(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
01 October 2020 (01.10.2020)

‘O 00 00 P
(10) International Publication Number

WO 2020/194192 Al

WIPO I PCT

(51) International Patent Classification:
Ho4W 72/04 (2009.01) HO4W 16/14 (2009.01)
Ho4W 76/38 (2018.01)

(21) International Application Number:
PCT/IB2020/052768

(22) International Filing Date:
24 March 2020 (24.03.2020)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/825,525 28 March 2019 (28.03.2019) UsS

(71) Applicant: NOKIA TECHNOLOGIES OY [FI/FI];
Karakaari 7, 02610 Espoo (FI).

(72) Inventors: SCHOBER, Karol, Laurinniityntie 12 Al,
00440 Helsinki (FI). TIIROLA, Esa; Porttikellonkuja 12,
90450 Kempele (FI). LUNTTILA, Timo; Myllytontuntie
14 B, 02200 Espoo (FI). HOOLI, Kari; Paloniemenranta 5
C 6, 90540 Oulu (FD).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ,LA,LC,LK,LR,LS,LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

in black and white; the international application as filed
contained color or greyscale and is available for download
Jfiom PATENTSCOPE

(54) Title: BANDWITH PART INACTIVITY TIMER FOR UNLICENSED SPECTRUM OPERATIONS

wo 20207194192 A1 |0 0000 Y0 O

714 724
710 720
7 1‘ ’ User Equiprent 7 \q Network Enfity
712 =
e Provsssor ] “r—f Processor ;L
Memory 17 Mamoy 17
73 - 723 !
N Transcener \\_ Transcever
FIG. 7

(57) Abstract: According to a first embodiment, a method may include initiating, by a user equipment, a first countdown timer associ-
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BANDWITH PART INACTIVITY TIMER FOR UNLICENSED SPECTRUM
OPERATIONS

BACKGROUND:
Field:
[0001] Various communication systems may benefit from improved bandwidth part switching

inactivity timers in scenarios where communication system nodes are contending for a channel.

Description of the Related Art:

[0002]In 3rd Generation Partnership Project (3GPP) new radio (NR) release (Rel)-15,
bandwidth part (BWP) inactivity timers may be used to switch from a wide BWP to a default
BWP, such as a narrow BWP, if a base station does not have data to transmit to a user equipment
(UE) over a certain period in time. In particular, the base station may set a BWP switching
inactivity timer to an initial value. In response, the UE may decrement the value of the inactivity
timer by one for each subframe, such as 1ms, in NR frequency range 1 (FR1), and each half-
subframe in NR frequency range 2 (FR2). However, if the UE receives unicast downlink
control information (DCI) in such a subframe or half-subframe, the UE may reset the timer to
its initial value. When the timer reaches zero, the UE may automatically switch to a predefined

default BWP, such as a narrow BWP to conserve power.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0003]For proper understanding of this disclosure, reference should be made to the
accompanying drawings, wherein:

[0004]FIG. 1 illustrates an example of subframes without a COT timer and with a large timer-
interval according to certain embodiments.

[0005]FIG. 2 illustrates an example of an additional COT timer according to certain
embodiments.

[0006]FIG. 3 illustrates an example of an additional COT timer and GC-PDCCH-deactivating
COT timer according to certain embodiments.

[0007]FIG. 4 illustrates an example of a method performed by a user equipment according to
certain embodiments.

[0008]FIG. 5 illustrates an example of another method performed by a user equipment
according to certain embodiments.

[0009]FIG. 6 illustrates an example of a method performed by a network entity according to
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certain embodiments.

[00010] FIG. 7 illustrates another example of a system according to certain embodiments.

DETAILED DESCRIPTION:

[0010]Under 3GPP technical specification (TS) 38.213, if a UE is associated with a bandwidth
part inactivity timer value for a primary cell, such as bwp-InactivityTimer, and the timer is
running, the UE may decrement the timer at the end of a subframe for FR1, or at the end of a
half subframe for FR2, if the restarting conditions defined in TS 38.321 are not met during the
interval of the subframe for FR1, or of the half subframe for FR2.

[0011]For a cell where a UE modifies an active downlink (DL) BWP due to a BWP inactivity
timer expiration, for accommodating a delay in the active DL BWP change, and/or an active
uplink (UL) BWP change required by the UE, the UE may not be required to receive or transmit
in the cell during a time duration from the start of a subframe for FR1 (or of half of a subframe
for FR2) that is immediately after the BWP inactivity timer expires until the start of a slot where
the UE may receive and/or transmit.

[0012] According to 3GPP TS 38.321, V15.4.0, Section 5.15, a medium access control (MAC)
entity may be activated for each activated serving cell configured with bwp-InactivityTimer,
and operate according to the following logic:

if the defaultDownlinkBWP-1d is configured, and the active DL BWP is not the BWP
indicated by the defaultDownlinkBWP-1d; or

if the defaultDownlinkBWP-1d is not configured, and the active DL BWP is not the
initialDownlink BWP:

if a PDCCH addressed to C-RNTI or CS-RNTT indicating downlink assignment or
uplink grant is received on the active BWP; or

if a PDCCH addressed to C-RNTI or CS-RNTT indicating downlink assignment or
uplink grant is received for the active BWP; or

if a MAC PDU is transmitted in a configured uplink grant or received in a
configured downlink assignment:

if there is no ongoing Random Access procedure associated with this Serving
Cell; or

if the ongoing Random Access procedure associated with this Serving Cell is
successfully completed upon reception of this PDCCH addressed to C-RNTI
(as specified in 3GPP TS 38.321 subclauses 5.1.4 and 5.1.5):

start or restart the bwp-InactivityTimer associated with the active DL BWP.
if the bwp-InactivityTimer associated with the active DL BWP expires:

if the defaultDownlinkBWP-1d is configured:
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perform BWP switching to a BWP indicated by the defaultDownlinkBWP-Id.
else:

perform BWP switching to the initialDownlink BWP.

if a PDCCH for BWP switching is received, and the MAC entity switches the active
DL BWP:

if the defaultDownlinkBWP-1d is configured, and the MAC entity switches to the
DL BWP which is not indicated by the defaultDownlinkBWP-1d; or

if the defaultDownlinkBWP-1d is not configured, and the MAC entity switches to
the DL BWP which is not the initialDownlinkBWP:

start or restart the bwp-InactivityTimer associated with the active DL BWP.

