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Patent Application No. 16/129473, filed September 12, 2018, and of U.S. Provisional Patent
Application 62/571,027, filed October 11, 2017, which are hereby incorporated by reference

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

TECHNICAL FIELD
16602] This application relates fo wirelass communication systems, and more particularly to

performing random backoff for medium sharing in a spatial domain.

INTRODUCTION

{6603] Wireless communications systems are widely deploved fo provide various types of
communication content such as voice, video, packet data, messaging, broadcast, and so on.
These systems may be capable of supporting comruunication with multiple users by sharing
the available svsiem resources {e g, time, frequency, and power). Examples of such
multiple-access systems include code division multiple access (CDMA) systems, time
division mudiiple access (TDMA) systems, frequency division mudiiple access (FDMA)
systems, and orthogonal frequency division multiple access (OFDMA) systems, {e.g.. a Long
Term Evolution (LTE) system). A wireless multiple-access commumications system may
mclude a number of base stations {BSs), each simultaneously supporting communication for
multiple commurication devices, which may be otherwise known as user equipment (UE).
16604] To meet the growing demands for expanded mobile broadband connectivity, wireless
communication technologies are advancing from the LTE technology {o a next generation
new radio (NR} technology. NR may provision for dvnamic medium sharing among network
operators 1n a licensed spectrurm, a shared spectrum, and/or an unlicensed spectrum. For
example, shared spectrums and/or unlicensed spectrums may include frequency bands at

about 3.5 gigahertz (GHz), about 6 GHz, and about 60 GHz.
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16065} One approach to avoiding collisions when communicating inn a shared communication
medium or & shared channel is to use a histen-before-talk (LBT) procedure to ensure that the
shared channel is clear before transmitting a signal in the shared channel. When nodes
nclude multiple antennas, medium sharing can include a spatial dimension in addition to tirae
and/or frequency sharing. For example, a node can fransmit a reservation for a transmission
opportunity (TXOP) in a shared channel and indicate a spatial dimension {e.g., one or more
spatial layers or spatial directions) to be used during the TXOP n the reservation. Thus, other
nodes may share the medium in a spatial domain. For exarople, a node may detect an
ongoing iransmission {e.g., the reservation) in a particular spatial layer or spatial direction and
may overlay a transmission on fop of the ongoing transmission using unreserved spatial layers
or unreserved spatial directions.

[6606] Random backoff is commeonly used to resolve contention among nodes acquiring or
contending for channel access. For example, each node may perform a random backoff
process to wait for a pertod of time before attempting to contend for the channel, after
detecting an ongoing transmission in the channel, and/or or after gaining access 1o transnit in
the channel. The configuration of the random backoff process can affect medium sharing

performance and faimess of the sharing among nodes.

BRIEF SUMMARY OF SOME EXAMPLES

16607] The following summarizes some aspects of the present disclosure to provide a basic
understanding of the discussed fechnology. 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. s sole purpose is to present some concepts of one or more aspecis of the
disclosure in sumimary form as a prelude to the more detailed description that is presented
later.

16008} For example, in an aspect of the disclosure, a method of wireless commumnication
includes determining, by a first wireless communication device, a first backoff counter for
contending for a transmission opportunity (TXOP) in a communication medium over a first
spatial subspace; detecting, by the first wireless communication device, a transmission in the
TXOP within the first spatial subspace; and determining, by the first wireless communication
device, a second backoff counter for contending for the TXOP over a second spatial subspace

that 1s different from the first spatial subspace based on the detecting,
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16609 In an additional aspect of the disclosure, an apparatus includes means for determining
a first backolf counter for contending for a transmission opportunity (TXOP}ina
communication medium over g first spatial subspace; means for delecting a transmission in
the TXOP within the first spatial subspace; and means for determining a second backoff
counter for contending for the TXOP over a second spatial subspace that is different from the
first spatial subspace based on the detecting.

10610} To an additional aspect of the disclosure, a computer-readable medium having program
code recorded thereon, the program code includes code for causing a first wireless
communication device to determine a first backoft counter for contending for a transmission
opportunily (TXOP) in a communication medium over a fivst spatial subspace; code for
causing the first wireless cornmunication device to detect a transnussion in the TXOP within
the first spatial subspace; and code for causing the first wireless communication device to
determine a second backoff counter for contending for the TXOP over a second spatial
subspace that 1s different from the first spatial subspace based on the detecling,

[6611] Other aspects, features, and embodiments of the present invention will become
apparent to those of ordinary skill in the art, upon reviewing the following deseription of
specific, exemplary embodiments of the present invention in conjunction with the
accompanving figures. While features of the present invention mayv 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 herein. In other words, while one or more
embodiments may be discussed as having certain advantageous features, one or more of such
features may also be used 1n accordance with the various embodiments of the invention
discussed herein. In similar fashion, while exemplary embodimenis may be discussed below
as device, syster, or method embodiments it should be understood that such exemplary

embodiments can be implemented in vanous devices, svstems, and methods.
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BRIEF DESCRIPTION OF THE DRAWINGS

[6612] FIG. 1 illustrates a wireless communication network according to embodiments of the
present disclosure.

(6613} FIG. 2 1Hustraies a wireless communication network that implements medium sharing
in a spatial domain according to embodiments of the present disclosure.

[6614] FIG. 3 illustrates a medium shanng scheme according to embodiments of the present
disclosure.

[B015] FIG. 4 1s a block diagram of an exemplary user equipment (UE) according to
embodiments of the present disclosure.

{6616} FIG. S is a block diagram of an exemplary base station (BS) according {o
embodiments of the present disclosure,

(6617} FIG. ¢ ilustrates a random backoff scheme using a single random backoff process for
multiple spatial dimensions according to embodiments of the present disclosure.

[B018] FIG. 7 illustrates a random backoff scheme using a single random backoft process for
multiple spatial dimensions according to embodiments of the present disclosure.

16619} FIG. 8 illustrates a random backoff scheme using multiple random backoff processes
for muitiple spatial dimensions according to embodiments of the present disclosure.

[662¢] FIG. 9 illustrates a random backoff scheme using mudiiple random backof! processes
for multiple spatial dirmnensions according to embodiments of the present disclosure.

[6621] FIG. 1015 a flow diagram of a random backoff method for medium sharing in g spatial

domain according to embodiments of the present disclosure.

BETAILED DESCRIPTION

[6622] The detailed description set forth below, in connection with the appended drawings, is
intended as a description of vartous configurations and is not mtended 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 coraponents are shown in block diagram form in order to avoid obscuring such
concepts.

(3323} Technigues described herein may be used for various wireless communication

networks such as code-~-division multiple access {CBMA), time-division multiple access
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(TDMA), frequency-division multiple access (FDMA), orthogonal frequency-division
mltiple access {OFDMA), single-carrier FDMA (SC-FDMA) and other networks. The terms
“network” and “system” are often used interchangeably. A CBMA network may implement a
radio technology such as Universal Terrestrial Radio Access (UTRA), cdma2000, ete. UTRA
includes Wideband CDMA (WCUDMA) and other variants of CDMA. ¢cdmaZ000 covers 18-
2000, 18-95 and IS-856 standards. A TDMA network may impliement a radio technology such
as Global System for Mobile Communications {GSM). An OFDMA network may umplement
aradio technology such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB),
IEEE 802,11 (Wi-Fi), IREE 802 16 (WiMAX), IEEE 802.20, Flash-OFPMA, etc. UTRA and
E-UTRA are part of Universal Mobile Telecommunication System (UMTS). 3GPP Long
Term Evolution (LTE) and LTE-Advanced (LTE-A) are new releases of UMTS that use E-
UTRA UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM are described in documents from
an organization named “3rd Generation Partnership Project” (3GPP). CDMAZ0O00 and UMB
are described in documenis from an organization named “3rd Generation Partnership Project
27 (3GPP2). The techniques described herein may be used for the wireless networks and radio
technologies mentioned above as well as other wireless networks and radio technologies, such
as a next generation (e.g., 3™ Generation (5G) operating in mmWave bands) network.

