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MULTI-SLOT SLOT FORMAT INDICATOR (SFI) EXTENSIONS

CROSS REFERENCE TO RELATED APPLICATIONS

{8891} The present application claims priority to and the benetit of U.5. Nonprovisional
Patent Application No. 16/210,889, filed December S, 2018, U.S. Provisional Patent
Application No. 62/609,517, filed December 22, 2017, and U.S. Provisional Patent
Application No. 62/654,264, filed April 6, 2018, each of which is hereby incorporated by

reference in its entirety as if fully set forth below and for all applicable purposes.

TECHNICAL FIELD

{6662] This application relates to wireless communication systems and methods, and more

particularly to communicating slot format information.

INTROBUCTION

{6003} Wireless communications systems are widely deployed to provide various types of
communication content such as voice, video, packet data, messaging, broadcast, and so on.
These systems may be capable of supporting communication with multiple users by sharing
the available system resources (g.g., time, frequency, and power). A wireless multiple-access
commmications system may include a number of base stations (BSs), each simultaneously
supporting communication for multiple communication devices, which may be otherwise
known as user equipment (UE).

{6004} To meet the growing demands for expanded mobile broadband connectivity, wireless
communication technologies are advancing from the LTE technology to a next generation
new radio (NR) technology. NR may provision for dynamic medium sharing among network
operators in a licensed spectrum, a shared spectrum, and/or an unlicensed spectrum. For
example, shared spectrums and/or unlicensed spectrams may inchude frequency bands at
about 3.5 gigahertz (GHz), about 6 GHz, and about 60 GHz.

[8805] Certain wireless communications systems may support SFI signaling. For example,

an SFI may inclade a set of bits that indicate a format for one or more slots. The format may
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inciude whether an OFDBM symbol for a slot is configured for uplink, downlink, or unknown
communications, e.g., a communication direction for the OFDM symbol. The monitoring
period for the SHI (e.g., the time duration or number of slot that the SFI indication covers) can
be configured by the network, for example in a radio resource control (RRC) signal. The UE
may monitor the control signal to detect the SFI and then use the indicated slot format for
wireless communications during the covered slot(s}.

{88961 While the SFI signaling can provide slot format information for multiple slots in
advance, in some instances, a BS may roodify a transmission grant and/or cancel a
transmission grant after the SHi is being sent. In addition, when the network operates over a
medivm (e.g., an unlicensed spectram} shared by multiple network operating entities, a BS is
required to perform list-before-talk (LBT) or clear channel assessment (CCA) procedures
prior to occupying the medium. The outcomes of the LBT or CCA procedures may not be
known to the BS in advance. Further, a network may use semi-persistent scheduling for
certain communications.  As such, the design of the muiti-slot SFIs may need to consider

various conditions operating in a licensed spectrum and/or in an unlicensed spectrom.

BRIEF SUMMARY OF SOME EXAMPLES

{8887} The following summarizes some aspects of the present disclosure to provide a2 basic
understanding of the discussed technology. This summary is not an extensive overview of all
contemplated features of the disclosure, and is intended neither to identify key or critical
elements of all aspects of the disclosure nor to delineate the scope of any or all aspects of the
disclosure. Its sole purpose is to present some concepts of one or more aspects of the
disclosure in summary form as a prelude to the more detailed description that is presented
later.

{8008} For example, in an aspect of the disclosure, a method of wireless communication,
comprising communicating, by a first wireless communication device with a second wireless
communicaton device, a first slot format indicator (SFI) for a first set of slots;
communicating, by the first wireless communication device with the second wireless
communication device, a second SFI for a second set of slots, the second set of slots
averlapping with the first set of slots in at least one of time or frequency; and communicating,
by the first wireless commumication device with the second wireless communication device, a

comnmunication signal based on at least one of the first SFY or the second SFL
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{6604] In an additional aspect of the disclosure, a method of wireless communication
includes communicating, by a first wireless communication device with a second wireless
communication device, a configuration for a first stot; communicating, by the first wireless
communication device with the second wireless cornmumnication device, a slot format
indicator (SF1) indicating slot formats for a set of slots including the first slot, wherein the
SFI indicates an unspecified slot format for the first slot; and communicating, by the first
wireless comrpunication device with the second wireless comrnunication device, a
communication signal in the first slot based on the configuration.

{6610} In an additional aspect of the disclosure, an apparatus includes means for
communicating, with a second wireless communication device, a first slot format indicator
{STT) for a first set of slots; means for communicating, with the second wireless
communication device, a second SFI for a second set of slots, the second set of slots
overlapping with the first set of slots in at least one of time or frequency; and means for
commurnicating, with the second wireless communication device, a communication signal
based on at least one of the first SFI or the second SFL

{6611} In an additional aspect of the disclosure, an apparatus includes means for
communicating, with a second wireless communication device, a configuration for a first slot;
means for communicating, with the second wireless communication device, a slot format
indicator (SFI) indicating slot formats for a set of slots including the first slot, wherein the
SFI indicates an unspecified slot format for the first slot; and means for communicating, with
the second wireless communication device, a communication signal in the first slot based on
the configuration.

[0012] Other aspects, features, and embodiments of the present invention will become
apparent to those of ordinary skill in the art, upon reviewing the following description of
specific, exemplary embodiments of the present invention in conjunction with the
accompanying figures. While features of the present invention may be discussed relative to
certain embodiments and figures below, all embodiments of the present invention can include
one or more of the advantageous features discussed hergin. In other words, while one or more
embodiments may be discussed as having certain advantageous featares, one or more of such
feanres may also be used in accordance with the various embodiments of the invention

discussed herein. In similar fashion, while exemplary embodiments may be discussed below
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as device, system, or method embodiments it should be understood that such exemplary

embodiments can be implemented in various devices, systems, and methods.

BRIEF DESCRIPTION OF THE DRAWINGS

{8813} FIG. 1 illustrates a wireless communication network according to some embodiments
of the present disclosure.

[6614] FIG. 2 illustrates a communication frame counfiguration according to embodiments of
the present disclosure.

{6615} FIG. 3 is a block diagram of an exemplary user equipment (UE) according to
embodiments of the present disclosure.

[6¢16] FIG. 4 is a block diagram of an exemplary base station (BS) according to
embodiments of the present disclosure.

[8617] FIG. 5 illustrates an overlapping slot format indicator (SFI) configuration according to
embodiments of the present disclosure.

[6018] FIG. 6 illustrates a communication scheme using overlapping $Fis according to
embodiments of the present disclosure.

{6619] FIG. 7 illustrates a communication scheme using overlapping SFlIs according to
embodiments of the present disclosure.

[6420] FIG. § illustrates a communication scheme using overlapping SFis according fo
embodiments of the present disclosure.

{8821} FIG. 9 illustrates an overlapping SFI configuration according to embodiments of the
present disclosure.

{00221 FIG. 10 illustrates an SFI configuration that extends outside of a transmission
opportunity (TXOP) according to embodiments of the present disclosure.

[6623] FIG. 11 illustrates an SFI configoration that extends across TXOPs according to
embodiments of the present disclosure.

{0024] FIG. 12 ilhustrates an SFY configuration that extends across TXOPs according to
embodiments of the present disclosure.

{88251 FIG. 13 is a signaling diagram of a communication method according to some
embodiments of the present disclosure.

[8026] FIG. 14 illustrates a cross-carrier SFI configuration according to embodiments of the

present disclosure.



WO 2019/125780 PCT/US2018/064312

{6627} FIG. 15 is a flow diagram of a communication method according to embodiments of
the present disclosure.

[6628] FIG. 1615 a flow diagram of a communication method according to embodiments of
the present disclosure.

{6628} FIG. 17 illustrates a communication scheme based on semi-static slot format
configurations and SFIs according to embodiments of the present disclosure.

{84381 FIG. 18 is a flow diagram of a communication method according to embodiments of

the present disclosure.

DETAILED DESCRIPTION

{6031] The detailed description set forth below, in connection with the appended drawings, is
intended as a description of various configurations and is not intended to represent the only
configurations in which the concepts described herein may be practiced. The detailed
description includes specific details for the purpose of providing a thorough understanding of
the various concepts. However, it will be apparent to those skilled in the art that these
concepts may be practiced without these specific details. In some instances, well-known
structures and components are shown in block diagram form in order to avoid obscuring such
concepts,

{6632} This disclosure relates generally to providing or participating in authorized shared
access between two or more wireless communications systems, also referred to as wireless
communications networks. In various embodiments, the techniques and apparatus may be
used for wireless communication networks such as code division multiple access (CDMA)
networks, time division multiple access (TDMA) networks, frequency division multiple
access (FDMA) networks, orthogonal FOMA (OFDMA) networks, single-carrier FDMA
(SC-FDMA) networks, LT networks, GSM networks, 3% Generation (5G) or new radio
{NR) networks, as well as other comumunications networks. As described herein, the terms
“networks” and “systems” may be used interchangeably.

[6033] An OFDMA network may implement a radio technology such as evolved UTRA (E-
UTRA), IEEE 802.11, IEEE 802.16, IEEE 802.20, flash-OFDM and the like. UTRA, E-
UTRA, and Global System for Mobile Commumcations {GSM) are part of universal mobile
telecommunication system (UMTS). In particudar, long term evolution (L.TE) is a release of

UMTS that uses E-UTRA. UTRA, E-UTRA, GSM, UMTS and LTE are described in
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documents provided from an organization named “3rd Generation Partnership Project”
(3GPP), and cdma2004 is described in documents from an organization named “3rd
Generation Partnership Project 27 (3GPP2). These various radio technologies and standards
are known or are being developed. For example, the 3rd Generation Partnership Project
(3GPP) is a collaboration between groups of telecommunications associations that aims to
define a globally applicable third generation (3G) mobile phone specification. 3GPP long
term evolation (LTE) is a 3GPP project which was aimed at improving the universal mobile
telecommunications system (UMTS) mobile phone standard. The 3GPP may define
specifications for the next generation of mobile networks, mobile systems, and mobile
devices. The present disclosure is concerned with the evolution of wireless technologies from
LTE, 4G, 3G, NR, and beyond with shared access to wireless spectram between networks
using a collection of new and different radio access technologies or radio air interfaces.
[8834] In particular, 5G networks contemplate diverse deployments, diverse spectrum, and
diverse services and devices that may be implemented using an OFDM-based unified, air
interface. In order to achieve these goals, further enhancements to LTE and LTE-A are
considered in addition to development of the new radic technology for 5G NR networks. The
5 NR will be capable of scaling to provide coverage (1) to a massive Internet of things
(ToTs) with an ultra-high density (e.g., ~1M nodes/km?), ultra-low complexity (e.g., ~10s of
bits/sec), ultra-low energy {(e.g., ~10+ years of battery life}, and deep coverage with the
capability to reach challenging locations; (2) including mission-critical control with strong
security to safeguard sensitive personal, financial, or classified information, ultra-high
reliability (e.g., ~99.9999% rehability}, ultra-low latency {e.g., ~ 1 ms), and users with wide
ranges of mobility or lack thereof; and (3) with enhanced mobile broadband including
extreme high capacity (e.g., ~ 10 Tbps/km?), extreme data rates (e.g., mulit-Gbps rate, 100+
Mbps aser experienced rates), and deep awareness with advanced discovery and
optimizations.

{8835} The 5G NR may be implemented to use optintized OFDM-based waveforms with
scalable numerology and transmission time interval (TTI); having a common, flexibie
framework to efficiently multiplex services and featares with a dynamic, low-latency time
division duplex (TDD)/frequency division duplex (FDD) design; and with advanced wireless
technologies, such as massive multiple input, muléiple output (MIMO), robust millimeter

wave {(mmWave} transmissions, advanced channel coding, and device-centric mobility.
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Scalability of the numerology in 5G NR, with scaling of subcarrier spacing, may efficiently
address operating diverse services across diverse spectrum and diverse deployments. For
example, in various outdoor and macro coverage deployments of less than 3GHz FDD/TDD
implementations, subcarrier spacing may occur with 15 kHz, for example over 1, 5, 10, 20
MHz, and the like bandwidth. For other various outdoor and small cell coverage deployments
of TDD greater than 3 GHz, subcarrier spacing may occur with 30 kHz over 80/100 MHz
bandwidth. For other various indoor wideband implementations, asing a TDD over the
unlicensed portion of the 5 GHz band, the subcarrier spacing may occur with 60 kHz over a
160 MHz bandwidth. Finally, for various deployments transmitting with mmWave
components at a TDD of 28 GHz, subcarrier spacing may occur with 120 kHz over a
S00MHz bandwidth.

