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(57) Abstract: Methods, systems, and devices are described for signaling soft time division multiplexing (TDM) assignment inform -
ation in an enhanced distributed channel access (EDCA) operation. The soft TDM assignment may be sent to one or more nodes of a
group of nodes to communicate with indicated priority access parameters during at least one of a plurality of time slots. The soft
TDM assignment may also convey one or more backotf operation rules to at least one of the one or more nodes. Further, primary and
secondary non-concurrent nodes may be identified and a signal sent to the secondary node for it to communicate, at a ditferent prior -
ity than the primary node, during at least one of a plurality of non-concurrent time slots the primary node is communicating during.
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SIGNALING SOFT TIME DIVISION MULTIPLEXING IN ENHANCED
DISTRIBUTED CHANNEL ACCESS

CROSS REFERENCES
[0001] The present Application for Patent claims priority to U.S. Patent Application No.
14/719,000 by Zhou et al., entitled “Signaling Soft Time Division Multiplexing in Enhanced
Distributed Channel Access,” filed May 21, 2015, and U.S. Provisional Patent Application
No. 62/002,456 by Zhou et al., entitled “Signaling Soft Time Division Multiplexing in
Enhanced Distributed Channel Access,” filed May 23, 2014; each of which is assigned to the

assignee hereof.

BACKGROUND
[0002] 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 multiple-access systems capable of supporting communication with
multiple users by sharing the available system resources (e.g., time, frequency, and power).
Examples of such multiple-access systems include code-division multiple access (CDMA)
systems, time-division multiple access (TDMA) systems, frequency-division multiple access

(FDMA) systems, and orthogonal frequency-division multiple access (OFDMA) systems.

[0003] A wireless communications network may include a number of network devices such
as access points (APs) that can support communication for a number of wireless devices. A
wireless device may communicate with a network device bi-directionally. For example, in a
wireless local area network (WLAN), a station (STA) may communicate with an associated
AP via downlink and uplink. The downlink (or forward link) refers to the communication
link from the AP to the station, and the uplink (or reverse link) refers to the communication

link from the station to the AP.

[0004] In WLANS, there may be cases in which multiple STAs are in communication with
a particular AP. Access to the wireless medium may be controlled through a medium access
control (MAC), which may allow different STAs to access a wireless channel according to
enhanced distributed channel access (EDCA) rules. According to EDCA rules, STAs may be

separated into groups with a transmit opportunity (TXOP), which is a duration of time slot
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during which STAs within the group are allowed to continually access the medium without
backoff. In some deployments, a wireless network may have multiple different access
priorities for each group and, within each group, priorities according to an access class of
data that is transmitted using the wireless channel, each of which may have a different TXOP
limit.

[0005] In order to enhance utilization of each time slot (or TXOP), EDCA based soft time
division multiplexing (TDM) may provide for STAs within a group of STASs to access the
wireless medium during a particular time slot. The STAs within the group may be permitted
to access the wireless medium during the time slot at a priority lower than STAs in a second
group. Alternatively, the STAs within the group may be permitted to access the wireless
medium during the time slot at a priority higher than STAs in the second group. There is a
need, however, to signal the appropriate operational parameters for each time slot, e.g., STA
group identification information, EDCA parameters for each STA group, time slot
information, etc., to the STAs within the group to ensure successful access during the

appropriate time slot.

SUMMARY
[0006] Various methods, systems, devices, and apparatuses are described for soft time
division multiplexing (TDM) in enhanced distributed channel access (EDCA). Broadly,
signaling and backoff rules are described for general soft TDM operations as well as soft
TDM signaling for non-concurrent users. In some aspects, general soft TDM signaling may
include sending EDCA parameters for each station (STA) group in a reserved time slot and
EDCA parameters for STAs communicating outside a soft TDM time slot. The signaling
may include one or more soft TDM assignment fields sent to a group of STAs (or nodes) to
communicate during one or more time slots with different priorities. The soft TDM
assignment field may include connection information that STAs from the group utilize to
communicate during the time slots . One (or more) of the STAs in a group of STAs may
include a backoff timer associated with backoff operations at a boundary of the time slot.
The soft TDM assignment field may also include information indicative of backoff operation
rules for the STAs to use for backoff operations, e.g., pause/restart the backoff timer per time

slot, reset the backoff timer for cach time slot, ctc.
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[0007] Further, the described features may provide for soft TDM signaling for non-
concurrent users. Primary STAs (or nodes) may be identified to communicate during a non-
concurrent time slot. Secondary STAs (or nodes) may also be identified to communicate
during the non-concurrent time slot. In some aspects, a signal may be sent to the secondary
nodes that conveys connection information for the secondary node to communicate during the
non-concurrent time slot. The connection information may permit the secondary node to
communicate during the non-concurrent time slot at a different priority level than the primary

node to ensure full utilization of the non-concurrent time slot.

[0008] In a first sct of illustrative embodiments, a method for wireless communication is
described. The method may include: sending a signal comprising one or more soft time
division multiplexing (TDM) assignment fields to a first group of nodes, wherein at least one
of the soft TDM assignment fields is configured to convey connection information to the first
group of nodes to communicate during at least one time slot at a first priority level that is
different from a second priority level of a second group of nodes communicating during the
at least one time slot; and communicating with at least one node from the first group of nodes

during the at least one time slot at the first priority level.

[0009] In some aspects, the connection information may include one or more of
identification data for each group of nodes communicating during the at least one time slot, a
set of enhanced distributed channel access parameters for the groups of nodes communicating
during the at least one time slot, and a time slot parameter identifying the at least one time
slot. The identification data may include at least one of an identification code associated with
one or more nodes in one or more groups of nodes, a range of identification codes associated
with one or more nodes in one or more groups of nodes, and an index of predefined
identification codes for one or more groups of nodes. The set of enhanced distributed
channel access parameters may include one or more of a minimum contention window size, a
maximum contention window size, an arbitration inter-frame space number, and a transmit
opportunity for each group of nodes. The time slot parameter may include a start time and a
duration field for the first time slot or a start time and an end time for the at least one time

slot.

[0010] In some aspects, the at least one of the soft TDM assignment fields may include one

or more of information identifying operating channels of an enhanced distributed channel
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access, default enhanced distributed channel access parameters to be used by unspecified
nodes during the at least one time slot, enhanced distributed channel access parameters to be
used per group of nodes during a second time slot that is different from the at least one time
slot, and default enhanced distributed channel access parameters to be used by nodes outside

of any specified time slot.

[0011] In some aspects, the at least one of the soft TDM assignment fields may be sent in at
least one of a beacon, a probe request message, a probe response message, an association
request message, or an association response message. The at least one time slot may include
a plurality of time slots that ecach repeat on a recurring schedule and the at least one of the

soft TDM assignment fields may comprise periodicity information.

[0012] In some aspects, the at least one of the soft TDM assignment field may convey the
connection information associated with each time slot in every period to at least one of a
plurality of groups of nodes scheduled to communicate during that time slot in every period.
The signal may include a common enhanced distributed channel access parameters for a
primary group of nodes and a secondary group of nodes to use during each time slot in every
period. Each soft TDM assignment field may identify tnodes to use the common enhanced
distributed channel access parameters as the primary group of nodes and nodes to use the

common enhanced distributed channel access parameters as the secondary group of nodes.

[0013] In some aspects, at least one node in each group of nodes may include a backoff
timer associated with backoff operations performed at a boundary of the at least one time slot.
The signal may include at least one backoff operations rule that indicates to the at least one
node in each group of nodes to: update the backoff timer based at least in part on the
connection information in the at least one of the soft TDM assignment fields; and reset the

backoff timer at the beginning of at least the first time slot.