[0024] The present disclosure describes mechanisms for performang random backoff in
multiple spatial dimensions for medium sharing in a spatial domain. To perform a spatial
LBT procedure, a node may determine a first backoft counter for contending fora
transmission opportunity {TXOP) 10 a commumication mediuwm over a first spatial subspace or
spatial dimension. For example, the node may draw a backoft value for the first backoff
counter based on a contention window. When the first backott counter counts to completion,
the node may transmit in the communication medium within the fivst spatial subspace. After
transmitting in the first spatial subspace, the node may draw another backoft value for
contending for a subsequent TXOP. However, upon detecting an ongoing transmission {(2.2., a
reservation for the TXOP} within the first spaiial subspace, the node may switch to contend in
a second spatial subspace. The second spatial subspace may be a part of the first spatial
subspace, but excluding a spatial subspace used by the ongoing transmission. The node may
determine a second backoff counter for contending in the second spatial subspace. Upon a
successful contention, the node may spatially overlay a transmission on top of the ongoing
transmission m the TXOP. The determination of the second backoff counter may be
dependent on whether the node uses a single random backoff process or multiple random
backoff processes across different spatial dimensions.

5
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[6625] In an embodiment, the node may use a single random backoff process across multiple
subspace. The node may assign the second backoff counter with a value of the first backoff
counter al the time when the ongoing transmission is detected. In other words, the node
continues with the counting in the same backott process when switching to a different spatial
subspace. For a subsequent TXQOP, the node may retinn to contend in the first spatial
subspace. When the node successfully contends in a current TXOP (e.g., transmitting in any
spatial subspace}, the node may redraw a new backoff value for the subsequent TXOP.
However, when the node fails to gain access to the communication medium in any spatial
subspace in a current TXOP, the node may continue with the counting for the subsequent
TXOP.
[3826] In an embodiment, the node may use multiple random backoff processes. Upon the
detection of the ongoing transmission, the node mayv store a current value of the first backoff
counter. The node may assign the second backoff counter with the current value of the first
backoff counter. For a subsequent TXOP, the node may return to contend in the first spatial
subspace. The node may use the stored value for random backoff regardiess of whether the
node can overlay a transmussion in a current TXOP. The random backoff process for
contending in the first spatial subspace may be referred {0 as a parent process. The random
backoft process for contending in the second spatial subspace (e.g., a subspace of the first
spatial subspace} may be referred to as a child process The node mav maintain different
random backoff processes for different spatial subspaces, but a child random backoff process
13 dependent on a corresponding parent random backoff process.
16627 In another embodiment, the node may use multiple random backott processes, but
may draw a new backoff value for the second backoff counter based on a contention window.,
The node may store a current value of the first backoff counter at the time when the ongoing
transrssion 1s detected. For a subsequent TXOP, the node may return to contend in the first
spatial subspace using the stored value for random backoff regardliess of whether the node can
overlay a transmission in a current TXOP. In other words, the node may maintain different
random backoff processes for different spatial subspaces, where a child random backoff
process may be independent from a corresponding parent backoff process.
16628] While the disclosed embodiments describe random backoff using a count-down
process, random backoff may be alternatively configured {o use a count-up process (o achieve
similar functionalities. The disclosed embodiments mav use the terms spatial subspace,
spatial dimension, spatial direction, and spatial fayers interchangeably to refer to a physical
direction of a transmission beam or a reception beam in a spatial domain.
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16629] FIG. 1 illustrates a wireless communication network 100 according to embodiments of
the present disclosure. The network 100 includes BSs 105, UEs 115, and a core network 130,
In some embodiments, the network 100 operates over a shared spectrum. The shared
spectrum may be unlicensed or partially licensed to one or more network operators. Access
to the spectrum may be limited and may be controlled by a separate coordination entity. In
some embodiments, the network 100 may be a LTE or LTE-A network. In vet other
embodiments, the network 100 may be a millimeter wave (mmW) network, a new radio (NR)
network, a 3G network, or any other successor network to LTE. The network 100 may be
operated by more than one network operator. Wireless resources may be partitioned and
arbitrated among the different network operators for coordinated commumication between the
network operators over the network 100.

{8630} The BSs 105 may wirelessly communicate with the UEs 115 via one or more BS
antennas. Each BS 105 may provide communication coverage for a respective geographic
coverage area 110, In 3GPP, the term “cell” can refer to this particular geographic coverage
area of a BS and/or a BS subsystem serving the coverage area, depending on the context in
which the term is used. In this regard, a BS 105 may provide communication coverage for a
macro cell, a pico cell, 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 pico cell
may generally cover a relatively smaller geographic area and may allow unrestricted access
by UEs with service subscriptions with the network provider. A femto cell may also
generally cover a relatively small geographic area (e.g., a home) and, in addition fo

unrestricted access, may also provide restricted access by UEs having an association with the

like). A BS for a macro cell may be referred to as amacro BS. A BS for a pico cell may be
referred to as a pico BS. A BS for a femto cell may be referred to as a femto BS or a home
BS. In the example shown in FIG. 1, the BSs 105a, 105b and 105¢ are examples of macro
BSs for the coverage areas 110a, 110b and 110¢, respectively. The BSs 105d 15 an example
of a pico BS or a femto BS for the coverage area 110d. As will be recognized, a BS 105 may
support one or muiltiple {e.g., two, three, four, and the like} celis.

[6631] Communication links 125 shown in the network 100 may include uplink (UL)
transmissions from a UE 115 to a BS 103, or downlink (DL} transmissions, from a BS 105 1o
aUE 115. The UEs 115 may be dispersed throughout the network 100, and each UE 115 may

be stationary or mobile. A UE 115 may also be referred to as a mobile station, a subscnber

-y
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station, a mobile unit, a subscriber unit, a wireless unit, a remote unit, a mobile device, a
wireless device, a wireless communications device, a remote device, a mobile subscriber
station, an access terminal, a mobile termunal, a wireless terminal, a remote terminal, a
handset, a user agent, a mobile chent, a chent, or some other suitable termunology. A UE 115
may also be a cellular phone, a personal digital assistant (PDA), a wireless modem, a wireless
communication device, a handheld device, a tablet computer, a laptop computer, a cordless
phone, a personal electromc device, a handheld device, a personal computer, a wireless local
loop (WLL) station, an Internet of things (IoT) device, an Intemnet of Everything (IoF) device,
a machine tvpe communication (MTC) device, an appliance, an automobile, or the like.
[6632] The BSs 103 may communicate with the core network 130 and with one another. The
core network 130 may provide user authentication, access authorization, tracking, Internet
Protocol (IP) connectivity, and other access, routing, or mobility functions. At least some of
the BSs 105 (e.g., which may be an example of an evolved NodeB (eNB), a next generation
NodeB {gNB), or an access node controller {ANC)) may interface with the core network 130
through backhaul links 132 {e.g., 81, 82, etc.) and may perform radio configuration and
scheduling for commumnication with the UEs 115, In various examples, the BSs 105 may
commnunicate, etther directly or indirectly {e.g., through core network 130), with each other
over backhau! hinks 134 (e.g., X1, X2, etc.), which may be wired or wireless communication
links.
[6033] Each BS 105 may also communicate with a number of UEs 115 through a number of
other BSs 103, where the BS 105 may be an example of a smart radio head. In alternative
configurations, various functions of each BS 105 may be distributed across various BSs 1035
{e.g., radio heads and access network controllers) or consolidated into a single BS 105,
[3034] In some implementations, the network 100 utilizes orthogonal frequency division
multiplexing (OFDM)} on the downlink and single-carrier frequency division multiplexing
(SC-FDM} on the UL, OFDM and SC-FDM partition the system: bandwidth into nmultiple (K}
orthogonal subcarriers, which are also commonly referred to as tones, bins, or the like. Fach
subcarrier may be modulated with data. In general, modulation symbols are sent in the
frequency domain with OFDM and in the time domain with SC-FDM. The spacing between
adjacent subcarriers may be fixed, and the total number of subcarriers {K) may be dependent
on the svstem bandwidth. The system bandwidth may also be partitioned inio subbands.
[3035] In an embodiment, the BSs 105 can assign or schedule transmission resources {e.g., in
the form of time-frequency resource blocks) for DL and UL {ransmissions in the network 100.
DL refers to the transmission direction from a BS 105 to a UE 115, whereas UL refers to the
8
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transnussion direction from a UE 115 to a BS 105, The communication can be in the form of
radio frames. A radio frame may be divided inio a plurality of subframes, for example, about
10, Each subframe can be divided into slots, for example, about 2. In a frequency~division
duplexing (FDD) mode, simultaneous UL and DL transnussions may occur in different
frequency bands. For example, sach subframe includes 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 transmussions occur at different time periods using the same frequency band. For
example, a subset of the subframes (e.g., DL subframes) in a radio frame may be used for DL
transmissions and another subset of the subframes (e g, UL subframes) in the radio frame
may be used for UL transmissions.
[3836] 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 {acilitate the commumications 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-detined frequency. For example, a BS 105 may transmit cell-specific reference signals
(CRSs) and/or chamnel state information —reference signals {CSI-R8s) to enable a UE 115 to
estimate a DL channel. Similarly, a UE 115 may transmit sounding reference signals (SRSs)
1o enable a BS 105 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 ernbodiments, the BSs 105 and the UEs 1135 may commmunicate using self-contained
subframes. A self-contained subframe may include a portion for DL communication and a
portion for UL communication. A self-contained subframe can be DL-centric or UL-centric.
A DE-centric subframe may include a longer duration for DL communication tha UL
communication. A UL-centric subframe may include a longer duration for UL
communication tha UL commumication.
[6637] In an embodiment, a UE 115 attempting to access the network 100 may perform an
initial cell search by detecting a primary synchronization signal (PSS) from a BS 105, The
PSS may enable synchronization of period timing and may indicate a physical layer identity
valug. The UE 115 may then receive a secondary synchronization signal ($58). The S88
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 S88 may also enable
detection of a duplexing mode and a cyvchic prefix length. Some systems, such as TDD