{60436} The scalable numerclogy of the SG NR facilitates scalable TTI for diverse latency and
quality of service (QoS) requirements. For example, shorter TTI may be used for low latency
and high reliability, while longer TT1 may be used for higher spectral efficiency. The
efficient multiplexing of long and short TTIs to allow transmissions to start on symbol
boundaries. 3G NR also contemplates a self-contained integrated subframe design with
uplink/downlink scheduling information, data, and acknowledgement in the same subframe.
The self-contained inlegrated subframe supports communications in unlicensed or contention-
based shared spectrum, adaptive uplink/downlink that may be flexibly configured on a per-
cell basis to dynamically switch between uplink and downlink to meet the current traffic
needs.

{89371 Various other aspects and features of the disclosure are further described below. It
should be apparent that the teachings herein may be embodied in a wide variety of forms and
that any specific structure, function, or both being disclosed herein is merely representative
and not limiting. Based on the teachings herein one of an ordinary level of skill in the art
should appreciate that an aspect disclosed herein may be implemented independently of any
other aspects and that two or more of these aspects may be combined in various ways. For
example, an apparatus may be implemented or a method may be practiced using any number
of the aspects set forth herein. In addition, such an apparatus may be implemented or such a
method may be practiced using other strocture, functionality, or stractare and functionality in
addition to or other than one or more of the aspects set forth herein. For example, a method

may be implemented as part of a system, device, apparatus, and/or as instructions stored on a
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computer readable medium for execution on a processor or computer. Furthermore, an aspect
may comprise at least one element of a claim.

[6638] The present application describes mechanisms for commumicating slot format
information. A BS may transmit an SF{ to indicate slot format information for multiple slots
and may subsequently communicate with one or more UEs during the multiple slots based the
indicated SFI. The BS may transmit the SFI periodically, for example, according to a
preconfigured SFI period. The BS may incrementally provide slot format information by
transmitting overlapping SFis. For example, the BS may configure two staggered,
overlapping SFI periods, a first SFI period and a second SFI period. The BS may periodically
transmit a first SFI according to the first SFI period. The first SFI may indicate slot format
information for slots in the first SFI period. The BS may periodically transmit a second SFI
according to the second SFI period. The second SFI may indicate slot format information for
slots in the second SFI period. The first SFI period and the second SFI period may include
one or more common slots.

{8639} In one embodiment, the BS may configure the first SFI and the second SFI to indicate
the same slot format information for the common slots. In one embodiment, the BS may
overwrite {e.g., modify, update, cancel, or dynamically switching between an uplink direction
and a downlink direction) slot format information for a common slot indicated in the first SFY
{e.g., transmitter earlier in time) by configuring the second SF1 with updated slot forma
information. In one embodiment, the BS may indicate an unspecified slot or communication
format {e.g., a wildcard} to instruct a UE to use slot format information in a most recently
received SPL or another configuration (e.£., a semi-static UL transmission and/or DL
reception schedule) instead of providing additional slot format information.

{64401 In one embodiment, the BS may operate in a2 medium (e.g., an unlicensed spectrum)
shared by multiple network operating entities. The BS may inclode timing information
associated with gap time between transmission opportunities {TXOPs). For example, the BS
may transmit an SFI during a last slot of a TXOP. The SFI can indicate slot format
information for the last slot and one or more slots outside the TXOP. In one embodiment, the
BS can configure the SFI to indicate an uplink direction for the one or more slots so that the
UE can stop monitoring for downlink signals from the BS for power saving. In one
embodiment, the BS can indicate that the one or more slots include the gap tirne. When the

one or more slots extend beyond the gap time, the UE may use slot format information for
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remaining slots to communicate with the BS in a next TXGP. In one embodiment, the BS can
indicate that the slot format information for one or more slots is for communication in
beginning slots of a next TXOP.

{6041] In one embodiment, the BS may configure SFls with cross-carrier slot format
information. For example, the BS may transmit a first SFL in a first frequency carrier
indicating slot format information for the first frequency carrier and a second frequency
carrier. The BS may transmit a second SFI in the second frequency carrier indicating siot
format information for the second frequency carrier and a third frequency carrier.

{8642} Aspects of the present application can provide several benefits. For example, the use
of overlapping multi-slot SEIs can enable a BS to incrementally configure and provide slot
format information. In addition, the use of overlapping multi-slot SFIs can enable the BS to
modify or cancel an earlier slot format configuration or assignment. The use of an
unspecified slot or communication format allows the BS to maintain a previous semi-static
schedule without having to track and maintain a record of the semi-static schedule and
matching SFis to the semi-static schedule. Further, when the BS operates in a shared
spectrum or unlicensed spectrum, the BS can use the multi-slot SFIs to provide slot format
information for beginning slots of a next TXOP in advance {e.g., during a current TXOP).
[6043] F1G. | illustrates a wireless commumication network 100 according to some
embodiments of the present disclosure. The network 100 may be a 3G network. The network
100 includes a number of base stations (BSs) 105 and other network entities. A BS 105 may
be a station that communicates with UEs 115 and may also be referred to as an evolved node
B (eNB), a next generation eNB (gNB), an access point, and the like. Each BS 105 may
provide communication coverage for a particular geographic area. In 3GPP, the term “cell”
can refer to this particular geographic coverage area of a BS 105 and/or a BS subsystem
serving the coverage area, depending on the context in which the term is ased.

[6¢44] A BS 105 may provide communication coverage for a macro cell or a small cell, such
as a pico cell or a femto cell, and/or other types of cell. A macro cell generally covers a
relatively large geographic area (e.g., several kilometers in radius) and may allow unrestricted
access by UEs with service subscriptions with the network provider. A small cell, suchasa
pico cell, would generally cover a relatively smaller geographic area and may allow
unrestricted access by UEs with service subscriptions with the network provider. A small

cell, such as a femto cell, would also generally cover a relatively small geographic area (e.g.,
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a home) and, in addition to unrestricted access, may also provide restricted access by UEs
having an association with the femto cell (e.g., UEs in a closed subscriber group (CSG}), UEs
for users in the home, and the like). A BS for a macro cell may be referred to as a macro BS.
A BS for a small cell may be referred to as a small cell BS, a pico BS, a femto BS or a home
BS. In the example shown in FIG. 1, the BSs 105d and 105e may be regular macro BSs,
while the BSs 135a-105c may be macro BSs enabled with one of 3 dimension {(3D), {ull
dimension (FD), or massive MIMO. The BSs 103a-105c may take advantage of their higher
dimension MIMO capabilities to exploit 3D beamforming in both elevation and azimuth
beamforming to increase coverage and capacity. The BS 105f may be a small cell BS which
may be a home node or portable access point. A BS 105 may support one or multiple (e.g.,
two, three, four, and the like) cells.

[6045] The network 100 may support synchronous or asynchronous operation. For
synchronous operation, the BSs may have similar frame timing, and transmissions from
different BSs may be approximately aligned in time. For asynchronous operation, the BSs
may have different frame timing, and transmissions from different BSs may not be aligned in
time.

{3446} The UEs 115 are dispersed throughout the wireless network 100, and each UE 115
may be stationary or mobile. A UE 115 may also be referred to as a terminal, a mobile
station, a subscriber unit, a station, or the like. A UE 115 may be a cellular phone, a personal
digital assistant (PDA), a wireless modem, a wirgless communication device, a handheld
device, a tablet computer, a laptop computer, a cordless phone, a wireless local loop (WLL)
station, or the like. In one aspect, a UE 115 may be a device that includes 2 Universal
Integrated Circuit Card (UICC). In another aspect, a UE may be a device that does not
include a UICC. In some aspects, the UEs 115 that do not include UICCs may also be
referred to as internet of everything (JoE) devices. The UEs 113a-115d are exaraples of
mobile smart phone-type devices accessing network 100 A UE 115 may also be a machine
specifically configured for connected communication, including machine type
communication (MTC), enhanced MTC (eMTC), narrowband IoT (NB-IoT) and the like.
The UEs 115e-115k are examples of various machines configured for communication that
access the network 100. A UE 115 may be able to commumicate with any type of the BSs,
whether macro BS, small cell, or the like. In FIG. 1, 2 lightning bolt {e.g., communication

links} indicates wireless transmissions between a UE 115 and a serving BS 105, whichis a
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BS designated to serve the UE 115 on the downlink and/or uplink, or desired transmission
between BSs, and backhaul transmissions between BSs.

{68471 In operation, the BSs 105a-105¢ may serve the UEs 115a and 115b asing 3D
beamforming and coordinated spatial techniqgues, such as coordinated multipoint (CoMF) or
multi-connectivity. The macro BS 105d may perform backhaul communications with the BSs
[05a-105c, as well as small cell, the BS 105f. The macro BS 105d may also transmits
multicast services which are subscribed to and received by the UEs 115¢ and 1154, Such
multicast services may inchude mobile television or stream video, or may include other
services for providing community information, such as weather emergencies or alerts, such as
Amber alerts or gray alerts.

[60G48] The network 100 may also support mission critical communications with oltra-reliable
and redundant links for mission critical devices, such as the UE 115¢, which may be a drone.
Redundant communication links with the UE 115e may inclade links from the macro BSs
105d and 105e, as well as links from the small cell BS 1051, Other machine type devices,
such as the UE 115f (e.g., a thermometer), the UE 115¢g (e.g., smart meter), and UE 115h
{e.z., wearable device) may communicate through the network 100 either directly with BSs,
such as the small cell BS 1051, and the macro BS 105e, or in multi-hop configurations by
communicating with another user device which relays its information to the network, such as
the UE 115 commmunicating temperature measurement information to the smart meter, the
UE 115g. which is then reported to the network through the small cell BS 105f. The network
100 may also provide additional network efficiency through dynamic, low-latency TDD/FDD
comnumcations, such as in a vehicle-to-vehicle (V2V)

[6049] In some implementations, the network 100 utilizes OFDM-based waveforms for
communications. An OFDM-based system may partition the system bandwidth into multiple
{K) orthogonal subcarriers, which are also commonly referred to as subcarriers, tones, bins, or
the Iike. Each subcarrier may be modulated with data. In some instances, the sobcarrier
spacing between adjacent subcarriers may be fixed, and the total nomber of subcarriers (K)
may be dependent on the system bandwidth. The system bandwidth may also be partitioned
into subbands. In other instances, the subcarrier spacing and/or the daration of TTIs may be
scalable.

[6050] In an embodiment, the BSs 105 can assign or schedule transmission resources (e.g., in

the form of time-frequency resource blocks (RB)) for BL and UL transmissions in the
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network 100. DL refers to the transmission direction from a BS 105 to a UE 1135, whereas
UL refers to the transmission direction from a UE 115 to a BS 105. The commumnication can
be in the form of radio frames. A radio frame may be divided into a phirality of subframes,
for example, about 10. Each subframe can be divided into slots, for example, about 2. Fach
slot may be further divided into mini-slots. In a frequency-division duplexing (FDD) mode,
simultaneous UL and DL transmissions may occur in different frequency bands. For
example, each subframe inclades a UL subframe in a UL frequency band and a DL subframe
in a DL frequency band. In a time-division duplexing (TDD) mode, UL and DL
transmissions occur at different time periods using the same frequency band. For example, a
subset of the subframes (e.g., DL sabframes) in a radio frame may be used for DL
transmissions and another sabset of the subframes (e.g., UL subframes) in the radio frame
may be used for UL transmissions.

{8051} The DL subframes and the UL subframes can be further divided into several regions.
For example, each DL or UL subframe may have pre-defined regions for transmissions of
reference signals, control information, and data. Reference signals are predetermined signals
that facilitate the communications between the BSs 105 and the UEs 115, For example, a
reference signal can have a particular pilot pattern or structure, where pilot tones may span
across an operational bandwidth or frequency band, each positioned at a pre-defined time and
a pre-defined frequency. For example, a BS 105 may transmit cell specific reference signals
{CRSs) and/or channel state information ~reference signals ({CSI-RSs) to enable a UE 115 to
estimate a DL channel. Similarly, a UE 115 may transmit sounding reference signals (SRSs)
to enable a BS 103 to estimate a UL channel. Control information may include resource
assignments and protocol controls. Data may include protocol data and/or operational data.
In some embodiments, the BSs 105 and the UEs 115 may communicate using self-contained
subframes. A self-contained subframe may inclade a portion for DL communication and a
portion for UL commuonication. A self-contained sabframe can be DL-centric or UL-ceuntric.
A DL-centric subframe may include 2 jonger duration for DL communication than UL
communication. A UL-centric subframe may include a longer duration for UL
communication than UL communication.