[0014] In some aspects, at least one node communicating on the enhanced distributed
channel access may include a plurality of backoff timers associated with backoff operations
performed at a boundary of a time slot during which the at least one node is communicating,
cach backoff timer associated with a particular time slot in a recurring schedule. The signal
may include at least one backoff operations rule that indicates to the at least one node to:
pause the associated backoff timer at the end of each time slot in the recurring schedule

during which the node is communicating; and restart the associated backoff timer at the
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beginning of a next subsequently occurring time slot in the recurring schedule during which

the node is communicating.

[0015] In some aspects, at least one node communicating on the enhanced distributed
channel access may include a primary backoff timer associated with backoff operations
performed at a boundary of primary time slot during which the at least one node is
communicating and a secondary backoff timer associated with backoff operations performed
at a boundary of a secondary time slot during which the at least one node is communicating.
The signal may include at least one backoff operations rule that indicates to the at least one
node in each group of nodes to: pause the primary backoff timer at the end of the primary
time slot during which the at least one node is communicating; and restart the primary
backoff timer at the beginning of a next subsequently occurring primary time slot during
which the at least one node is communicating. The signal may include at least one backoff
operations rule that indicates to the at least one node in each group of nodes to: reset the
secondary backoff timer at the beginning of each recurring secondary time slot during which

the at least one node is communicating.

[0016] In a second set of illustrative embodiments, an apparatus for wireless
communication is described. The apparatus may include: a soft TDM assignment component
configured to send a signal comprising one or more soft TDM assignment fields to a first
group of nodes, wherein at least one of the soft TDM assignment fields is configured to
convey connection information to the first group of nodes to communicate during at least one
time slot at a first priority level that is different from a second priority level of a second group
of nodes communicating during the at least one time slot; and the soft TDM assignment
component further configured to communicate with at least one node from the first group of

nodes during the at least one time slot at the first priority level.

[0017] In some aspects, the connection information may include one or more of
identification data for each group of nodes communicating during the at least one time slot, a
set of enhanced distributed channel access parameters for the groups of nodes communicating
during the at least one time slot, and a time slot parameter identifying the at least one time
slot. The identification data may include at least one of an identification code associated with

one or more nodes in one or more groups of nodes, a range of identification codes associated
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with one or more nodes in one or more groups of nodes, and an index of predefined

identification codes for one or more groups of nodes.

[0018] In some aspects, the set of enhanced distributed channel access parameters may
include one or more of a minimum contention window size, a maximum contention window
size, an arbitration inter-frame space number, and a transmit opportunity for each group of
nodes. The time slot parameter may include a start time and a duration field for the at least
one time slot or a start time and an end time for the time slot. The at least one of the soft
TDM assignment fields may include one or more of information identifying operating
channels of an enhanced distributed channel access, default enhanced distributed channel
access parameters to be used by unspecified nodes during the at least one time slot, enhanced
distributed channel access parameters to be used per group of nodes during a second time slot
that is different from the at least one time slot, and default enhanced distributed channel

access parameters to be used by nodes outside of any specified time slot.

[0019] In some aspects, the at least one of the soft TDM assignment fields may be sent in at
least one of a beacon, a probe request message, a probe response message, an association
request message, or an association response message. The at least one time slot may include
a plurality of time slots that ecach repeat on a recurring schedule and the at least one of the
soft TDM assignment fields may comprise periodicity information. The at least one of the
soft TDM assignment field may convey the connection information associated with each time
slot in every period to at least one of a plurality of groups of nodes scheduled to communicate
during that time slot in every period. The signal may include a common enhanced distributed
channel access parameters for a primary group of nodes and a secondary group of nodes to
use during each time slot in every period. Each soft TDM assignment field may identify
nodes to use the common enhanced distributed channel access parameters as the primary
group of nodes and nodes to use the common enhanced distributed channel access parameters

as the secondary group of nodes.

[0020] In a third set of illustrative embodiments, an apparatus for wireless communication
is described. The apparatus may include: at least one processor; a memory in electronic
communication with the at least one processor; and instructions stored in the memory, the
instructions being executable by the at least one processor. The instructions may be

executable by the processor to: send a signal comprising one or more soft TDM assignment
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fields to a first group of nodes, wherein at least one of the soft TDM assignment fields is
configured to convey connection information to the first group of nodes to communicate
during at least one time slot at a first priority level that is different from a second priority
level of a second group of nodes communicating during the at least one time slot; and
communicate with at least one node from the first group of nodes during the at least one time

slot at the first priority level.

[0021] In a fourth set of illustrative embodiments, a method for wireless communication is
described. The method may include: identifying at least one primary node to communicate
during at least one non-concurrent time slot of an enhanced distributed channel access;
identifying at least one secondary node to communicate during the at least one non-
concurrent time slot; and sending a signal to the at least one secondary node to convey
connection information, the connection information for the secondary node to communicate
during the non-concurrent time slot, the secondary node communicating during the non-
concurrent time slot at a first priority level that is different from a second priority level of the

primary node.

[0022] In some aspects, the connection information may be conveyed in a beacon sent from
an access point, and the method may also include communicating with the at least one
secondary node based upon the secondary node receiving the beacon from the access point.
The method may also include broadcasting, by at least one access point operating on the
enhanced distributed channel access, connection information comprising a non-concurrent
time slot schedule, an enhanced distributed channel access configuration information, and an
indicator field identifying whether the at least one access point permits secondary nodes to

communicate during the non-concurrent time slot at the first priority than the primary node.

[0023] In some aspects, the method may also include broadcasting, by at least one access
point operating on the enhanced distributed channel access, connection information
associated with the at least one access point and connection information associated with at
least one neighbor access point. The connection information for the at least one access point
and the at least one neighbor access point may include a non-concurrent time slot schedule
for each access point, an enhanced distributed channel access configuration information for
cach access point, and an indicator field identifying whether each access point permits

secondary nodes to communicate during the non-concurrent time slot at the first priority.
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[0024] In some aspects, the connection information may include a soft TDM assignment
field for the non-concurrent time slot. The soft TDM assignment field may include one or
more of an indicator field identifying whether an access point permits secondary nodes to
communicate during the non-concurrent time slot at the a first priority that is different from a
second priority level of the primary node, an enhanced distributed channel access
configuration information for the primary node, and an enhanced distributed channel access
configuration information for the secondary node. The soft TDM assignment field may
include one or more of identification data identifying the at least one primary node and the at
least one secondary node. The identification data may include at least one of an identification
code associated with one or more nodes in one or more groups of nodes, a range of
identification codes associated with one or more nodes in one or more groups of nodes, and

an index of predefined identification codes for one or more groups of nodes.

[0025] In some aspects, the at least one non-concurrent time slot may be repeated on a
recurring schedule and the soft TDM assignment fields may include periodicity information.
The soft TDM assignment field may convey to at least one node a first non-concurrent time
slot and one or more subsequent non-concurrent time slots to communicate during using the

connection information associated with the first non-concurrent time slot.

[0026] In some aspects, the secondary node communicating during the non-concurrent time
slot at the first priority level different from the second priority level of the primary node may
use reduced enhanced distributed channel access parameters with respect to enhanced
distributed channel access parameters used by the primary node. The reduced enhanced
distributed channel access parameters used by the secondary nodes may include, with respect
to the enhanced distributed channel access parameters used by the primary node, one or more
of a larger minimum contention window size, a larger maximum contention window size, a

larger arbitration inter-frame space number, and a shorter transmit opportunity.

[0027] In some aspects, the secondary node communicating during the non-concurrent time
slot at the first priority level different from the second priority level of the primary node may
reduce a carrier clearance assessment energy detection threshold for the secondary nodes in

relation to a carrier clearance assessment energy detection threshold for the primary nodes.

[0028] In some aspects, the secondary node communicating during the non-concurrent time

slot at the first priority level different from the second priority level of the primary node may
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receive from an access point operating on the enhanced distributed channel access, a signal
indicating that the access point has no information to communicate during the non-concurrent

time slot; and communicate during the non-concurrent time slot based on receiving the signal.