It is noted that if a random access procedure (RAP) is initiated on a secondary cell, both the
secondary cell and the special cell are associated with this RAP.

[0013]In unlicensed spectrum operation, there may be periods of time when a base station may
not access a channel, such due to listen before talk (LBT) failure, and cannot send unicast DCI
scrambled with cell radio network temporary identifier (C-RNTI) or any other signals due to
the channel being occupied by other nodes, such as 5G NR unlicensed spectrum (NR-U), LTE
LAA, or WiFi. Specifically, on unlicensed spectrum, inactivity of the base station is not a
reliable indication that the base station has no data to transmit to the UE, but may indicate a
failure by the base station to access the channel and being unable to transmitted data. Thus, a
UE configured with a BWP inactivity timer may switch to a narrow default BWP, also known
as a pre-defined BWP, when the UE should instead be configured to listen for wide BWP,
listening on all sub-bands within wide BWP. With this faulty indication, the UE may experience
undesirable BWP switching, degrading latency and throughput performance.

[0014]Huawei 3GPP contribution (R1-1901529) describes that, in order to avoid switching the
active BWP due to premature expiration of the associated inactivity timer, the UE may pause
the timer when the medium access is blocked when detected by the UE. Similarly, LG
Electronics 3GPP contribution R1-1902044 suggests keeping a timer outside the transmission
of the serving base station. However, both of these proposals are unclear as to “medium access
blocked” and “inside gNB transmission,” resulting in differing interpretations by the base
station and UE of when the timer stops and actually expires.

[0015]Certain embodiments described herein may have various benefits and/or advantages
to overcome the disadvantages described above by optimizing BWP switching inactivity
timers compared to NR Rel-15 solutions. For example, existing signalling may be used to
carry slot/COT structure on group-common PDCCH as a way to assess whether and how to

adjust bwp-InactivityTimer. As a result, certain embodiments may result in improved
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reliability and latency, and reduced power consumption. Thus, certain embodiments are
directed to improvements in computer-related technology.

[0016]Certain embodiments described herein may adjust the BWP inactivity timer according
to reception of group common physical downlink control channel (GC-PDCCH), or an initial
signal, such as physical downlink control channel (PDCCH) demodulation reference signal
(DMRS) within particular time periods. Initial signal may, at least, be transmitted at the
beginning of at least one DL burst in order to facilitate detection of the DL burst of a serving
cell at the UE. CG-PDCCH may indicate at least the time domain structure of the gNB acquired
COT (channel occupancy time).

[0017]In some embodiments, a UE may be configured with at least a first countdown timer
associated with a first countdown timer initial value and a first countdown timer interval of a
first time scale, and a second countdown timer associated with a second countdown timer
initial value and a second countdown timer interval of a second time scale. The first countdown
timer may be a channel occupancy time (COT) countdown timer, and the second countdown
timer may be an inactivity countdown timer. The first time scale and the second time scale may
be the same or may be different. The second timer interval may be larger than at least one
subframe for FR1 and half-subframe for FR2, and the second countdown timer may, at
particular times, be reset to the second initial value by unicast DCI. The first countdown timer
may be reset upon reception by the UE of one or more of at least one initial signal within the
first countdown timer interval, such as wide band DMRS related to PDCCH, at least one GC-
PDCCH, and at least one discovery reference signal (DRS), which may also contain at least
one physical broadcast channel (PBCH). Unless at least one of these triggers (or a predefined
subset of these triggers) are received within the first countdown timer interval, the first
countdown timer may be decremented by one in units of the first timer interval.

[0018]In certain embodiments, the UE may decrement the second countdown timer by the
second interval if the first countdown timer is not configured and the UE receives at least one
of the triggers noted above during the period defined by the second timer interval. Alternatively,
the UE may decrement the second countdown timer if the first countdown timer is configured
and has a counter value not equal to zero.

[0019]In various embodiments, if an additional trigger is received in GC-PDCCH, the first
countdown timer may be deactivated for all associated UEs when the base station has no data
to transmit and would not access at least one channel. In response, the UE may decrement the
second countdown timer according to Rel-15, and/or switch to at least one default BWP to
conserve power when the second countdown timer expires.

[0020]In some embodiments, at least one GC-PDCCH indication may provide at least one
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synchronization signal for the first countdown timer. As an example, the at least one GC-
PDCCH indication may contain at least one indication of at least one value of the first
countdown timer for the base station. In some examples, the indication may be the outcome of
at least one modulo operation of at least one value of the first countdown timer. The at least
one modulo operation may be used to reduce the number of bits needed for the indication.
Furthermore, the UE may determine the slots of the first countdown timer based on at least one
first timer structure indication in at least one received GC-PDCCH, and/or reset the first
countdown timer to the first initial value for each first countdown timer interval which overlaps
with slots of the COT determined from the COT structure indication in at least one received
GC-PDCCH.