9
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systems, may transmit an 888 but not a PSS, Both the PSS and the 858 may be located in a
central portion of a carrier, respectively. After recetving the PSS and SS8, the UE 115 may
receive a master mformation block (MIB}, which may be transmitted in the physical
broadcast channel (PBCH). The MIB may contain system bandwidth information, a system
frame number (SFN), and a Physical Hybrid-ARQ Indicator Channel (PHICH) configuration.
After decoding the MIB, the UE 115 may receive one or more system information blocks
(S1Bs). For example, SIB1 may contain cell access parameters and scheduling information for
other SiBs. Decoding SIBI may enable the UE 115 to receive SIB2. SIB2 may contain radio
resource configuration {RRC} configuration information related to random access channel
(RACH) procedures, paging, physical uplink control channel (PUCCH), phyvsical uplink
shared channel (PUSCH), power control, SRS, and cell barring.  After obtaining the MiB
and/or the $iBs, the UK 115 can perform random access procedures to establish a connection
with the BS 105, After establishing the connection, the UE 115 and the BS 105 can enter a
normal operation stage, where operational data may be exchanged.

16638] In an embodiment, the network 100 may operate over a shared channel, which may
include a licensed spectrum, a shared spectrum, and/or an unlicensed spectrum, and may
support dynamic medium sharing. The BSs 105 and the UEs 115 may be operated by
multiple network operating entities sharing resources in the shared channel. A BS 105 ora
UE 115 may reserve a transmission opportunity {TXOP) in the shared channel by transmitting
a reservation request signal prior to transmitting data in the TXOP. A corresponding receiver
{e.g.,a BS 105 or a UE 115) may respond by {ransmitting a reservatlion response signal. To
avoid collisions, other BSs 105 and/or other UEs 115 oay listen to the channel and refrain
from accessing the channel during the TXOP upon detection of the reservation request signal
and/or the reservation response signal. For example, a node intending to transmit in the
shared channel mayv start a countdown process using a random counter. When the countdown
is completed, the node may listen to the shared channel When the shared channel is not
occupied, the node may begin its transmission.

16639} Tn an embodiment, the network 100 may perform medium shanng over a spatial
domain to further increase medium or channel utilization efficiency. For example, the BSs
105 and/or the UEs 115 may be equipped with multiple antennas {e.g., antenna arrays} and
may form beams in particular spatial directions for signal transmissions and receptions. To
enable spatial sharing, a reserving node {(e.g., a BS 105 or a UE 113) may indicate spatial
layer or spatial dimension information in a reservation for a TXOP. QOther nodes may listen

to the channel. The other nodes may detect the reservation, for example, by measuring signal
10
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energy in the spatial domain, and may use remaining spatial layers, dimensions, or directions
during the TXOP. In other words, nodes in the network 100 may perform spatial LBT and
overlay a transmission on fop of an ongoing transmission in a spatial domain by using a
spatial subspace orthogonal to the spatial subspace of the ongoing fransmission.

[6648] The nodes may perform a random backoff countdown process before contending for
the channel. In an embodiment, a node may use a single random backoff countdown process
for all spatial subspaces, for example, irrespective of a change in a spatial subspace during
spatial LBT. In another embodiment, a node may vse different random backoff countdown
processes for different subspaces during spatial LBT. The different random backoff
countdown processes may be based on the same contention window or different contention
windows and may be dependent or independent of each other. Mechanisms for performing
random backoff in spatial LBT are described in greater detail herein.

(6641 FIG. 2 illustrates a wireless communication network 200 that implemenis medium
sharing in a spatial domain according (o embodiments of the present disclosure. The network
200 corresponds to a portion of the network 100. FIG. 2 illustrates two BSs 205 and two UEs
215 for purposes of simplicity of discussion, though it will be recognized that embodiments of
the present disclosure may scale to many more UEs 215 and/or BSs 205, The BSs 205 and the
UEs 215 mav be sumlar to the BSs 105 and the UEs 1135, respectively. The network 200 may
be operated by multiple operators sharing a frequency spectrum. For example, Operator A may
operate the BS 205a and the UE 215a, and Operator B may operate the BS 205b and the UE
215b. In addition, FIG. 2 iHustrates each BS 205 including four transmit antennas 220, the UE
215a1ncluding two receive antennas 222, and the UE 215b including one receive antenna 222
for purposes of simplicity of discussion, though it will be recognized that embodiments of the
present disclosure may scale to any suitable mumber of transmit antennas and/or receive
antennas at the BSs 203 and/or the UEs 215. For exarple, a BS 205 or a UE 215 may include
an antenna array including between 1 and 64 antennas.

60642} The BS 205a having four transmit antennas 220 can support up to a transmission rank
of four or four spatial layers. The BS 205a may employ single-input single-output (SISO},
single-input multiple-output {SIMO)}, multiple-input single-output (MISO), or multiple-input
multiple-output (MIMO) type pre-coding techniques to communicate with the UE 215aovera
number of the spatial layers. The BS 2053 may comumumnicate with the UE 215a using a subset
or all of the transmit antennas 220, For exarople, the BS 205a moay comumunicate with the UE

215a using two antennas 220 as shown by the link 230, which may be referred to as a 2x2 link.

It



WO 2019/074608 PCT/US2018/050929

[6643] Similarly the BS 205b having fow transmit antennas 220 can support up to a
transmission rank of fowr or fowr spatial layers. Since the UE 215b includes one antenna 222,
the BS may commumicate with the UE 215b using one transmit antenna 220 {o form Ix1 hnk
(e.g., single-input single-output (SISO)) or using two transmit antennas to form a2x1 hink (e.g.,
a MISO).

[6644] As an example, the BS 205 and the UE 215 operate over a shared channel and both the
BS 205a and the BS 205b have data to transmuit to the UE 215a and the UE 215b, respectively.
Both the BS 205a and the BS 205b may start a countdown process before transmissions. To
perform a countdown process, the BS 205a or the BS 205b may draw an integer value, for
example, from a uniform distributor, over an interval between 1 and a contention window size
(e.g., corresponding to a time period) and configure a counter or a timer with the selected value.
A countdown process 1s completed when the counter counts to completion or when the timer
expires. For example, the BS 205b completes the countdown process before the BS 205a, and
thus may gamn access to the shared channel. For example, the BS 205b wmay transmit a
reservation request {RRQ) signal to indicate a reservation for a TXOP to communicate with the
UE 215b. The UE 215b may respond with a reservation response (RRS} signal {e.g., a clear-
to-send (CTS) signal). Subsequently, the BS 205b may communicale data with the UE 215b
during the TXOP, for example, over one spatial laver as shown by the link 232, When the BS
205a 15 physically positioned close to the UE 215b, the BS 205a may detect the ongoing
transmmssion from the BS 205b to the UE 215b.