[0029] In some aspects, the secondary node communicating during the non-concurrent time
slot at the first priority level different from the second priority level of the primary node may
determine that an access point operating on the enhanced distributed channel access is not
communicating with any of the primary nodes for a predetermined time threshold during the
non-concurrent time slot; and communicates during the non-concurrent time slot based on

the determination.

[0030] In a fifth set of illustrative embodiments, an apparatus for wireless communication
is described. The apparatus may include: a non-concurrent time slot access component
configured to identify at least one primary node to communicate during at least one non-
concurrent time slot of an enhanced distributed channel access and to identify at least one
secondary node to communicate during the at least one non-concurrent time slot; and a
transmitter configured to send a signal to the at least one secondary node to convey
connection information, the connection information for the secondary node to communicate
during the non-concurrent time slot, the secondary node communicating during the non-
concurrent time slot at a first priority level that is different from a second priority level of the

primary node.

[0031] In some aspects, the connection information may be conveyed in a beacon sent from
an access point, the non-concurrent time slot access component further configured to
communicate with the at least one secondary node based upon the secondary node receiving
the beacon from the access point. The non-concurrent time slot access component further
configured to: broadcast, by at least one access point operating on the enhanced distributed
channel access, connection information comprising a non-concurrent time slot schedule, an
enhanced distributed channel access configuration information, and an indicator field
identifying whether the at least one access point permits secondary nodes to communicate

during the non-concurrent time slot at the different priority than the primary node.

[0032] In a sixth set of illustrative embodiments, an apparatus for wireless communication
is described. The apparatus may include: at least one processor; a memory in electronic

communications with the at least one processor; and instructions stored in the memory, the
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instructions being executable by the at least one processor. The instructions may be
executable by the at least one processor to: identify at least one primary node to communicate
during at least one non-concurrent time slot of an enhanced distributed channel access;
identify at least one secondary node to communicate during the non-concurrent time slot; and
send a signal to the at least one secondary node to convey connection information, the
connection information for the secondary node to communicate during the non-concurrent
time slot, the secondary node communicating during the non-concurrent time slot at a first

priority level that is different from a second priority level of the primary node.

[0033] Further scope of the applicability of the described methods and apparatuses will

become apparent from the following detailed description, claims, and drawings. The detailed
description and specific examples are given by way of illustration only, since various changes
and modifications within the spirit and scope of the description will become apparent to those

skilled in the art.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034] A further understanding of the nature and advantages of the present disclosure may
be realized by reference to the following drawings. In the appended figures, similar
components or features may have the same reference label. Further, various components of
the same type may be distinguished by following the reference label by a dash and a second
label that distinguishes among the similar components. If only the first reference label is
used in the specification, the description is applicable to any one of the similar components

having the same first reference label irrespective of the second reference label.

[0035] FIG. 1 shows a diagram that illustrates an example of a wireless local area network
(WLAN) that supports enhanced distributed channel access (EDCA) based operations

according to various aspects of the present disclosure;

[0036] FIG. 2 shows a signal flow diagram of a wireless communication system according

to various aspects of the present disclosure;

[0037] FIG. 3 shows a diagram of an example soft time division multiplexing (TDM)

signaling information element according to various aspects of the present disclosure;
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[0038] FIG. 4 shows a signal flow diagram of a wireless communication system according

to various aspects of the present disclosure;

[0039] FIGs. 5A and 5B show diagrams of examples of soft TDM field for periodic

operations according to various aspects of the present disclosure;

[0040] FIG. 6 shows a signal flow diagram of a wireless communication system according

to various aspects of the present disclosure;

[0041] FIG. 7 shows a signal flow diagram of a wireless communication system according

to various aspects of the present disclosure;

[0042] FIG. 8 shows a block diagram of an apparatus configured for communication in a

wireless communication system according to various aspects of the present disclosure;

[0043] FIG. 9 shows a block diagram of an apparatus configured for communication in a

wireless communication system according to various aspects of the present disclosure;

[0044] FIG. 10 shows a block diagram of an apparatus configured for communication in a

wireless communication system according to various aspects of the present disclosure;

[0045] FIG. 11 shows a block diagram of an apparatus configured for communication in a

wireless communication system according to various aspects of the present disclosure;

[0046] FIG. 12 shows a block diagram of an apparatus configured for communication in a

wireless communication system according to various aspects of the present disclosure;

[0047] FIG. 13 shows a block diagram of a device configured for communication in a

wireless communication system according to various aspects of the present disclosure; and

[0048] FIGs. 14-17 show flowcharts illustrating examples of methods for wireless

communications according to various aspects of the present disclosure.

DETAILED DESCRIPTION

[0049] The described examples are directed to methods, systems, devices, and apparatuses
for signaling soft time division multiplexing (TDM) in a wireless communications network
that may ensure time slot utilization through various signaling schemes. Efficient use of one

or more time slots in enhanced distributed channel access (EDCA) operations may allow
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stations (STAs) (or nodes) to successfully communicate information in a timely manner while
maximizing time frequency resources. For example, soft TDM assignment fields may be sent
to one or more groups of STAs communicating on the wireless network. One or more of the
soft TDM assignment fields may be sent to a group of STAs to communicate during a time
slot and include connection information for the time slot. One or more STAs of the group of
STAs may utilize the connection information to communicate during the time slot at a lower
priority level than STAs from a different group of STAs that communicate during the time
slot. In some examples, one or more STAs of the group of STAs may utilize the connection
information to communicate during the time slot at a higher priority level than STAs from a
different group of STAs that communicate during the time slot. In some examples, the
connection information may also provide one or more backoff rules for the communicating

STAs to use for backoff operations at a boundary of the time slot.

[0050] Soft TDM signaling may be achieved, according to certain examples, for non-
concurrent STAs as well. Primary and secondary STAs may be identified. The secondary
STAs may communicate during a non-concurrent time slot. Connection information may be
communicated to the secondary STAs where the secondary STAs use the connection
information to communicate during the non-concurrent time slot. The secondary STAs may
communicate, however, at a different priority level than the primary STA that communicate

during the non-concurrent time slot.

[0051] The soft TDM signaling techniques presented herein are generally described in
connection with wireless local area networks (WLANS) for simplicity. The same or similar
techniques, however, may be used for various other wireless communications systems such as
Wi-Fi networks, cellular wireless systems, peer-to-peer wireless communications, ad hoc
networks, satellite communications systems, and other systems. These wireless
communication systems may employ a variety of radio communication technologies such as
Code Division Multiple Access (CDMA), Time Division Multiple Access (TDMA),
Frequency Division Multiple Access (FDMA), Orthogonal FDMA (OFDMA), Single-Carrier
FDMA (SC-FDMA), and/or other radio technologies. Generally, wireless communications
are conducted according to an implementation of radio communication technologies called a
Radio Access Technology (RAT). A wireless communication system or network that

implements a Radio Access Technology may be called a Radio Access Network (RAN). The
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terms “system” and “network” may be used interchangeably. The terms wireless station

(“STA”) and “node” may be used interchangeably.

[0052] Thus, the following description provides examples, and is not limiting of the scope,
applicability, or configuration set forth in the claims. Changes may be made in the function
and arrangement of elements discussed without departing from the spirit and scope of the
disclosure. Various examples may omit, substitute, or add various procedures or components
as appropriate. For instance, the methods described may be performed in an order different
from that described, and various steps may be added, omitted, or combined. Also, features

described with respect to certain examples may be combined in other examples.