[0021]FIG. 1 illustrates an example of subframes without a first countdown timer (COT timer)
and with a large timer-interval according to certain embodiments. Here, the base station may
not be scheduling DL or UL unicast data for a UE, leaving the base station inactive for the UE,
but serving other UEs instead. The UE may be configured only with the second timer (an
inactivity countdown timer) associated with the second timer initial value and the second timer
interval of the second time scale, for example, Sms. The base station may transmit at least one
initial signal, for example GC-PDCCH, in every subframe. If at least one GC-PDCCH/initial
signal is received within the configured interval of the second countdown timer, where 5
subframes correlate with Sms, the UE may decrement the timer. Thus, a large second interval
provides robustness with respect to UE missing parts of COT due to, for example, large
interference from transmitting node other than serving gNB.

[0022]FIG. 2 illustrates interaction between a configured first timer interval with a first time
scale of one subframe, and a configured second timer interval with a second time scale of one
subframe. When the first countdown timer, such as the COT timer illustrated in FIG. 2, is not
zero, the second countdown timer, such as the inactivity timer illustrated in FIG. 2, may be
decremented. The arrows illustrate the time instances where GC-PDCCH is transmitted. The
first countdown timer may create a buffer. If one GC-PDCCH is not received by the UE, such
as in subframe 3, the next GC-PDCCH transmitted by the base station and received by the UE
may ensure that the first countdown timer returns to synchronization. In this example, BWP
switching does not happen since the second timer does not reach zero.

[0023]FIG. 3 illustrates an additional first countdown timer (COT timer in FIG.3) deactivated
by GC-PDCCH. Similar to FIG. 2, this example shows that during the second COT, the base
station may transmit one additional indication such as one bit in GC-PDCCH, which
deactivates the first countdown timer countdown, for example, by deactivating the first

countdown timer. Based on that the second countdown timer (inactivity timer in FIG.3) may
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be decremented until it reaches zero. The base station may determine to deactivate the first
countdown time since no more data is in the buffer. Without this deactivation, the UE may stay
in wide BWP when the base station is idle due to no data in buffer and no longer transmitting
or transmitting a limited number of signals, such as GC-PDCCH or initial signal. The base
station may activate and/or reactivate the first countdown timer, for example, by transmitting
the initial signal and/or the unicast DCI to the UE, and/or by changing/reversing the value of
the additional indication in the GC-PDCCH. In this way, the UE may activate and/or reactivate
the first countdown timer, for example, upon detecting the initial signal and/or the unicast DCI
and/or GC-PDCCH with a changed/reversed value on the additional indication. Following the
activation/reactivation, the UE may decrement the second countdown timer if the first
countdown timer value is non-zero.

[0024]FIG. 4 illustrates an example of a method performed by a user equipment, such as user
equipment 710 illustrated in FIG. 7, according to certain embodiments. In step 401, the user
equipment may initiate a first countdown timer associated with a first initial value and a first
timer-interval of a first time scale, and a second countdown timer associated with a second
initial value and a second timer-interval of a second time scale. The first countdown timer may
be a channel occupancy time (COT) countdown timer, and the second countdown timer may
be an inactivity countdown timer. The inactivity countdown timer may be a 3GPP Rel-15
inactivity timer. The first time scale and the second time scale may be the same or may be
different. The first countdown timer may be reset upon reception by the UE of one or more of
at least one initial signal. The at least one initial signal may comprise, for example, at least one
of wide band DMRS related to PDCCH, GC-PDCCH, and/or discovery reference signal
(DRS), also comprise at least one physical broadcast channel (PBCH). The second timer-
interval may be equal or larger than at least one subframe in FR1 and half-frame in FR2, and
the second countdown timer may, at times, be reset to the second initial value by unicast DCL
PDCCH may be transmitted using at least one physical resource given by at least one control
resource set (CORESET) configuration. The set of PDCCH candidates for a UE to monitor on
a CORESET may be defined in terms of PDCCH search space sets. UE may detect wideband
DMRS related to PDCCH based on the CORESET configuration, for example, in all
monitoring occasions of all search space sets associated with the CORESET. In some
embodiments, wideband DMRS related to PDCCH may be detected based on monitoring
occasions of at least one GC-PDCCH search space set associated to the CORESET. Wideband
DMRS related to PDCCH may cover all the DMRS resource elements of the CORESET.
[0025] In step 403, the user equipment may determine whether at least one first indication

is detected during the first timer-interval. The at least one first indication may comprise one
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or more of at least one predefined signal and/or at least one predefined channel. The at least
one first indication may be one or more of at least one initial signal, wherein the at least one
initial signal comprises at least one of wide band DMRS related to PDCCH, GC-PDCCH, or
discovery reference signal (DRS) physical broadcast channel (PBCH). In some embodiments,
at least one GC-PDCCH indication may provide at least one synchronization signal for the first
countdown timer. As an example, the at least one GC-PDCCH indication may contain at least
one indication of at least one value of the first countdown timer for the base station, for example
by at least one modulo operation. In some examples, the at least one GC-PDCCH indication
may be the outcome of at least one modulo operation of at least one value of the first countdown
timer. The at least one modulo operation may be used to reduce the number of bits needed for
the indication. Furthermore, upon detecting at least one COT indication in GC-PDCH, the user
equipment may set the first countdown timer to the first initial value for each first timer-interval
overlapping with the indicated COT duration.

[0026]1In step 405, the user equipment may adjust the first countdown timer and/or the second
countdown timer based on the determining. In step 407, the user equipment may, upon
detecting the at least one first indication during the first timer-interval, reset the first
countdown timer to the first initial value. In step 409, the user equipment may, upon not
detecting the at least one first indication where the first countdown timer is greater than zero,
decrement the first countdown timer by one unit equal to the first timer-interval. In step 411,
the user equipment may, upon not detecting the at least one first indication where the first
countdown timer is zero, maintain the second countdown timer at zero. In step 413, the user
equipment may, upon not detecting the at least one first indication where the first countdown
timer is zero, determine whether at least one second indication is detected during the second
timer-interval. The at least one second indication may comprise at least one of downlink or
uplink unicast data scheduling.