{8652} In an embodiment, the network 100 may be an NR network deployed over a licensed
spectrum. The BSs 105 can wransmit synchronization signals (e.g., including a primary

synchronization signal (PSS) and a secondary synchronization signal (§55)} in the network
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100 to facilitate synchronization. The BSs 105 can broadcast system information associated
with the network 100 (e.g., including a master information block (MIB), remaining minimum
system information (RMSI), and other system information (OSI)) to facilitate imtial network
access. In some instances, the BSs 105 may broadcast the PSS, the 858, the MIB, the RMSI,
and/or the OS5I in the form of synchronization signal blocks (S5Bs).

{8853} In an embodiment, a UE 115 attempting to access the network 100 may perform an
initial cell search by detecting a PSS from a BS 105. The PSS may enable synchronization of
period timing and may indicate a physical layer ideuntity value. The UE 115 may then receive
a 58S5. The 555 may enable radio frame synchronization, and may provide a cell identity
value, which may be combined with the physical layer identity value to identify the cell. The
558 may also enable detection of a duplexing mode and a cyelic prefix length. Some
systems, such as TDD systems, may transmit an SSS but not a PSS, Both the PSS and the
SSS may be located in a central portion of a carrier, respectively.

[8854] After receiving the PSS and S5§, the UE 115 may receive a MIB, which may be
transmitted in the physical broadcast channel (PBCH). The MIB may include system
information for initial network access and scheduling information for RMST and/or OSL
After decoding the MIB, the UE 115 may receive RMSI and/or OSL. The RMST and/or OSE
may include radio resource control (RRC) configuration information related to random access
channel (RACH) procedures, paging, physical uplink control channel (PUCCH), physical
uplink shared channel (FUSCH), power control, SRS, and cell barring. After obtaining the
MIB and/or the SIBs, the UE 115 can perform random access procedures {o establish a
connection with the BS 105, After establishing the connection, the UE 115 and the BS 105
can enier a normal operation stage, where operational data may be exchanged.

{88355} In an embodiment, the network 100 may be an NR network deployed over an
unlicensed spectrum {(e.g., in sub-6 GHz bands) shared by multiple network operating entities,
which may operate using various wireless technologies such as Wik, hicense assisted access
(LAA), and MulieFire (MF). The multiple network operating entities may coordinate access
to the spectrum. For example, different network operating entities may be assigned with
different access priorities during time periods. Each transmitting node (e.g., the BSs 105 and
the UEs 115) may perform mediam sensing (e.g., listen-before-tatk (LBT) or clear channel
assessment (CCA)) prior to ransmissions in the spectrum to avoid or minimize collisions

with other nodes sharing the spectrum. After a BS 105 gains access to a transmission
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opportunity (TXOP} in the spectrum, the BS 105 may communicate with the UEs 115 using
sirnilar mechanisms as in a licensed spectrum described above.

{68561 To facilitate the use of scalable numerology or scalable TTIs in the network 100, the
BSs 103 may signal SF1s for one or more slots. The SFis may indicate communication
directions for the one or more slots. The SFis may include a communication direction for
each reference signal or each TTT scheduled in the one or more slots. A reference signal may
be a physical layer signal (e.g., a predetermined sequence) transmitted in one or more
symbols. A TTI refers to a minimum scheduling or grant time period where a medium access
control {(MAC) layer transport block can be transmitted via a physical layer over the air.
Mechanisms for signaling SFIs are described in greater detail herein.

{6657} FIG. 2 illustrates a communication {rame configuration 200 according to
embodiments of the present disclosure. The configuration 200 may be employed by the
networks 100. In particular, BSs such as the BSs 105 and UEs such as the UEs 15 may
communicate with each other using the configuration 200. In FIG. 2, the x-axes represent
time in some constant units and the y-axes represent frequency in some constant units. The
contiguration includes a radio frame 202. The radio frame 202 includes N plarality of
subtrames 210 spanning in time and frequency. In an embodiment, a radio frame 202 may
span a time interval of about 10 milliseconds (ms). Each subframe 210 inclades M plurality
of slots 220. Each slot 220 includes K plurality of mini-slots 230. Each mini-slot 230 may
include a variable number of symbols 240. N, M, and K may be any suitable positive
integers.

[8658] In some embodiments, N may be about 10 and M may be about 14. Tn other words, a
radio frame 202 may inclade about 10 subframes 210 and each subframe 210 may include
about 14 symbols 240. The BSs or the UEs may send data in units of subframes 210, slots
220, or mim-siots 230,

{60897 As described above, the BS can transmit an SFI to indicate slot formats for one or
more slots 220 to the UE. As an example, the BS may schedule UL and/or DL transmissions
in units of one or more symbols 240 {(e.g., mini-slots 230). The SFI can indicate a
communication direction and/or a duration for each scheduled transmission in one or more
slots 220. For example, an SFI may indicate a commaunication direction of a UL direction, a
DL direction, an unknown direction, and/or an unspecified direction. Mechanisms for

communications using SFis are described in greater detail herein.
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{80601 FIG. 3 is a block diagram of an exemplary UE 300 according to embodiments of the
present disclosare. The UE 300 may be a UE 115 as discussed above. As shown, the UE 300
may include a processor 302, a memory 304, an SFI processing and communication module
308, a transceiver 310 including a modem subsystem 312 and a radio frequency (RF) unit
314, and one or more antennas 316. These elements may be in direct or indirect
communication with each other, for example via one or more buses.

[8861] The processor 302 may include a central processing unit (CPU), a digital signal
processor {DSP), an application specific integrated circuit (ASIC), a controller, a field
programmable gate array (FPGA) device, another hardware device, a firmware device, or any
combination thereof configured to perform the operations described herein. The processor
302 may also be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one Or more microprocessors in
conjunction with a DSP core, or any other such configuration.

[8862] The memory 304 may include a cache memory (e.g., a cache memory of the processor
302), random access memory (RAM), magnetoresistive RAM (MRAM), read-only memory
{(ROM, programmable read-only memory (PROM), erasable programmable read only
memory {EPROM), electrically erasable programmable read only memory (EEPROM), flash
memory, solid state memory device, hard disk drives, other forms of volatile and non-volatile
memory, or a combination of different types of memory. In an embodiment, the memory 304
includes a non-transitory computer-readable medium. The memory 304 may store
instructions 306. The instructions 306 may include instructions that, when executed by the
processor 302, cause the processor 302 to perform the operations described herein with
reference to the UEs 115 in connection with embodiments of the present disclosure.
Instructions 306 may also be referred to as code. The terms “instructions” and “code™ should
be interpreted broadly to inchude any type of computer-readable staternent(s). For example,
the terms “instructions” and “code” may refer to one or more programs, routines, sub-
routines, functions, procedures, etc. “Instructions” and “code” may include 2 single computer-
readable statement or many computer-readable statements.

{8863} The SFI processing and communication module 308 may be implemented via
hardware, software, or combinations thereof. For example, the SFI processing and
communication medule 308 may be implemented as a processor, circuit, and/or instructions

306 stored in the memory 304 and executed by the processor 302. The SFI processing and
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communication module 308 may be used for various aspects of the present disclosure. For
example, the SFI processing and communication module 308 is configured to monitor for
SFIs from a BS (e.g., the BSs 105} and configure commanications with the BS based on
detected SFIs. An SFI may include slot format information {e.g., communication directions
and/or durations) for multiple slots (e.g., the slots 220, the mini-slots 230, and/or symbols
240).

{88641 In some embodiments, a first SFI may inchude slot format information for a first set of
siots and a second SFI may inclade slot format information for a second set of slots
overlapping in time and/or frequency with at least some slot in the first set of slots. The SF}
processing and communication module 308 may determine whether to communicate based on
the first SFE or the second SFI in the overlapping slots.

[8065] In some embodiments, the SFI processing and communication module 308 may
receive other configurations (e.g., a semi-static UL transmission and/or DL reception
schedule) assoctated with a communication format for certain slots and determine whether (o
communicate in the slots based on SFis received for the slots or the other configurations.
{6066] In some embodiments, the UE may communicate with a BS in an unlicensed
spectrum. A muiti-slot SFI may include slot format information for slots within a current
TXOP and/or slots outside the current TXOP. The slots outside the current TXOP may be
within a random backoff time of the BS and/or within a subsequent TXOP. Insome
instances, the SFI processing and communication module 308 may configure the transceiver
310 based on the SFI, for example, to power down or change a power state of at least a
receiving portion of the transceiver during the slots within the random backolf tirue to save
power. In some other instances, the SFI processing and communication module 308 may
receive SFI signaling configurations from the BS, interpret or process the multi-slot SFis
based on the SFI signaling configuration, and commmunicate with the BS based on the multi-
slot SFIs. Mechanisms for processing SFIs and communicating based on the SFis.

{0067} As shown, the transceiver 310 may include the modem subsystem 312 and the RF unit
314. The transceiver 310 can be configured to comumunicate bi-directionally with other
devices, such as the BSs 105, The modem subsystem 312 may be configured to modulate
and/or encode the data from the memory 304, and/or the SFI processing and commanication
module 308 according to a modulation and coding scheme (MCS), e.g., a low-density parity

check (LDPC) coding scheme, a turbo coding scheme, a convelutional coding scheme, a
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digital beamforming scheme, etc. The RF unit 314 may be configured to process (e.g..
perform analog to digital conversion or digital to analog conversion, etc.) modulated/encoded
data from the modem subsystem 312 (on outbound transmissions) or of transmissions
originating from another source such as a UE 115 or a BS 105, The RF unit 314 may be
further configured to perform analog beamforming in conjunction with the digital
beamforming. Although shown as integrated together in transceiver 310, the modem
sabsystern 312 and the RF unit 314 may be separate devices that are coupled together at the
UE 115 to enable the UE 115 to comumunicate with other devices.

{6668} The RF unit 314 may provide the modulated and/or processed data, e.g. data packets
{or, more generally, data messages that may contain one or more data packets and other
information}, to the antennas 316 for transroission to one or more other devices. This may
include, for example, transmission of communication signals transmitting random access
preambile signals and/or scheduling request signal using subbands according to embodiments
of the present disclosure. The antennas 316 may further receive data messages transmitted
from other devices. The antennas 316 may provide the received data messages for processing
and/or demodulation at the transceiver 310. The antennas 316 may include multiple antennas
of similar or different designs in order to sustain multiple transmission links. The RF umt
314 may configure the antennas 316.

[0069] FIG. 4 is a block diagram of an exemplary BS 400 according to embodiments of the
present disclosure. The BS 400 may be a BS 105 as discussed above. A shown, the BS 400
may include a processor 402, a memory 404, an SFI configuration and communication
module 408, a transceiver 410 including a modem subsystem 412 and a RF unit 414, and one
or more antennas 416. These elements may be in direct or indirect communication with each
other, for example via one or more buses.

{6670} The processor 402 may have various features as a specific-type processor. For
example, these may inclade a CPU, a DSP, an ASIC, a controller, a FPGA device, another
hardware device, a firmware device, or any combination thereof configured to perform the
operations described herein. The processor 402 may also be implemented as a combination of
computing devices, e.g., a combination of a DSP and a microprocessor, a plurality of
THHCTOPrOCessors, one OF More MICroprocessors in conjunction with a DSP core, or any other

such configuration.
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{6071} The memory 404 may include a cache memory (e.g., a cache memory of the processor
402y, RAM, MRAM, ROM, PROM, EPROM, EEPROM, flash memory, a solid state memory
device, one or more hard disk drives, memristor-based arrays, other forms of volatile and
non-volatile memory, or a corabination of different types of memory. In some embodiments,
the memory 404 may include a non-transitory computer-readable medium. The memory 404
may store instructions 406. The instractions 406 may inclode instructions that, when executed
by the processor 402, cause the processor 402 to perform operations described herein.
Instructions 406 may also be referred to as code, which may be interpreted broadly to include
any type of computer-readable statement(s} as discussed above with respect to FIG. 4.

[6¢72] The SHI configuration and communication module 408 may be implemented via
hardware, software, or combinations thereof. For exaraple, the SFI configuration and
communication module 408 may be implemented as a processor, circuit, and/or instructions
406 stored in the memory 404 and executed by the processor 402. The SFI contiguration and
communication module 408 may be used for various aspects of the present disclosure. For
example, the SFI configuration and communication module 408 is configured to configure
SFIs for one or more slots, transmits the SFls to UEs (e.g., the UEs 115}, and communicate
with the UEs based on the SFIs. An SFI may include slot format information (e.g.,
communication directions and/or durations) for multiple slots (e.g., the slots 220, the mini-
slots 230, and/or symbols 240).