[0053] Referring first to FIG. 1, a WLAN 100 is shown that is configured to provide soft
TDM signaling in EDCA, according to various aspects of the present disclosure. The WLAN
100 includes an AP 105 and multiple associated wireless stations (or STAs) 115. In this
example, there are shown seven (7) STAs 115, which are identified as STA 1, STA 2,
STA 3,STA 4,STA 5,STA 6, and STA 7. The WLAN 100, however, may have more or
fewer stations 115 than those shown in FIG. 1 since the number shown is simply for
illustrative purposes. In some examples, the STAs 115 may be divided into one or more
groups where different groups communicate during different time slots (or TXOP) associated
with the EDCA configuration. The STAs 115 may be divided into groups based on, for
example, distance from AP 105, types of information to communicate, configuration of STA
115, and the like. The STAs 115 from a group 1 may communicate during a first time slot,
STAs 115 from a group 2 may communicate during a second time slot, and so on. The
authorized STAs 115 may communicate during the time slots on a recurring or periodic

schedule.

[0054] The AP 105 and the associated STAs 115 may represent a basic service set (BSS).
The various stations (STAs) 115 in the BSS are able to communicate with one another
through the AP 105. Also shown is a coverage arca 120 of the AP 105, which may represent
a basic service areca (BSA) of the WLAN 100. Although not shown in FIG. 1, the BSS
associated with the WLAN 100 may be connected to a wired or wireless distribution system

(DS) that allows multiple APs to be connected in an extended service set.

[0055] The AP 105 may be configured to communicate bi-directionally with each of the

STAs 115 using transmissions 130. The transmissions 130 may include downlink
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transmissions (¢.g., beacon frames) that are sent from the AP 105 to a STA 115 as well as
uplink transmissions of data frames that are sent from a STA 115 to the AP 105. Different
STAs 115 transmitting using a wireless medium simultaneously may result in collisions in
transmissions, which may degrade the efficiency of the WLAN 100. EDCA rules may
provide for the STAs 115 to be divided into groups to avoid such collisions where each group
of STAs 115 is associated with a dedicated time slot. Each group of STAs 115 may
communicate during an associated time slot. Following a time slot (e.g., TXOP), a station
115 nay wait for a backoff period prior to attempting another transmission. The backoff
period may be set based on a contention window (CW) value that is defined for the WLAN
100, as a value between a minimum CW value (CWmin) and a maximum CW value
(CWmax). Contention mechanisms may provide for a STA 115 attempting retransmissions

following backoff periods following each detection of a collision.

[0056] Soft TDM in EDCA may allow the STAs 115 from a group of STAs 115 to access
the time slots with a different priority than a second group of STAs 115. For example, the
STAs 115 may communicate during the time slot at a lower priority than STAs 115 from the
second group if the STAs 115 of the second group have no traffic to communicate during the
time slot. According to various techniques described in more detail below, improved
signaling of soft TDM information in EDCA may provide for improved utilization of
resources by STAs 115. The described techniques may provide for sending soft TDM
signaling to convey connection information associated with a wireless medium, e.g., EDCA
connection parameters, time slot information, STA 115 group parameters, periodicity
information, etc. Additionally or alternatively, backoff rule information may also be
conveyed in the soft TDM assignment information. One or more STAs 115 may receive the

backoff rule and control one or more backoff timers accordingly.

[0057] The WLAN 100 may also be configured to support non-concurrent (NC) time slots
that provide for orthogonal time slots assigned to STAs 115 positioned at the edge of
coverage area 120 in different BSSs to reduce mutual interference. Certain edge STAs 115
may communicate in a first NC time slot and other STAs 115 may communicate in a second
NC time slot. In some aspects, the described techniques may provide for signaling soft TDM
assignment information to the edge STAs 115 communicating in the NC time slots that

authorizes the edge STAs 115 to access other NC time slots. The secondary edge STAs 115
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may be permitted to communicate during a NC time slot if a primary STA 115 has no traffic

to communicate during the NC time slot, for example.

[0058] FIG. 2 is a signal flow diagram 200 illustrating communication in a wireless
communication system according to various aspects of the present disclosure. The signal
flow diagram 200 may illustrate aspects of the WLAN 100 described with reference to FIG.
1. The signal flow diagram 200 includes a first node 205, a second node 115-a, and a third
node 115-b. The second node 115-a may be associated with a first group of nodes and the
third node 115-b may be associated with a second group of nodes. The first node 205 may be
an example of the AP 105 and/or the wireless stations (STAs) 115 described with respect to
the WLAN 100 of FIG. 1. The second node 115-a and the third node 115-b may be examples
of the wireless STAs 115 described above with respect to the WLAN 100 of FIG. 1.
Although the signal flow diagram 200 only shows one node (115-a and 115-b) associated
with the first and second groups of nodes, the first and second groups of nodes may have
more or fewer nodes 115. The signal flow diagram 200 may, for example, illustrate soft

TDM assignment signaling in an EDCA environment.

[0059] The first node 205 may configure one or more soft TDM assignment fields at 210.
At least one of the soft TDM assignment fields may include connection information to
convey to the nodes from group 1 (e.g., the second node 115-a) an authorization for the nodes
to communicate during at least one time slot. The at least one soft TDM assignment field
may include information identifying each group of nodes communicating during the at least
one time slot, channel access parameters for the EDCA configuration for the at least one time
slot, parameters identifying the at least one time slot, and the like. At 215, the first node 205
may send a signal 220 to the node(s) from the first group of nodes (e.g., the second node 115-
a) that includes the soft TDM assignment field. The first node 205 may communicate with
the second node 115-a at 225 during the at least one time slot using the connection
information conveyed in the soft TDM assignment field. The first node 205 may also
communicate with the third node 115-b at 225. The first node 205 may communicate with

the second node 115-a at a lower or higher priority level with respect to the third node 115-b.

[0060] FIG. 3 shows a diagram 300 of an example soft TDM signaling information
element according to various aspects of the present disclosure. The soft TDM signaling

information element of the diagram 300 may be an example of the signal 220 communicated
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to the STA or node 115, as described with reference to FIG. 1 or 2. The soft TDM signaling
information element may include an element identification (ID) field 305, a length field 310,
and one or more soft TDM assignment fields 315 (shown as fields 315-a to 315-x for ease of
reference). The element ID field 305 may contain an identification indicating this is a soft
TDM information element. The length field 310 may include information indicative of the
length (e.g., bit length, frames occupied, etc.) associated with the remaining contents in the
information element. The soft TDM assignment fields 315 may include connection
information that permits nodes to communicate during time slots. The soft TDM signaling
information element may be communicated as a data payload in broadcast, unicast, and/or

multicast frames.

[0061] At lecast one of the soft TDM assignment fields 315 may include connection
information that permits nodes otherwise unauthorized to communicate during a time slot to
communicate during the prohibited time slot. For example, the soft TDM assignment field
315-a may include a type field 315-a-1, a duration field 315-a-2, a start time field 315-a-3, a
station groups field 315-a-4, and an EDCA parameters per node group field 315-a-5. The
soft TDM assignment field 315-a may, additionally or alternatively, include an operating
channels field 315-a-6, a default EDCA parameters in time slot field 315-a-7, and an EDCA
parameters outside of time slot field 315-a-8. The component parts, individually or
collectively, may provide the connection information necessary for the unauthorized nodes to

communicate during a prohibited time slot.

[0062] The type field 315-a-1 may include information identifying the type of information
being conveyed, ¢.g., a soft TDM assignment for a group of nodes during a time slot. The
duration field 315-a-2 may include information indicative of the duration of the time slot
associated with the soft TDM assignment field 315, e.g., a first soft TDM assignment field
associated with a first time slot. The start time field 315-a-3 may include information
indicative of the time the associated time slot begins. A node or STA 115 may determine a
stop time for the associated time slot using the start time field 315-a-3 and the duration field
315-a-2. In some example, the soft TDM assignment field 315-a may include a start time
field and a stop time field for the associated time slot. The station groups field 315-a-4 may
include information identifying which stations 115 are assigned to which group of the EDCA

configuration. That is, the station groups field 315-a-4 may include identification data
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indicative of an identification code associated with one or more nodes in one or more groups
of nodes, a range of identification codes associated with one or more nodes in one or more
groups of nodes, and/or an index of predefined identification codes for one or more groups of
nodes. The identification code associated with each node may be the node’s association
identification, assigned by the access point. The index for a group of nodes may be a
multicast MAC address assigned to the group by the access point. The identification data
may be explicitly signaled in the station groups field 315-a-4. Alternatively, a range of
identification data per group, or an index to identification data for a group of nodes can be

conveyed in the station groups field 315-a-4.