[0027]In step 415, the user equipment may, upon not detecting the at least one second
indication during the second timer-interval, decrement the value of the second countdown
timer by one unit equal to the second timer-interval if the value of the first countdown timer
is greater than zero. In step 417, upon not detecting the at least one second indication during
the second timer-interval when the first countdown timer is greater than zero and the second
countdown timer is zero, the user equipment may perform bandwidth part switching to at
least one pre-defined bandwidth part. The at least one pre-defined bandwidth part may be a
default bandwidth part, or may be a default value of bandwidth part. In step 419, the user
equipment may, upon detecting the at least one second indication, reset the second countdown

timer to the second initial value. In step 421, upon detecting a third indication in GC-PDCCH,
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the user equipment may deactivate the first countdown timer. In some embodiments, the third
indication may be associated with at least one additional trigger received in GC-PDCCH that
is configured to deactivate the first countdown timer for all associated UEs when the base
station has no data to transmit and would not access at least one channel. In step 423, upon not
detecting the at least one second indication during the second timer-interval when the second
countdown timer is zero, the user equipment may perform bandwidth part switching to at
least one pre-defined bandwidth part. In step 425, upon detecting at least one COT indication
in GC-PDCH, the user equipment may set the second countdown timer to the second initial
value for each second timer-interval overlapping with the indicated COT duration.

[0028]FIG. 5 illustrates an example of a method performed by a user equipment, such as user
equipment 710 illustrated in FIG. 7, according to certain embodiments. In step 501, the user
equipment may initiate a first countdown timer associated with a first initial value and a first
timer-interval of a first time scale, and a second countdown timer associated with a second
initial value and a second timer-interval of a second time scale. The first countdown timer may
be a channel occupancy time (COT) countdown timer, and the second countdown timer may
be an inactivity countdown timer. The inactivity countdown timer may be a 3GPP Rel-15
inactivity timer. The first time scale and the second time scale may be the same or may be
different. The first countdown timer may be reset upon reception by the UE of one or more of
at least one initial signal. The at least one initial signal may comprise, for example, at least one
of wide band DMRS related to PDCCH, GC-PDCCH, and/or discovery reference signal
(DRS), also comprise at least one physical broadcast channel (PBCH). The second timer-
interval may be equal or larger than at least one subframe in FR1 and half-frame in FR2, and
the second countdown timer may, at times, be reset to the second initial value by unicast DCL
PDCCH may be transmitted using at least one physical resource given by at least one control
resource set (CORESET) configuration. The set of PDCCH candidates for a UE to monitor on
a CORESET may be defined in terms of PDCCH search space sets. UE may detect wideband
DMRS related to PDCCH based on the CORESET configuration, for example, in all
monitoring occasions of all search space sets associated with the CORESET. In some
embodiments, wideband DMRS related to PDCCH may be detected based on monitoring
occasions of at least one GC-PDCCH search space set associated to the CORESET. Wideband
DMRS related to PDCCH may cover all the DMRS resource elements of the CORESET.
[0029] In step 503, the user equipment may determine whether at least one first indication
is detected during the first timer-interval. The at least one first indication may comprise one
or more of at least one predefined signal and/or at least one predefined channel. The at least

one first indication may be one or more of at least one initial signal, wherein the at least one
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initial signal comprises at least one of wide band DMRS related to PDCCH, GC-PDCCH, or
discovery reference signal (DRS) physical broadcast channel (PBCH). In some embodiments,
at least one GC-PDCCH indication may provide at least one synchronization signal for the first
countdown timer. As an example, the at least one GC-PDCCH indication may contain at least
one indication of at least one value of the first countdown timer for the base station, for example
by at least one modulo operation. In some examples, the at least one GC-PDCCH indication
may be the outcome of at least one modulo operation of at least one value of the first countdown
timer. The at least one modulo operation may be used to reduce the number of bits needed for
the indication. Furthermore, upon detecting at least one COT indication in GC-PDCH, the user
equipment may set the first countdown timer to the first initial value for each first timer-interval
overlapping with the indicated COT duration. In step 505, the user equipment may adjust the
first countdown timer and/or the second countdown timer based on the determining. Certain
embodiments described in FIG. 5 may include various features and limitations described in
FIG. 4 above.

[0030] FIG. 6 illustrates an example of a method performed by a network entity, such as
network entity 720 illustrated in FIG. 7, according to certain embodiments. In step 601, the
network entity may transmit at least one configuration to a user equipment, such as user
equipment 710 in FIG. 7, comprising a first countdown timer associated with a first initial value
and a first timer-interval of a first time scale, and a second countdown timer associated with a
second initial value and a second timer-interval of a second time scale.

[0031] In step 603, the network entity may transmit at least one first indication to the at least
one user equipment. The at least one first indication may comprise one or more of at least one
predefined signal and/or at least one predefined channel. The at least one first indication may
be one or more of at least one initial signal, wherein the at least one initial signal comprises at
least one of wide band DMRS related to PDCCH, GC-PDCCH, or discovery reference signal
(DRS) physical broadcast channel (PBCH). The at least one first indication may be configured
to reset the first countdown timer to the first initial value and/or decrement the second
countdown timer by one for each second timer-interval until the second countdown timer is
equal to zero.

[0032] In step 605, the network entity may transmit at least one second indication to the at
least one user equipment. The at least one second indication may comprise at least one of
downlink or uplink unicast data scheduling. The at least one second indication may be
configured to reset the second countdown timer to the second initial value.