[6845] When emploving medium sharing over time and frequency only, the BS 205a may
refrain from comnumicating with the UE 215a upon the detection in order to avoid causing
interference to the reception at the UE 215b {e.g., over the cross link 234). However, when the
BS 2053 performs spatial LBT, the BS 205a may detect or identify a spatial direction of the
cross link 234 between the BS 2033 and the UE 215b based on the RRS or CTS transnussion
of the UE 215b. In some embodiments, the UE 215b mav pre-code the RRS or T8
transmission based on a DL pre-coded channel (e.g., estimated from a transmission of the BS
205b} and an observed interference covariance on the UE 215b. After identifving the spatial
direction over the cross link 234, the BS 205b may identify spatial lavers that are orthogonal or
pseudo-orthogonal to the spatial direction over the cross link 234 from the BS 205a to the UE
215b. Thus, the BS 2053 may communicate with the UE 21 5a using the identified spatial lavers
without introducing significant imterference 1o the reception of the ongoing transmission at the

UE 215b.
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6646] The BS 205a may perform a second countdown process in a spatial subspace including
the identified spatial layers before communicating with the UE 215a For example, after the
second countdown process, the BS 205a may use two transmit antennas 220 {o communicate
with the UE 215a over the hink 230 as shown. The BS 205a may perform beamforming to
direct the transmission to a spatial direction orthogonal or pseudo-orthogonal fo the spatial
diraction over the cross link 234 between the BS 2052 and the UE 215b. Thus, a fransmission
of the BS 205a may cause a nunimal interference to the UE 215b over the cross link 234, In
addition, the BS 205a may schedule a DL transmission to UE 215a such that the UE 215a may
experience a minimal interference from the ongoing transmission of the BS 205b over the cross
link 236, The two countdown processes may be configured based on the same contention
window or different contention windows and may be dependent or mdependent from each
other, as described in greater detail herein,

[6647] FIG. 3 illustrates a medium sharing scheme 300 according to embodiments of the
present disclosure. The scheme 300 may be emploved by the BSs 105 and 205 and the UEs
115 and 215. The scheme 300 illustrates medium sharing in a spatial domain. For example, in
addition to a frequency dimension 302 and a time dimension 304, the scheme 300 includes a
spatial dimension 306. FIG. 3 illusirates two spatial subspaces 310 and 320 within a spanal
subspace 330 for purposes of simplicity of discussion, though 1t will be recognized that
embodiments of the present disclosure may scale to many more spatial subspaces 310 and 320
within the spatial subspace 330 and the spatial subspaces may span in any suitable manner in
the frequency dimension 302, the fime dimension 304, and the spatial dimension 306, The
spatial subspaces 310, 320, and 330 may also be referred to as spatial channels. In some
embodiments, the spatial subspace 330 may correspond to an omnidirectional dimension. As
shown, the spatial subspaces 310 and 320 have different spatial dimensions {e.g.. occupying
different spaces in the spatial dimension 306). Thus, cross-channel interference between the
spatial subspaces 310 and 320 may be minimal or zero.

06048} For example, the BS 205a may begin spatial LBT in the spatial subspace 330 and detect
the cross link channel between BS 205a to UE 215b over the link 234 corresponding o the
spatial subspace 310. Upon the detection, the BS 205a may switch to perform spatial LBT in
a second subspace. The second spatial subspace mav be a part of the spatial subspace 330, but
excluding the spatial subspace 310 used by the cross link between BS 205a and UE 215b. The
BS 2053 may select a spatial subspace within the second spatial subspace for communicating
with the UE 215a. For example, the BS 205a may select the spatial subspace 320 is orthogonal
or pseudo-orthogonal 1o the cross link channel 234.
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10049] FIG. 4 is a block diagram of an exemplary UE 400 according to embodiments of the
present disclosure. The UE 400 may be a UE 115 or 215 as discussed above. As shown, the
UE 400 may include a processor 402, a memory 404, a medium sharing module 4038, a
transceiver 410 mncluding a modem subsystern 412 and a radio frequency (RF) umit 414, and
one or more antennas 416. These elements may be in direct or indirect comumunication with
each other, for example via one or more buses.
10050 The processor 402 may include a central processing unit (CPU), a digital signal
processor (DSP), an application-specific integrated cucut (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 402
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 IMHCIOProcessors in
comjunction with a DSP core, or any other such configuration.
[665%] The memory 404 may include a cache memory {e.g., a cache memory of the processor
402), random access memory {(RAM), magnetoresistive RAM (MRAM), read-only memory
(ROM), programmable read-only memory (PROM), erasable programmable read only memory
{(EPROM), electrically erasable prograrnmable read only memory {(EEPROM), fash 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 404 includes a
non-transitory computer-readable medium. The memory 404 may store instructions 406, The
mstructions 406 may include mstructions that, when executed by the processor 402, cause the
processor 402 to perform the operations described herein with reference to the UEs 215 in
connection with embodiments of the present disclosure. Instructions 406 may also be referred
to as code. The terms “instructions”™ and “code” should be interpreied broadly to inchude any
type of computer-readable statement(s). For example, the terms “instructions” and “code” may
refer 10 one or more programs, rowines, sub-routines, functions, procedures, etc. “Instructions”
and “code” may include a single computer-readable statement or many computer-readable
staternents.
166521 The medium sharing module 408 may be implemented via hardware, software, or
combinations thereof. For example, the medium sharing module 408 may be implemented as
a processor, circutt, and/or mstructions 406 stored in the memory 404 and executed by the
processor 402, The medium sharing module 408 may be used for various aspects of the present
disclosure. For example, the medium sharing module 408 is configured to perform spatial LBT,
transmit and/or receive reservation signals, determine random backoff counters for multiple
14
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spatial dimensions, and/or maintain one or more random backoff processes for spatial LBT, as
described in greater detail herein.

[B853] As shown, the transceiver 410 may mnclude 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 BSs 105 and 205. The modem subsystem 412 may be configured to modulate
and/or encode the data from the memory 404 and/or the medium sharing module 408 according
to a modulation and coding scheme (MCS), e.g., a low-density parity check (LDPC) coding
scheme, aturbo 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, eic.) modulated/encoded data from the modem subsysiem 412
{on outbound transmissions) or of transnussions originating from another source such as a UE
215 or a BS 205. The RF unit 414 may be further configured to perform analog beamforming
in conjunction with the digital beamforming. Although shown as integrated together in
transcetver 410, the modem subsystem 412 and the RF unit 414 may be separate devices that
are coupled together at the UE 215 to enable the UE 215 to communicate with other devices.
[6654] 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
mformation), to the antennas 416 for transmission to one or more other devices. The antennas
416 may be similar to the antennas 220 and 222. This may include, for example, transmission
of reservation signals, reservation response signals, and/or any commumication signal according
to embodiments of the present disclosure. The antennas 416 may further receive data messages
transmitied from other devices. This may include, for example, reception of request-to-send
(RTS) and/or CTS signals according to embodiments of the present disclosure. The antennas
416 may provide the received data messages for processing and/or demodulation at the
transceiver 410, The antennas 416 may include multiple antennas of sirailar or different designs
in order to sustain mulfiple transmission links. The RF unit 414 may configure the antennas
416.

6055} FIG. 5 15 a block diagram of an exemplary BS 500 according to embodiments of the
present disclosure. The BS 500 may be a BS 105 or 205 as discussed above. A shown, the BS
500 may include a processor 502, a memory 504, a medium sharing module 508, a transceiver
510 including a modem subsystem 512 and a RF unit 514, and one or more antennas 516. These
elements may be in direct or indirect communication with each other, for example via one or

more buses.
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16656] The processor 502 may have various features as a specific-type processor. For example,
these may include 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 502 may also be implemented as a combination of coraputing
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.
160571 The memory 504 may include a cache memory (e.g., a cache memory of the processor
5023 RAM, MRAM, ROM, PROM, EPROM, EEPROM, flash memory, a solid state memaory
device, one or more hard disk dnives, memnstor-based arrays, other forms of volatile and non-
volatile memory, or a combination of different types of memory. In some embodiments, the
mermory 504 moay include a non~transitory computer-readable medium. The memory 504 may
store instructions 506, The instructions 506 may include instructions that, when executed by
the processor 502, cause the processor 502 to perform operations described herein. Instructions
506 may also be referred 1o as code, which may be interpreled broadly to include any type of
computer-readable statement(s} as discussed above with respect to FIG. 5.

[GG58] The medium sharing module 508 may be implemented via hardware, software, or
combinations thereof. For example, the muednimm sharing module 508 may be implemented as
a processor, circuit, and/or mstructions 506 stored in the memory 404 and executed by the
processor 502, The madium sharing module 508 may be used for various aspects of the present
disclosure. For example, the medium sharing module 508 i3 configured to perform spatial LBT,
transmit and/or receive reservation signals, determine randorn backoff counters for multiple
spatial dimensions, and/or maintain one or more random backoff processes for spatial LBT, as
described in greater detail herein.