[0063] The EDCA parameters per group field 315-a-5 may include information indicative
of EDCA parameters associated with each group of nodes, including a minimum contention
window size, a maximum contention window size, an arbitration inter-frame space number,
and a transmit opportunity. The EDCA parameters per group field 315-a-5, for example, may
include at least a portion of the connection information associated with nodes from a group of
nodes to communicate during a time slot (i.c., a time slot in which another group of nodes
communicate). The EDCA parameters may be explicitly signaled in the EDCA parameters
per group field 315-a-5 or, alternatively, an index to predefined EDCA parameters may be

conveyed.

[0064] In some embodiments, the soft TDM assignment field 315-a may include additional
or alternative information associated with soft TDM signaling. For instance, the soft TDM
assignment field 315-a may include the operating channels field 315-a-6 that includes
information indicative of operating channels of the soft TDM operation. The soft TDM
assignment field 315-a may include the default EDCA parameters in time slot field 315-a-7
that includes information indicative of default EDCA parameters to be used by unspecified
nodes (i.c., nodes not assigned to a group) to communicate during the time slot. The EDCA
parameters outside of time slot field 315-a-8 may include information indicative of EDCA
parameters to be used by nodes outside of any time slot, e.g., connection information for
nodes not configured to support EDCA operations or nodes communicating outside of a time

slot.
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[0065] In some embodiments, the soft TDM assignment fields 315 may be sent in a beacon,
a probe request message, a probe response message, an association request message, or an

association response message.

[0066] FIG. 4 is a signal flow diagram 400 illustrating communication in a wireless
communication system according to various embodiments. The signal flow diagram 400 may
illustrate aspects of the WLAN 100 described with reference to FIG. 1. The signal flow
diagram 400 includes a first node 205-a, a second node 115-c, and a third node 115-d. The
second node 115-¢ may be associated with a first group of nodes and the third node 115-d
may be associated with a second group of nodes. The first node 205-a may be an example of
the AP 105 and/or the wireless STAs 115 described with respect to the WLAN 100 of FIG. 1.
The second node 115-c and the third node 115-d may be examples of the wireless stations

115 described above with respect to the WLAN 100 of FIG. 1. Although the signal flow
diagram 400 only shows one node (115-c and 115-d) associated with each group of nodes, the
first group of nodes and/or the second group of nodes may have more or fewer nodes 115.
The signal flow diagram 400 may, for example, illustrate soft TDM assignment signaling for

periodic soft TDM operations.

[0067] The first node 205-a may configure time slot periodicity at 405. The time slot
periodicity information may be associated with one or more time slots that are repeated in a
recurring fashion. For instance, the EDCA configuration may provide for four time slots that
are repeated on a recurring schedule (TO, T1, T2, T3, TO, T1, etc.). The time slot periodicity
information may, for example, include information indicative of the periodic nature of the
time slots, what EDCA connection parameters are associated with each time slot per group of
nodes, etc. The time slot periodicity may convey to at least one group of a group of nodes a
first time slot and one or more subsequent time slots for communication using the connection
information associated with the first time slot. That is, the at least one group of a group of
nodes may use the same connection information to communicate during every recurrence of

the TO time slot, for example.

[0068] The first node 205-a may configure one or more soft TDM assignment fields at 410.
At least one of the soft TDM assignment fields may include connection information to
convey to the nodes from the first group of the group of nodes (e.g., the second node 115-¢)

connection information for the nodes to communicate during a time slot. The at least one soft
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TDM assignment field may include information identifying each group of nodes
communicating during the time slot, channel parameters for the EDCA configuration for the
time slot, parameters identifying the time slot, and the like. Further, the soft TDM
assignment field may also convey the periodicity information such that the nodes can
communicate using the connection information during subsequent occurrences of the time
slot. At 415, the first node 205-a may send a signal 420 to the node from the first group of
nodes (e.g., node 115-c) that includes the soft TDM assignment field with the periodicity
information. The first node 205-a may communicate with the second node 115-c at 425
during the time slot using the connection information conveyed in the soft TDM assignment
field, as well as subsequent occurrences of the prohibited time slot. Similarly, the first node
205-a may communicate with the third node 115-d from the second group of nodes during the
time slot, as well as subsequent occurrences of the time slot. The first node 205-a may
communicate with the second node 115-¢ during the time slot (and subsequent occurrences of
the time slot) at a priority level lower or higher than the priority of the third node 115-d of the

second group of nodes.

[0069] FIGs. 5A and 5B show diagrams 500-a, 500-b of examples of soft TDM
assignment fields for periodic operations according to various aspects of the present
disclosure. The soft TDM assignment fields of the diagram 500 may be an example of at
least a portion of the signal 420 communicated to the node 115-c, as described with reference
to the signal flow diagram 400 of FIG. 4. Referring first to FIG. 5A, the soft TDM
assignment field may include a type field 505, a duration field 510, a start time field 515, a
periodicity field 520, a number of periods field 525, and one or more mapping set fields 530
(shown as mapping set fields 530-a to 530-n, where n is a whole number). The type field 505
may include information indicative of the type of soft TDM assignment being conveyed, e.g.,
that a periodic soft TDM assignment field is being conveyed. The duration field 510 and the
start time field 515 may include information associated with a first instance of the time slot
(time slot TO for example). The start time field 515 and the duration field 510 may provide
information used to determine the stop time for the time slot. In some examples, the duration
field 510 may be replaced with a stop time field to explicitly signal the time slot information.
The periodicity field 520 may include information indicative of the period of time slot

occurrences in time units. The number of periods field 525 may include information
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indicative of the number of periods that the nodes may use the connection information to

communicate during the repeated time slot.

[0070] At least one of the mapping set fields 530 may include information explicitly
mapping between node groups and EDCA parameters, such as discussed above with
reference to the soft TDM assignment field 315. In some examples, mappings may be
defined and cyclically repeated across time slots. The component parts, individually or
collectively, of the soft TDM Assignment field for periodic operations may provide the
connection information necessary for the nodes (e.g., the second node 115-c¢ of signal flow
diagram 400) to communicate during more than one occurrence of a time slot at a lower or
higher priority level than other nodes (e.g., the third node 115-d of signal flow diagram 400)

communicating during the time slot.

[0071] Referring to FIG. 5B, in other examples of periodic operations, the diagram 500-b
shows soft TDM assignment field that may include one or more additional or alternative
fields. As one example, it may be assumed that two sets of EDCA parameters are to be
conveyed for each time slot. A first set of EDCA parameters may be associated with one or
more primary nodes of a group of nodes and the second set of EDCA parameters may be
associated with one or more secondary nodes of a group of nodes. The primary nodes may be
configured to communicate during the time slot at a higher priority than the secondary nodes.
In some configurations, the first and second set of EDCA parameters may be used by the
groups of nodes during multiple time slots. According to this example, the soft TDM
assignment field of diagram 500-b may, alternatively include the EDCA parameters for
primary and secondary nodes as well as identification information assigning nodes to a

primary group or a secondary group on a per time slot basis.