[0033] In step 607, the network entity may transmit at least one third indication to the at least

one user equipment. The at least one third indication may be configured to deactivate the first
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countdown timer and/or decrement the second countdown timer by a value equal to the second
timer-interval. The at least one third indication may be associated with at least one additional
trigger received in GC-PDCCH that is configured to deactivate the first countdown timer for
all associated UEs when the base station has no data to transmit and would not access at least
one channel. The at least one third indication may be configured to decrement the second
countdown timer by one for each second timer-interval until the second countdown timer is
equal to zero. The at least one third indication of second value may be configured to activate
and/or reactivate the first countdown timer in response to a determination to activate and/or
reactivate the first countdown timer.

[0034] FIG. 7 illustrates an example of a system according to certain example embodiments.
In one example embodiment, a system may include multiple devices, such as, for example, UE
710 and/or NE 720.

[0035]UE 710 may include one or more of a mobile device, such as a mobile phone, smart
phone, personal digital assistant (PDA), tablet, or portable media player, digital camera, pocket
video camera, video game console, navigation unit, such as a global positioning system (GPS)
device, desktop or laptop computer, single-location device, such as a sensor or smart meter, or
any combination therecof.

[0036]NE 720 may be one or more of a base station, such as an evolved node B (eNB) or 5G
or New Radio node B (gNB), a serving gateway, a server, and/or any other access node or
combination thereof. Furthermore, UE 710 and/or NE 720 may be one or more of a citizens
broadband radio service device (CBSD).

[0037]One or more of these devices may include at least one processor, respectively indicated
as 711 and 721. Processors 711 and 721 may be embodied by any computational or data
processing device, such as a central processing unit (CPU), application specific integrated
circuit (ASIC), or comparable device. The processors may be implemented as a single
controller, or a plurality of controllers or processors.

[0038] At least one memory may be provided in one or more of devices indicated at 712 and
722. The memory may be fixed or removable. The memory may include computer program
instructions or computer code contained therein. Memories 712 and 722 may independently
be any suitable storage device, such as a non-transitory computer-readable medium. A hard
disk drive (HDD), random access memory (RAM), flash memory, or other suitable memory
may be used. The memories may be combined on a single integrated circuit as the processor,
or may be separate from the one or more processors. Furthermore, the computer program
instructions stored in the memory and which may be processed by the processors may be

any suitable form of computer program code, for example, a compiled or interpreted
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computer program written in any suitable programming language. Memory may be
removable or non-removable.

[0039]Processors 711 and 721 and memories 712 and 722 or a subset thereof, may be
configured to provide means corresponding to the various blocks of FIGS. 1-6. Although not
shown, the devices may also include positioning hardware, such as GPS or micro electrical
mechanical system (MEMS) hardware, which may be used to determine a location of the
device. Other sensors are also permitted and may be included to determine location, elevation,
orientation, and so forth, such as barometers, compasses, and the like.

[0040] As shown in FIG. 7, transceivers 713 and 723 may be provided, and one or more devices
may also include at least one antenna, respectively illustrated as 714 and 724. The device may
have many antennas, such as an array of antennas configured for multiple input multiple output
(MIMO) communications, or multiple antennas for multiple radio access technologies. Other
configurations of these devices, for example, may be provided. Transceivers 713 and 723 may
be a transmitter, a receiver, or both a transmitter and a receiver, or a unit or device that may be
configured both for transmission and reception.

[0041]The memory and the computer program instructions may be configured, with the
processor for the particular device, to cause a hardware apparatus such as user equipment to
perform any of the processes described below (see, for example, FIGS. 1-6). Therefore, in
certain example embodiments, a non-transitory computer-readable medium may be encoded
with computer instructions that, when executed in hardware, perform a process such as one
of the processes described herein. Alternatively, certain example embodiments may be
performed entirely in hardware.

[0042]In certain example embodiments, an apparatus may include circuitry configured to
perform any of the processes or functions illustrated in FIGS. 1-6. For example, circuitry
may be hardware-only circuit implementations, such as analog and/or digital circuitry. In
another example, circuitry may be a combination of hardware circuits and software, such as
a combination of analog and/or digital hardware circuit(s) with software or firmware, and/or
any portions of hardware processor(s) with software (including digital signal processor(s)),
software, and at least one memory that work together to cause an apparatus to perform
various processes or functions. In yet another example, circuitry may be hardware circuit(s)
and or processor(s), such as a microprocessor(s) or a portion of a microprocessor(s), that
include software, such as firmware for operation. Software in circuitry may not be present
when it is not needed for the operation of the hardware.

[0043] The features, structures, or characteristics of certain embodiments described

throughout this specification may be combined in any suitable manner in one or more
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LIS

embodiments. For example, the usage of the phrases “certain embodiments,” ‘“‘some

LT3

embodiments,” “other embodiments,” or other similar language, throughout this specification
refers to the fact that a particular feature, structure, or characteristic described in connection
with the embodiment may be included in at least one embodiment of the present invention.
Thus, appearance of the phrases “in certain embodiments,” “in some embodiments,” *“in other
embodiments,” or other similar language, throughout this specification does not necessarily
refer to the same group of embodiments, and the described features, structures, or
characteristics may be combined in any suitable manner in one or more embodiments.

[0044] One having ordinary skill in the art will readily understand that certain embodiments
discussed above may be practiced with steps in a different order, and/or with hardware
clements in configurations which are different than those which are disclosed. Therefore, it
would be apparent to those of skill in the art that certain modifications, variations, and
alternative constructions would be apparent, while remaining within the spirit and scope of

the invention. In order to determine the metes and bounds of the invention, therefore,

reference should be made to the appended claims.