{8873} In some embodiments, the SFI configuration and communication module 408 may
configure a first SFI for a first set of slots and a second SFI for a second set of slots
overlapping in time and/or frequency with at least some slot in the first set of slots. The SFI
configuration and communication medule 408 can use the overlapping multi-slot SFIs to
incrementally update the UEs with updated slot format information, for example, to perform
dynamic TDD or to cancel an earlier scheduled transmission.

[6¢74] In some embodiments, the SFI configuration and commuonication module 408 may
configure certain slots as UL slots or DL slots via a semi-static schedule and may include an
unspecified slot or communication format in an SFI to maintain the earlier configured semi-
static schedule.

{86751 In some embodiments, the BS may communicate with UESs in an unlicensed spectrum.
The SFI configuration and communication module 408 may configure a multi-slot SFU

including slot format information for slots within a current TXOP and/or slots outside the
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current TXOP. In some instances, the SFI configuration and communication module 408 can
draw a random number for a random backoff process at the end of the current TXOP. The
SFT configuration and commanication module 408 can include information associated with
the random backoff time in the multi-slot SFs. For example, the SFI configuration and
communication module 408 can convert the random backoff time into a number slots and
indicate an uplink direction for the slots within the random backoff time so that the UEs can
power down corresponding receivers (e.g., a receiving portion of the transceivers 310) of the
UEs during the slots within the random backoff time to save power consuraption. In some
other instances, the SFI configuration and communication module 408 can transmit SFI
signaling configurations to the UEs indicating whether the UEs may skip over the time period
where the BS does not have access to the spectrum and use the slot format informationin a
subsequent TXOP when the BS gain access to the spectrum. Mechanisms for configuring
SFls and communicating based on the SHs are described in greater detail herein.

[8876] As shown, the transceiver 410 may include the modem subsystem 412 and the RF unit
414. The transceiver 410 can be configured to communicate bi-directionally with other
devices, such as the UEs 115 and/or another core network element. The modem subsystem
412 may be contigured to modulate and/or encode data according to a MCS, e.g., a LDPC
coding scheme, a turbo coding scheme, a convolutional coding scheme, a digital
beamforming scheme, etc. The RF unit 414 may be configured to process (e.g., perform
analog to digital conversion or digital to analog conversion, etc.) modulated/encoded data
from the modem subsystem 412 {on ovtbound transmissions) or of fransmissions originating
frora another source such as a UE 115 or 300. The RF unit 414 may be further configured to
perform analog beamforming in conjunction with the digital beamforming. Although shown
as integrated together in transceiver 410, the modem subsystem 412 and the RF unit 414 may
be separate devices that are coupled together at the BS 105 to enable the BS 105 to
communicate with other devices.

{6077] The RF unit 414 may provide the modulated and/or processed data, e.g. data packets
{or, more generally, data messages that may contain one or more data packets and other
information), to the antennas 416 for transmission to one or more other devices. This may
inchude, for example, transmission of information to complete attachment to 2 network and
communication with a camped UE 115 or 300 according to embodiments of the present

disclosure. The antennas 416 may further receive data messages transmitted from other
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devices and provide the received data messages for processing and/or demodulation at the
transceiver 41{. The antennas 416 may inchude multiple antennas of similar or different
designs tn order to sustain multiple transmission links.

[6¢78] FIG. 5 illustrates an overlapping SFI configuration 500 according to embodiments of
the present disclosure. The configuration 500 may be employed by the network 100. The
configuration 500 may be implemented by BSs such as the BSs 105 and 400 and UEs such as
the UEs 115 and 300. In FIG. 5, the x-axis represents time in some constant units. The
contiguration 500 includes a plarality of slots 510, for example, indexed S0 to S11. The slots
510 may be similar to the slots 220. For example, each slot 510 may include a plurality of
symbols {e.g., the symbols 24{).

{64791 The configuration 500 may indicate slot format information for the slots 5310 using
5Fs 520. The slot format information can include a coromunication direction and/or
duration for one or more symbols within one or more slots 510 and/or any other information
associated with numerology of the slots 510. For example, the SFls 520 can indicate a DL
direction for a transmussion from a BS to a UE, a UL direction for a transmission from a UE
to a BS, an unknown direction, or an unspecified or wildcard direction, as described in greater
detail herein.

[BG88] The SFIs 520 can provide slot format information for siots 510 in an SFI period 502.
The SFIs 520 can be periodic, for example, repeated every SFI period 502. Thus, each SFI
520 may indicate slot format information for slots 510 within a corresponding SF1 period 502.
The configuration 500 provides incremental slot format information by using overlapping SFI
periods 5022 and 302b. As shown, the SHI periods 502a and 502b are overlapped by two sfots
510. For example, the SFI period 502a¢) and the SFI period 502b¢; have common or
overlapping slots 510 indexed 52 and $3. The SFI period 502b¢) and the SFI period 5(32ap)
have overlapping slots 510 indexed S4 and 85. The SFI period 302ap) and the SFI period
502b) have overlapping slots 510 indexed 56 and S7. The SFI period 502a) and the SFI
period 502b) have overlapping slots 510 indexed S8 and 59.

[0081] As an example, a BS may transmit the SFIs 520a to provide slot format information
for the siots 510 in the SFI periods 502a and may transmit the SFIs 520b to provide slot
format information for the slots 510 in the SFI periods 302b. As such, a UE may receive slot

format information from an SFI 520a and an SFI 520b for a slot 510. The overlapping aliows
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a BS to provide slot format information incrementally and/or to cancel an earlier transmission
grant as described in greater detail herein.
{68821 In some embodiments, the BS may transmit the SFIs 520 in a group common-physical
downlink control channel (GC-PDCCH) portion of a slot 510. The GC-PDCCH portion can
arry common DL control information (BCI) for a group of UEs. In some embodiments, the
BS may transmit a RRC configuration message indicating a configuration for the SFis 520.
The SFI configuration may indicate a length (e.g., a nurnber of bits) of the SFIs 520, a
focation (e.g., radio resources) of the SFis 520 within a GC-PDDCH portion, the slots 510
that include the SFls 520, and/or the periodicity {e.g., the SF1 periods 502) of the SFis 520.
In addition to the SFIs 520, the DCI can inclode scheduling information, such as radio
resoarce configurations (e.g., time-frequency resources), MCSs, and/or any transmission
configuration configurations for UL and/or UL transmission grants for one or more UEs. A
UE may configure SFI monitoring periods according to the SFI periods 502a and 502b for
SFI detection. The UE may receive the SFIs 520a and 520b and communicate with the BS
based on the received SFis 520a and 520b. Mechanisms for handling the multiple slot format
information for the overlapping slots 510 are described in greater detail herein.
{6083} FIGS. 6-8 illustrate various mechanisms that can be used for UL and DL
communications between BSs (e.g., the BSs 105 and 400) and Uks (e.g., the UEs 115 and
300) when the configuration 500 is used to provide incremental slot format information. In
FIGS. 6-8, the x-axes represent time in some constant units. FIGS. 6-8 illustrate a single
communication direction (e.g., UL (U}, DL (D), unknown (X}, unspecified (W)} for each slot
510 for simplicity of discussions, though it will be recognized that embodiments of the
present disclosure may scale to include multiple communication directions for each slot 510,
for example, switching between a UL direction and a DL direction. In some instances, when
a slot 510 includes about 14 symbols (e.g., the symbols 240), an SFI 520 may include ap to
about 14 communication directions.
[0084] FIG. 6 illustrates a communication scheme 600 using overlapping SFis according to
embodiments of the present disclosure. The scheme 600 may be employed by the network
100. The scheme 600 may be implemented by BSs such as the BSs 105 and 400 and UEs
such as the UEs 115 and 300. The scheme 600 may be used in conjonction with the

contiguration 500. In the scheme 600, 2 BS may provide incremental slot format information
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using the configuration 500, but the BS is configured to provide consistent slot format
information for the overlapping slots 510.

[GB85] As an example, the BS may transmit an SFI 520a for the SFI period 502a¢) indicating
UL directions (1} for the slots 310 indexed S0, 51, 82, and 83. Subsequently, the BS may
further determine conmumunication directions {e.g., a DL direction (D)) for the slots 510
indexed S4 and S5. The BS may transmit an SFI 520b for the SFI period 502b;) repeating the
indications of the UL directions (U) for the slots 510 indexed S2 and 83 and indicating DL
directions (D) for the slots 510 indexed 54 and S5. Similarly, the BS may further deterraine
communication direction (e.g., ) for the slots 510 indexed 56 and S7. The BS may transmit
an SFI 520a for the SFI period 502ap) repeating the indications of the DL directions (D) for
the slota 510 indexed 54 and S5 and indicating DL directions (D} for the slots 510 indexed S6
and 87, As described above, the SFls 510 and 520 can be carried by DCI via a GC-PDCCH.
Accordingly, in some instances, a SFI index field value in 2 DCT indicates to a UE a slot
format for each slot in a number of slots starting from a slot where the UE detects the DCL
[6086] Thus, the BS may communicate with the UE in a UL direction for the slots 510
indexed S0, S1, 82, and 83 and in a DL direction for the slots 510 indexed S4 and 85 based
on the SFIs 520a and 520b as shown by the communication 610. As can be seen, the SFis
320a and 520b provide the same commumnication directions for the overlapping slots 516,
Accordingly, in some instances, when the UE detects more than one DCI formats indicating a
slot format for a slot, the UE expects each of the more than one DCI formats indicate a same
format {e.g., the same communication direction) for the siot.

(6087} FIG. 7 illustrates a communication scheme 700 using overlapping SFls according to
embodiments of the present disclosure. The scheme 700 may be emploved by the network
100. The scheme 700 may be implemented by BSs such as the BSs 105 and 400 and UEs
such as the UEs 115 and 300. The scheme 700 may be used in conjunction with the
configuration 500. Similar to the scheme 600, the scheme 700 may provide incremental slot
format information using the configuration 500. However, in the scheme 700, a BS can
modify an earlier slot format configuration.

(8088} As an example, the BS may transmoit an SFI 520a for the SFI period 502a;) indicating
UL directions {U) for the slots 510 indexed S0, S1, S2, and $3. Subsequently, the BS may
further determine communication directions {(e.g., U) for the slots 510 indexed 54 and S5. In

addition, the BS may determine to switch the communication directions from UL to DL (e.g.,
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dynamic TDD} for the slots 510 indexed 52 and S3. The BS may transmit an SFI 520b for
the SFI period 502by indicating DL directions (I3} for the slots 510 indexed 52 and 53 and
UL directions (1) for the slots 510 indexed $4 and S5. Similarly, the BS may further
determine communication directions (e.g., D) for the slots 510 indexed 56 and S7. In
addition, the BS may determine to cancel the previous DL transmission configurations or
grants for the slots 510 indexed S4 and S5. The BS may transmit an SFI 520a for the SFI
period 302a) indicating DL directions (D) for the slots 510 indexed 56 and S7 and indicating
unknown directions {X) for the slots 510 indexed S4 and 55.

[608%} A UE may monitor for the SFis 520a and 520b according to the SFI periods 502a and
502b, respectively. The UE may be configured to communicate based on a most recently
received SFis 520. In other words, a carrent SFL 520 can overwrite the slot format
information of a previous SFI 520 for the common overlapping slots. Thus, the BS may
communicate with the UE in a UL direction for the slots 510 indexed SO and ST andina DL
direction for the slots 510 indexed 52, and $3 as shown by the communication 710. In
addition, there may be no commmunication between the BS and the UE during the slots 510
indexed S4 and S5 as shown by the dashed boxes due to the cancellation.