[0072] The soft TDM assignment field may include a type field 505-a, a duration field 510-
a, a start time field 515-a, a periodicity field 520-a, a number of periods field 525-a, a
primary/secondary EDCA parameters field 535, and one or more primary node group fields
540 (shown as primary node group fields 540-a to 540-n, where n is a whole number). The
type field 505-a may include information indicative of the type of soft TDM assignment
being conveyed, e.g., that a periodic soft TDM assignment field is being conveyed. The
duration field 510-a and the start time field 515-a may include information associated with a

first instance of the time slot (time slot TO for example). The start time field 515-a and the
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duration field 510-a may provide information used to determine the stop time for the time
slot. In some examples, the duration field 510-a may be replaced with a stop time field to
explicitly signal the time slot information. The periodicity field 520-a may include
information indicative of the period of time slot occurrences in time units. The number of
periods field 525-a may include information indicative of the number of periods that the

nodes may use the connection information to communicate during the repeated time slot.

[0073] The primary/secondary EDCA parameters field 535 may include channel access
information for the primary group of nodes and the secondary group of nodes. The channel
access parameters for each group of nodes may define the access parameters for each group
and, in some cases, different access parameters may be defined for the primary and the
secondary groups. The primary node group field 540 may include identification fields
identifying, on a per time slot basis, which nodes are assigned to the primary group of nodes
and which nodes are assigned to the secondary group of nodes. The primary nodes may be
identified or assigned per time slot and any other nodes not identified or assigned to the
primary group of nodes may communicate as a secondary node having lower priority.

Multiple primary node groups may be defined and cyclically repeated across time slots.

[0074] FIG. 6 is a signal flow diagram 600 illustrating communication in a wireless
communication system according to various embodiments. The signal flow diagram 600 may
illustrate aspects of the WLAN 100 described with reference to FIG. 1. The signal flow
diagram 600 includes a first node 205-b, a second node 115-¢, and a third node 115-f. The
second node 115-¢ and the third node 115-f may be associated with a first group of nodes.
The first node 205-b may be an example of the AP 105 and/or the wireless stations 115
described with respect to the WLAN 100 of FIG. 1. The second node 115-¢ and the third
node 115-f may be examples of the wireless stations 115 described above with respect to the
WLAN 100 of FIG. 1. Although the signal flow diagram 600 only shows two nodes (115-¢
and 115-f) associated with group 1, the first group of nodes may have more or fewer nodes
115. The signal flow diagram 600, for example, may illustrate conveying backoff rules in
soft TDM assignment signaling in an EDCA environment. In the discussions regarding
signal flow diagram 600 where nodes 115-¢ and 115-f are associated with group 1, group 1

may be considered a group of nodes 115 that communicate during a time slot at a different
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priority level than another group. The nodes 115-¢ and/or 115-f of group 1 may include one

or more timers associated with backoff operations at a boundary of the time slot.

[0075] The first node 205-b may configure backoff operation rules at 605. The backoff
operation rules may provide information for the nodes communicating during a time slot to
use to determine how to handle a backoff timer (or counter) during backoff operations (e.g.,
reset or pause/resume the backoff timer). As one example, an example backoff rule may
provide for each node having a single backoff timer to reset the backoff timer at the start of
cach time slot the node is communicating in. The soft EDCA assignment field may include
backoff rules or corresponding indices for the associated time slot and the backoff timer may
be updated within the time slot based on the conveyed backoff rules. While this example
may provide for only a single timer to be used by the node, the potential drawback is that the
actual total backoff timer per transmission could be unlimited due to the reset at the start of

each communicating time slot.

[0076] In another example where at least one node has a backoff timer associated with each
time slot in a recurring schedule, the backoff operation rule may provide for each timer to be
started at the beginning of the corresponding time slot, paused at the end of the corresponding
time slot, and then resumed at the beginning of the next occurrence of the same time slot.
Each backoff timer may be updated based on the soft TDM assignment information conveyed
for the associated time slot in the recurring schedule. While this example may require
multiple timers on the nodes, the actual total backoff timer per transmission may be limited,

as in a non-TDM configuration.

[0077] In yet another example where at least one node has two backoff timers, a backoff
operation rule may provide for using a first timer as a primary backoff timer during time slots
where the node is a primary node (i.¢., the node is assigned to the primary group of nodes) in
a recurring schedule. The second backoff timer may be used as a secondary backoff timer
during time slots where the node is a secondary node in the recurring schedule. In some
aspects, the primary backoff timer may be started at the beginning of an associated time slot,
paused at the end of the time slot, and resumed at the next occurrence of the time slot. The
secondary counter, however, may be reset at the beginning of each time slot the node is

assigned to the group of secondary nodes.
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[0078] As can be seen, various backoff operation rules may be configured at 605 depending

on a number of factors.

[0079] The first node 205-b may configure one or more soft TDM assignment fields at 610.
At least one of the soft TDM assignment fields may include connection information to
convey to the nodes from the first group of the group of nodes (e.g., nodes 115-c and/or 115-
d) connection information for the nodes to communicate during at least one time slot. The at
least one soft TDM assignment field may include information identifying each group of
nodes communicating during the at least one time slot, channel access parameters for the
EDCA configuration for the at least one time slot, parameters identifying the at least one time
slot, and the like. Further, the soft TDM assignment field may also convey the backoff
operation rules to the nodes 115. At 615, the first node 205-b may send a signal 620 to the
nodes from group 1 (e.g., the second node 115-¢ and the third node 115-f) that includes the
soft TDM assignment field with the backoff operation rules. The third node 115-f, for
example, may configure one or more backoff timers at 625 based, at least in part, on the
backoff rules conveyed in the soft TDM assignment field communicated at 620. The third
node 115-f may adjust the backoff timer (e.g., reset, start, etc.) at 635 and communicate with
the first node 205-b at 630 during the at least one time slot using the connection information
conveyed in the soft TDM assignment field. Although signal flow diagram 600 shows the
third node 115-f communicating with the first node 205-b, it can be appreciated that the
second node 115-¢ may additionally or alternatively communicate with the first node 205-b

based on the connection information and during a recurring time slot.

[0080] FIG. 7 is a signal flow diagram 700 illustrating communication in a wireless
communication system according to various embodiments. The signal flow diagram 700 may
illustrate aspects of the WLAN 100 described with reference to FIG. 1. The signal flow
diagram 700 includes a first node 205-c, a primary node 115-g, and a secondary node 115-h.
The primary node 115-g may be associated, at least for a particular time slot, with a group of
primary nodes communicating during the time slot at a higher priority level. The secondary
node 115-h may be associated, at least for the particular time slot, with a group of secondary
nodes communicating during the time slot at a lower priority level. The first node 205-c may
be an example of the AP 105 and/or the wireless STAs 115 described with respect to the
WLAN 100 of FIG. 1. The nodes 115-g and 115-h may be examples of the wireless stations
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115 described above with respect to the WLAN 100 of FIG. 1. Although the signal flow
diagram 700 only shows one node associated with the primary group of nodes and one node
associated with the secondary group of nodes, each group of nodes may have more or fewer
nodes 115. The signal flow diagram 700 may, for example, illustrate conveying soft TDM

assignment signaling for non-concurrent nodes in an EDCA environment.

[0081] Each of multiple adjacent APs 105 may have a concurrent transmission area that is
generally the inner circle portion of the coverage area 120. Within the concurrent
transmission area per AP 105, nodes may communicate with their associated AP 105 at the
same time as other nodes communicating with their associated adjacent APs 105 with little
chance of interference. The APs 105 may have a non-concurrent (NC) transmission arca
which is generally the outer edges of the coverage area 120. Nodes located in the NC
transmission area may, however, cause interference with nodes communicating with an
adjacent AP 105 in the NC transmission area of the adjacent AP 105. Accordingly, a
predefined time period may be divided into one or more concurrent time slots and one or
more NC time slots. During the concurrent time slots (which may be the same for each
adjacent AP 105), the nodes within the concurrent transmission area per AP 105 may each
communicate with their respective AP 105. During the NC time slots, however, one or more
NC nodes may be configured to communicate with their respective AP 105 during an
assigned NC time slot. To ensure full utilization of the resources during each NC time slot,
the present disclosure may provide for communicating soft TDM assignment information to
allow NC nodes to communicate during a NC time slot that the NC node is otherwise not

authorized to communicate during.