[B859] As shown, the transceiver 510 may mnclude the modem subsystem 512 and the RF unit
514 Thetransceiver 510 can be configured to communicate bi-directionally with other devices,
such as the UEs 115 and 215 and/or another core network element. The modem subsystem 512
may be configured to modulate and/or encode data according o a MCS, e.g., a LDPC coding
scheme, aturbo coding scheme, a convolutional coding scheme, a digital beamforming scheme,
etc. The RF unit 514 may be configured to process {e.g.. perform analog to digital conversion
or digital to analog conversion, eic.) modulated/encoded data from the modem subsystem 512
{on outbound transmissions) or of transmissions originating from another source such as a UE
215, The RF unit 514 may be further contigured to perform analog beamforming in conjunction

with the digital beamforming. Although shown as integrated together in transceiver 510, the
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modem subsystem 512 and the RF unit 514 may be separate devices that are coupled together
at the BS 203 to enable the BS 205 to communicate with other devices.

[3868] The RF unit 514 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 516 for transmission to one or more other devices. The
antennas 516 may be simular to the antennas 220 and 222, This may include, for example,
transnnission of nformation to complete attachinent to a network and communication with a
camped UE 213 according to embodiments of the present disclosure. The antennas 516 may
further recetve data messages transmitted from other devices and provide the received data
messages {or processing and/or demodulation at the transceiver 510. The antennas 516 may
mnclude multiple antennas of similar or different designs 1n order to sustain multiple
transmission links.

{6661 FIGS. 6-9 iliustrate various mechamsms for performing random backoft in spatial
LBT. FIG 6 and 7 llustrate the use of a single random backoff process for all spatial
subspaces. FIGS. 8 and 9 illustrate the use of multiple random backoff processes for multiple
spatial subspaces. In FIGS. 6-9, the x-axes represent time in some constant units. The y-axes
represent frequency in some constant units. The empty-filled boxes represent
communications between a pair of fransmit-receive nodes, for example, a node A and a first
recetving node, where the node successfully gains access to a TXOP in a commumication
medium over a first spatial subspace. The pattern-filled boxes represent communications
between a second pair of pair transmit-receiver nodes, for example, anode B and a second
recetving, where the node B may not gain access 1o the TXOP over the first spatial subspace,
but may gain access 1o a part of the first spatial subspace {e.g., a second spatial subspace).
The dashed-outlined boxes represent detections by the node B. For example, the node A, the
first receiving node, the node B, and the second recetving node may correspond to the BS
205b, the UE 215b, the BS 205a, and the UE 2154, respectively, in the network 200, The first
receiving node and the second receiving node are not shown for purposes of stmplicity of
itlustration.

[6062] FIG. 6 dlustrates a random backotf scheme 600 using a single random backott process
for muttiple spatial dimensions according to embodiments of the present disclosure. The
scheme 600 may be employed by the BSs 105, 205, and 500 and the UEs 115, 215, and 400.
In the scheme 600, the node A and the node B mayv contend for a TXOP 602 in a frequency
spectrum 601. For random backoft, the node A may use a counter A and the node B may use

a counter B. The counter A and the counter B may include hardware and/or software
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counters and/or timers. While the counters A and B are described in the context of count-
down counters, in some other embodiments, the counters A and/or B may be alternatively
configured o be count-up counlers 1o achieve similar functionalities.

[B0863] At time 670, denoted as TO, the node A selects a random backoff value 640, denoted
as Nay, for contending in a spatial subspace 660, denoted as W1, and initializes the counter A
with the value 640. Similarly, the node B selects a random backoff value 650, denoted as
Nby. for contending in the spatial subspace 660 and initializes the counter B with the value
650. The node A and/or the node B may select the spatial subspace 460 based on mterference
measurements. In some embodiments, the spatial subspace 660 may correspond to an
omnidirectional space (e.g., the spatial subspace 330}). The node A may select the value 640
based on a contention window size, for example, by drawing a value from a unuform
distributor in an interval between 1 and the contention window size. The node B may use
similar mechanisms to select the value 650. The node A and the node B may begin with a
same mnitial contention window size {e.g., provided by an RRC configuration or consistent
with the guality of service ({208} of the traffic), but may each update the contention window
size independenily, as described in greater detail herein.

[3064] Al timme 672, denoted as T1, the counter A counts to completion {e.g., count down o
0}. Thus, the node A transmuts a reservation request signal 610 reserving the TXOP 602 for
communication with the first receiving node. The reservation request signal 610 may be a
request-to-send (RTS) signal. The reservation request signal 610 may include a
predetermined signal sequence and/or scheduling information. The scheduling information
may include a spatial subspace {e g., number of spatial layers or a spatial dimension such as
the spatial subspace 310) requested for the communication. In response, the node A receives
a reservation response signal 612 from the firsi receiving node. The reservation response
signal 612 may be a clear-to~send (CTS) signal. The reservation request signal 610 and/or the
reservation response signal 612 may be communicated according to the spatial subspace to be
used for a subsequent commumication {e.g., a data signal 614) in the TXOP 602, After
recerving the reservation response signal 612, the node A transmits the data signal 614 o the
first recetving node in the requested or reserved spatial subspace.

160665] Upon detecting an ongoing transnussion {e.g., the reservation request signal 610
end/or reservation response signal 612} in the spatial subspace 660, the node B may switch to
contend n a subspace of the spatial subspace 660, for example, a spatial subspace 662, shown

as W2, and continue with the countdown. As shown, the counter B reaches a value 652,
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denoted as N1, at the time {e g., at the time 672} when the node B detects the ongoing
transnussion of the node A
[B066] At time 674, shown as T2, afler receiving the reservation response signal 612, the
node B configures the counter B to continue to count from the value 652 for a random
backoff in the spatial subspace 662.
16667 In some embodiments, the node B mav detect the ongoing transmission based on an
energy detection and/or a signal detection based on a predetermune sequence in the
reservation request signal 610 and/or reservation response signal 612, The node B may
determine a spatial subspace occupied by the ongoing transmission based on the reception of
the ongoing transmission. The node B may determine the spatial subspace 662 by excluding
the occupied spatial subspace from the spatial subspace 660,
[GG68] At time 676, shown as T3, before the end of the TXOP 602, the counter B counts to
completion {e.g., reaches a value of 0). Since there s no ongoing transmission detected in the
spatial subspace 662, the node B may proceed to transmit a reservation request signal 620 to
reserve a period 604 within the TXOP 602 for communication with the second receiving
node. The node B may select a spatial subspace {e.g., the spatial channel 320} within the
spatial subspace 662 for communicating with the second receiving node. In response, the
node B receives a reservation response signal 622 from the second receiving node. The
reservation request signal 620 and the reservation response signal 622 may be substantially
sirmilar 1o the reservation request signal 610 and the reservation response signal 612,
respectively, but may be communicated in different spatial subspaces and/or carry different
spatial information. Afier receiving the reservation response signal 622, the node B transnuts
a data signal 624 to the second receiving node using the deternmuined spatial subspace. In the
scheme 600, a tirne gap 638 1s present when there is a transmit-to-receive or a recerve~to
transmt switching. The time gaps 638 allow time for a node to switch between receiving and
transmitiing.
16669] At the end of the TXOP 602, for example, at time 678, shown as T4, the node A and
the node B may return to perform spatial LBT in the spatial subspace 660. The node A and
the node B may each select a new random value for contending in a next TXOP over the
spatial subspace 660. For example, the node A selects a random backoff value 642, denoted
as Naz, and the node B selects a random backoff value 652, denoted as Nb,. The node A may
assign the value 642 to the counter A. The node B may assign the value 652 to the counter B.
[6678] In some embodiments, the spatial subspace switching may be repeated nltiple times
within a TXOP 602, For example, the node B may detect an ongoing transmission in the

19



WO 2019/074608 PCT/US2018/050929

spatial subspace 662 during the TXOP 602, and thus may swiich the spatial LBTtoa
subspace of the spatial subspace 662. In some embodiments, the node B may reduce a
transmission power level as the spatial subspace reduces in spatial dimensions. For example,
the node B may transmit at a lower transroission power level in the spatial subspace 662 than
in the spatial subspace 660.