{6490} As can be seen, the scheme 700 can provide up to six different combinations of slot
format modifications. For example, a slot format can be modified from Do U, D X, Uto
D, Ut X, X to D, or X to U. In some embodiment, the scheme 700 may allow certain format
modifications, but not all combinations. For example. the scheme 700 may allow a slot
format modification from X to D, but not from X to U. In some other embodiments, the
scheme 700 may allow a slot format to be modified using any of the six combinations.
(8691} FIG. 8 illustrates a comumunication scheme 800 using overlapping SFls according to
embodiments of the present disclosure. The scheme 800 may be employed by the network
100. The scheme 800 may be implemented by BSs such as the BSs 105 and 400 and UEs
such as the UEs 115 and 300. The scheme 800 may be used in conjunction with the
configuration 500. Similar to the schemes 600 and 700, the scheme 800 may provide
incremental slot format information using the configuration 500. However, in the scheme
800, a BS can reduce signaling overhead by indicating an unspecified commumnication
direction {e.g., a wildcard format) to direct a UE to use an earlier slot format configuration.
{6092 As an cxample, the BS may transmit an SFI 520a for the SFI period 502a(; indicating

UL directions {1J} for the slots 510 indexed 50, S1, 52, and §3. Subsequently, the BS may
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further determine communication directions {e.g., D) for the slots 510 indexed S$4 and S5 and
keep the earlier slot format configuration (e.g., U} for the slots 510 indexed S2 and 83. The
BS may transmit an SFI 520b for the SFI period 502b) indicating unspecified directions (W)
for the slots 510 indexed 82 and 83 and DL directions (D) for the slots 510 indexed 54 and
53. Similarly, the BS may further determine communication directions (e.g., D) for the slots
510 indexed S6 and §7 and keep the earlier slot format configuration {e.g., D) for the slots
510 indexed S4 and §5. The BS may transmit an SFI 520a for the SFI period 302a
indicating unspecified directions {W) for the slots 510 indexed 54 and S5 and indicating DL
directions {D) for the slots 510 indexed 86 and §7.

{66931 A UE may monitor for the SFIs 520a and 520b according to the SFI periods 502a and
502, respectively. The UE roay be configured to communicate based on a previous slot
format configuration when receiving an indication of an unspecified direction. Thus, the BS
may communicate with the UE in a UL direction for the slots 510 indexed S0 to S3 and in a
DL direction for the slots 510 indexed S4 and 55 as shown by the communication 810.
[6094] FIG. 9 illustrates an overlapping SFI configuration 900 according to embeodiments of
the present disclosure. The configuration 900 may be employed by the network 100. The
configuration 900 may be implemented by BSs such as the BSs 105 and 400 and UEs such as
the UEs 115 and 300. The conliguration 900 is similar to the configuration 500. For
examaple, a BS may transmit SFis 520 for SFI periods 502 including overlapping slots 510.
However, in the configuration 900, a BS may transmit an SFE 520 for an SFI period 502
during a slot 510 earlier in time than the SFI period 302 by a time period 910, for example,
including about two slots S10.

(8095} As an example, the BS may transmit an SFI 520a for an SFI period 502a) during a
slot 510 indexed SO, where the SFI period 502a(y) includes slots 510 indexed 52 to S5.
Subsequently, the BS may transmit an SFI 520b for an SFI period 502bq, during a slot S10
indexed 52, where the SFI period 502bq) includes slots 510 indexed 84 to S7. The early SFI
indication can allow a UE to obtain slot format information in advance and prepare or
configure the slots in advance. For example, the UE may require certain processing time to
decode a received SFI 520, wo prepare for a UL transmission, to cancel a UL transmission,
and/or to cancel a DL reception.

[0096] FIGS. 10-13 iHustrate various mechanisms for communicating SFis ina

communication medium {e.g., an unlicensed spectrum) shared by multiple network operating
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entities. In FIGS. 10-12, the x-axes represent time in some constant units and the y-axes
represents frequency in some constant units.

{66971 FIG. 10 illustrates an SFE configuration 1000 that extends outside of a TXOP
according to embodirnents of the present disclosure. The configuration 1000 may be
employed by the network 100. The configuration 1000 may be implemented by BSs such as
the BSs 105 and 400 and UEs such as the UEs 115 and 300. When operating in a shared
frequency spectrurn 1004, communications may be in uunits of TXOPs 1012, Each TXOP
1012 may be divided into slots 510. For example, the duration of the TXOPs 1012 may he
configured based on a certain usage regulation or agreement for the frequency spectrum 1004,
In some instances, a TXOP 1012 may include a duration of abowt 5 ms or about 10 ms. In
addition, a BS may perform a LBT procedure prior to accessing the frequency spectrum 1004,
Thus, the BS may communicate with a UE in TXOPs 1012 {e.g., the TXOPs 1012a and
1012b) separated by a gap period 1010 where the BS may not have access to the frequency
spectrum 1004. For example, a BS may perform a random backoftf at the end of a TXOP
1012, Thus, the gap period 1010 may vary depending on the random backoff. In the
configuration 1000, the BS may include information associated with a minimum time of the
gap time period 1010 in an SFI 1620. The SFI 1020 may be substantially similar to the SFls
520.

{6098} Ac an example, the BS may transmit an SFI 1020 for an SFI period 1002 {(e.g., the SF1
periods 502} in a last slot 510 (shown as 510w of the TXOP 1012a. Similar to the
configuration 500, the BS may transmit the SFI 1020 in a GC-PDCCH portion of the slot
51015 The BS may draw a random number for a next random backoff process (e.g., based on
a contention window size) in advance. For example, the BS may draw the random number
before generating the SFI 1020 instead of at the end of the TXOP 1012a. The BS may map
the random number into a random backoff time period 1006. The BS may determine a
namber of stots 510 corresponding to the random backoff time period 1006. For example, the
random backoff time period 1006 may correspond to a duration of about three slots 510
{shown as 510gyp). The BS may configure the SFI period 1002 tw include the random backoff
time period 1006. The BS may transmit an SFI 1020 indicating communication directions for
the last slot 510us and the slots 510y in the random backoff time period 1806. To enable
power saving at a UE, the BS may indicate a UL direction (U) for the slots 510 in the

random backoff time period 1006. For example, upon detecting UL directions for the slots
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510, the UE may bypass monitoring of DL signaling from the BS during the slots 510p.
The UE may power down at least some of the receiver components {(e.g., frontend) of the UE
daring the slots 510,.,, and thus may reduce power consumption at the UE.

{6699] However, the BS may not have knowledge about the outcome of the LBT after the
random backeff. For example, the BS may fail to gain access to the spectrum 1004 after the
random backoff time period 1006. The BS may wait for another random backotf time period
18008 before gaiming a next TXOP 1012b in the spectrum 1004, Thus, the SFT 1020 may
include information associated with a minimurm time {e.g., corresponding to the random
backoff time period 1006) of the gap period 1010,

{61061 While FIG. 10 illustrates the SFE 1020 wansmitted in the last slot 5104 of the TXOP
[012a, the SFI 1020 may be transmitted in any slot 510 of the TXOP 1012a and may inclade
slot format information for any suitable number of slots 510 outside the TXOP 1012,

{8191} FIG. 11 illustrates an SFI configuration 1100 that extends across TXOPs according to
embodiments of the present disclosure. The configuration 1100 may be employed by the
network 100. The configuration 1100 may be implemented by BSs such as the BSs 105 and
400 and UEs such as the UEs 115 and 300. The configuration 1100 is substantially similar to
the configuration 1000. However, in the configuration 1100, a BS may indicate an SFI 1120
including slot format information for a current TXOP 10122 and a next TXOP 1012b. The
SFI 1120 may be substantially similar to the SFIs 520 and 1020.

{61902} Similar to the configuration 1000, the BS may transmit an SFI 1120 for an SFI period
1102 in a last slot 510 (shown as 510} of the TXOP 10122, However, the SFI 1120 may
include slot format information for number of slots 510 including the 510 of the TXOP
1012a, a gap time period 1110 (e.g., the gap time period 1010) between the TXOP 1012a and
the next TXOP 1012b, and a slot 510 (shown as 510a.) in the next TXOP 1012b. As shown,
the SFI period 1202 extends across the two TXOPs 10122 and 1012b inclading the gap time
period 1110, Similar to the configuration 1000, the SFI 1120 may indicate a UL direction for
the slots 510y to enable power saving at the UE. For example, when the UE detect the SFI
1120, the UE may communicate with the BS in the slot 5105y of the TXOP 1012a based on
the SFI 1120 {e.g., in a DL direction as shown). The UE may bypass monitoring of DL
signaling during the slots 510, When the BS gain access to the spectrum 1004 in the next
TXOP 1012b, the UE may communicate with the BS in the slot 510« of the TXOP 1012b
based on the SFI 1120 received in the previous TXOP 101 2a.
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{01031 While FIG. 11 illustrates the SFI 1120 transmitted in the last slot 510w of the TXOP
160124, the SFI 1120 may be transmitted in any slot 510 of the TXOP 1012a and may inclade
slot format information for any suitable number of slots 510 inthe TXOP 1312a and the next
TXOP 1012b.

{8194} FIG. 12 illustrates an SFI configuration 1200 that extends across TXOPs according to
embodiments of the present disclosure. The configuration 1200 may be emiployed by the
network 100. The configuration 1200 may be implersented by BSs sach as the BSs 105 and
400 and UEs such as the UEs 115 and 300. The configuration 1200 is substantially similar to
the configurations 1000 and 1100. However, in the configuration 1200, a BS may instruct a
UE to skip over a gap time period 1210 between TXOPs 1012 when applying slot format
information in an SFI 1220,

[6105] Similar to the configurations 1000 and 1100, the BS may transmit an SFI 1220 for an
SFI period 1202 in a last slot 5310 (shown as 510us) of the TXOP 1012a. However, the SFI
1220 may not include information associated with a gap time period 1210 between the TXOP
1012a and a next TXOF 1012b. As shown, the SFI period 1202 extends across the two
TXOPs 1012a and 1012b skipping over the gap time period 1210. The SFI 1220 includes slot
format information for the slot 510y of the TXOP 1012a and the first three slots 510 of the
next TXOP 1212b. For example, when the UE detect the SFI 1220, the UE may
comnmunicate with the BS in the slot 510w of the TXOP 1012a based on the SFI 1220 (e.g.,
in a DL direction as shown). The UE may skip over the gap time period 1210. When the BS
gain access to the spectrum 1004 in the next TXOP 1G12b, the UE may communicate with the
BS in the first three slots 510 of the TXOP 1012b based on remaining slot format information
in the SFL 1220 received from the previous TXOP 1012a.

{61061 While FIG. 12 illustrates the SFI 1220 transmitted in the last slot 510 of the TXOP
10124, the SFI 1220 may be transmitted in any slot 510 of the TXOP 1012a and may inclade
slot format information for any suitable number of slots 510 in the TXOP 1012a and the next
TXOP 1012b.

{8197} FIG. 13 is a signaling diagram of a communication method 1300 according to some
embodiments of the present disclosure. The method 1300 is implemented by a BS (e.g., the
BSs 105 and 400) and a UE (e.g., the UEs 115 and 300) in a network (e.g., the network 100)
operating over a medium (e.g., the frequency spectrum 1004) shared by multiple network

operating entities. The method 1300 may employ similar mechanisms as in the
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contigurations 1000 and 1100 described with respect to FIGS. 10 and 11. Steps of the
method 1300 can be executed by computing devices (e.g., a processor, processing circuit,
and/or other suitable component) of the BS and the UE. As illustrated, the method 1300
inclades a number of enumerated steps, but embodiments of the method 1300 may inchude
additional steps before, after, and in between the enumerated steps. In some embodiments,
one or more of the enumerated steps may be omitied or performed in a different order.
{81981 Atstep 1310, the BS may obtain a random number for a random backoff during a first
TXOP (e.g., the TXOP 1012a). For example, the BS may draw a random number between 0
and a value based on a contention window size.

[6169] At step 1320, the BS may configure an SFI (e.g., the SFis 1020, 1120, and 1220)
based on the random number. For example, the BS may map the random number into a time
duration {e.g., the random backoff time period 1006) and determine a number of slots {e.g.,
the slots 510,:) corresponding to the time duration. The BS may configure the SH to
indicate UL directions for the slots corresponding to the random backeff time duration. The
SFI may include slot format information for one or more slots {e.g., the slot 510i.s) within a
current TXOP {e.g., the TXOP 1012a) depending on when the SFI is transmitted in the first
TXOP and/or one or more s1ots for a second, next TXOP {e.g., the TXOP 1012b).

[0110] Avstep 1330, the BS may transmit the SFI in the first TXOP, for example, during a
last slot of the current TXOP.

{8111} Atstep 1340, the BS may communicate with the UE in the first TXOP, for example,
in the last slot of the current TXOP, based on the SFL

(8112} Atstep 1350, upon receiving the SFI indicating the slots assigned with the UL
directions, the UE may bypass DL signaling monitoring during the slots for power saving.
{6113} Atstep 1360, at the end of the first TXOP, the BS may perform a random backoff
based on the random number. For example, the BS may wait for a daration corresponding to
the random backoff time period.