[0082] The present disclosure may provide for defining certain nodes as primary nodes
during a particular NC time slot and other nodes as secondary nodes during the particular NC

time slot.

[0083] The first node 205-¢ may be configured to identify primary NC nodes at 705.
Primary nodes 115-g (e.g., STAs 115, adjacent APs 105, etc.) may communicate during an
associated NC time slot. The first node 205-c may be configured to identify secondary NC
nodes at 710. The secondary nodes 115-h (e.g., STAs 115, adjacent APs 105, etc.) may
communicate during the NC time slot. A node may be assigned to a primary group of nodes

during a first NC time slot and assigned to a secondary group of nodes during a second NC
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time slot. The primary nodes may communicate during the particular NC time slot at a
priority level higher than the secondary nodes. The primary and/or secondary nodes may be
identified based, at least in part on a soft TDM assignment field that includes one or more of
identification data at least for one of the group of primary nodes and the group of secondary
nodes. The identification data may include at least one of an identification code associated
with one or more nodes in one or more groups of nodes, a range of identification codes
associated with one or more nodes in one or more groups of nodes, and an index of

predefined identification codes for one or more groups of nodes.

[0084] At 715, the first node 205-c may configured to send a signal 720 to the secondary
nodel15-h that conveys the connection information, ¢.g., a soft TDM assignment field, to
permit the secondary node 115-h to communicate during the NC time slot. Various NC soft
TDM assignment rules may be provided in the signal. As one example, the secondary node
115-h, may be configured to communicate during the NC time slot at a priority lower or
higher than the primary node 115-g. The lower priority level may be achieved by using less
aggressive EDCA parameter or lower CCA energy detection threshold levels. The secondary
node 115-h may communicate during the NC time slot if, for example, the primary node 115-
g has no traffic to communicate. In a second example, to prevent hidden nodes issues to the
uplink traffic of the primary node, the secondary node 115-h may be configured to
communicate during the NC time slot only if locating in the coverage of the primary AP
node’s AP 105, ¢.g., the secondary node is able to decode one or more packets from a
primary AP 105, e¢.g., beacon signals. The primary node 115-g may utilize request-to-
send/clear-to-send (RTS/CTS) messages to schedule uplink traffic. Accordingly, the
secondary node 115-h may defer communicating during the NC time slot if detecting that
primary node 115-g is communicating traffic, based on the CTS from the AP 105. The node
115-h may communicate with the first node 205-c at 725 during the NC time slot using the

connection information.

[0085] In some aspects, the NC time slot soft TDM scheduling may be indicated in a
variety of manners. In one example, cach AP 105 may broadcast in its beacon signal its NC
time slot schedule, EDCA parameters for primary and secondary nodes, individual or group
identification fields of primary and secondary nodes, as well as an indicator as to whether the

AP 105 is configured to allow secondary nodes to communicate during its NC time slots. If
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allowed, the primary and secondary nodes may use the EDCA parameters to communicate
during the associated NC time slot. In a second example, each AP 105 may broadcast in its
beacon signal its neighbor AP 105’s NC time slot schedule, an indicator as to whether the
neighbor allows secondary nodes to communicate during the NC time slots, and, if allowed,
EDCA parameters for the secondary nodes, and individual or group identification fields of at
least primary nodes. The nodes may communicate with the neighbor AP 105 during the NC

time slot using the signaled EDCA parameters.

[0086] In other aspects, one or more information fields may be added to signal the soft
TDM in NC time slots. For example, a format for signaling soft TDM in NC time slots may
include one or more of an element identification field, a length field, an indicator field for
secondary nodes to access the AP during the NC time slot, EDCA parameters field for
primary and secondary nodes, individual or group identification fields for primary and
secondary nodes, a duration field, a start time field, a periodicity field, and a number of
periods field. The soft TDM in NC time slot signaling may be communicated in a beacon

signal, for example.

[0087] Other configurations of soft TDM in NC time slot may provide for alternatives other
than configuring the secondary nodes to communicate at a lower priority during the NC time
slots. In one example, the secondary nodes may use a reduced carrier clearance assessment
(CCA) energy detection threshold with respect to primary nodes. Accordingly, the secondary
nodes will be more likely to defer communicating while primary nodes are communicating
during the NC time slot. In another example where primary nodes have no traffic to
communicate, the primary AP 105 may explicitly signal the availability of the NC time slot
for secondary node use. In yet another example, at the beginning of a NC time slot, the
primary AP 105 may poll the primary nodes to determine if they are ready to receive any
downlink traffic or send any uplink traffic. If so, the primary AP 105 may send scheduling
information for the uplink or downlink traffic, as the case may be. The secondary nodes may
communicate during the NC time slot if not detecting any scheduled traffic signaled from the

primary AP 105.

[0088] FIG. 8 shows a block diagram 800 of an apparatus 805 for wireless communication,
in accordance with various aspects of the present disclosure. In some embodiments, the

apparatus 805 may be an example of aspects of the first nodes 205 described with reference
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to FIG. 2, 4, 6, or 7. In other embodiments, the apparatus 805 may be an example of aspects

of the AP 105 and/or the STAs 115 described with reference to FIG. 1.

[0089] The apparatus 805 may be an example of a first node 205 configured to signal soft
TDM assignment information to provide for nodes of a group of nodes to communicate
during at least one time slot. The apparatus 805 may also be a processor. The apparatus 805
may include a receiver 810, a soft TDM assignment component 815, and/or a transmitter 820.

Each of these components may be in communication with each other via signals 804 and 806.

[0090] The components of the apparatus 805 may, individually or collectively, be
implemented using at least one an application specific integrated circuit (ASIC) adapted to
perform some or all of the applicable functions in hardware. Alternatively, the functions may
be performed by other processing units (or cores), on at least one integrated circuit. In other
embodiments, other types of integrated circuits may be used (e.g., Structured/Platform
ASICs, field programmable gate arrays (FPGAs), and other Semi-Custom ICs), which may
be programmed in any manner known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions embodied in a memory, formatted to be
executed by general or application-specific processors. In some embodiments, the
components as shown in FIG. 8 each may include a circuit or circuitry for performing the

functions described herein.

[0091] In some embodiments, the receiver 810 may be or include an radio frequency (RF)
receiver such as a WLAN receiver. The receiver 810 may also include other receivers, such
as a Wi-Fi receiver and/or a wireless wide area network (WWAN) receiver (e.g., a cellular
receiver). The receiver 810 may be used to receive various types of data and/or control
signals (i.e., transmissions) over communication links 802 (e.g., physical channels) of a
wireless communication system such as the WLAN 100 described with reference to FIG. 1.
For example, the receiver 810 may be used to receive one or more messages exchanged

during soft TDM assignment signaling.

[0092] In some embodiments, the transmitter 820 may be or include an RF transmitter such
as a WLAN transmitter. The transmitter 820 may also include other transmitters, such as a
Wi-Fi transmitter and/or a WWAN transmitter (e.g., a cellular transmitter). The transmitter
820 may be used to transmit various types of data and/or control signals (i.e., transmissions)

over communication links 808 (e.g., physical channels) of a wireless communication system
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such as the WLAN 100 described with reference to FIG. 1. For example, the transmitter 820

may be used to transmit information associated soft TDM assignment signaling.