[0045] Partial Glossary

[0046] 3GPP 3rd Generation Partnership Project

[0047] BW Bandwidth

[0048] BWP Bandwidth Part

[0049] COT Channel Occupancy Time

[0050] CP Cyclic Prefix

[0051] CORESET Control Resource Set

[0052] DCI Downlink Control Information

[0053] DMRS Demodulation Reference Signal

[0054] DRS Discovery Reference Signal

[0055] eMBB Enhanced Mobile Broadband

[0056] eNB Evolved Node B

[0057] EPC Evolved Packet Core

[0058] FR1 Frequency Range 1 (410 MHz to 7.125 GHz)
[0059] FR2 Frequency Range 2 (24.25 GHz to 52.60 GHz)
[0060] GC Group Common

[0061] GC-PDCCH  Group-Common Physical Downlink Control Channel
[0062] gNB Next Generation eNB

[0063] GP Guard Period

[0064] GPS Global Positioning System
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[0065]
[0066]
[0067]
[0068]
[0069]
[0070]
[0071]
[0072]
[0073]
[0074]
[0075]
[0076]
[0077]
[0078]
[0079]
[0080]
[0081]
[0082]
[0083]
[0084]
[0085]
[0086]
[0087]
[0088]
[0089]
[0090]
[0091]

LAA
LBT
LTE
MCOT
MCS
MME
MTC
NR
NR-U
OFDM
PBCH
PDCCH
PDCP
PDSCH
PUCCH
PUSCH
RAN
RAP
RLC
RS

TA

Tx

UE

UL
URLLC
WLAN
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Licensed Assisted Access

Listen Before Talk

Long-Term Evolution

Maximum Channel Occupancy Time
Modulation and Coding Scheme
Mobility Management Entity
Machine-Type Communications
New Radio

New Radio Unlicensed

Orthogonal Frequency Division Multiplexing
Physical Broadcast Channel
Physical Downlink Control Channel
Packet Data Convergence Protocol
Physical Downlink Shared Channel
Physical Uplink Control Channel
Physical Uplink Shared Channel
Radio Access Network

Random Access Procedure

Radio Link Control

Reference Signal

Timing Advance

Transmit

User Equipment

Uplink

Ultra-Reliable and Low-Latency Communication

Wireless Local Area Network

According to a first embodiment, a method may include initiating, by a user equipment,

a first countdown timer associated with a first initial value and a first timer-interval, and a

second countdown timer associated with a second initial value and a second timer-interval.

The method may further include determining, by the user equipment, whether at least one

first indication is detected during the first timer-interval. The method may further include

adjusting, by the user equipment, at least one of the first countdown timer or the second

countdown timer based on the determining.

[0092] In a variant, the first countdown timer may comprise a channel occupancy time

(COT) countdown timer, and the second countdown timer may comprise an inactivity
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countdown timer.

[0093] In a further variant, the inactivity countdown timer may be a 3GPP Rel-15 inactivity
timer.

[0094] In a variant, the method may further include receiving, by the user equipment, at least
one configuration associated with the at least one of the first countdown timer or the second
countdown timer.

[0095] In a variant, the first countdown timer may comprise a timer value of zero or greater.
[0096] In a variant, the first countdown timer may be deactivated.

[0097] In a variant, the second countdown timer may comprise a timer value of zero or
greater.

[0098] In a variant, the second countdown timer may be deactivated.

[0099] In a variant, the at least one first indication may comprise one or more of at least one
predefined signal and/or at least one predefined channel.

[0100] In a further variant, the at least one first indication may comprise one or more of at
least one initial signal, wherein the at least one initial signal comprises at least one of wide band
DMRS related to PDCCH, GC-PDCCH, or discovery reference signal (DRS) physical
broadcast channel (PBCH).

[0101] In a variant, upon detecting the at least one first indication during the first timer-
interval, the user equipment may reset the first countdown timer to the first initial value.
[0102] In a variant, upon not detecting the at least one first indication where the first
countdown timer is greater than zero, decrementing, by the user equipment, the first
countdown timer by a value equal to the first timer-interval.

[0103] In a variant, upon not detecting the at least one first indication where the first
countdown timer is zero, maintaining, by the user equipment, the value of the second
countdown timer.

[0104] In a variant, upon not detecting the at least one first indication where the first
countdown timer is zero, the user equipment may determine whether at least one second
indication is detected during the second timer-interval.

[0105] In a further variant, the at least one second indication may comprise at least one of
downlink or uplink unicast data scheduling.

[0106] In a further variant, upon not detecting the at least one second indication during the
second timer-interval, the user equipment may decrement the value of the second countdown
timer by one unit equal to the second timer-interval if the value of the first countdown timer
is greater than zero.

[0107] In a variant, upon not detecting the at least one second indication during the second



WO 2020/194192 PCT/1IB2020/052768

15

timer-interval when the second countdown timer is zero, the user equipment may perform
bandwidth part switching to at least one pre-defined bandwidth part.

[0108] In a variant, upon detecting the at least one second indication, the user equipment
may reset the second countdown timer to the second initial value.

[0109] In a variant, upon detecting a third indication in GC-PDCCH, the user equipment may
deactivate the first countdown timer.

[0110] In a variant, upon detecting a third indication of a first value in GC-PDCCH, the user
equipment may perform decrementing the second countdown timer by one for each second
timer-interval until at least one of the following occurs: 1) the second countdown timer is equal
to zero, 2) the first indication is detected, 3) the second indication is detected, or 4) the third
indication of a second value is detected.

[0111] In a variant, upon detecting at least one COT indication in GC-PDCH, the user
equipment may set the first countdown timer to the first initial value for each first timer-interval
overlapping with the indicated COT duration.

[0112] According to a second embodiment, a method may include transmitting, by a network
entity, at least one configuration to a user equipment comprising a first countdown timer
associated with a first initial value and a first timer-interval of a first time scale, and a second
countdown timer associated with a second initial value and a second timer-interval of a second
time scale. The method may further include transmitting, by the network entity, at least one
first indication to the at least one user equipment. The method may further include
transmitting, by the network entity, at least one second indication to the at least one user
equipment. The method may further include transmitting, by the network entity, at least one
third indication to the at least one user equipment.

