always included in all trans-
missions (i.e., transmission on secondary channels

alone is not allowed).
[0027] LTE has traditionally used dedicated frequency
spectrum. An advantage of dedicated spectrum is that
an LTE system does not need to coexist with other non-
3GPP radio access technologies in the same spectrum,
which can maximize spectrum efficiency. The spectrum
allocated to LTE, however, is limited. It may not meet the
ever increasing demand for larger throughput from ap-
plications/services. Therefore, 3GPP also specifies how
LTE may use unlicensed spectrum in addition to licensed
spectrum. In addition, Standalone LTE-U is under devel-
opment by the MulteFire Alliance, in which LTE operates
solely in unlicensed spectrum.
[0028] FIGURE 6 illustrates a user equipment with li-
cense assisted access to unlicensed spectrum. In license
assisted access, a UE is connected to a PCell in the
licensed band and one or more SCells in the unlicensed
band. A secondary cell in unlicensed spectrum may be
referred to as a LAA secondary cell (LAA SCell). The
LAA SCell may operate in downlink-only mode or operate
with both uplink and downlink traffic. In some scenarios,
LTE nodes may operate in standalone mode in license-
exempt channels without assistance from a licensed cell.
[0029] Unlicensed spectrum can, by definition, be used
simultaneously by multiple different technologies. There-
fore, LAA must coexist and cooperate with other systems,
such as IEEE 802.11 (Wi-Fi). To coexist fairly with a Wi-
Fi system, transmission on the SCell conforms to LBT
protocols to avoid collisions which may cause severe in-
terference to on-going transmissions. This includes both
performing LBT before commencing transmissions, and
limiting the maximum duration of a single transmission
burst. The maximum transmission burst duration is spec-
ified by country and region-specific regulations (e.g., 4
ms in Japan and 13 ms according to EN 301.893). An
example is illustrated in FIGURE 7.
[0030] FIGURE 7 illustrates an example of license as-
sisted access to unlicensed spectrum using LTE carrier
aggregation and listen-before-talk. FIGURE 7 illustrates
five example transmission bursts on an LAA SCell. Each
transmission burst is constrained by a maximum allowed
transmission duration of 4 ms. Before each LAA SCell
transmission is a listening period. The example 8 ms
burst is divided into two 4 ms bursts with a listening period
before each.
[0031] Before the eNB transmit data in the downlink,
it performs LBT to gain channel access. During the eNB’s
transmission duration, it also sends out control channels
to schedule certain UEs to transmit in the uplink at spe-
cific time later. After the eNB releases the channel, the
scheduled UEs perform LBT to determine whether they
can transmit in the channel at said specific time.
[0032] FIGURE 8 illustrates an example of uplink li-
cense assisted access transmissions based on an uplink
listen-before-talk protocol. The illustrated example di-
vides an 8 ms occupancy time into 4 ms for downlink
channel occupancy and 4 ms for uplink channel occu-
pancy. After receiving a downlink transmission in sub-
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frames n-4 to n-1 (i.e., 4 ms), the UE performs a clear
channel access for the uplink at subframe n. If the chan-
nel is clear, the UE transmits in uplink for subframes n
to n+3 (i.e., 4 ms).
[0033] In another approach, the UE does not follow
any LBT protocol to initiate channel access after receiv-
ing an uplink transmission scheduling command. LBT
and CCA are performed by the eNB before the start of
downlink transmissions. This may be referred to as a
reverse direction grant protocol.
[0034] FIGURE 9 illustrates an example of uplink li-
cense-assisted access transmissions based on a re-
verse direction grant protocol. The illustrated example
divides an 8 ms occupancy time into 4 ms for downlink
channel occupancy and 4 ms for uplink channel occu-
pancy. After receiving a downlink transmission in sub-
frames n-4 to n-1 (i.e., 4 ms), the UE transmits in uplink
for subframes n to n+3 (i.e., 4 ms) without performing a
CCA.
[0035] When an eNB obtains an opportunity to transmit
in unlicensed spectrum, the opportunity (also referred to
as a transmit opportunity (TXOP)), may be shared with
UEs that the eNB is serving. Transitions between trans-
missions from the eNB to transmissions from UEs may
be handled in two ways, one where the UEs perform an
LBT operation prior to transmission and one where the
UEs do not perform an LBT operation.
[0036] The case where an LBT operation is not per-
formed will most likely need the gap between downlink
transmissions (from the eNB) and uplink transmissions
(from the UE(s)) to be no more than 16 ms. When an LBT
operation is to be performed for a particular subframe,
gaps will need to be inserted in the uplink subframes to
allow for the UE to perform a listen-before-talk operation
without being interfered by transmissions from other UEs
in the same serving cell. To avoid significantly degrading
uplink throughput, the gaps should not be too large.
Therefore, the gap in an uplink subframe of 14 DFT
spread OFDM (DFTS-OFDM) symbols is likely to not be
larger than one DFTS-OFDM symbol, which is approxi-
mately 71 microseconds in duration.
[0037] Performing LBT may generally include two
broad categories of LBT operation. A first type uses an
LBT procedure with full random backoff similar to what
is used by IEEE 802.11 compliant nodes. These
schemes are also referred to as Category 4 LBT
schemes.
[0038] In these schemes a random backoff counter is
drawn uniformly randomly in the interval {0, CW}, where
CW is the contention window. The size of the contention
window may be approximately doubled every time a col-
lision on the channel is detected. Thus, this procedure
may also be referred to as a binary exponential backoff.
[0039] The contention window size is limited by a min-
imum value, CWmin, and a maximum value, CWmax.
The values of CWmin and CWmax may vary depending
on the priority class of the traffic. For the highest priority
class, the {CWmin, CWmax} values may be limited to {3,

7} where these numbers are counted in increments of
one slot which has a duration of 9 microseconds as
shown in FIGURE 5. There are four defined priority class-
es. The remaining three priority classes use contention
window size pairs of {7, 15}, {15, 63} and {15, 1023},
respectively, for an access point (AP) or an eNB. For Wi-
Fi STAs or UEs in LTE, the values of {15, 63} are not used.
[0040] In the second type of LBT procedure, a UE may
perform an LBT operation for a fixed duration (e.g., 25
ms). Generally, the second type of LBT is preferable for
transitions between downlink and uplink transmissions,
because it minimizes the probability of another node
completing its LBT operations and commencing trans-
missions on the channel. Many situations, however, may
need to use a Category 4 LBT scheme.
[0041] One technique to minimize gaps between
downlink and uplink transmissions is to use a timing ad-
vance command to advance the timing of the UEs trans-
missions on the uplink so that they occur earlier. This
technique may be used where the eNB may employ
transmissions only over a part of the subframe in the last
downlink subframe of a transmission burst. In this case,
there is a gap within the downlink subframe that can be
occupied by uplink transmissions by UEs that have re-
ceived timing advance (TA) commands.
[0042] The use of LTE carrier aggregation (CA), intro-
duced in Rel-10, may increase the peak data rate, system
capacity, and user experience by aggregating radio re-
sources from multiple carriers that may reside in the same
band or different bands. Rel-13 LAA and Standalone
LTE-U offer an ability to operate on multiple carriers in
unlicensed spectrum simultaneously. The extension of
the CA framework beyond 5 carriers was completed in
LTE Rel-13, which supports up to 32 carriers in both up-
link and downlink.
[0043] 3GPP specifications may include multi-sub-
frame scheduling for Rel-14 LAA where one or more up-
link grants transmitted in a single subframe can schedule
uplink data in multiple subframes. The parameters that
are signaled as part of the multi-subframe scheduling
grant include hybrid ARQ acknowledgements (HARQ-
ACKs) and related parameters. Specifically, the grants
include legacy parameters (i.e., the new data indication
(NDI), redundancy version (RV), and the HARQ-ACK bits
themselves, which generally consist of one bit per trans-
port block that is being acknowledged).
[0044] Signaling of LBT parameters for LAA may use
both explicit and implicit methods. The solutions include
signaling of random backoff parameters such as the ran-
dom backoff counter, contention window sizes, and the
LBT priority class to be used. The signaling of these pa-
rameters may vary depending on factors such as the load
and the set of UEs being multiplexed in a single subframe.
Implicit signaling of the LBT priority class to be used can
be based on various factors including the number of con-
tiguous subframes that have been scheduled to the UE.
The contention window sizes to be used at the UE can
also be implicitly signaled by indicating whether the trans-

7 8 



EP 3 459 314 B1

7

5

10

15

20

25

30

35

40

45

50

55

mission is a new transmission or a retransmission.
[0045] Prior art examples are: US 2016/143014 A1;
WO 2016/072917 A2; 3GPP R1-164072, Source: Hua-
wei, HiSilicon, Title: "UL category 4 LBT with eNB assist-
ance"; 3GPP R1-164318, Source: Sequans Communi-
cations, Title: "Considerations for LAA UL LBT".
[0046] Existing signaling and contention window man-
agement methods, however, do not fully account for the
problems that arise when using implicit signaling to indi-
cate contention window size that the UE must use. When
explicit signaling is used, it creates unnecessarily large
signaling overhead.