16671 FIG. 7 illustrates a random backoff schame 700 using a single random backoff process
for multiple spatial diroensions according to embodirnents of the present disclosure. The
scheme 700 may be emploved by the BSs 103, 205, and 500 and the UEs 115, 213, and 400
The scheme 700 1s simular to the scheme 600, but illustrates a scenario when the counter B
has not counted to completion at the end of the TXOP 602, As shown, at the ime 678, the
counter B has a non-zero value 756, denoted as N2. Since the node B did not gain access to
any spatial subspace during the current TXOP 602, the node B may configure the couniter B
to continue to count from the value 756 for a random backoff before contending for the
subsequent TXOP.

16672] As can be seen from the schemes 600 and 700, when a node gain channel access ina
current TXOPR over any one of the spatial subspace, the node may select or redraw a new
random backoff value for contending a subsequent TXOP. Conversely, when anode fails (o
gain channel access in a current TXOP over any spatial subspace, the node may continue or
resume counting for contending subsequent TXOP.

{6673] FIG. 8 illustrates a random backoff schame 800 using multiple random backoff
processes for multiple spatial dimensions according to embodiments of the present disclosure,
The scheme 800 may be emploved by the BSs 105, 205, and 300 and the UEs 115, 2185, and
400. The scheme 800 lustrates a similar scenario as in the scheme 600. However, the
scheme 800 uses a separate random backoff process when switching to coniend in a different
spatial subspace. As shown, at time 674, upon detecting an ongoing transmussion 1o the
spatial subspace 660, the node B swiiches to contend in the spatial subspace 662. Thenode B
configures the counifer B based on a counier value of the counter B used for the spatial
subspace 660. For example, the node B configures the counter B {o continue to count from
the value 632. The node B may save the counter value 652 from the counting in the spatial
subspace 660 for a next TXOP. The random backoft counting in the spatial subspace 660 may
be referred to as a parent backoff process and the random backoff counting in the spatial
subspace 662 (e.g., a subspace of the spatial subspace 660) may be referred to as a child

backoff process.
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16674] Similar to the scheme, at the time 676, when the counter B counts to completion or
reaches a value of 0 before the end of the TXOP 602, the node B may commumicate with the
second receiving node in a period 604 within the TXOP 602.
[B078] At time 678, the node A and the node B may retumn to perform spatial LBT in the
spatial subspace 660. The node A may select a new random value {e.g , the value 642} for
contending in a subseguent TXOP. The node B may restore the last value 652 of the counter
B from the parent backoff process and configure the counter B to count from the value 652
for contending for the subsequent TXOP.
[6676] In the scheme 800, when a node gain channel access in a current TXOP without
overlaying on top of an ongoing transmission, the node may select or redraw a new random
backott value for contending a subsequent TXOP. Conversely, when a node fails {o gain
channel access in a current TXOP without overlaying on top of an ongoing transmission, the
node may resume counting from a parent backoff process for contend a subsequent TXOP.
16677} FIG. 9 illustrates a random backoff scheme 900 using multiple random backoff
processes for multiple spatial dimensions according to embodiments of the present disclosure.
The scheme 900 may be employed by the BSs 105, 205, and 500 and the UEs 115, 215, and
400, The scheme 900 1s substantially stmilar {0 the scheme 800, For example, the scheme
900 uses a separate random backoff process when switching to contend 1n a different spatial
subspace. However, in the scheme 900, a node may select or redraw a new random backoff
value when the node switches to a spatial subspace, for example, from the spatial subspace
660 to the spatial subspace 662,
16678} In the scheme 900, the node B may use two counters, a counter B for a random
backoft (e.g., a parent backoft process} in the spatial subspace 660 and a counter BB fora
random backoff {e.g., a child backoff process) in the spatial subspace 662, The node B may
configure the counter B for the parent backoff process using stmilar mechamsms as in the
scheme 700.
{6679] For the child backoff process in the spatial subspace 662, the node B selects a new
random backoft value 954, shown as N3, for example, based on a contention window, and
initializes the counter BB to the value 854, When the counter BB counts 1o completion or
reaches a value of 0 before the end of the TXOP 602, the node B may communicate with the
second receiving node in a period 604 within the TXOP 602 similar to the scheme €00,
(0080} While the schemes 800 and 900 dlustrate one parent backoff process and one child
backoff process for simplicity of discusston, the schemes 800 and 900 may include multiple
levels of child backoff processes. For example, when the node B detects an ongoing
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transmission in the spatial subspace 662, the node B may swiich the spatial LBTtoa
subspace of the spatial subspace 662.

[3881] In some embodiments, the contention window size may be initially configured by an
RRC configuration or initially set based on the QoS of the traffic and subsequently updated
based on a transmission error rate. In an embodiment, a node {e.g., the node A or the node B}
may update the contention window size based on a transmission error rate in one or more
spatial subspaces (e.g., the spatial subspaces 660 and 662).

16682 Tn an embodiment, when anode employs the scheme 900, the node mayv use the same
contention window size for all spatial subspaces and update the contention window size based
on transmission error rates in one or more of the spatial subspaces. In another embodiment,
when a node employs the scheme 900, the node may use a different contention window size
for a different spatial subspace and update each contention window size based on a
fransmission error rate in a corresponding spatial subspace. For example, the node B may use
a first contention window size and a second contention window size for the spatial subspaces
660 and 662, respectively. The node B may update the first contention window size and the
second contention window size based on fransmission error rates in the spatial subspaces 660
and 662, respectively.

[B083] In some embodiments, a node may switch spatial LBT to a different spatial subspace
when the node detects an ongoing transmission {e.g., the reservation request signal 610 and/or
the reservation response signal 612} in a current spatial subspace or when a network
allocation vector (NAV) mamtained by the node expires. The NAV may indicate an amount
of time that a current ongoing transmission may occupy the channel.

[6684] FIG. 1015 a flow diagram of a random backoff method for mediom sharing in a spatial
doman according to embodiments of the present disclosure. Steps of the method 1000 can be
executed by a corputing device (e.g., a processor, processing circuit, and/or other suitable
component} of a wireless communication device, such as the BSs 103, 205, and 500 and the
UEs 115, 215, and 400. The method 1000 may employ similar mechanisms as in the schemes
GO0, 700, 800, and 900 described with respect to FIGS. 6, 7, 8, and 9, respectively. As
tHustrated, the method 1000 includes a number of enumerated steps, but embodiments of the
method 1000 may include additional steps before, after, and in between the enumerated steps.
in some embodiments, one or more of the enumerated steps mav be omiited or performed in a
different order. In an embodiment, the wireless commumication device may correspond to the

node B.
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I6685] At step 1010, the method 1000 includes determining a first backoff counter (g.g., the
value 650} for contending for a TXOP {e.g., the TXOP 602} in a communication mediuom
{e.g., the frequency spectrum 601) over a first spatial subspace (e.g., the spatial subspace 310,
320, and 330).

[6G86] At step 1020, the method 1000 includes detecting a transmission {(e.g., the reservation
request signal 610 and/or the reservation response signal 612) in the TXOP within the first
spatial subspace.

16687] At step 1030, the method 1000 mncludes determining a second backoft counter (e g,
the value 652 and 954) for contending for the TXOP over a second spatial subspace that is
different {rom the first spatial subspace based on the detecting. The second spatial subspace
may be a part of the first spatial subspace. The detected transnussion may be in a ditferent
spatial subspace than the second spatial subspace. For example, when the first spatial
subspace corresponds to the spatial subspace 330 and the transmission is detected in the
spatial subspace 310, the second spatial subspace may correspond to the spatial subspace 330
excluding the spatial subspace 310.

G688 In an embodiment, the wireless communication device may assign, to the second
backoft counter, a value {e.g., the value 652} of the {irst backoff counter when the
transmission is detected. When the second backoff counter counts to completion within the
TXQOP, the wireless communication device may fransmit a communication signal within the
second spatial subspace 1o a second wireless communication device. The wireless
commumnication device may determine a third backoff counter (e.g., the value 654) for
contending for a subsequent TXOP in the cormmunication mediurm over the first spatial
subspace based on a contention window as shown in the scheme 600. Alternatively, when the
second backoff counter has not counted o completion at an end of the TXOP, the wireless
communication device may assign a value (e.g., the value 656} of the second backoff counter
to a third backoff counter for contending for a subsequent TXOP in the comnmunication
medium over the first spatial subspace as shown in the scheme 700,

[668%] In an embodiment, the wireless communication device can deternine the first backoff
counter based on a first contention window and update the first contention window based on
at least one of a transmission error rate in the first spatial subspace or a transmission error rate
int the second spatial subspace.