[0113] In a variant, the at least one first indication may comprise one or more of at least
one predefined signal and/or at least one predefined channel.

[0114] In a further variant, the at least one first indication may be one or more of at least
one initial signal, wherein the at least one initial signal comprises at least one of wide band
DMRS related to PDCCH, GC-PDCCH, or discovery reference signal (DRS) physical
broadcast channel (PBCH).

[0115] In a variant, the at least one first indication may be configured to reset the first
countdown timer to the first initial value and/or decrement the second countdown timer by
one for each second timer-interval until the second countdown timer is equal to zero.
[0116] In a variant, the at least one second indication may comprise at least one of downlink
or uplink unicast data scheduling.

[0117] In a variant, the at least one second indication may be configured to reset the second



WO 2020/194192 PCT/1IB2020/052768

16

countdown timer to the second initial value.

[0118] In a variant, the at least one third indication may be configured to deactivate the
first countdown timer and/or decrement the second countdown timer by a value equal to the
second timer-interval.

[0119] In a variant, the at least one third indication may be associated with at least one
additional trigger received in GC-PDCCH that is configured to deactivate the first countdown
timer for all associated UEs when the base station has no data to transmit and would not access
at least one channel.

[0120] In a variant, the at least one third indication may be configured to decrement the second
countdown timer by one for each second timer-interval until the second countdown timer is
equal to zero.

[0121] In a variant, the at least one third indication of second value may be configured to
activate and/or reactivate the first countdown timer in response to a determination to activate
and/or reactivate the first countdown timer.

[0122] According to a third embodiment and a fourth embodiment, an apparatus can
include at least one processor and at least one memory and computer program code. The at
least one memory and the computer program code can be configured to, with the at least one
processor, cause the apparatus at least to perform a method according to the first
embodiment, the second embodiment, and any of their variants.

[0123] According to a fifth embodiment and a sixth embodiment, an apparatus can include
means for performing the method according to the first embodiment, the second
embodiment, and any of their variants.

[0124] According to a seventh embodiment and an eighth embodiment, a computer
program product may encode instructions for performing a process including a method
according to the first embodiment, the second embodiment, and any of their variants.
[0125] According to a ninth embodiment and a tenth embodiment, a non-transitory
computer-readable medium may encode instructions that, when executed in hardware,
perform a process including a method according to the first embodiment, the second
embodiment, and any of their variants.

[0126] According to an eleventh embodiment and a twelfth embodiment, a computer
program code may include instructions for performing a method according to the first
embodiment, the second embodiment, and any of their variants.

According to a thirteenth embodiment and a fourteenth embodiment, an apparatus may
include circuitry configured to perform a process including a method according to the first

embodiment, the second embodiment, and any of their variants.
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WE CLAIM:

1. A method comprising:

initiating, by a user equipment, a first countdown timer associated with a first initial
value and a first timer-interval, and a second countdown timer associated with a second initial
value and a second timer-interval;

determining, by the user equipment, whether at least one first indication is detected
during the first timer-interval; and

adjusting, by the user equipment, at least one of the first countdown timer or the second

countdown timer based on the determining.
2. A method of claim 1, wherein the first countdown timer comprises a channel
occupancy time countdown timer, and the second countdown timer comprises an inactivity

countdown timetr.

3. A method of claim 2, wherein the inactivity countdown timer comprises a 3GPP Rel-

15 inactivity timer.
4. A method of any of claims 1 to 3, further comprising: receiving, by the user equipment,
at least one configuration associated with the at least one of the first countdown timer or the

second countdown timer.

5. A method of any of claims 1 to 4, wherein the first countdown timer comprises a timer

value of zero or greater.

6. A method of any of claims 1 to 4, wherein the first countdown timer is deactivated.

7. A method of any of claims 1 to 6, wherein the second countdown timer comprises a

timer value of zero or greater.

8. A method of any of claims 1 to 6, wherein the second countdown timer is deactivated.

9. A method of any of claims 1 to 8, wherein the at least one first indication comprises

one or more of at least one predefined signal.
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10. A method of any of claims 1 to 8, wherein the at least one first indication comprises

one or more of at least one predefined channel.

11. A method of any of claims 1 to 10, wherein the at least one first indication comprises
one or more of at least one initial signal, wherein the at least one initial signal comprises at least
one of wide band demodulation reference signal related to physical downlink control channel,
group common-physical downlink control channel, or discovery reference signal physical

broadcast channel.

12. A method of any of claims 1 to 11, further comprising: upon detecting the at least one
first indication during the first timer-interval, resetting, by the user equipment, the first

countdown timer to the first initial value.

13. A method of any of claims 1 to 11, further comprising: upon not detecting the at least
one first indication where the first countdown timer is greater than zero, decrementing, by the

user equipment, the first countdown timer by a value equal to the first timer-interval.

14. A method of any of claims 1 to 11, further comprising: upon not detecting the at least
one first indication where the first countdown timer is zero, maintaining, by the user equipment,

the value of the second countdown timer.

15. A method of any of claims 1 to 11, further comprising: upon not detecting the at least
one first indication where the first countdown timer is zero, determining, by the user equipment,
whether at least one second indication is detected during the second timer-interval.

16. A method of claim 15, wherein the at least one second indication comprises at least

one of downlink or uplink unicast data scheduling.

17. A method of claim 15 or 16, further comprising: upon not detecting the at least one
second indication during the second timer-interval, decrementing, by the user equipment, the
value of the second countdown timer by one unit equal to the second timer-interval if the value

of the first countdown timer is greater than zero.

18. A method of claim 15 or 16, further comprising: upon not detecting the at least one
second indication during the second timer-interval when the second countdown timer is zero,

performing, by the user equipment, bandwidth part switching to at least one pre-defined
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bandwidth part.