SUMMARY

[0047] The present invention is set forth in the append-
ed independent claims. Further examples of the invention
are set forth in the dependent claims.
[0048] The embodiments described herein include ef-
ficiently signaling listen-before-talk (LBT) parameters for
a Category 4 LBT scheme to a user equipment (UE),
while ensuring that requirements on management of con-
tention windows are met. Particular embodiments facili-
tate the management of uplink transmissions in unli-
censed spectrum by varying the gaps between transmis-
sions by different nodes. Signaling to enable the func-
tionality is disclosed. The disclosure includes the follow-
ing general solutions for signaling LBT parameters to a
UE.
[0049] According to some embodiments, a method for
use in a UE of transmitting uplink data in unlicensed spec-
trum comprises receiving, from a network node, an uplink
grant comprising an indication of one or more subframes
to use for transmitting uplink data. Each subframe com-
prises a plurality of symbols. The method further com-
prises obtaining an indication of a LBT type. The LBT
type indicates a type of LBT procedure that the UE should
perform before transmitting uplink data. The method fur-
ther comprises determining, using the obtained LBT type,
at least one of a starting symbol and a stopping symbol
for transmitting uplink data, and transmitting uplink data
according to at least one of the determined starting sym-
bol and the determined stopping symbol.
[0050] In particular embodiments, the LBT type indi-
cates a category 4 procedure, and the starting symbol
comprises the second symbol of the plurality of symbols
of the first subframe indicated by the uplink grant. The
LBT type may indicate a short clear channel assessment
(CCA) procedure, and the starting symbol may comprise
the symbol 25 ms after the first symbol of the plurality of
symbols of the first subframe indicated by the uplink
grant.
[0051] In particular embodiments, the LBT type indi-
cates a category 4 procedure or a short clear channel
assessment (CCA) procedure, and the stopping symbol
comprises the next to last symbol of the plurality of sym-
bols of the last subframe indicated by the uplink grant.
The method may further comprise determining that the

UE is scheduled to transmit a sounding reference signal
(SRS) in the last symbol of the plurality of symbols of the
last subframe indicated by the uplink grant, and not trans-
mitting the scheduled SRS.
[0052] In particular embodiments, the LBT type indi-
cates no LBT procedure. When other radio technologies
are present in the unlicensed spectrum, then the starting
symbol comprises the symbol 16 ms after the first symbol
of the plurality of symbols of the first subframe indicated
by the uplink grant. When other radio technologies are
not present in the unlicensed spectrum, then the starting
symbol comprises the first symbol of the plurality of sym-
bols of the first subframe indicated by the uplink grant.
[0053] In particular embodiments, obtaining the indi-
cation of the LBT type comprises receiving signaling from
the network node. Obtaining the indication of the LBT
type may comprise obtaining a predetermined LBT type
unless an LBT type is signaled from the network node.
Receiving signaling from the network node may comprise
receiving common signaling over a broadcast channel or
receiving direct signaling over a unicast channel.
[0054] According to some embodiments, a UE opera-
ble to transmit uplink data in unlicensed spectrum com-
prises a memory coupled to processing circuitry. The
processing circuitry is operable to receive, from a network
node, an uplink grant comprising an indication of one or
more subframes to use for transmitting uplink data. Each
subframe comprises a plurality of symbols. The process-
ing circuitry is further operable to obtain an indication of
a LBT type. The LBT type indicates a type of LBT proce-
dure that the UE should perform before transmitting up-
link data. The processing circuitry is further operable to
determine, using the obtained LBT type, at least one of
a starting symbol and a stopping symbol for transmitting
uplink data, and transmit uplink data according to at least
one of the determined starting symbol and the deter-
mined stopping symbol.
[0055] According to some embodiments, a method for
use in a UE of transmitting uplink data in unlicensed spec-
trum comprises receiving, from a network node, an uplink
grant comprising an indication of one or more subframes
to use for transmitting uplink data; receiving, from the
network node, an indication of a last subframe x that is
within a maximum channel occupancy time (MCOT) limit
based on a downlink burst after a successful category 4
LBT procedure performed by the network node; trans-
mitting uplink data in the one or more subframes of the
uplink grant prior to subframe x based on a short clear
channel assessment (CCA) procedure; and transmitting
uplink data in the one or more subframes of the uplink
grant after subframe x based on a category 4 LBT pro-
cedure.
[0056] In particular embodiments, receiving the indica-
tion of the last subframe within the MCOT limit comprises
receiving a number of subframes offset from the first sub-
frame of the one or more subframes of the uplink grant.
Receiving the indication of the last subframe within the
MCOT limit may comprise receiving common signaling
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over a broadcast channel or receiving direct signaling
over a unicast channel.
[0057] According to some embodiments, a UE opera-
ble to transmit uplink data in unlicensed spectrum com-
prises a memory coupled to processing circuitry. The
processing circuitry is operable to: receive, from a net-
work node, an uplink grant comprising an indication of
one or more subframes to use for transmitting uplink data;
receive, from the network node, an indication of a last
subframe (x) that is within a MCOT limit based on a down-
link burst after a successful category 4 LBT procedure
performed by the network node; transmit uplink data in
the one or more subframes of the uplink grant prior to
subframe x based on a short CCA procedure; and trans-
mit uplink data in the one or more subframes of the uplink
grant after subframe x based on a category 4 LBT pro-
cedure.
[0058] Also disclosed is a computer program product.
The computer program product comprises instructions
stored on non-transient computer-readable media which,
when executed by a processor, perform the act of receiv-
ing, from a network node, an uplink grant comprising an
indication of one or more subframes to use for transmit-
ting uplink data. Each subframe comprises a plurality of
symbols. The instructions further perform the act of ob-
taining an indication of a LBT type. The LBT type indi-
cates a type of LBT procedure that the UE should perform
before transmitting uplink data. The instructions further
perform the acts of determining, using the obtained LBT
type, at least one of a starting symbol and a stopping
symbol for transmitting uplink data, and transmitting up-
link data according to at least one of the determined start-
ing symbol and the determined stopping symbol.
[0059] Also disclosed is another computer program
product. The computer program product comprises in-
structions stored on non-transient computer-readable
media which, when executed by a processor, perform
the acts of receiving, from a network node, an uplink grant
comprising an indication of one or more subframes to
use for transmitting uplink data; receiving, from the net-
work node, an indication of a last subframe (x) that is
within a MCOT limit based on a downlink burst after a
successful category 4 LBT procedure performed by the
network node; transmitting uplink data in the one or more
subframes of the uplink grant prior to subframe x based
on a short CCA procedure; and transmitting uplink data
in the one or more subframes of the uplink grant after
subframe x based on a category 4 LBT procedure.
[0060] Particular embodiments may exhibit some of
the following technical advantages. For example, partic-
ular embodiments may improve uplink and/or system
performance by reducing the amount of signaling, which
may reduce network load and device complexity. Other
technical advantages will be readily apparent to one
skilled in the art from the following figures, description
and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] For a more complete understanding of the em-
bodiments and their features and advantages, reference
is now made to the following description, taken in con-
junction with the accompanying drawings, in which:

FIGURE 1 illustrates an example OFDM symbol;
FIGURE 2 illustrates an example radio frame;
FIGURE 3 illustrates an example downlink sub-
frame;
FIGURE 4 illustrates an example of carrier aggrega-
tion;
FIGURE 5 illustrates an example WLAN listen-be-
fore-talk mechanism;
FIGURE 6 illustrates a user equipment with license
assisted access to unlicensed spectrum;
FIGURE 7 illustrates an example of license assisted
access to unlicensed spectrum using LTE carrier ag-
gregation and listen-before-talk;
FIGURE 8 illustrates an example of uplink license
assisted access transmissions based on an uplink
listen-before-talk protocol;
FIGURE 9 illustrates an example of uplink license
assisted access transmissions based on a reverse
direction grant protocol;
FIGURE 10 is a block diagram illustrating an exam-
ple wireless network, according to a particular em-
bodiment;
FIGURE 11 is a flow diagram illustrating an example
method in a user equipment, according to some em-
bodiments;
FIGURE 12 is a flow diagram illustrating another ex-
ample method in a user equipment, according to
some embodiments;
FIGURE 13A is a block diagram illustrating an ex-
ample embodiment of a wireless device;
FIGURE 13B is a block diagram illustrating example
components of a wireless device;
FIGURE 14A is a block diagram illustrating an ex-
ample embodiment of a network node; and
FIGURE 14B is a block diagram illustrating example
components of a network node.

DETAILED DESCRIPTION

[0062] Long term evolution (LTE) equipment may op-
erate in the unlicensed 5 GHz radio spectrum according
to the Third Generation Partnership Project (3GPP) ini-
tiative referred to as License Assisted Access (LAA). The
unlicensed 5 GHz spectrum is used as a complement to
the licensed spectrum. Accordingly, devices connect in
the licensed spectrum (primary cell or PCell) and use
carrier aggregation to benefit from additional transmis-
sion capacity in the unlicensed spectrum (secondary cell
or SCell).
[0063] Regulatory requirements may not permit trans-
missions in the unlicensed spectrum without prior chan-
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nel sensing. This is because the unlicensed spectrum is
shared with radios of similar or dissimilar wireless tech-
nologies. Wireless devices may perform channel sensing
using a listen-before-talk (LBT) method. The LBT method
includes sensing the transmission medium for a pre-de-
fined minimum amount of time and backing off if the chan-
nel is busy. The maximum duration of a single transmis-
sion burst may be limited to a fixed time.
[0064] The form of LBT may depend on the number of
UEs that are scheduled, the number of subframes that
are scheduled in succession, the length of the previous
transmissions on the carrier, and/or other such factors.
Some parameters related to LBT may be signaled by the
eNB to UEs so that the UEs may perform LBT before
transmission. The signaling parameters, however, do not
fully encompass all the use cases and problems that may
be encountered for uplink transmissions in unlicensed
spectrum.
[0065] When an eNB obtains an opportunity to transmit
in unlicensed spectrum, the transmit opportunity may be
shared with UEs that the eNB is serving. Transitions be-
tween transmissions from the eNB to transmissions from
UEs may be handled in two ways, one where the UEs
perform an LBT operation prior to transmission and one
where the UEs do not perform an LBT operation.
[0066] Performing LBT may generally include two
broad categories of LBT operation. A first type uses an
LBT procedure with full random backoff similar to what
is used by IEEE 802.11 compliant nodes. These
schemes are also referred to as Category 4 LBT
schemes. A random backoff counter is picked randomly
in the contention window. The size of the contention win-
dow may be approximately doubled every time a collision
on the channel is detected. Thus, this procedure may
also be referred to as a binary exponential backoff.
[0067] In the second type of LBT procedure, a UE may
perform an LBT operation for a fixed duration (e.g., 25
ms). Generally, the second type of LBT is preferable for
transitions between downlink and uplink transmissions,
because it minimizes the probability of another node
completing its LBT operations and commencing trans-
missions on the channel. Many situations, however, may
need to use a Category 4 LBT scheme.
[0068] 3GPP specifications may include multi-sub-
frame scheduling for Rel-14 LAA where one or more up-
link grants transmitted in a single subframe can schedule
uplink data in multiple subframes. The parameters that
are signaled as part of the multi-subframe scheduling
grant include hybrid ARQ acknowledgements (HARQ-
ACKs) and related parameters. Specifically, the grants
include legacy parameters (i.e., the new data indication
(NDI), redundancy version (RV), and the HARQ-ACK bits
themselves, which generally consist of one bit per trans-
port block that is being acknowledged).
[0069] Signaling of LBT parameters for LAA may use
both explicit and implicit methods. The solutions include
signaling of random backoff parameters such as the ran-
dom backoff counter, contention window sizes, and the