[30690] In an embodiment, the wireless communication device can determine the first backoff
counter based on a first contention window and deternune the second backoff counter based

on a second contention window. The first contention window and the second contention
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window can have the same window size or different window sizes. The wireless
communication device can update the first contention window based on a transmission error
rate tn the first spatial subspace and update the second contention window based on a
transmission error rate in the second spatial subspace.
10621} 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.
[6692] The various tlustrative blocks and modudes described in commection with the
disclosure herein may be implemented or performed with a general-purpose processor, a PSP,
an ASIC, an FPGA or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform the functions
described herein. A general-purpose processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor, controller, microcontroller, or
state machine. A processor may also be implemented as a combination of computing devices
{e.g., a combimation of 3 DSP and a microprocessor, multiple microprocessors, one or more
microprocessors n conjunction with a DSP core, or any other such configuration).
[6693] 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 {unctions may be stored on or transmitted over as one or more instructions or
code on a computer-readable medium. Other exaroples and toplementations 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, firroware, hardwiring, or combinations of any of these. Features iroplementing
functions may also be physically located at various posttions, including being distributed such
that portions of functions are implemented at different physical locations. Also, as used
herein, including in the claims, “or” as used in a list of iems (for example, a hist 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 (] means A or B or C or AB or AC or
BC or ABC (1.e, Aand B and C).
60894} Further embodiments of the present disclosure include a method of wireless
communication, comprising determining, by a first wireless communication device, a first
backotf counter for contending for a transmission opportunity (TXOP) in a communication
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medium over a first spatial subspace; detecting, by the first wireless communication device, a
transmission in the TXOP within the first spatial subspace; and determining, by the first
wireless communication device, a second backoft counter for contending for the TXOP over a
second spatial subspace that is different from the first spatial subspace based on the detecting.
[6695] In some embodiments, the second spatial subspace is part of the first spanial subspace,
and wherein the detected transmission is in a different spatial subspace than the second spatial
subspace. In some embodiments, the method further comprnises transmitting, by the first
wireless comumunication device to a second wireless communication device, a conumunication
signal within the second spatial subspace when the second backoff counter has counted to
completion within the TXOP; and determining, by the first wireless commumication device, a
third backoff counter for contending for a subsequent TXOP in the communication mediurn
over the first spatial subspace based on a contention window. In some embodiments, the
determining the second backoff counter includes assigning, to the second backott counter, a
value of the {irst backoff counter when the transmussion is detected. In some embodiments,
the second backoff counter has not counted to completion at an end of the TXOP, and
wherein the method further comprises assigning, by the first wireless communication device,
a value of the second backoft counter o a third backoff counter {or contending for a
subsequent TXOP in the convuunication medium over the first spatial subspace. In some
embodiments, the determining the first backotf counter is based on a first contention window.
In some embodiments, the method further comprises updating, by the first wireless
communication device, the first contention windows based on at Teast one of a transmuission
error rate in the first spatial subspace and a transmission error rate in the second spatial
subspace. In some embodiments, the determining the second backoff counter is based on a
second contention window, In some embodiments, the first contention window and the
second contention window are different. In some embodiments, the method further comprises
updating, by the first wireless communication device, the first contention window based on a
fransmission error rate in the first spatial subspace; and updating, by the first wireless
communication device, the second contention window based on a transmussion error rate in
the second spatial subspace. In some embodiments, the method further comprises assigning,
by the first wireless communication device, a value of the first backoff counter when the
transnussion is detected to a third backoff counter for contending for a next TXOP in the
communication medium over the first spatial subspace.

[6696] Further embodiments of the present disclosure include an apparatus comprising a

processor configured to determine a first backoff counter for contending for a transmission
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opportunity (TXOP) in a communication medium over a first spatial subspace; detect a
transmussion in the TXOP within the first spatial subspace; and determine a second backoff
counter for contending for the TXOP over a second spatial subspace that is different from the
first spatial subspace based on the detection.
[6697] In some embodiments, the second spatial subspace is part of the first spanial subspace,
and wherein the detected transmission is in a different spatial subspace than the second spatial
subspace. In some embodiments, the apparatus further comprises a transceiver configured to
transmiit, to a second wireless commumication device, a cornmurication signal within the
second spatial subspace when the second backoft counter has counted {o completion within
the TXOP, and wherein the processor 1s further configured to determine a third backoff
counter for contending for a subsequent TXOP in the commumnication mediurn over the first
spatial subspace based on a contention window. In some embodiments, the processor is
further configured to determine the second backoff counter by assigning, to the second
backoff counter, a value of the first backoff counter when the transmussion is detected. In
some embodiments, the second backoff counter has not counted to completion at an end of
the TXOP, and wherein the processor is further configured to assign a value of the second
backoft counter to a third backoff counter for contending for a subsequent TXOP in the
communication medium over the first spatial subspace. In sorme embodiments, the processor
is further configured to deternune the first backoff counter 15 based on a first contention
window. In some embodiments, the processor is further configurad to update the first
contention windows based on at least one of a transrmission ervor rate in the first spatial
subspace and a transmussion error rate in the second spatial subspace. In some embodiments,
the processor is further configured to determine the second backoff counter based on a second
contention window. In some embodiments, the first contention window and the second
contention window are different. In some embodiments, the processor is further configured
1o update the first contention window based on a transiission error rate in the first spatial
subspace; and update the second contention window based on a transmission error rate in the
second spatial subspace. In some embodiments, the processor is further configured to assign
a value of the first backotf counter when the transnussion is detected to a third backoff
counter for contending for a next TXOP in the comumunication medium over the first spatial
subspace.
[3098] 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 determine a first backoft counter for contending for a
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transnussion opportunity (TXOP} in a communication medium over a first spatial subspace;
code for causing the first wireless communication device to detect a transmission in the
TXOP withun the first spatial subspace; and code for causing the first wireless communication
device to determine a second backoff counter for contending for the TXOP over a second
spatial subspace that is different from the first spatial subspace based on the detection,

{6699] In some embodiments, the second spatial subspace 13 part of the firs{ spatial subspace,
and wherein the detected transmission is in a different spatial subspace than the second spatial
subspace. In some embodiments, the computer-readable medium further comprises code for
causing the first wireless communication device to fransmit, o a second wireless
communication device, a commumication signal within the second spatial subspace when the
second backoff counter has counted to completion within the TXOP; and code for causing the
first wireless communication device to determine a third backoff counter for contending for a
subsequent TXOP in the communication medium over the first spatial subspace based on a
contention window. In some embodiments, the code for causing the first wireless
communication device o determine the second backoft counter is further configured to
assign, 1o the second backoft counter, a value of the first backoff counter when the
transmussion 1s detected. In some embodiments, the second backoft counier has not counted
to completion at an end of the TXOP, and wherein the computer-readable medium further
comprises code for causing the first wireless communication device to assign a value of the
second backoff counter 1o a third backoff counter for contending for a subsequent TXOP in
the communication medium over the first spatial subspace. In some embodiments, the code
for causing the first wireless commumnication device to determine the first backoft counter is
further configured to determine the first backoff counter based on a first contention window.
In some embodiments, the computer-readable medium further compnses code for causing the
first wireless commurnication device to update the first contention windows based on at least
one of a transmission error rate in the first spatial subspace and a transmission error rate in the
second spatial subspace. In some embodiments, the code for causing the first wireless
commumnication device o determine the second backoff counter 1s further configured to
determine the second backoff counter based on a second contention window. In some
embodiments, the first contention window and the second contention window are different.

in some embodiments, the computer-readable medium further compnses code for causing the
first wireless communication device to update the first contention window based on a
transmission error rate in the first spatial subspace; and code for causing the first wireless
communication device o update the second contention window based on a transmission error
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rate in the second spatial subspace. In some embodiments, the computer-readable medium
further comprises code for causing the first wireless communication device to assign a value
of the first backott counter when the transimussion is detected to a third backoff counter for
contending for a next TXOP 1o the conununication medium over the first spatial subspace.
[G1006] Further embodiments of the present disclosure include an apparatus comprising means
for determining a first backoff counter for contending for a transmission opportunity {TX0OP)
in a commurication mediurn over a first spatial subspace; means for detecting a transnussion
in the TXOP within the first spatial subspace; and means for determuning a second backoff
counter for contending for the TXOP over a second spatial subspace that is different from the
first spatial subspace based on the detection.