{8114} At step 1370, when the random backofT time period expires, the BS may perform an
LBT procedure. For example, the BS may determine that the mediam is clear and gain access
to the spectrum for a next second TXOP.

(8115} Atstep 1380, the BS may communicate with the UE in the second TXOP. In some
instances, the BS may communicate with the UE based on remaining slot format information

in the SFIL.
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{6116} FIG. 14 illustrates a cross-carrier SFI configuration 1400 according to embodiments of
the present disclosure. The configuration 1400 may be employed by the network 1060. The
configuration 1400 may be implemented by BSs such as the BSs 105 and 400 and UEs such
as the UEs 115 and 300. In FIG. 14, the x-axis represents time in some constant units, and
the y-axis represents frequency in some constant units. The configuration 1400 includes a
plurality of slots 510 in a plurality of frequency carriers 1404. The slots 510 across the
different frequency carriers 1404 may be time-aligned. FIG. 14 illastrates three frequency
carriers 1404a, 1404b, and 1404c¢ for simplicity of discussions, though it will be recognized
that embodiments of the present disclosure may scale to include any suitable number of
frequency carriers 1434, for example, about four, five or more.

{61171 The configuration 1400 includes a phurality of SFIs 1420. The SFls 1420 may be
substantially similar to the SFls 520, 1020, 1120, and 1220. For example, each SFI 1420 may
inclode slot format information (e.g., communication directions and durations) for a plarality
of slots 510. An SFI 1420 may be communicated in a GC-PDCCH portion of a slot 510.
However, in the configuration 1400, an SFI 1420 may include cross-carrier slot format
information.

{6118} As an example, a BS may transmit an SFI 1420a in the frequency carrier 1404a and an
SFL 1420Db in the frequency carrier 1404b. The SFI 1420a may include slot format
information for one or more shots 510 in the frequency carrier 1404b within an SFI period
1402a and one or more slots 510 in the frequency carrier 1404b with an SFI period 1402b.
The SFI 1420b may include slot format information for one or more slots 510 in the
frequency carrier 1404b within an SFI period 1402b and one or more slots 510 in the
frequency carrier 1404¢ with an SFI period 1402¢. As can be seen, the slot format
information for the slots 510 in the frequency carrier 1404b is indicated by the SFI 1420a and
SFI 1420b. The BS roay communicate with a UE using similar mechanisms described in the
schemes 600, 700, and 800 described with respect to FIGS. 6, 7, and 8, respectively.

{0119] FIG. 15 is a flow diagram of a communication method 1500 according to
embodiments of the present disclosure. Steps of the method 1500 can be executed by a
computing device {e.g., a processor, processing circuit, and/or other suitable component) of a
wireless communication device, such as the BSs 105 and 400 and the UEs 115 and 300. The
method 1500 may employ similar mechanisms as in the configurations 200, 500, 900, 1000,

1100, 1260, the schemes 600, 700, 800, and the method 1300 described with respect to FIGS.
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2,5,9, 16, 11, 12, 6,7, &, and 13, respectively. As illustrated, the method 1500 includes a
number of enumerated steps, but embodiments of the method 1500 may include additional
steps before, after, and in between the enumerated steps. In some embodiments, one or more
of the enuwmnerated steps may be omitied or performed in a different order.

{8128} At step 1510, the method 1500 includes communicating, by a first wireless
communication device with a second wireless communication device, a first SFI {e.g., the SFL
520a) for a first set of slots {e.g., the slots 510 in the SFI period 502a). In some instances, the
first wireless communication device may be a BS and the second wireless comumunication
device may be a UE. In some other instances, the first wireless communication device may
be a UE and the second wireless communication device may be a BS.

[6121] Atstep 1520, the method 1500 includes commumnicating, by the first wireless
communication device with the second wireless communication device, a second SFI (e.g.,
the SFI 520b) for a second set of slots {e.g., the slots 510 in the SFI period 5G2a). The second
set of slots may overlap with the first set of slots in at least one of time or frequency, for
example, as shown in the configurations 500 and 1400.

{8122} Atstep 1530, the method 1500 includes communicating, by the first wireless
communication device with the second wireless communication device, a communication
signal based on at Jeast one of the first SFI or the second SFL

{123} In some embodiments, the first set of slots includes at least one slot earlier in time
than the second set of slots. The first set of slots and the second set of slots include at least
one common slot. In some instances, the first SFI and the second SFI include common
direction information (e.g., U or D) for the common slot, for example, as shown in the
scheme 600.

{8124} In some embodiments, the method 1500 may further inclade identifying, by the first
wireless communication device, a first commanication direction {(e.g., U, D, X, W) for the at
least one common slot based on the first SFL. The method 1500 may further include
identifying, by the first wireless communication device, a second communication direction
{e.g., U, D, X, W) for the at least one common slot based on the second SFL The second
communication direction is different from the first communication direction. The second SFL
is communicated later in time than the first SFL. The commumicating the commanication
signal includes communicating the communication signal during the at least one common slot

based on the second communication direction in the second SFI communicated later in time
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than the first SFI when the second conununication direction is different than the first
communication direction, for example, as shown in the scheme 760,

[6125] In some embodiments, the method 1500 may further inchuide identifving, by the first
wireless communication device, a communicaiion direction for the at least one conumon sfot
based on the first SF1. The method 1500 may further include identifying, by the first wireless
communication device, an unspecified communication direction for the common slot based
on the second SFI. The {irst SFI is communicated earlier in time than the second SFL. The
communicating the communication signal includes communicating the communication signal
during the at least one common siot based on the communication direction in the first SFI
communicated earlier in time when the second SFI includes the unspecified communication
direction, for example, as shown in the scheme 800.

{6126} In some embodiments, the communicating the first SFI includes communicating the
first SFI during a slot earlier in time than the first set of slots.

{6127} In some embodiments, the first SFI indicates one or more communication directions
for a third set of slots in a first frequency carrier (e.g., the frequency carrier 1404a) and the
first set of slots in a second frequency carrier (e.g., the frequency carrier 1404b). The second
SFI indicates one or more communication directions for a fourth set of slots in a third
frequency carrier (e.g., the {requency carrier 1404c¢) and the second set of slots in the second
frequency carrier. The first frequency carrier, the second frequency carrier, and the third
frequency carrier are different. In some instances, the first set of slots and the second set of
siots include at least one common slot.

[8128] FIG. 1615 a flow diagram of a communication method 1600 according to
embodiments of the present disclosure. Steps of the method 1600 can be executed by a
computing device {(e.g., a processor, processing circuit, and/or other suitable component) of a
wireless communication device, such as the BSs 105 and 400 and the UEs 115 and 300. The
method 1600 may employ similar mechanisms as in the configurations 200, 500, 900, 1000,
1100, 1200, the schemes 600, 700, 800, and the method 1300 described with respect to FIGS.
2,5,9,10, 11,12, 6,7, 8, and 13, respectively. As illustrated, the method 1600 includes a
number of enumerated steps, but embodiments of the method 1600 may include additional
steps before, after, and in between the enomerated steps. Tn some embodiments, one or more

of the enumerated steps may be omitted or performaed in a different order.
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{6129} At step 1610, the method 1600 includes communicating, by a first wireless
communication device with a second wireless communication device, an SFI (e.g., the SFis
320, 1020, 1120, and 1220) during a first TXOP (e.g., the TXOP 1012a). The SFL s
associated with a plurality of slots {e.g., the slots 510} including a first slot (e.g., the slot
51040 within the first TXOP and one or more slots outside the first TXOP. Insome
instances, the first wireless communication device may be a BS and the second wireless
communication device may be a UE. In some other instances, the first wireless
communication device may be a UE and the second wireless communication device may be a
BS.

{61301 At step 1620, the method 1600 includes communicating, by the first wireless
communication device with the second wireless cornmunication device, a comynunication
signal during the first slot based on the SFIL.

[8131] In some embodiments, the method 1600 may further include communicating, by the
first wireless communication device with the second wireless communication device, a
second conununication signal daring a second TXOP (e.g., the TXOP 1012b). The first
TXOP and the second TXOP are spaced apart by at least the one or more slots (e.g., the slots
510420}, for example, as shown in the configuration 1000,

[6132] In some embodiments, the method 1600 may further include determining, by the first
wireless communication device, a number of the one or more slots to be indicated by the SFL
based on a random number for a random backoff. The method 1600 may further include
configuring, by the first wireless commumication device, the SFI to indicate an uplink
communication direction for each of the one or more slots based on the random number. The
communicating the SFI includes transmitting, by the first wireless comrmunication device to
the second wireless communication device, the SFL

{6133} In some embodiments, the commanicating the SFI includes receiving, by the first
wireless commumication device from the second wireless commumnication device, the SFL
The method 1600 may further include determining, by the first wireless communication
device, that the SFI indicates an uplink commumication direction for each of the one or more
slots. The method 1600 may further include bypassing, by the first wireless commuumication
device, downlink signal monitoring during the one or more slots based on the determining.
{6134} In some embodiments, the one or more siots include a gap time period (e.g., the gap

time period 1010} between the first TXOP and a second TXOP and at least a second slot



WO 2019/125780 PCT/US2018/064312

within the second TXOP, for example, as show in the configuration 1100. The method 1600
may further inclade communicating, by the first wireless communication device with the
second wireless communication device, a second communication signal during the second
slot within the second TXOP based on a communication direction for the second slot
indicated by the SFL

{3135} In some embodiments, the one or more siots are within a second TXOP. The method
1600 may further include commumicating, by the first wireless communication device with
the second wireless communication device, a second communication signal during the one or
more slots within the second TXOP based on the SF, for example, as shown in the
configuration 120(.

16136} FIG. 17 iBustrates a communication scheme 1700 based on semi-static slot format
configurations and SFIs according to embodiments of the present disclosure. In FIG. 17, the
x-axis represents time in some constant units. The scheme 1700 may be employed by the
network 100. The scheme 1700 may be implemented by BSs such as the BSs 105 and 400
and UEs such as the UHs 115 and 300. The scherne 1700 may be used in conjunction with
the configurations 200, 500, 900, 1000, 1100, 1200, the schemes 600, 700, 800, and the
method 1300 described with respect to FIGS. 2, 5,9, 10, 11, 12, 6,7, &, and 13, respectively.
The scheme 1700 may be substantially similar to the scheme 800. For example, the scheme
1700 may provide an SFI with an unspecified communication direction {e.g., the wildcard
format). However, in the scheme 1700, the SFI with the unspecified communication direction
may be used to maintain a communication direction in a siot configured by an earlier
configuration {e.g., an RRC semi-static schedule for UL transmission or DL reception), in
addition to a previous SFL The scheme 700 is illustrated using the same slot structure as in
the scheme 800.

{61371 As an example, the BS transmits a configuration message 1704 indicating UL
directions {U) for the slots 510 indexed SO and S1 and DL directions (D) for the slots 520
indexed 52 and S3. In an embodiment, the BS may semu-statically assign the slots 510
indexed 50 and S1 as UL slots and the slots 510 indexed 52 and §3 as DL slots. For example,
the BS may configure a UE with a semi-static schedule for communications and the
assignment may be from the scheduling. The semi-persistent schedule can be for DL or UL
communications. 1n a DL direction, RRC can configure semi-static schedules for CSI-RS

receptions and/or semi-persistent scheduling (SPS) PDSCH receptions. In a UL direction,

43
43



WO 2019/125780 PCT/US2018/064312

RRC can configure semi-static schedules for SRS transmissions, PUCCH transmissions,
and/or grant-free PUSCH transmissions {e.g., SPS PUSCH transmissions).

[6138] Subsequently, the BS transmits an SFE 1720 (e.g., the SFIs 520) for an SFI period
1702 {e.g., the SFI periods 502). As similarly described above, the SFL 1720 can be carried
by DCI via a GC-PDCCH. The BS may determine to maintain the earlier configuration for
the slots 510 indexed SO to S3 configured by the configuration message 1704. Thus, the BS
may indicate an unspecified directions (W) for the slots indexed S0 to 53. The BS may
further determine to assign DL directions (D) for the slots 510 indexed 54 and §7. In some
embodiments, the slots 510 may be in a first frequency carrier and the BS may transmit one of
the configuration message 1704 or the SFI 1720 in a second frequency carrier different from
the first frequency carrier.