LBT priority class to be used. The signaling of these pa-
rameters may vary depending on factors such as the load
and the set of UEs being multiplexed in a single subframe.
Implicit signaling of the LBT priority class to be used can
be based on various factors including the number of con-
tiguous subframes that have been scheduled to the UE.
[0070] Existing signaling and contention window man-
agement methods, however, do not fully account for the
problems that arise when using implicit signaling to indi-
cate contention window size that the UE must use. When
explicit signaling is used, it creates unnecessarily large
signaling overhead.
[0071] Particular embodiments obviate the problems
described above and include signaling LBT parameters
for a Category 4 LBT scheme to a UE more efficiently,
while ensuring that requirements on management of con-
tention windows are met. Particular embodiments facili-
tate the management of uplink transmissions in unli-
censed spectrum by providing the ability to vary the gaps
between transmissions by different nodes. Some embod-
iments include signaling to enable the functionality.
[0072] The embodiments described herein are appli-
cable to both LAA LTE and standalone LTE-U operation,
and in general for any system such as LTE operating in
unlicensed spectrum or any spectrum where listen-be-
fore-talk protocols are used and where there is some
fixed timing where transmissions occur.
[0073] The following description sets forth numerous
specific details. It is understood, however, that embodi-
ments may be practiced without these specific details. In
other instances, well-known circuits, structures and tech-
niques have not been shown in detail in order not to ob-
scure the understanding of this description. Those of or-
dinary skill in the art, with the included descriptions, will
be able to implement appropriate functionality without
undue experimentation.
[0074] References in the specification to "one embod-
iment," "an embodiment," "an example embodiment,"
etc., indicate that the embodiment described may include
a particular feature, structure, or characteristic, but every
embodiment may not necessarily include the particular
feature, structure, or characteristic. Moreover, such
phrases are not necessarily referring to the same em-
bodiment. Further, when a particular feature, structure,
or characteristic is described in connection with an em-
bodiment, it is submitted that it is within the knowledge
of one skilled in the art to implement such feature, struc-
ture, or characteristic in connection with other embodi-
ments, whether or not explicitly described.
[0075] Particular embodiments are described with ref-
erence to FIGURES 10-14B of the drawings, like numer-
als being used for like and corresponding parts of the
various drawings. LTE is used throughout this disclosure
as an example cellular system, but the ideas presented
herein may apply to other wireless communication sys-
tems as well.
[0076] FIGURE 10 is a block diagram illustrating an
example wireless network, according to a particular em-
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bodiment. Wireless network 100 includes one or more
wireless devices 110 (such as mobile phones, smart
phones, laptop computers, tablet computers, MTC de-
vices, or any other devices that can provide wireless com-
munication) and a plurality of network nodes 120 (such
as base stations or eNodeBs). Wireless device 110 may
also be referred to as a UE. Network node 120 serves
coverage area 115 (also referred to as cell 115).
[0077] In general, wireless devices 110 that are within
coverage of network node 120 (e.g., within cell 115
served by network node 120) communicate with network
node 120 by transmitting and receiving wireless signals
130. For example, wireless devices 110 and network
node 120 may communicate wireless signals 130 con-
taining voice traffic, data traffic, and/or control signals. A
network node 120 communicating voice traffic, data traf-
fic, and/or control signals to wireless device 110 may be
referred to as a serving network node 120 for the wireless
device 110. Communication between wireless device
110 and network node 120 may be referred to as cellular
communication. Wireless signals 130 may include both
downlink transmissions (from network node 120 to wire-
less devices 110) and uplink transmissions (from wire-
less devices 110 to network node 120).
[0078] Each network node 120 may have a single
transmitter or multiple transmitters for transmitting sig-
nals 130 to wireless devices 110. In some embodiments,
network node 120 may comprise a multi-input multi-out-
put (MIMO) system. Similarly, each wireless device 110
may have a single receiver or multiple receivers for re-
ceiving signals 130 from network nodes 120 or other wire-
less devices 110.
[0079] Wireless signals 130 may include frames and
subframes, such as those described with respect to FIG-
URES 1-3. Network node 120 may dynamically schedule
subframes as an uplink subframe, a downlink subframe,
or a combination uplink and downlink subframe. Network
node 120 may signal LBT parameters to wireless device
110.
[0080] Network node 120 may operate in a licensed
frequency spectrum, such as an LTE spectrum. Network
node 120 may also operate in an unlicensed frequency
spectrum, such as a 5 GHz Wi-Fi spectrum. In an unli-
censed frequency spectrum, network node 120 may co-
exist with other devices such as IEEE 802.11 access
points and terminals. To share the unlicensed spectrum,
network node 120 may perform LBT protocols before
transmitting or receiving wireless signals 130. Wireless
device 110 may also operate in one or both of licensed
or unlicensed spectrum and in some embodiments may
also perform LBT protocols before transmitting wireless
signals 130. Both network node 120 and wireless device
110 may also operate in licensed shared spectrum.
[0081] For example, network node 120a may operate
in a licensed spectrum and network node 120b may op-
erate in an unlicensed spectrum. Wireless device 110
may operate in both licensed and unlicensed spectrum.
In particular embodiments, network nodes 120a and

120b may be configurable to operate in a licensed spec-
trum, an unlicensed spectrum, a licensed shared spec-
trum, or any combination. Although the coverage area of
cell 115b is illustrated as included in the coverage area
of cell 115a, in particular embodiments the coverage ar-
eas of cells 115a and 115b may overlap partially, or may
not overlap at all.
[0082] In particular embodiments, wireless device 110
and network nodes 120 may perform carrier aggregation.
For example, network node 120a may serve wireless de-
vice 110 as a PCell and network node 120b may serve
wireless device 110 as a SCell. Network nodes 120 may
perform self-scheduling or cross-scheduling. If network
node 120a is operating in licensed spectrum and network
node 120b is operating in unlicensed spectrum, network
node 120a may provide license assisted access to the
unlicensed spectrum (i.e., network node 120a is a LAA
PCell and network node 120b is a LAA SCell).
[0083] In particular embodiments, network node 120a
may dynamically schedule uplink and downlink sub-
frames for wireless device 110. For example, in particular
embodiments network node 120a may determine a first
uplink/downlink scheduling pattern for a first plurality of
consecutive subframes. Network node 120a may trans-
mit the first uplink/downlink scheduling pattern to wireless
device 110 (e.g., using (E)PDCCH) and transmit at least
one subframe to wireless device 110 according to the
first uplink/downlink scheduling pattern.
[0084] If network node 120a received additional down-
link data, or a request for uplink transmission from a wire-
less device, for example, then network node 120a may
determine a second uplink/downlink scheduling pattern
for a second plurality of consecutive subframes. Network
node 120a may transmit the second uplink/downlink
scheduling pattern to wireless device 110 in any of the
subframes previously scheduled for wireless device 110.
[0085] In particular embodiments, the uplink/downlink
scheduling pattern may comprise a number of subse-
quent downlink subframes, a number of subsequent
downlink and uplink subframes, an indication of which
subframes to monitor or not monitor for downlink, or any
other suitable pattern.
[0086] In particular embodiments, wireless device 110
may receive, from network node 120 (e.g., using (E)PD-
CCH), a first uplink/downlink scheduling pattern for a first
plurality of consecutive subframes. Wireless device 110
may receive at least one subframe according to the first
uplink/downlink scheduling pattern. In one of the sched-
uled downlink subframes, wireless device 110 may re-
ceive a second uplink/downlink scheduling pattern for a
second plurality of consecutive subframes.
[0087] According to some embodiments, wireless de-
vice 110 may receive, from network node 120, an uplink
grant comprising an indication of one or more subframes
to use for transmitting uplink data. Each subframe com-
prises a plurality of symbols. Wireless device 110 may
obtain an indication of a LBT type. The LBT type indicates
a type of LBT procedure that the UE should perform be-
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fore transmitting uplink data. Wireless device 110 may
determine, using the obtained LBT type, at least one of
a starting symbol and a stopping symbol for transmitting
uplink data. Wireless device 110 may transmit uplink data
according to at least one of the determined starting sym-
bol and the determined stopping symbol.
[0088] According to some embodiments, wireless de-
vice 110 may receive, from network node 120, an indi-
cation of a last subframe x that is within a maximum chan-
nel occupancy time (MCOT) limit based on a downlink
burst after a successful category 4 LBT procedure per-
formed by the network node. Wireless device 110 may
transmit uplink data in the one or more subframes of the
uplink grant prior to subframe x based on a short clear
channel assessment (CCA) procedure, and transmit up-
link data in the one or more subframes of the uplink grant
after subframe x based on a category 4 LBT procedure.
[0089] Although particular embodiments are described
with respect to licensed or unlicensed spectrum, license
assisted access, and/or carrier aggregation, the embod-
iments described herein apply equally to uplink and
downlink scheduling in any spectrum and with respect to
a single cell or any combination of cells.
[0090] In wireless network 100, each network node 120
may use any suitable radio access technology, such as
long term evolution (LTE), LTE-Advanced, UMTS,
HSPA, GSM, cdma2000, NR, WiMax, WiFi, and/or other
suitable radio access technology. Wireless network 100
may include any suitable combination of one or more
radio access technologies. For purposes of example, var-
ious embodiments may be described within the context
of certain radio access technologies. However, the scope
of the disclosure is not limited to the examples and other
embodiments could use different radio access technol-
ogies.
[0091] As described above, embodiments of a wireless
network may include one or more wireless devices and
one or more different types of radio network nodes ca-
pable of communicating with the wireless devices. The
network may also include any additional elements suit-
able to support communication between wireless devices
or between a wireless device and another communica-
tion device (such as a landline telephone). A wireless
device may include any suitable combination of hardware
and/or software. For example, in particular embodi-
ments, a wireless device, such as wireless device 110,
may include the components described with respect to
FIGURE 13A below. Similarly, a network node may in-
clude any suitable combination of hardware and/or soft-
ware. For example, in particular embodiments, a network
node, such as network node 120, may include the com-
ponents described with respect to FIGURE 14A below.
[0092] The following embodiments describe LBT pa-
rameters for a Category 4 LBT scheme that may be sig-
naled to the UE more efficiently while ensuring that re-
quirements on management of contention windows are
met. Particular embodiments manage the contention
window size of a Category 4 LBT scheme used by the