[3101] In some embodiments, the second spatial subspace 1s part of the first spatial subspace,
and wherein the detected transmission is inn a different spatial subspace than the second spatial
subspace. In some embodiments, the apparatus further comprises means for transmitting, (o a
second wireless communication device, a commumnication signal within the second spatial
subspace when the second backoff counter has counted to completion within the TXOP; and
means for determining a third backoff counter for contending for a subsequent TXOP i the
communication medium over the first spatial subspace based on a contention window. In
some embodiments, the means for deternmuning the second backoff counter is further
configured to assign, to the second backoff counter, a value of the first backoff counter when
the transmission is detected. In some embodiments, the second backoff counter has not
counted to completion at an end of the TXOP, and wherein the apparatus further comprises
means for assigning a value of the second backoff counter to a third backoff counter for
contending for a subsequent TXOP in the communication medium over the first spatial
subspace. In some embodiments, the means for determuning the first backoff counter is
further configured to determine the first backoft counter based on a first contention window.
In some embodiments, the apparatus further comprises means for updating the first contention
windows based on at least one of a transmission error rate in the first spatial subspace and a
transmission error rate in the second spatial subspace. In some embodiments, the means for
determining the second backoft counter is further configured to determine the second backoff
counter based on a second contention window. In some embodiments, the first contention
window and the second contention window are different. In some embodiments, the
apparatus turther comprises means for updating the first contention window based on a
transmission error rate in the first spatial subspace; and means for updating the second

contention window based on a transmission error rate in the second spatial subspace. In some
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embodiments, the apparatus further comprises means for assigning a value of the first backoff
counter when the transmission 1s detected to a third backoff counter for contending for a next
TXOP in the commumication medivm over the first spatial subspace.

[3102] As those of some skill in this art will by now appreciate and depending on the
particular application at hand, many modifications, substitutions 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
iustrated and described herein, as they are merely by way of some examples thereof, bt
rather, should be fully commensurate with that of the claims appended hereafter and their

functional equivalents.



CLAIMS

1. A method of wireless communication, comprising: determining, by a first wireless
communication device, a first backoff counter for contending for a transmission opportunity
(TXOP) in a communication medium over a first spatial subspace, wherein the determining the
first backoff counter is based on a first contention window; detecting, by the first wireless
communication device, a transmission in the TXOP within the first spatial subspace; and
determining, by the first wireless communication device, a second backoff counter for
contending for the TXOP over a second spatial subspace that is different from the first spatial
subspace based on the detecting, wherein the determining the second backoff counter is based on
a second contention window.

2. The method of claim 1, wherein the second spatial subspace is part of the first spatial
subspace, and wherein the detected transmission is in a different spatial subspace than the second
spatial subspace.

3. The method of claim 1, further comprising: transmitting, by the first wireless communication
device to a second wireless communication device, a communication signal within the second
spatial subspace when the second backoff counter has counted to completion within the TXOP;
and determining, by the first wireless communication device, a third backoff counter for
contending for a subsequent TXOP in the communication medium over the first spatial subspace
based on a contention window.

4. The method of claim 1, wherein the determining the second backoff counter includes
assigning, to the second backoff counter, a value of the first backoff counter when the
transmission is detected.

5. The method of claim 1, wherein the second backoff counter has not counted to completion at
an end of the TXOP, and wherein the method further comprises assigning, by the first wireless
communication device, a value of the second backoff counter to a third backoff counter for
contending for a subsequent TXOP in the communication medium over the first spatial subspace.

6. The method of claim 1, further comprising: updating, by the first wireless communication
device, the first contention window based on at least one of a transmission error rate in the first
spatial subspace or a transmission error rate in the second spatial subspace.

7. The method of claim 1, wherein the first contention window and the second contention
window are different.

8. The method of claim 1, further comprising: updating, by the first wireless communication
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device, the first contention window based on a transmission error rate in the first spatial
subspace; and updating, by the first wireless communication device, the second contention
window based on a transmission error rate in the second spatial subspace.

9. The method of claim 1, further comprising: assigning, by the first wireless communication
device, a value of the first backoff counter when the transmission is detected to a third backoff
counter for contending for a subsequent TXOP in the communication medium over the first
spatial subspace.

10. An apparatus comprising: a processor configured to: determine a first backoff counter for
contending for a transmission opportunity (TXOP) in a communication medium over a first
spatial subspace based on a first contention window; detect a transmission in the TXOP within
the first spatial subspace; and determine a second backoff counter for contending for the TXOP
over a second spatial subspace that is different from the first spatial subspace based on the
detection and a second contention window.

11. The apparatus of claim 10, wherein the second spatial subspace is part of the first spatial
subspace, and wherein the detected transmission is in a different spatial subspace than the second
spatial subspace.

12. The apparatus of claim 10, further comprising a transceiver configured to transmit, to a
second wireless communication device, a communication signal within the second spatial
subspace when the second backoff counter has counted to completion within the TXOP, and
wherein the processor is further configured to determine a third backoff counter for contending
for a subsequent TXOP in the communication medium over the first spatial subspace based on a
contention window.

13. The apparatus of claim 10, wherein the processor is further configured to determine the
second backoff counter by assigning, to the second backoff counter, a value of the first backoff
counter when the transmission is detected.

14. The apparatus of claim 10, wherein the second backoff counter has not counted to
completion at an end of the TXOP, and wherein the processor is further configured to assign a
value of the second backoff counter to a third backoff counter for contending for a subsequent
TXOP in the communication medium over the first spatial subspace.

15. The apparatus of claim 10, wherein the processor is further configured to update the first

contention window based on at least one of a transmission error rate in the first spatial subspace
or a transmission error rate in the second spatial subspace.
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16. The apparatus of claim 10, wherein the first contention window and the second contention
window are different.

17. The apparatus of claim 10, wherein the processor is further configured to: update the first
contention window based on a transmission error rate in the first spatial subspace; and update the
second contention window based on a transmission error rate in the second spatial subspace.

18. The apparatus of claim 10, wherein the processor is further configured to assign a value of
the first backoff counter when the transmission is detected to a third backoff counter for
contending for a subsequent TXOP in the communication medium over the first spatial subspace.

19. A non-transitory computer-readable medium having program code recorded thereon, the
program code comprising: code for causing a first wireless communication device to determine a
first backoff counter for contending for a transmission opportunity (TXOP) in a communication
medium over a first spatial subspace based on a first contention window; code for causing the
first wireless communication device to detect a transmission in the TXOP within the first spatial
subspace; and code for causing the first wireless communication device to determine a second
backoff counter for contending for the TXOP over a second spatial subspace that is different
from the first spatial subspace based on the detection and based on a second contention window.

20. The non-transitory computer-readable medium of claim 19, wherein the second spatial
subspace is part of the first spatial subspace, and wherein the detected transmission is in a
different spatial subspace than the second spatial subspace.

21. The non-transitory computer-readable medium of claim 19, further comprising: code for
causing the first wireless communication device to transmit, to a second wireless communication
device, a communication signal within the second spatial subspace when the second backoff
counter has counted to completion within the TXOP; and code for causing the first wireless
communication device to determine a third backoff counter for contending for a subsequent
TXOP in the communication medium over the first spatial subspace based on a contention
window.

22. The non-transitory computer-readable medium of claim 19, wherein the code for causing the
first wireless communication device to determine the second backoff counter is further
configured to assign, to the second backoff counter, a value of the first backoff counter when the
transmission is detected.

23. The non-transitory computer-readable medium of claim 19, wherein the second backoff

counter has not counted to completion at an end of the TXOP, and wherein the computer-
readable medium further comprises code for causing the first wireless communication device to

32



assign a value of the second backoff counter to a third backoff counter for contending for a
subsequent TXOP in the communication medium over the first spatial subspace.

24. The non-transitory computer-readable medium of claim 19, further comprising: code for
causing the first wireless communication device to update the first contention window based on
at least one of a transmission error rate in the first spatial subspace or a transmission error rate in
the second spatial subspace.

25. The non-transitory computer-readable medium of claim 19, wherein the first contention
window and the second contention window are different.

26. The non-transitory computer-readable medium of claim 19, further comprising: code for
causing the first wireless communication device to update the first contention window based on a
transmission error rate in the first spatial subspace; and code for causing the first wireless
communication device to update the second contention window based on a transmission error
rate in the second spatial subspace.

27. The non-transitory computer-readable medium of claim 19, further comprising: code for
causing the first wireless communication device to assign a value of the first backoff counter
when the transmission is detected to a third backoff counter for contending for a subsequent
TXOP in the communication medium over the first spatial subspace.

33