{6139} A UE may receive the message 1704 and may configure the slots 310 indexed S0 to
S3 based on the message 1704, The UE may monitor for an SFI 1720 according to the SFI
period 1702. Upon receiving the SFI 1720, the UE may determine the slot format for the
slots 510 in the SFY period 1702 based on the message 1704 and the received SFI 1720. Since
the SFI 1720 indicates the unspecified directions for the slots 510 indexed S0 to S3, the UE
may comminicate with the BS based on the message 1704. As shown by the communication
{710, the UE may communicate with the BS in a UL direction for the slots 510 indexed 50
and S1 and in a DL direction for the slots 510 indexed 82 and 83 as configured by the
message 1704. The UE may communicate with the BS in a DL direction for the slots 510
indexed S4 and 57 based on the SFI 1720 as shown by the communication 1710. In general,
a UE may determine a communication direction based on a DCL, an RRC configured semi-
static schedule, and/or an SF1 in a decreasing priority order. Accordingly, in some instances,
the UE determines the slot format for a slot based on RRC configurations and, if any, on
detected DCI formats.

[6148] The scheme 1700 can provide several benefits. For example, in some vetworks, when
a UE fails to receive an SFI for an SFI period or when a UE receives an SFI indicating a
different format or different communication direction than a previous semi-static
configuration (e.g., an RRC configuration including a semi-static schedule for UL and/or
DL, the UE may cancel the previous semi-static configuration. Thus, in order to maintain
the previcus semi-static configuration, the BS is required to track and maintzin the previous

semi-static configuration and transmit SFls matching the slot formats (e.g., U or D)
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contigured by the previous semi-static configuration. For example, the BS may be required to
store UE-specific siot format tables to capture entries matching the previous semi-static
configuration and generate SFIs according to the stored tables. The slot format table may
record the UL-~to-DL switching points and/or the DL-to-UL switching points corresponding to
the semi-static configuration. The storing of the tables can increase memory consumption at
the BS and may require the signaling protocol to define additional SFI formats to
communicate varioas combinations of stot format configurations.

[6141] FIG. 18 is a flow diagram of a communication method 1800 according to
embodiments of the present disclosure. Steps of the method 1800 can be executed by a
computing device (e.g., a processor, processing circuit, and/or other suitable component) of a
wireless communication device, such as the BSs 105 and 400 and the UEs 115 and 300. The
method 1800 may employ similar mechanisms as in the scheme 1700 described with respect
to FIG. 17. As illustrated, the method 1800 includes a number of enumerated steps, but
embodiments of the method 1800 may include additional steps before, after, and in between
the enumerated steps. In some embodiments, one or roore of the enumerated steps may be
omitted or performed in a different order.

{6142} At step 1810, the method 1800 includes communicating, by a first wireless
communication device with a second wireless communication device, a configuration (e.g.,
the configuration message 1704) for a first slot {e.g., the slots 310 indexed 50 to $3).

{8143} At step 1820, the method 1800 includes communicating, by the first wireless
communication device with the second wireless communication device, an SFi {e.g., the SFI
1720) indicating slot formats for a set of slots (e.g., the slots $10 indexed S50 to §7) including
the first slot. The SFI indicates an unspecified siot format (e.g., a wildcard format) for the
first slot. The configuration may be communicated earlier in time than the SFL

[6144] At step 1830, the method 1800 includes commumnicating, by the first wireless
communication device with the second wireless cornmunication device, a communication
signal {e.g., the communicaticn 1710) based on the configuration.

{8145} In some embodiments, the first wireless communication device may be 2 UE and the
second wireless communication device may be a BS. In such embodiments, the
communicating the configuration may inclade receiving, by the first wireless commanication
device from the second wireless communication device, the configuration. The

communicating the SFI may include receiving, by the first wireless communication device
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from the second wireless communication device, the SFL The first wireless communication
device may identify a communication direction for the first slot based on the received
configuration. The first wireless communication device may identity the unspecified slot
format for the first slot based on the received SFL. The commumnicating the conununication
signal may include communicating the communication signal during the first slot based on
the communication direction in the configuration communicated earlier in time than the SFL
inchuding the unspecified format indication.

[$146] In some embodiments, the first wireless comrmunication device may be a BS and the
second wireless communication device may be a UE. In such embodiments, the
communicating the configuration may inclhude transmitting, by the first wireless
communication device to the second wireless communication device, the configuration. The
communicating the SFI may include transmaitting, by the first wireless communication device
to the second wireless communication device, the SFI. The first wireless communication
device may determine the configuration incloding a communication direction for each symbol
in the first slot. In some instances, different symbols with a slot may have different
communication direction. The first wireless communication device may determine o
maintain the communication direction for each symbol in the first slot by including the
unspecitied slot format for the first slot in the SFI. The communicating the communication
signal may inclade communicating the communication signal during the first slot based on
the communication direction in the configuration communicated earlier in time than the SFI
including the unspecified slot format.

{81471 In some embodiments, the communicating the configuration may include
communicating, by the first wireless communication device with the second wireless
communication device, a radio resource control (RRC) message including a semi-static
schedule for a commumication between the apparatus and the second wireless communication
device.

{0148} Information and signals may be represented using any of a variety of different
technologies and techniques. For example, data, instructions, commands, information, signals,
bits, symbols, and chips that may be referenced throughout the above description may be
represented by voltages, currents, electromagnetic waves, magnetic fields or particles, optical

fields or particles, or any combination thereof.
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{$314%] The various illustrative blocks and modules described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a DSP,
an ASIC, an FPGA or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perforro the functions
described herein. A general-purpose processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor, controller, microcontroller, or
state machine. A processor may also be implemented as a combination of computing devices
{(e.g., a combination of 2 DSP and a microprocessor, multiple microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration).

{6150} The functions described herein may be implemented in hardware, software executed
by a processor, firmware, or any combination thereof. If implemented in software executed by
a processor, the functions may be stored on or tfransmitted over as one or more instructions or
code on a computer-readable mediam. Other examples and implementations are within the
scope of the disclosure and appended claims. For example, due to the nature of software,
functions described above can be implemented using software executed by a processor,
hardware, firmware, hardwiring, or combinations of any of these. Features implementing
functions may also be physically located at various positions, including being distributed soch
that portions of functions are implemented at different physical locations. Also, as used
herein, including in the claims, “or” as used in a list of items (For example, a list of items
prefaced by a phrase such as “at least one of” or "“one or more of ) indicates an inclusive list
such that, for example, a list of [at least one of A, B, or Cl means Aor Bor Cor AB or AC or
BCor ABC (e, Aand Band C).

[6151] Further embodiments of the present disclosure include a method of wireless
communication, comprising communicating, by a first wireless communication device with a
second wireless communication device, a slot format indicator (SFI) during a first
transmission opportunity {TXOP), the SFI associated with a plurality of slots including a first
slot within the first TXOP and one or more slots outside the first TXOP; and comumunicating,
by the first wireless communication device with the second wireless communication device, a
commmication signal during the first slot based on the SFL

{81521 In some embodiments, the method further comprises communicating, by the first
wireless conumunication device with the second wireless communication device, a second

communication signal during a second TXOP, wherein the first TXOP and the second TXOP
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are spaced apart by at least the one or more slots. In some embodiments, the method further
comprises determining, by the first wireless communication device, a number of the one or
more slots to be indicated by the SFI based on a random namber for a random backoff; and
configuring, by the first wireless communication device, the SFI to indicate an uplink
communication direction for each of the one or more slots based on the random number,
wherein the communicating the SFI inclades transmitting, by the first wireless communication
device to the second wireless communication device, the SFL. In some embodiments, wherein
the communicating the SFl includes receiving, by the first wireless communication device from
the second wireless comumunication device, the SFL, and wherein the method further comprises
determining, by the first wireless communication device, that the SFI indicates an uplink
communication direction for each of the one or more sjots; and bypassing, by the first wireless
communication device, downlink signal monitoring during the one or more slots based on the
determining. In some embodiments, wherein the one or more slots include a gap time period
between the first TXOP and a second TXOP and at least a second slot within the second TXOP,
and wherein the method further comprises communicating, by the first wireless commumnication
device with the second wireless communication device, a second communication signal during
the second slot within the second TXOP based on a communication direction for the second
slot indicated by the SFL In some embodiments, wherein the one or more slots are within a
second TXOP, and wherein the method further comprises communicating, by the first wireless
communication device with the second wireless communication device, a second
communication signal during the one or more slots within the second TXOP based on the SFL
[8153] Further embodiments of the present disclosure include an apparatus comprising a
transcetver configured to communicate, with a second wireless cornmunication device, a slot
format indicator (SF1I) during a first transmission opportunity (TXOP), the SFI associated
with a plurality of slots including a first slot within the first TXOP and one or more slots
outside the first TXOP; and communicate, with the second wireless communication device, a
communication signal during the first slot based on the SFL

{8154} In some embodiments, wherein the transceiver is further configured to communicate,
with the second wireless communication device, a second communication signal during a
second TXOP, and wherein the first TXOP and the second TXOP are spaced apart by at least
the one or more slots. In some embodiments, the apparatus further comprises a processor

configured to determine a number of the one or more slots to be indicated by the SFl based on
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a random number for a random backoff: and configure the SFI to indicate an uplink
communication direction for each of the one or more slots based on the random number,
wherein the transceiver is further configured to communicate the SFI by transmitting, to the
second wireless coromunication device, the SFI. In some embodiments, wherein the transceiver
is further configured to communicate the SFI by receiving, from the second wireless
comnuunication device, the SFL, and wherein the apparatus further comprises a processor
configured to determine that the SFI indicates an aplink communication direction for each of
the one or more slots; and bypass downlink signal monitoring during the one or more slots
based on the determination. In some embodiments, wherein the one or more slots include a
gap time period between the first TXOP and a second TXOP and at least a second slot within
the second TXOP, and wherein the transceiver is further configured to communicate, with the
second wireless communication device, a second communication signal during the second slot
within the second TXOP based on a communication direction for the second slot indicated by
the SFL. In some embodiments, wherein the one or more slots are within a second TXOP, and
wherein the transceiver is further configured to commumnicate, with the second wireless
communication device, a second conmununication signal during the one or more slots within the
second TXOP based on the SFI.

[0155] Further embodiments of the present disclosure include a computer-readable medium
having program code recorded thereon, the program code comprising code for causing a first
wireless communication device to communicate, with a second wireless communication
device, a first slot format indicator (SFI} for a first set of slots; code for causing the first
wireless communication device to communicate, with the second wireless cormmumcation
device, a second SFI for a second set of slots, the second set of slots overlapping with the first
set of slots in at least one of time or frequency; and code for causing the first wireless
communication device to communicate, with the second wireless communication device, a
commanication signal based on at least one of the first SFI or the second SFL.

{156} In some embodiments, wherein the first set of slots includes at least one slot earlier in
time than the second set of slots, and wherein the first set of slots and the second set of slots
include at least one common skot. In some embodiments, wherein the first SFI and the second
SFI inclade commeon direction information for the at least one common slot.  In some
embodiments, the computer-readable medium further comprises code for causing the first

wireless comununication device to identify a first communication direction for the at least one
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common slot based on the first SFL; and code for causing the first wireless communication
device to identify a second communication direction for the at least one common slot based on
the second SFI, the second communication direction being different from the first
communication direction, wherein the second SFI is communicated later in time than the first
SFI, and wherein the code for causing the first wireless communication device to communicate
the communication signal is further configured to commumicate the communication signal
during the at least one common slot based on the second communication direction in the second
SFY communicated Jater in time than the first SFY when the second compmunication direction is
difterent than the first communication direction. In some embodiments, wherein the code for
causing the first wireless communication device to communicate the first SFI is further
configured to communicate the first SFI during a slot earlier in time than the first set of slots.
In some embodiments, the computer-readable medium further comprises code for causing the
first wireless communication device to identify a communication direction for the at least one
common slot based on the first SFI; and code for causing the first wireless communication
device to identify an unspecified communication direction for the common slot based on the
second SFI, wherein the first SFI is communicated earlier in time than the second SFI, and
wherein the code for causing the first wireless communication device to communicate the
communication signal is further configured to communicate the communication signal during
the at least one common slot based on the comwnunication direction in the first SF1
communicated earlier in time when the second SFI includes the unspecified communication
direction. In some embodiments, wherein the first SFI indicates one or more communication
directions for a third set of slots in a {irst requency carrier and the first set of slots in a second
frequency carrier, wherein the second SFI indicates one or more communication directions for
a fourth set of slots in a third frequency carrier and the second set of slots in the second
frequency carrier, and wherein the first frequency carrier, the second frequency carrier, and the
third frequency carrier are different. In some embodiments, wherein the first set of slots and
the second set of slots include at least one conunon slot. In some embodiments, wherein the
code for causing the first wireless communication device to communicate the first SFl is further
configured to transmit, to the second wireless communication device, the first SFI, and wherein
the code for causing the first wireless communication device to commmunicate the second SFI is
further configured to transmit, (o the second wireless communication device, the second SFL

In some embodiments, wherein the code for causing the first wireless communication device
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to communicate the first SFI is further configured to receive, from the second wireless
communication device, the first SFI, and wherein the code for causing the first wireless
communication device to communicate the second SH is further configured to receive, from
the second wireless communication device, the second SFL.