UE in a particular uplink subframe. Particular embodi-
ments may enable the management of uplink transmis-
sions in unlicensed spectrum by providing the ability to
vary the gaps between transmissions by different nodes.
Gaps may be varied by varying the start or stop symbols
for transmission in an uplink subframe.
[0093] Particular embodiments include implicit signal-
ing of a start symbol based on LBT type. For example,
in some embodiments the explicit signaling of the start
symbol of the PUSCH in the first subframe of a set of
subframes that is allocated in a single uplink grant mes-
sage may be avoided. The start symbol of the PUSCH
may instead be obtained from the LBT type which may
be signaled to the UE. The options for the LBT type may
include a category 4 LBT scheme, a short 25 ms CCA,
or no LBT.
[0094] Some embodiments may use the following pro-
cedure to determine the start symbol of the PUSCH in
the first allocated subframe. If the LBT type is Category
4, then PUSCH starts at symbol 1. If the LBT type is a
CCA of 25 ms, then PUSCH starts 25 ms after the start
of symbol 0. If the LBT type is no LBT and it is known
that other technologies are present in the band, PUSCH
starts 16 ms after the start of symbol 0. If the LBT type is
no LBT and it is known that other technologies are not
present in the band (e.g., via configuration by an entity
that controls frequency channel allocation), then the
PUSCH starts at the symbol boundary of symbol 0. Other
embodiments may determine a start symbol using any
suitable offset.
[0095] Particular embodiments include signaling that
indicates how LBT parameters are signaled. For exam-
ple, particular embodiments may signal certain LBT pa-
rameters via dedicated signaling; whereas, some other
embodiments may signal certain LBT parameters via
common signaling to all UEs.
[0096] As a particular example, if a network node is to
signal an LBT type for a certain set of subframes for which
the starting subframe may vary by up to 8 subframes and
the number of subframes in the set may vary by up to 4
subframes, then five bits are required to indicate the LBT
type and the number of subframes for which the LBT type
is applicable. However, because uplink grants already
include information on location of the allocations in time,
the LBT type for the first of these subframes can be in-
dicated by one additional bit in the dedicated uplink grant.
[0097] If the number of UEs scheduled for the sub-
frames is less than five, then the dedicated signaling is
not wasteful. However, if the number of UEs to be sched-
uled in the subframes far exceeds five, then a common
message in the C-PDCCH may be more efficient in indi-
cating the subframe where a certain LBT type is to be
used. Common messages in the C-PDCCH can also be
used to indicate LBT parameters to be used for autono-
mous uplink transmissions which occur without explicit
scheduling grants.
[0098] In some embodiments, whether LBT parame-
ters are signaled via common signaling (e.g., the C-PD-
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CCH on an LAA SCell) or signaled via dedicated signaling
(e.g., the DCI message conveying uplink grants to the
UEs) may be configured via radio resource control (RRC)
signaling at a higher layer. This provides the eNB flexi-
bility to optimize the efficiency of the dynamic signaling
based on the deployment and number of UEs to be
served on average in a subframe in the cell. If dedicated
signaling does not need to be used, then the bits that
would have been used for signaling may be used for
some other purpose.
[0099] Particular embodiments include signaling a
maximum channel occupancy time (MCOT) limit to the
UE. For example, in some embodiments when there is
a downlink transmission from an eNB in subframe n in a
downlink transmission burst after a successful Category
4 LBT with an associated MCOT, the eNB can determine
the subframe (e.g., subframe n+x) that meets the MCOT
limit. That means the uplink transmission by UEs before
that subframe (i.e., subframe n+x-1) can be based on a
CCA of 25 ms, while the uplink transmission from that
subframe (i.e., subframe n+x) may be based on Category
4 LBT until the UE detects a new downlink transmission.
[0100] In embodiments with common signaling to all
UEs, the eNB may signal the value of x using k bits. The
number k can be fixed or can be configured by higher
layers. For example larger number of k can be used at
low loads and smaller number of k can be used at high
loads.
[0101] In embodiments with dedicated signaling, in a
first approach the eNB can signal x using k bits, as men-
tioned above. In a second approach, the eNB signals
how many of the scheduled subframes among the N sub-
frames indicated in the dedicated signaling are subject
to Category 4 LBT (or CCA based on 25 us LBT) trans-
mission. In a third approach, the eNB ensures that in
every scheduling grant for a set of subframes only one
type of LBT option is valid. Thus, by using one bit the
eNB can signal if the scheduled subframes correspond-
ing to the grant in the dedicated signaling (i.e., uplink
grant) are subject to CCA of 25 us or Category 4 LBT.
[0102] Particular embodiments include signaling of an
end symbol based on LBT type. For example, particular
embodiments include four LBT priority classes that a UE
can use to perform Category 4 LBT. Depending on the
type of traffic to be sent on the uplink, the UE can choose
the LBT priority class accordingly, similar to Wi-Fi or Rel-
13 LAA. For example, LBT priority class 1, 2, 3 and 4
may correspond to VoIP, Video, Best effort and Back-
ground traffic, respectively.
[0103] Based on a buffer status, the eNB is aware of
the possible QoS of the potential uplink traffic. The eNB
may use this knowledge, together with the number of
scheduled uplink subframes, to understand the LBT pri-
ority class that the UE will use in case it performs Cate-
gory 4 LBT. Moreover, from knowledge of whether the
previous retransmissions have failed or not, the eNB
knows whether the UE will increase the contention win-
dow size.

[0104] Depending on the size of the contention win-
dow, the eNB can determine whether UEs performing
Category 4 LBT can benefit from a larger gap than one
symbol at the end of the subframe that is not going to be
interfered by other UEs. If a larger gap is needed, the
eNB may signal to the UE(s) to provide that gap. Another
reason for providing larger gaps includes the scenario
where a downlink transmission based on Category 4 LBT
follows after the uplink transmission.
[0105] In embodiments with common signaling, the
eNB may signal all the UEs that can have uplink trans-
mission based on CCA of 25 us LBT, not to transmit in
the last symbol at the MCOT limit. This can be done using
one bit. In the event that one or more such UEs were
also requested to send aperiodic SRS in the same sub-
frame, the SRS transmission in symbol thirteen may be
dropped and the gap instruction may be prioritized. The
eNB may also use an additional bit to indicate to all UEs
subject to uplink transmission based on Category 4 to
finish their last uplink transmission one symbol before
the subframe boundary. The signaling to UEs using both
types of LBT types may be signaled using the same bit
as well.
[0106] In the case where the eNB schedules transmis-
sions such that in every scheduling grant for a set of
subframes only one type of LBT option is valid, the eNB
can use one bit to signal to the UE to finish its last uplink
transmission one symbol before the subframe boundary.
[0107] Particular embodiments include implicit or ex-
plicit signaling of the NO-LBT option. For example, par-
ticular embodiments include conditions that UE would be
allowed to transmit in uplink without performing LBT.
[0108] An example for the no-LBT condition is de-
scribed in the 3GPP specifications. In the 3GPP example,
no LBT is required for any uplink transmission that begins
no later than 16 ms after the end of a downlink transmis-
sion. The eNB should ensure that the uplink transmission
is within the MCOT limit. The duration of the uplink trans-
mission should include at least UCI or SRS, and its du-
ration shall not exceed 1 ms.
[0109] Thus, when a UE fulfills the above conditions,
it may transmit within 16 us without LBT while fulfilling
the requirements on the uplink transmission without any
signaling from the eNB (for example its duration and also
its content). However, if two or more UEs are scheduled
simultaneously after downlink subframes, but not all of
them meet the conditions for no-LBT transmission (such
as no UCI or SRS to be transmitted in the first uplink
subframe immediately after downlink subframe), then the
eNB may determine that the UEs that are eligible for no-
LBT transmission need to perform LBT. That can be done
using one bit. The bit can be sent by common signaling
or dedicated signaling and can be a part of the signaling
options as outlined in the embodiments described above.
[0110] Other embodiments may use one bit in the com-
mon signaling or dedicated signaling to inform UE(s) el-
igible to transmission without LBT, to perform uplink
transmission without LBT whenever the condition is met.