19. A method of claim 15 or 16, further comprising: upon detecting the at least one second
indication, resetting, by the user equipment, the second countdown timer to the second initial

value.

20. A method of any of claims 1 to 19, further comprising: upon detecting a third indication
in group common-physical downlink control channel, deactivating, by the user equipment, the

first countdown timer.

21. A method of any of claims 1 to 19, further comprising: upon detecting a third indication
of a first value in group common-physical downlink control channel, decrementing, by the user
equipment, the second countdown timer by one for each second timer-interval until at least one
of the following occurs: 1) the second countdown timer is equal to zero, 2) the first indication
is detected, 3) the second indication is detected, or 4) the third indication of a second value is

detected.

22. A method of any of claims 1 to 19, further comprising: upon detecting at least one
channel occupancy time duration indication in group common-physical downlink channel,
setting, by the user equipment, the first countdown timer to the first initial value for each first

timer-interval overlapping with the at least one channel occupancy time duration.

23. A method comprising:

transmitting, by a network entity, at least one configuration to a user equipment
comprising a first countdown timer associated with a first initial value and a first timer-interval
of a first time scale, and a second countdown timer associated with a second initial value and a
second timer-interval of a second time scale;

transmitting, by the network entity, at least one first indication to the user equipment;

and

transmitting, by the network entity, at least one second indication to the user
equipment.
24. A method of claim 23, further comprising transmitting, by the network entity, at least

one third indication to the user equipment.
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25. A method of claim 23 or 24, wherein the at least one first indication comprises one or

more of at least one predefined signal.

26. A method of claim 23 or 24, wherein the at least one first indication comprises one or

more of at least one predefined channel.

27. A method of any of claims 23 to 26, wherein the at least one first indication comprises
one or more of at least one initial signal, wherein the at least one initial signal comprises at least
one of wide band demodulation reference signal related to physical downlink control channel,
group common-physical downlink control channel, or discovery reference signal physical

broadcast channel.

28. A method of any of claims 23 to 27, wherein the at least one first indication is

configured to reset the first countdown timer to the first initial value.

29. A method of any of claims 23 to 27, wherein the at least one first indication is
configured to decrement the second countdown timer by one for each second timer-interval

until the second countdown timer is equal to zero.

30. A method of any of claims 23 to 29, wherein the at least one second indication

comprises at least one of downlink or uplink unicast data scheduling.

31. A method of any of claims 23 to 30, wherein the at least one second indication is

configured to reset the second countdown timer to the second initial value.

32. A method of any of claims 24 to 31, wherein the at least one third indication is
configured to deactivate the first countdown timer and/or decrement the second countdown

timer by a value equal to the second timer-interval.

33. A method of any of claims 24 to 31, wherein the at least one third indication is
associated with at least one additional trigger received in group common-physical downlink
control channel that is configured to deactivate the first countdown timer for all associated user

equipments when the base station has no data to transmit and does access at least one channel.

34. A method of any of claims 24 to 31, wherein the at least one third indication is
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configured to decrement the second countdown timer by one for each second timer-interval

until the second countdown timer is equal to zero.

35. A method of any of claims 24 to 31, wherein the at least one third indication of second
value is configured to activate and/or reactivate the first countdown timer in response to a

determination to activate and/or reactivate the first countdown timer.

36. An apparatus comprising:

at least one processor; and

at least one memory and computer program code;

the at least one memory and the computer program code is configured to, with the at
least one processor, cause the apparatus at least to:

initiate a first countdown timer associated with a first initial value and a first timer-
interval, and a second countdown timer associated with a second initial value and a second
timer-interval;

determine whether at least one first indication is detected during the first timer-interval;
and

adjust at least one of the first countdown timer or the second countdown timer based

on the determining.

37. An apparatus comprising:

at least one processor; and

at least one memory and computer program code,
the at least one memory and the computer program code is configured to, with the at least one
processor, cause the apparatus at least to:

transmit at least one configuration to a user equipment comprising a first countdown
timer associated with a first initial value and a first timer-interval of a first time scale, and a
second countdown timer associated with a second initial value and a second timer-interval of a
second time scale;

transmit at least one first indication to the user equipment; and

transmit at least one second indication to the user equipment.

38. An apparatus comprising means for performing:
initiating a first countdown timer associated with a first initial value and a first timer-

interval, and a second countdown timer associated with a second initial value and a second
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timer-interval;

determining whether at least one first indication is detected during the first timer-
interval; and

adjusting at least one of the first countdown timer or the second countdown timer based

on the determining.

39. An apparatus comprising means for performing:

transmitting at least one configuration to a user equipment comprising a first
countdown timer associated with a first initial value and a first timer-interval of a first time
scale, and a second countdown timer associated with a second initial value and a second timer-
interval of a second time scale;

transmitting at least one first indication to the user equipment; and

transmitting at least one second indication to the user equipment.

40. An apparatus comprising:

at least one processor; and

at least one memory and computer program code;

the at least one memory and the computer program code is configured to, with the at
least one processor, cause the apparatus at least to perform a method according to any of claims

1to022.

41. An apparatus comprising:

at least one processor; and

at least one memory and computer program code; wherein

the at least one memory and the computer program code is configured to, with the at
least one processor, cause the apparatus at least to perform a method according to any of claims

23 to 34.

42. An apparatus comprising means for performing a method according to any of claims

1 to 22 or performing a method according to any of claims 23 to 34.

43. A computer program product encoding instructions for performing a process including
a method according to any of claims 1 to 22 or performing a process including a method

according to any of claims 23 to 34.
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A non-transitory computer-readable medium encoding instructions that, when executed in
hardware, perform a process including a method according to any of claims 1 to 22 or perform

a process including a method according to any of claims 23 to 34.
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