{8157} Further embodiments of the present disclosure include a computer-readable medium
of wireless communication, comprising code for causing a first wireless communication
device to communicating, by a first wireless communication device with a second wireless
communication device, a slot format indicator (SFI) during a first transmission opportunity
(TXOP), the SFI associated with a plurality of slots including a first slot within the first
TXOP and one or more slots outside the first TXOP; and code for causing the first wireless
communication device to communicate, with the second wireless communication device, a
communication signal during the first slot based on the SFIL

[B158] In some embodiments, the computer-readable mediom further comprises code for
causing the first wireless communication device to communicate, with the second wireless
communication device, a second communication signal during a second TXOP, wherein the
first TXOP and the second TXOP are spaced apart by at least the one or more slots. In some
embodiments, the computer-readable medium further comprises code for causing the first
wireless communication device (o determine a number of the one or more slots to be indicated
by the SFI based on a random numaber for a random backofl; and code for causing the first
wireless communication device to configure the SFI to indicate an uplink communication
direction for each of the one or more slots based on the random number, wherein the code for
causing the {irst wireless communication device to comnmunicate the SHI is further configured
to transmit, to the second wireless communication device, the SFL  In some embodiments,
wherein the code for causing the first wireless communication device to communicate the SFI
is further configured to receive, from the second wireless communication device, the SFI, and
wherein the computer-readable medium farther comprises code for causing the first wireless
communication device to determine that the SFI indicates an uplink communication direction
for each of the one or more slots; and code for causing the first wireless communication device
to bypass downlink signal monitoring during the one or more slots based on the determination.
In some embodiments, wherein the one or more slots include a gap time pertod between the
first TXOP and a second TXOF and at least a second slot within the second TXOP, and wherein

the computer-readable medium further comprises code for causing the first wireless
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communication device to communicate, with the second wireless communication device, a
second communication signal during the second slot within the second TXOP based on a
communication direction for the second siot indicated by the SFL. In some embodiments,
wherein the one or more slots are within a second TXOP, and wherein the computer-readable
medivm further comprises code for causing the first wireless communication device (o
communicate, with the second wireless communication device, a second communication signal
duning the one or more stots within the second TXOP based on the SFL.

8159} Further embodiments of the present disclosure include an apparatus comprising means
for communicating, with a second wireless communication device, a {irst slot format indicator
{SFY) for a first set of slots; means for communicating, with the second wireless communication
device, a second SFI for a second set of slots, the second set of slots overlapping with the first
set of slots in at least one of time or frequency; and means for communicating, with the second
wireless communication device, a communication signal based on at least one of the first SFI
or the second SFI.

{3169} In some embodiments, wherein the first set of slots includes at least one slot earlier in
time than the second set of slots, and wherein the first set of slots and the second set of slots
include at least one common slot. In some embodiments, wherein the first SFI and the second
SFI include commnon direction information for the at least one comuwnon slot. In some
embodiments, the apparatus further comprises means for identifying a first communication
direction for the at least one common slot based on the first SFL; and means for identifying a
second communication direction for the at least one common slot based on the second SFI, the
second communication direction being different {rom the first communication direction,
wherein the second SFI is commmunicated later in time than the {irst SFIL, and wherein the means
for communicating the communication signal is further configured to communicate the
communication signal during the at least one common slot based on the second communication
direction in the second SFI commumicated later in time than the first SFI when the second
communication direction is different than the first communication direction. In some
embodiments, wherein the means for commmunicating the first SFI is further configured to
communicate the first SFI during a slot earlier in time than the first set of slots. In some
embodiments, the apparatus {arther comprises means for identifying a communication direction
for the at least one common slot based on the first SFL; and means for identifying an unspecified

communication direction for the common slot based on the second SFI, wherein the first SFl is
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communicated earlier in time than the second SFI, and wherein the means for communicating
the communication signal is farther configured to commaunicate the communication signal
during the at least one common slot based on the communication direction in the first SFI
communicated earlier in tirae when the second SFI includes the unspecified conununication
direction. In some embodiments, wherein the first SF] indicates one or more conumunication
directions for a third set of slots in a first frequency carrier and the first set of slots in a second
frequency carrier, wherein the second SFI indicates one or more communication directions for
a fourth set of slots in a third frequency carrier and the second set of slots in the second
frequency carrier, and wherein the first frequency carrier, the second frequency carrier, and the
third frequency carrier are different. In some embodiments, wherein the first set of slots and
the second set of slots inchude at least one common slot. In some embodiments, wherein the
means for communicating the first SF1 is further configured to transmit, to the second wireless
commumication device, the first SFI, and wherein the means for communicating the second SFI
is further configured to transmit, to the second wireless communication device, the second SFL
In some embodiments, wherein the means for communicating the first SFI is further configured
to receive, from the second wireless communication device, the first SFI, and wherein the
means for communicating the second SHI is further configured to receive, from the second
wireless commumcation device, the second SFL

{6161} Further embodiments of the present disclosure include an apparatus comprising means
for communicating, with a second wireless comununication device, a slot format indicator
{SFI) during a first transmission opportenity (TXOP), the SFI associated with a phurality of
slots including a fivst slot within the first TXOP and one or roore slots outside the first TXOP;
and means for conununicating, with the second wireless coramunication device, a
communication signal during the first slot based on the SFL

[6162] In some ernbodiments, the apparatus further comprises means for communicating, with
the second wireless commumnication device, a second communication signal during a second
TXOP, wherein the first TXOP and the second TXOF are spaced apart by at least the one or
more slots. In some embodiments, the apparatus further comprises means for determining a
number of the one or more slots to be indicated by the SH based on a random number for a
random backoff; and means for configuring the SFI to indicate an uplink communication
direction for each of the one or more slots based on the random number, wherein the means

for communicating the SFl is further configured to transmit, to the second wireless
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communication device, the SFL. In some embodiments, wherein the means for communicating
the SFI is further configured to receive, from the second wireless communication device, the
SFI, and wherein the apparatas further comprises means for determining that the SFI indicates
an uplink communication direction for each of the one or more slots; and means for bypassing
downlink signal monitoring during the one or more slots based on the determination. In some
embodiments, wherein the one or more slots include a gap time period between the first TXOP
and a second TXOP and at feast a second slot within the second TXOP, and wherein the
apparatus further comprises means for conununicating, with the second wireless
communication device, a second communication signal during the second slot within the
second TXOP based on a communication direction for the second slot indicated by the SFL In
some ermnbodiments, wherein the one or more slots are within a second TXOP, and wherein the
apparatus  further comprises means for communicating, with the second wireless
commumnication device, a second communication signal daring the one or more slots within the
second TXOP based on the SFL

[8163] Further embodiments of the present disclosure include a computer-readable mediom
having program code recorded thereon, the program code comprising code for causing a first
wireless communication device to communicate, with a second wireless communication
device, a configuration for a {irst slot; code {or causing the first wireless communication
device to communicate, with the second wireless communication device, a slot format
indicator (SF1) indicating slot formats for a set of slots including the first slot, wherein the

SFI indicates an unspecified slot format for the first slot; and code for causing the first
wireless communication device to communicate, with the second wireless cormmumcation
device, a communication signal in the first slot based on the configuration.

{6164} In some embodiments, wherein the configuration is communicated earlier in time than
the SFL. In some embodiments, wherein the code for causing the first wireless communication
device to commumnicate the configuration is further configored to receive, from the second
wireless communication device, the configuration, and wherein the code for causing the first
wireless communication device to communicate the SFI is further configured to receive, from
the second wireless communication device, the SFL. In some embodiments, the computer-
readable mediom further comprises code for causing the first wireless commumication device
to identify a communication direction for the first slot based on the received configuration; and

code for causing the first wireless communication device to identify the unspecified skot format
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for the first slot based on the received SFIL, wherein the code for causing the first wireless
communication device to communicate the communication signal includes communicating the
communication signal during the first slot based on the communication direction in the
configuration communicated earlier in time than the SFI including the unspecitied slot format.
In some embodiments, wherein the code for causing the first wireless communication device
to commuricate the configuration is further configured to transmit, to the second wireless
communication device, the configuration, and wherein the code for causing the first wireless
communication device to communicate the SFI is further configured to transmit, to the second
wireless communication device, the SFL. In some embodiments, the computer-readable
mediom further comprises code for causing the first wireless communication device to
determine the configuration including a communication direction for each symbol in the first
slot; and code for causing the first wireless comumunication device to determine to maintain the
commumnication direction for each symbol in the first slot by including the unspecitfied slot
format for the first slot in the SFI, wherein the code for causing the first wireless commumication
device to comnunicate the communication signal is further configured to communicate the
communication signal during the first slot using the communication direction in the
configuration communicated earlier in time than the SFI including the unspecified slot format.
In some embodiments, wherein the code for causing the first wireless communication device
to communicate the configuration is further configured to communicate, with the second
wireless communication device, a radio resource control (RRC) message including a semi-
static schedule for a communication between the first wireless communication device and the
second wireless comppunication device. In some embodiments, wherein the semu-static
schedule is associated with at least one a channel state information-reference signal (CSI-RS)
reception, a semi-persistent scheduling {SPS) physical downlink shared channel (PDSCH)
reception, a sounding reference signal (SRS) transmission, a physical uplink control channel
{(PUCCH) transmoission, or an SPS physical uplink shared channel (PUSCH) transmission.
{8165} Further embodiments of the present disclosure include an apparatus comprising means
for communicating, with a second wireless conununication device, a configuration for a first
slot; means for communicating, with the second wireless communication device, a slot format
indicator (SFI) for indicating slot formats a set of stots including the first slot, wherein the

SFI indicates an unspecified shot format for the first slot; and means for communicating, with
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the second wireless communication device, a communication signal in the first slot based on
the configuration.

[6166] In some embodiments, wherein the configuration is commumnicated earlier in time than
the SFL. In some embodiments, wherein the means for communicating the configuration is
further configured to receive, from the second wireless communication device, the
configuration, and wherein the means for communicating the SFI is further configured to
recetve, from the second wireless communication device, the SFL In some embodiments, the
apparatus further comprises means for identifying a communication direction for the first slot
based on the received configuration; and means for identifying the unspecified slot format for
the first slot based on the received SFI, wherein the means for communicating the
communication signal includes communicating the communication signal during the first slot
using the communication direction in the configuration communicated earlier in time than the
SFI including the unspecified slot format. In some embodiments, wherein the means for
communicating the configuration is further configored to transmit, to the second wireless
communication device, the configuration, and wherein the means for communicating the SFI
is further configured to transmit, to the second wireless communication device, the SFL. In
some embodiments, the apparatus further comprises means for determining the configuration
including a communication direction for each symbol in the first slot; and means for
determining to maintain the communication direction for the first slot by including the
unspecified slot format for each symbol in the first slot in the SFL, wherein the means for
communicating the communication signal is further configured to communicate the
communication signal during the first slot using the communication direction in the
configuration communicated earlier in time than the SFI including the unspecified slot format.
In some embodiments, wherein the means for communicating the configuration is further
configured to communicate, with the second wireless commumnication device, a radio resource
control (RRC) message inchiding a semu-static schedule for a commumnication between the
apparatus and the second wireless communication device. In some embodiments, wherein the
semi-static schedule is associated with at least one a channel state information-reference signal
{CSI-RS) reception, a semi-persistent scheduling (SPS) physical downlink shared channel
{(PDSCH) reception, a sounding reference signal (SRS) transmission, a physical uplink countrol
channel (PUCCH) wransmission, or an SPS physical uplink shared channel (PUSCH)

{ransmission.
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{8167} As those of some skill in this art will by now appreciate and depending on the
particular application at hand, many modifications, substitations and variations can be made
in and to the materials, apparatus, configurations and methods of use of the devices of the
present disclosure without departing from the spirit and scope thereof. In light of this, the
scope of the present disclosure should not be limited to that of the particular embodiments
illustrated and described herein, as they are merely by way of some examples thereof, but
rather, should be fully commensurate with that of the claims appended hereafter and their

functional equivalents.
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