19 20 



EP 3 459 314 B1

13

5

10

15

20

25

30

35

40

45

50

55

In some embodiments, the eNB may assume whenever
UE is eligible for transmission without LBT, the UE trans-
mits without LBT and no signaling may be needed. In
particular embodiments, signaling for the no LBT option
is avoided by restricting it for use only in the ending partial
subframe.
[0111] Particular embodiments include signaling LBT
information to the UE with a combination of dedicated
and common signaling. For example, in particular em-
bodiments the signaling of LBT parameters may be per-
formed by a combination of dedicated and common sig-
naling. According to one example, the UE may be pro-
vided allocations for uplink transmissions via dedicated
signaling with the LBT type signaling not being signaled
to the UE. The UE may assume that it should use a 25
ms CCA for the first subframe in the allocation unless
otherwise indicated by common signaling. The common
signaling that can be used to provide such indication can,
for example, be the MCOT limits as described in other
embodiments. In a variation of this embodiment, the UE
may assume that it should use a Category 4 LBT proce-
dure for the first subframe in the allocation unless other-
wise indicated by common signaling.
[0112] Other example combinations of common and
dedicated signaling that may be included in some em-
bodiments include: (a) signaling of LBT type via dedicat-
ed signaling and ending symbol of PUSCH via common
signaling; (b) signaling of ending symbol of PUSCH via
dedicated signaling and LBT type via common signaling
(in one variation, the LBT type may be implicitly signaled
using signaling on the MCOT limit); and (c) signaling of
all LBT parameters via common signaling but signaling
the downlink subframe number where the common sig-
naling is to be received in the dedicated signaling
[0113] The examples and embodiments described
above may be represented generally by the flow dia-
grams in FIGURES 11 and 12.
[0114] FIGURE 11 is a flow diagram illustrating an ex-
ample method in a user equipment, according to some
embodiments. In particular embodiments, one or more
steps of FIGURE 11 may be performed by wireless de-
vice 110 of wireless network 100 described with respect
to FIGURE 10.
[0115] The method begins at step 1012, where a wire-
less device receives an uplink grant comprising an indi-
cation of one or more subframes to use for transmitting
uplink data. Each subframe comprises a plurality of sym-
bols. For example, wireless device 110 may receive an
uplink grant from network node 120. The uplink grant
may include a burst of 3 subframes where each subframe
comprises 14 OFDM symbols.
[0116] At step 1114, the wireless device obtains an
indication of a LBT type. The LBT type indicates a type
of LBT procedure that the UE should perform before
transmitting uplink data. For example wireless device 110
may obtain an LBT type from network node 120. The LBT
type may refer to a category 4 LBT procedure, a CCA,
or no LBT procedure.

[0117] In particular embodiments, the wireless device
may obtain the LBT type via dedicated signaling. For ex-
ample, the wireless device may receive the LBT type as
part of its uplink grant (i.e., unicast). Or the wireless de-
vice may receive the LBT type via common signaling,
such as broadcast on the C-PDCCH.
[0118] In particular embodiments, obtaining the LBT
type may comprise obtaining a predetermined default
LBT type. For example, wireless device 110 may be pre-
configured to use a category 4 LBT procedure unless
otherwise signaled by network node 120. In particular
embodiments, the wireless device may obtain the LBT
type according to any of the examples or embodiments
described above.
[0119] At step 1116, the wireless device determines,
using the obtained LBT type, at least one of a starting
symbol and a stopping symbol for transmitting uplink da-
ta. For example, wireless device 110 may use the LBT
type to determine whether any gap should be added to
the beginning or end of the uplink transmission.
[0120] As particular examples, if the LBT type indicates
a category 4 procedure, then the starting symbol may
comprise the second symbol of the plurality of symbols
of the first subframe indicated by the uplink grant (i.e.,
OFDM symbol 1 for a subframe with 14 symbols num-
bered 0-13). If the LBT type indicates a short CCA pro-
cedure, then the starting symbol comprises the symbol
25 ms after the first symbol of the plurality of symbols of
the first subframe indicated by the uplink grant (i.e., 25
ms after OFDM symbol 0 for a subframe with 14 symbols
numbered 0-13). If the LBT type indicates no LBT pro-
cedure, and the UE determines that other radio technol-
ogies are present in the unlicensed spectrum, then the
starting symbol comprises the symbol 16 ms after the first
symbol of the plurality of symbols of the first subframe
indicated by the uplink grant (i.e., 16 ms after OFDM sym-
bol 0 for a subframe with 14 symbols numbered 0-13). If
the LBT type indicates no LBT procedure, and the UE
determines that other radio technologies are not present
in the unlicensed spectrum, then the starting symbol
comprises the first symbol of the plurality of symbols of
the first subframe indicated by the uplink grant (i.e.,
OFDM symbol 0 for a subframe with 14 symbols num-
bered 0-13).
[0121] As further examples, if the LBT type indicates
a category 4 procedure or a short clear channel assess-
ment (CCA) procedure, then the stopping symbol com-
prises the next to last symbol of the plurality of symbols
of the last subframe indicated by the uplink grant (i.e.,
OFDM symbol 12 for a subframe with 14 symbols num-
bered 0-13). In some embodiments, if the wireless device
is supposed to transmit SRS in the last symbol of the
subframe, then the wireless device may determine not
to transmit the SRS.
[0122] Particular embodiments may determine a start-
ing or stopping symbol according to any of the examples
or embodiments described above. Although particular
examples are given, other embodiments may use any
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suitable starting symbol or any suitable stopping symbol.
[0123] At step 1118, the wireless device transmits up-
link data according to at least one of the determined start-
ing symbol and the determined stopping symbol. For ex-
ample, wireless device 110 may transmit a PUSCH using
at least one of the starting or stopping symbols deter-
mined in the previous step.
[0124] Modifications, additions, or omissions may be
made to method 1100. Additionally, one or more steps
in method 1100 of FIGURE 11 may be performed in par-
allel or in any suitable order. The steps of method 1100
may be repeated over time as necessary.
[0125] FIGURE 12 is a flow diagram illustrating another
example method in a wireless device, according to some
embodiments. In particular embodiments, one or more
steps of FIGURE 12 may be performed by wireless de-
vice 110 of wireless network 100 described with respect
to FIGURE 10.
[0126] The method begins at step 1212, where a wire-
less device receives an uplink grant comprising an indi-
cation of one or more subframes to use for transmitting
uplink data. For example, wireless device 110 may re-
ceive an uplink grant from network node 120.
[0127] At step 1214, the wireless device receives an
indication of a last subframe x that is within a MCOT limit
based on a downlink burst after a successful category 4
LBT procedure performed by the network node. For ex-
ample, network node 120 may have performed a suc-
cessful category 4 LBT procedure and transmitted down-
link information to one or more wireless devices 110. The
downlink may not have consumed the full amount of time
available within the MCOT limit, leaving time available
for wireless device 110 to transmit some uplink data with-
out performing its own category 4 LBT procedure.
[0128] The wireless device may receive the indication
via common or direct signaling according to any of the
examples and embodiments described above. The sub-
frame x may be indicated by a an offset (e.g., x subframes
from the first subframe in the uplink grant) or by any of
the examples or embodiments described above.
[0129] At step 1216, the wireless device transmits up-
link data in the one or more subframes of the uplink grant
prior to subframe x based on a short CCA procedure. For
example, wireless device 110 may perform a CCA pro-
cedure and then transmit uplink up to the MCOT limit.
[0130] At step 1218, the wireless device transmits up-
link data in the one or more subframes of the uplink grant
after subframe x based on a category 4 LBT procedure.
For example, wireless device 110 may perform a cate-
gory 4 LBT procedure just after the MCOT limit and then
continue to transmit uplink data to network node 120 as-
suming the LBT procedure was successful.
[0131] Modifications, additions, or omissions may be
made to method 1200. Additionally, one or more steps
in method 1200 of FIGURE 12 may be performed in par-
allel or in any suitable order. The steps of method 1200
may be repeated over time as necessary.
[0132] FIGURE 13A is a block diagram illustrating an

example embodiment of a wireless device. The wireless
device is an example of the wireless devices 110 illus-
trated in FIGURE 8. In particular embodiments, the wire-
less device is capable of performing LBT procedures be-
fore transmitting in the uplink. The wireless device may
adapt a transmission gap before or after an uplink trans-
mission based on a signaled LBT type.
[0133] For example, the wireless device may receive
an uplink grant comprising an indication of one or more
subframes to use for transmitting uplink data; obtain an
indication of a LBT type; determine, using the obtained
LBT type, at least one of a starting symbol and a stopping
symbol for transmitting uplink data; and transmit uplink
data according to at least one of the determined starting
symbol and the determined stopping symbol.
[0134] As another example, the wireless device may
receive an uplink grant; receive an indication of a last
subframe x that is within a MCOT limit; transmit uplink
data in one or more subframes of the uplink grant prior
to subframe x based on a short clear CCA procedure;
and transmit uplink data in the one or more subframes
of the uplink grant after subframe x based on a category
4 LBT procedure.
[0135] Particular examples of a wireless device include
a mobile phone, a smart phone, a PDA (Personal Digital
Assistant), a portable computer (e.g., laptop, tablet), a
sensor, a modem, a machine type (MTC) device / ma-
chine to machine (M2M) device, laptop embedded equip-
ment (LEE), laptop mounted equipment (LME), USB don-
gles, a device-to-device capable device, a vehicle-to-ve-
hicle device, or any other device that can provide wireless
communication. The wireless device includes transceiv-
er 1310, processing circuitry 1320, memory 1330, and
power source 1340. In some embodiments, transceiver
1310 facilitates transmitting wireless signals to and re-
ceiving wireless signals from wireless network node 120
(e.g., via an antenna), processing circuitry 1320 executes
instructions to provide some or all of the functionality de-
scribed herein as provided by the wireless device, and
memory 1330 stores the instructions executed by
processing circuitry 1320. Power source 1340 supplies
electrical power to one or more of the components of
wireless device 110, such as transceiver 1310, process-
ing circuitry 1320, and/or memory 1330.
[0136] Processing circuitry 1320 includes any suitable
combination of hardware and software implemented in
one or more integrated circuits or modules to execute
instructions and manipulate data to perform some or all
of the described functions of the wireless device. In some
embodiments, processing circuitry 1320 may include, for
example, one or more computers, one more program-
mable logic devices, one or more central processing units
(CPUs), one or more microprocessors, one or more ap-
plications, and/or other logic, and/or any suitable combi-
nation of the preceding. Processing circuitry 1320 may
include analog and/or digital circuitry configured to per-
form some or all of the described functions of wireless
device 110. For example, processing circuitry 1320 may
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include resistors, capacitors, inductors, transistors, di-
odes, and/or any other suitable circuit components.
[0137] Memory 1330 is generally operable to store
computer executable code and data. Examples of mem-
ory 1330 include computer memory (e.g., Random Ac-
cess Memory (RAM) or Read Only Memory (ROM)),
mass storage media (e.g., a hard disk), removable stor-
age media (e.g., a Compact Disk (CD) or a Digital Video
Disk (DVD)), and/or or any other volatile or non-volatile,
non-transitory computer-readable and/or computer-exe-
cutable memory devices that store information.
[0138] Power source 1340 is generally operable to
supply electrical power to the components of wireless
device 110. Power source 1340 may include any suitable
type of battery, such as lithium-ion, lithium-air, lithium
polymer, nickel cadmium, nickel metal hydride, or any
other suitable type of battery for supplying power to a
wireless device.
[0139] In particular embodiments, processing circuitry
1320 in communication with transceiver 1310 performs
LBT procedures before transmitting in the uplink.
Processing circuitry 1320 in communication with trans-
ceiver 1310 adapts a transmission gap before or after an
uplink transmission based on a signaled LBT type.
[0140] For example, processing circuitry 1320 in com-
munication with transceiver 1310 may receive an uplink
grant comprising an indication of one or more subframes
to use for transmitting uplink data; obtain an indication
of a LBT type; determine, using the obtained LBT type,
at least one of a starting symbol and a stopping symbol
for transmitting uplink data; and transmit uplink data ac-
cording to at least one of the determined starting symbol
and the determined stopping symbol.
[0141] As another example, processing circuitry 1320
in communication with transceiver 1310 may receive an
uplink grant; receive an indication of a last subframe x
that is within a MCOT limit; transmit uplink data in one or
more subframes of the uplink grant prior to subframe x
based on a short clear CCA procedure; and transmit up-
link data in the one or more subframes of the uplink grant
after subframe x based on a category 4 LBT procedure.
[0142] Other embodiments of the wireless device may
include additional components (beyond those shown in
FIGURE 13A) responsible for providing certain aspects
of the wireless device’s functionality, including any of the
functionality described above and/or any additional func-
tionality (including any functionality necessary to support
the solution described above).
[0143] FIGURE 13B is a block diagram illustrating ex-
ample components of a wireless device 110. The com-
ponents may include receiving module 1350, determin-
ing module 1352, and transmitting module 1356.
[0144] Receiving module 1350 may perform the re-
ceiving functions of wireless device 110. For example,
receiving module 1350 may receive uplink scheduling
from a network node. In some embodiments, receiving
module 1350 may receive configuration information,
such as an indication of an LBT type or an MCOT limit,

from a network node. Receiving module 1350 may per-
form the receiving functions described in any of the ex-
amples and embodiments described above. In certain
embodiments, receiving module 1350 may include or be
included in processing circuitry 1320. In particular em-
bodiments, receiving module 1350 may communicate
with determining module 1352 and transmitting module
1356.
[0145] Determining module 1352 may perform the de-
termining functions of wireless device 110. For example,
determining module 1352 may determine a starting or
stopping symbol for uplink transmission as described in
any of the examples and embodiments above. Determin-
ing module 1352 may determine what type of LBT pro-
cedure to perform based on the received MCOT limit. In
certain embodiments, determining module 1352 may in-
clude or be included in processing circuitry 1320. In par-
ticular embodiments, determining module 1352 may
communicate with receiving module 1350 and transmit-
ting module 1356.
[0146] Transmitting module 1356 may perform the
transmitting functions of wireless device 110. For exam-
ple, transmitting module 1356 may transmit uplink sub-
frames to network node 120 according to any of the de-
termined starting symbol, stopping symbol, and/or LBT
type. In certain embodiments, transmitting module 1356
may include or be included in processing circuitry 1320.
In particular embodiments, transmitting module 1356
may communicate with receiving module 1350 and de-
termining module 1352.
[0147] FIGURE 14A is a block diagram illustrating an
example embodiment of a network node. The network
node is an example of the network node 120 illustrated
in FIGURE 8. In particular embodiments, the network
node is capable of signaling LBT parameters to a wireless
device.
[0148] Network node 120 can be an eNodeB, a nodeB,
a base station, a wireless access point (e.g., a Wi-Fi ac-
cess point), a low power node, a base transceiver station
(BTS), a transmission point or node, a remote RF unit
(RRU), a remote radio head (RRH), or other radio access
node. The network node includes at least one transceiver
1410, at least one processing circuitry 1420, at least one
memory 1430, and at least one network interface 1440.
Transceiver 1410 facilitates transmitting wireless signals
to and receiving wireless signals from a wireless device,
such as wireless devices 110 (e.g., via an antenna);
processing circuitry 1420 executes instructions to pro-
vide some or all of the functionality described above as
being provided by a network node 120; memory 1430
stores the instructions executed by processing circuitry
1420; and network interface 1440 communicates signals
to backend network components, such as a gateway,
switch, router, Internet, Public Switched Telephone Net-
work (PSTN), controller, and/or other network nodes 120.
Processing circuitry 1420 and memory 1430 can be of
the same types as described with respect to processing
circuitry 1320 and memory 1330 of FIGURE 13A above.

25 26 



EP 3 459 314 B1

16

5

10

15

20

25

30

35

40

45

50

55

[0149] In some embodiments, network interface 1440
is communicatively coupled to processing circuitry 1420
and refers to any suitable device operable to receive input
for network node 120, send output from network node
120, perform suitable processing of the input or output
or both, communicate to other devices, or any combina-
tion of the preceding. Network interface 1440 includes
appropriate hardware (e.g., port, modem, network inter-
face card, etc.) and software, including protocol conver-
sion and data processing capabilities, to communicate
through a network.
[0150] In particular embodiments, processing circuitry
1420 in communication with transceiver 1410 signals
LBT parameters to a wireless device. Other embodi-
ments of network node 120 include additional compo-
nents (beyond those shown in FIGURE 14A) responsible
for providing certain aspects of the network node’s func-
tionality, including any of the functionality described
above and/or any additional functionality (including any
functionality necessary to support the solution described
above). The various different types of network nodes may
include components having the same physical hardware
but configured (e.g., via programming) to support differ-
ent radio access technologies, or may represent partly
or entirely different physical components.
[0151] FIGURE 14B is a block diagram illustrating ex-
ample components of a network node 120. The compo-
nents may include determining module 1450 and sending
module 1452.
[0152] Determining module 1450 may perform the de-
termining functions of network node 120. For example,
determining module 1450 may determine a MCOT limit.
In certain embodiments, determining module 1450 may
include or be included in processing circuitry 1420. In
particular embodiments, determining module 1450 may
communicate with sending module 1452.
[0153] Sending module 1452 may perform the sending
functions of network node 120. For example, sending
module 1452 may send a MCOT limit or LBT type to
wireless device 110. In certain embodiments, sending
module 1452 may include or be included in processing
circuitry 1420. In particular embodiments, sending mod-
ule 1452 may communicate with determining module
1450.
[0154] Modifications, additions, or omissions may be
made to the systems and apparatuses disclosed herein
without departing from the scope of the invention. The
components of the systems and apparatuses may be in-
tegrated or separated. Moreover, the operations of the
systems and apparatuses may be performed by more,
fewer, or other components. Additionally, operations of
the systems and apparatuses may be performed using
any suitable logic comprising software, hardware, and/or
other logic. As used in this document, "each" refers to
each member of a set or each member of a subset of a set.
[0155] Modifications, additions, or omissions may be
made to the methods disclosed herein without departing
from the scope of the invention. The methods may include

more, fewer, or other steps. Additionally, steps may be
performed in any suitable order.
[0156] Although this disclosure has been described in
terms of certain embodiments, alterations and permuta-
tions of the embodiments will be apparent to those skilled
in the art. Accordingly, the above description of the em-
bodiments does not constrain this disclosure. Other
changes, substitutions, and alterations are possible with-
out departing from the scope of this disclosure, as defined
by the claims below.
[0157] Abbreviations used in the preceding description
include:

3GPP Third Generation Partnership Project
ACK Acknowledgement
BTS Base Transceiver Station
CCA Clear Channel Assessment
CW Contention Window
D2D Device to Device
DCF Distributed Coordination Function
DIFS DCF Inter-Frame Spacing
DL Downlink
eNB eNodeB
FDD Frequency Division Duplex
HARQ Hybrid Automatic Repeat Request
LAA License Assisted Access
LBT Listen-Before-Talk
LTE Long Term Evolution
MAC Medium Access Control
M2M Machine to Machine
MIMO Multi-Input Multi-Output
MRBC Multiple Random Backoff Channels
MTC Machine Type Communication
NAK Negative Acknowledgement
NR New Radio
PDSCH Physical Downlink Shared Channel
PIFS PCF Inter-Frame Spacing
PUCCH Physical Uplink Control Channel
QCI QoS Class Indicator
QoS Quality of Service
RAN Radio Access Network
RAT Radio Access Technology
RB Radio Bearer
RBS Radio Base Station
RNC Radio Network Controller
RRC Radio Resource Control
RRH Remote Radio Head
RRU Remote Radio Unit
SCell Secondary Cell
SRBC Single Random Backoff Channel
SIFS Short Inter-Frame Spacing
TDD Time Division Duplex
UE User Equipment
UL Uplink
UTRAN Universal Terrestrial Radio Access Network
WAN Wireless Access Network
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Claims

1. A method for use in a user equipment, UE, of trans-
mitting uplink data in unlicensed spectrum, the meth-
od comprising:

receiving (1112), from a network node, an uplink
grant comprising an indication of one or more
subframes to use for transmitting uplink data,
each subframe comprising a plurality of sym-
bols;
obtaining (1114) an indication of a listen-before-
talk, LBT, type, the LBT type indicating a type
of LBT procedure that the UE should perform
before transmitting uplink data;
determining (1116), using the obtained LBT
type, at least one of a starting symbol and a stop-
ping symbol for transmitting uplink data; and
transmitting (1118) uplink data according to at
least one of the determined starting symbol and
the determined stopping symbol; wherein:

the LBT type indicates a category 4 proce-
dure or a short clear channel assessment,
CCA, procedure; and
the stopping symbol comprises the next to
last symbol of the plurality of symbols of the
last subframe indicated by the uplink grant;
the method further comprising:

determining the UE is scheduled to
transmit a sounding reference signal,
SRS, in the last symbol of the plurality
of symbols of the last subframe indicat-
ed by the uplink grant; and
not transmitting the scheduled SRS.

2. The method of Claim 1, wherein:

the LBT type indicates a category 4 procedure;
and
the starting symbol comprises the second sym-
bol of the plurality of symbols of the first sub-
frame indicated by the uplink grant.

3. The method of Claim 1, wherein:

the LBT type indicates a short clear channel as-
sessment, CCA, procedure; and
the starting symbol comprises the symbol 25 ms
after the first symbol of the plurality of symbols
of the first subframe indicated by the uplink
grant.

4. The method of any of Claims 1-3, wherein obtaining
(1114) the indication of the LBT type comprises re-
ceiving signaling from the network node.

5. The method of any of Claims 1-3, wherein obtaining
(1114) the indication of the LBT type comprises ob-
taining a predetermined LBT type unless an LBT type
is signaled from the network node.

6. The method of any of Claims 4-5, wherein receiving
signaling from the network node comprises receiving
common signaling over a broadcast channel.

7. The method of any of Claims 4-5, wherein receiving
signaling from the network node comprises receiving
direct signaling over a unicast channel.

8. A user equipment, UE, (110) operable to transmit
uplink data in unlicensed spectrum, the UE compris-
ing a memory (1330) coupled to processing circuitry
(1320), the processing circuitry operable to:

receive, from a network node (120), an uplink
grant comprising an indication of one or more
subframes to use for transmitting uplink data,
each subframe comprising a plurality of sym-
bols;
obtain an indication of a listen-before-talk, LBT,
type, the LBT type indicating a type of LBT pro-
cedure that the UE should perform before trans-
mitting uplink data;
determine, using the obtained LBT type, at least
one of a starting symbol and a stopping symbol
for transmitting uplink data; and
transmit uplink data according to at least one of
the determined starting symbol and the deter-
mined stopping symbol; wherein:

the LBT type indicates a category 4 proce-
dure or a short clear channel assessment,
CCA, procedure; and
the stopping symbol comprises the next to
last symbol of the plurality of symbols of the
last subframe indicated by the uplink grant;
the user equipment being further configured
to:.

determine the UE is scheduled to trans-
mit a sounding reference signal, SRS,
in the last symbol of the plurality of sym-
bols of the last subframe indicated by
the uplink grant; and
not transmit the scheduled SRS.

9. The UE of Claim 8, wherein:

the LBT type indicates a category 4 procedure;
and
the starting symbol comprises the second sym-
bol of the plurality of symbols of the first sub-
frame indicated by the uplink grant.
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10. The UE of Claim 8, wherein:

the LBT type indicates a short clear channel as-
sessment, CCA, procedure; and
the starting symbol comprises the symbol 25 ms
after the first symbol of the plurality of symbols
of the first subframe indicated by the uplink
grant.

11. The UE of any of Claims 8-10, wherein the process-
ing circuitry is operable to obtain the indication of the
LBT type by receiving signaling from the network
node.

12. The UE of any of Claims 8-10, wherein the process-
ing circuitry is operable to obtain the indication of the
LBT type by obtaining a predetermined LBT type un-
less an LBT type is signaled from the network node.

13. The UE of any of Claims 11-12, wherein the process-
ing circuitry is operable to receive signaling from the
network node by receiving common signaling over
a broadcast channel.

14. The UE of any of Claims 11-12, wherein the process-
ing circuitry is operable to receive signaling from the
network node by receiving direct signaling over a
unicast channel.

Patentansprüche

1. Verfahren zur Verwendung in einem Benutzergerät,
UE, zum Übertragen von Uplink-Daten in einem un-
lizenzierten Spektrum, wobei das Verfahren um-
fasst:

Empfangen (1112) von einem Netzwerkknoten,
einer Uplink-Gewährung, die eine Anzeige von
einem oder mehreren Unterrahmen umfasst,
zur Verwendung zum Übertragen von Uplink-
Daten, wobei jeder Unterrahmen eine Vielzahl
von Symbolen umfasst;
Erhalten (1114) einer Anzeige eines Listen-be-
fore-Talk-, LBT-Typs, wobei der LBT-Typ eine
Art von LBT-Prozedur anzeigt, die das UE aus-
führen sollte, bevor Uplink-Daten übertragen
werden;
Bestimmen (1116) unter Verwendung des er-
haltenen LBT-Typs, mindestens eines von ei-
nem Startsymbol und einem Stoppsymbol zum
Übertragen von Uplink-Daten; und
Übertragen (1118) von Uplink-Daten gemäß
mindestens einem von dem bestimmten Start-
symbol und dem bestimmten Stoppsymbol; wo-
bei:
der LBT-Typ eine Prozedur der Kategorie 4 oder
eine Short Clear Channel Assesment,

CCA,-Prozedur anzeigt; und
das Stoppsymbol das nächste bis letzte Symbol
der Vielzahl von Symbolen des letzten Unter-
rahmens umfasst, das durch die Uplink-Gewäh-
rung angezeigt wird;
wobei das Verfahren ferner umfasst:
Bestimmen, dass geplant ist, dass die UE ein
Resonanzreferenzsignal, SRS, in dem letzten
Symbol der Vielzahl von Symbolen des letzten
Unterrahmens überträgt, das durch die Uplink-
Gewährung angezeigt wird; und kein Übertra-
gen des geplanten SRS.

2. Verfahren nach Anspruch 1, wobei:

der LBT-Typ eine Prozedur der Kategorie 4 an-
zeigt; und
das Startsymbol das zweite Symbol der Vielzahl
von Symbolen des ersten Unterrahmens um-
fasst, das durch die Uplink-Gewährung ange-
zeigt wird.

3. Verfahren nach Anspruch 1, wobei:

der LBT-Typ eine Short Clear Channel Asses-
ment, CCA,-Prozedur anzeigt; und
das Startsymbol das Symbol 25 ms nach dem
ersten Symbol der Vielzahl von Symbolen des
ersten Unterrahmens umfasst, das durch die
Uplink-Gewährung angezeigt wird.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
das Erhalten (1114) der Anzeige des LBT-Typs das
Empfangen von Signalisierung vom Netzwerkkno-
ten umfasst.

5. Verfahren nach einem der Ansprüche 1 bis 3, wobei
das Erhalten (1114) der Anzeige des LBT-Typs das
Erhalten eines vorbestimmten LBT-Typs umfasst, es
sei denn, ein LBT-Typ wird vom Netzwerkknoten si-
gnalisiert.

6. Verfahren nach einem der Ansprüche 4 bis 5, wobei
das Empfangen einer Signalisierung vom Netzwerk-
knoten das Empfangen einer gemeinsamen Signa-
lisierung über einen Broadcast-Kanal umfasst.

7. Verfahren nach einem der Ansprüche 4 bis 5, wobei
das Empfangen einer Signalisierung vom Netzwerk-
knoten das Empfangen von direkter Signalisierung
über einen Unicast-Kanal umfasst.

8. Benutzergerät, UE, (110), das betreibbar ist zum
Übertragen von Uplink-Daten in einem unlizenzier-
ten Spektrum, wobei das UE einen Speicher (1330)
umfasst, der mit einer Verarbeitungsschaltung
(1320) verbunden ist, wobei die Verarbeitungsschal-
tung betreibbar ist zum:
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Empfangen von einem Netzwerkknoten (120),
einer Uplink-Gewährung, die eine Anzeige von
einem oder mehreren Unterrahmen umfasst,
zur Verwendung zum Übertragen von Uplink-
Daten, wobei jeder Unterrahmen eine Vielzahl
von Symbolen umfasst;
Erhalten einer Anzeige eines Listen-before-
Talk-, LBT-Typs, wobei der LBT-Typ eine Art
von LBT-Prozedur anzeigt, die das UE ausfüh-
ren sollte, bevor Uplink-Daten übertragen wer-
den;
Bestimmen unter Verwendung des erhaltenen
LBT-Typs, mindestens eines von einem Start-
symbol und einem Stoppsymbol zum Übertra-
gen von Uplink-Daten; und
Übertragen von Uplink-Daten gemäß mindes-
tens einem von dem bestimmten Startsymbol
und dem bestimmten Stoppsymbol; wobei:

der LBT-Typ eine Prozedur der Kategorie 4
oder eine Short Clear Channel Assesment,
CCA,-Prozedur anzeigt; und
das Stoppsymbol das nächste bis letzte
Symbol der Vielzahl von Symbolen des letz-
ten Unterrahmens umfasst, das durch die
Uplink-Gewährung angezeigt wird;
wobei die Benutzereinrichtung ferner konfi-
guriert ist zum:
Bestimmen, dass geplant ist, dass die UE
ein Resonanzreferenzsignal, SRS, in dem
letzten Symbol der Vielzahl von Symbolen
des letzten Unterrahmens überträgt, das
durch die Uplink-Gewährung angezeigt
wird; und nicht zum Übertragen des geplan-
ten SRS.

9. UE nach Anspruch 8, wobei:

der LBT-Typ eine Prozedur der Kategorie 4 an-
zeigt; und
das Startsymbol das zweite Symbol der Vielzahl
von Symbolen des ersten Unterrahmens um-
fasst, das durch die Uplink-Gewährung ange-
zeigt wird.

10. UE nach Anspruch 8, wobei:

Der LBT-Typ eine Short Clear Channel Asses-
ment, CCA,-Prozedur anzeigt; und
das Startsymbol das Symbol 25 ms nach dem
ersten Symbol der Vielzahl von Symbolen des
ersten Unterrahmens umfasst, das durch die
Uplink-Gewährung angezeigt wird.

11. UE nach einem der Ansprüche 8 bis 10, wobei die
Verarbeitungsschaltung betreibbar ist zum Erhalten
der Anzeige des LBT-Typs durch das Empfangen
von Signalisierung vom Netzwerkknoten.

12. UE nach einem der Ansprüche 8 bis 10, wobei die
Verarbeitungsschaltung betreibbar ist zum Erhalten
der Anzeige des LBT-Typs durch das Erhalten eines
vorbestimmten LBT-Typs, es sei denn, ein LBT-Typ
wird vom Netzwerkknoten signalisiert.

13. UE nach einem der Ansprüche 11 bis 12, wobei die
Verarbeitungsschaltung betreibbar ist zum Empfan-
gen einer Signalisierung vom Netzwerkknoten durch
das Empfangen einer gemeinsamen Signalisierung
über einen Broadcast-Kanal.

14. UE nach einem der Ansprüche 11 bis 12, wobei die
Verarbeitungsschaltung betreibbar ist zum Empfan-
gen einer Signalisierung vom Netzwerkknoten durch
das Empfangen einer direkten Signalisierung über
einen Unicast-Kanal.

Revendications

1. Procédé pour l’utilisation dans un équipement utili-
sateur, UE, pour transmettre des données de liaison
montante dans un spectre sans licence, le procédé
comprenant :

la réception (1112), depuis un nœud de réseau,
d’une autorisation de liaison montante compre-
nant une indication d’une ou plusieurs sous-tra-
mes à utiliser pour la transmission de données
de liaison montante, chaque sous-trame com-
prenant une pluralité de symboles ;
l’obtention (1114) d’une indication d’un type
d’écouter avant de parler, LBT, le type de LBT
indiquant un type de procédure LBT que l’UE
doit mettre en œuvre avant de transmettre des
données de liaison montante ;
la détermination (1116), en utilisant le type de
LBT obtenu, d’au moins l’un parmi un symbole
de démarrage et un symbole d’arrêt pour la
transmission de données de liaison montante
data ; et
la transmission (1118) de données de liaison
montante selon au moins l’un parmi le symbole
de démarrage déterminé et le symbole d’arrêt
déterminé ; dans lequel :

le type de LBT indique une procédure de
catégorie 4 ou une procédure courte d’éva-
luation de canal libre, CCA ; et
le symbole d’arrêt comprend l’avant-dernier
symbole de la pluralité de symboles de la
dernière sous-trame indiquée par l’autori-
sation de liaison montante ;
le procédé comprenant en outre :
la détermination que l’UE est planifiée pour
transmettre un signal de référence de son-
dage, SRS, dans le dernier symbole de la
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pluralité de symboles de la dernière sous-
trame indiquée par l’autorisation de liaison
montante ; et ne pas transmettre le SRS
planifié.

2. Procédé selon la revendication 1, dans lequel :

le type de LBT indique une procédure de caté-
gorie 4 ; et
le symbole de démarrage comprend le deuxiè-
me symbole de la pluralité de symboles de la
première sous-trame indiquée par l’autorisation
de liaison montante.

3. Procédé selon la revendication 1, dans lequel :

le type de LBT indique une procédure courte
d’évaluation de canal libre, CCA ; et
le symbole de démarrage comprend le symbole
25 ms après le premier symbole de la pluralité
de symboles de la première sous-trame indi-
quée par l’autorisation de liaison montante.

4. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel l’obtention (1114) de l’indication
du type de LBT comprend la réception d’une signa-
lisation depuis le nœud de réseau.

5. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel l’obtention (1114) de l’indication
du type de LBT comprend l’obtention d’un type de
LBT prédéterminé à moins qu’un type de LTB soit
signalé depuis le nœud de réseau.

6. Procédé selon l’une quelconque des revendications
4 à 5, dans lequel la réception d’une signalisation
depuis le nœud de réseau comprend la réception
d’une signalisation commune sur un canal de diffu-
sion.

7. Procédé selon l’une quelconque des revendications
4 à 5, dans lequel la réception d’une signalisation
depuis le nœud de réseau comprend la réception
d’une signalisation directe sur un canal de monodif-
fusion.

8. Equipment utilisateur, UE, (110) pouvant fonctionner
pour transmettre des données de liaison montante
dans un spectre sans licence, l’UE comprenant une
mémoire (1330) couplée à une circuiterie de traite-
ment (1320), la circuiterie de traitement pouvant
fonctionner pour :

recevoir, depuis un nœud de réseau (120), une
autorisation de liaison montante comprenant
une indication d’une ou plusieurs sous-trames
à utiliser pour la transmission de données de
liaison montante, chaque sous-trame compre-

nant une pluralité de symboles ;
obtenir une indication d’un type d’écouter avant
de parler, LBT, le type de LBT indiquant un type
de procédure LBT que l’UE doit mettre en œuvre
avant de transmettre des données de liaison
montante ;
déterminer, en utilisant le type de LBT obtenu,
au moins l’un parmi un symbole de démarrage
et un symbole d’arrêt pour transmettre des don-
nées de liaison montante ; et
transmettre des données de liaison montante
selon au moins l’un parmi le symbole de démar-
rage déterminé et le symbole d’arrêt déterminé ;
dans lequel :

le type de LBT indique une procédure de
catégorie 4 ou une procédure courte d’éva-
luation de canal libre, CCA ; et
le symbole d’arrêt comprend l’avant-dernier
symbole de la pluralité de symboles de la
dernière sous-trame indiquée par l’autori-
sation de liaison montante ;
l’équipement utilisateur étant en outre con-
figuré pour :
déterminer que l’UE est planifié pour trans-
mettre un signal de référence de sondage,
SRS, dans le dernier symbole de la pluralité
de symboles de la dernière sous-trame in-
diquée par l’autorisation de liaison
montante ; et ne pas transmettre le SRS
planifié.

9. UE selon la revendication 8, dans lequel :

le type de LBT indique une procédure de caté-
gorie 4 ; et
le symbole de démarrage comprend le deuxiè-
me symbole de la pluralité de symboles de la
première sous-trame indiquée par l’autorisation
de liaison montante.

10. UE selon la revendication 8, dans lequel :

le type de LBT indique une procédure courte
d’évaluation de canal libre, CCA ; et
le symbole de démarrage comprend le symbole
25 ms après le premier symbole de la pluralité
de symboles de la première sous-trame indi-
quée par l’autorisation de liaison montante.

11. UE selon l’une quelconque des revendications 8 à
10, dans lequel la circuiterie de traitement peut fonc-
tionner pour obtenir l’indication du type de LBT par
la réception d’une signalisation depuis le nœud de
réseau.

12. UE selon l’une quelconque des revendications 8 à
10, dans lequel la circuiterie de traitement peut fonc-
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tionner pour obtenir l’indication du type de LBT par
l’obtention d’un type de LBT prédéterminé à moins
qu’un type de LBT soit signalé depuis le nœud de
réseau.

13. UE selon l’une quelconque des revendications 11 à
12, dans lequel la circuiterie de traitement peut fonc-
tionner pour recevoir une signalisation depuis le
nœud de réseau par la réception d’une signalisation
commune sur un canal de diffusion.

14. UE selon l’une quelconque des revendications 11 à
12, dans lequel la circuiterie de traitement peut fonc-
tionner pour recevoir une signalisation depuis le
nœud de réseau par la réception d’une signalisation
directe sur un canal de monodiffusion.
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