[0093] In some embodiments, the soft TDM assignment component 815 may be an
example of a component that manages the functions described with reference to FIG. 1, 2, 3,
4,5, 6,o0r 7. In some examples, the soft TDM assignment component 815 may receive
communications via signals 804 from the receiver 810. The soft TDM assignment
component 815 be used to configure one or more soft TDM assignment fields sent to a first
group of nodes to communicate during a first time slot. At least one of the soft TDM
assignment fields may convey connection information to the first group of nodes for
communicating during the first time slot. The first group of nodes may communicate during
the time slot at a priority level lower or higher than a second group of nodes communicating
during the time slot. The soft TDM signaling procedure may include exchanging information
between the soft TDM assignment component 815 and nodes of the first group of nodes via

the receiver 810 and/or the transmitter 820 via signals 804 and 806.

[0094] FIG. 9 shows a block diagram 900 of an apparatus 805-a for wireless
communication, in accordance with various aspects of the present disclosure. In some
embodiments, the apparatus 805-a may be an example of aspects of the first nodes 205
described with reference to FIG. 2, 4, 6, or 7. In other embodiments, the apparatus 805-a
may be an example of aspects of the AP 105 and/or the STAs 115 described with reference to
FIG. 1.

[0095] The apparatus 805-a may be an example of a first node 205 configured to signal soft
TDM assignment information to provide for nodes of a group of nodes to communicate
during a time slot. The apparatus 805-a may also be a processor. The apparatus 805-a may
include a receiver 810-a, a soft TDM assignment component 815-a, and/or a transmitter 820-
a. Each of these components may be in communication with each other via signals 804 and

806.

[0096] The components of the apparatus 805-a may, individually or collectively, be
implemented using at least one ASIC adapted to perform some or all of the applicable
functions in hardware. Alternatively, the functions may be performed by other processing
units (or cores), on at least one integrated circuit. In other embodiments, other types of

integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, and other Semi-
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Custom ICs), which may be programmed in any manner known in the art. The functions of
cach unit may also be implemented, in whole or in part, with instructions embodied in a
memory, formatted to be executed by general or application-specific processors. In some
embodiments, the components as shown in FIG. 9 each may include a circuit or circuitry for

performing the functions described herein.

[0097] In some embodiments, the receiver 810-a may be or include an RF receiver such as
a WLAN receiver. The receiver 810-a may also include other receivers, such as a Wi-Fi
receiver and/or a WWAN receiver (e.g., a cellular receiver). The receiver 810-a may be used
to receive various types of data and/or control signals (i.e., transmissions) over
communication links 802 (e.g., physical channels) of a wireless communication system such
as the WLAN 100 described with reference to FIG. 1. For example, the receiver 8§10-a may

be used to receive one or more messages exchanged during soft TDM assignment signaling.

[0098] In some embodiments, the transmitter 820-a may be or include an RF transmitter
such as a WLAN transmitter. The transmitter 820-a may also include other transmitters, such
as a Wi-Fi transmitter and/or a WWAN transmitter (e.g., a cellular transmitter). The
transmitter 820-a may be used to transmit various types of data and/or control signals (i.e.,
transmissions) over communication links 808 (e.g., physical channels) of a wireless
communication system such as the WLAN 100 described with reference to FIG. 1. For
example, the transmitter 820-a may be used to transmit information associated soft TDM

assignment signaling.

[0099] In some embodiments, the soft TDM assignment component 815-a may be an
example of a component that manages the functions described with reference to FIG. 1, 2, 3,
4,5, 6,or 7. The soft TDM assignment component 815-a may include a node group
determination component 905, a time slot determination component 910, and an EDCA
parameters component 915. Generally, the soft TDM assignment component 815-a may be

used to signal various soft TDM in EDCA.

[0100] In some examples, the node group determination component 905 may be configured
to identify and/or select one or more nodes of a group of nodes to communicate in an EDCA
configuration. The nodes of the group of nodes may communicate during time slots
according to the EDCA configuration. The node group determination component 905 may

determine which group of nodes communicate during which time slot. The node group



10

15

20

25

30

WO 2015/179749 PCT/US2015/032153
30

determination component 905 may be configured to determine which group of nodes also
communicate during the time slot and provide information associated with the group of
nodes. The information may be included in one or more soft TDM assignment fields to
assign the nodes to the appropriate groups and, where appropriate, identify which node group
is a primary node group and which is a secondary node group, in some embodiments. The
node group determination component 905 may output identification data for the node groups
including an identification code associated with one or more nodes in one or more groups of
nodes, a range of identification codes associated with one or more nodes in one or more
groups of nodes, or an index of predefined identification codes for one or more groups of

nodes.

[0101] In some examples, the time slot determination component 910 may be configured to
identify time slots associated with EDCA operations and output information indicative of the
time slots. The information associated with each time slot may include a start time and a
duration field for the each time slot or a start time and an end time for the time slot. The time
slot determination component 910 may communicate with the node group determination
component 905 to identify which group of nodes communicate during a particular time slot
and, when appropriate, which group of nodes is permitted to also communicate during the

time slot, but at a lower priority level.

[0102] In some examples, the EDCA parameters component 915 may be configured to
identify at least a portion of the connection information for EDCA operations on a per time
slot basis. For example, the EDCA parameters component 915 may identify and output
information indicative of EDCA parameters associated with each group of nodes, a minimum
contention window size, a maximum contention window size, an arbitration inter-frame space
number, and a transmit opportunity for each group of nodes. In some examples, the EDCA
parameters component 915 may also be configured to identify and output information
indicative of operating channels of an enhanced distributed channel access, default distributed
channel access parameters to be used by nodes unassigned to a group of nodes during the
associated time slot, and other distributed channel access parameters to be used by nodes

during a second time slot that is different from the first time slot.

[0103] The soft TDM assignment component 815-a may be configured to send a signal

having one or more soft TDM assignment fields to a first group of nodes. The first group of



10

15

20

25

30

WO 2015/179749 PCT/US2015/032153
31

nodes may communicate during at least at least one time slot and at least one of the soft TDM
assignment fields may convey connection information to the first group of nodes for them to
communicate during the at least one time slot. The signal may be sent to the first group of
nodes in a beacon signal, a probe request message, a probe response message, an association
request message, or an association response message. The signal may be sent via the
transmitter 820-a, for example. The first group of nodes may communicate during the at least
one time slot at a first priority level that is different from a second priority level of a second
group of nodes. In some examples, the first priority level may be a higher priority level than
the first priority level. In other examples, the first priority level may be a lower priority level

than the second priority level.

[0104] FIG. 10 shows a block diagram 1000 of an apparatus 805-b for wireless
communication, in accordance with various aspects of the present disclosure. In some
embodiments, the apparatus 805-b may be an example of aspects of the first nodes 205
described with reference to FIG. 2, 4, 6, or 7. In other embodiments, the apparatus 805-b
may be an example of aspects of the AP 105 and/or the STAs 115 described with reference to
FIG. 1.

[0105] The apparatus 805-b may be an example of a first node 205 configured to signal
soft TDM assignment information to provide for nodes of a group of nodes to communicate
during at least one time slot. The apparatus 805-b may also be a processor. The apparatus
805-b may include a receiver 810-b, a soft TDM assignment component 815-b, and/or a
transmitter 820-b. Each of these components may be in communication with each other via

signals 804 and 806.

[0106] The components of the apparatus 805-b may, individually or collectively, be
implemented using at least one ASIC adapted to perform some or all of the applicable
functions in hardware. Alternatively, the functions may be performed by other processing
units (or cores), on at least one integrated circuit. In other embodiments, other types of
integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, and other Semi-
Custom ICs), which may be programmed in any manner known in the art. The functions of
cach unit may also be implemented, in whole or in part, with instructions embodied in a

memory, formatted to be executed by general or application-specific processors. In some
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embodiments, the components as shown in FIG. 10 each may include a circuit or circuitry for

performing the functions described herein.

[0107] In some embodiments, the receiver 810-b may be or include an RF receiver such as
a WLAN receiver. The receiver 810-b may also include other receivers, such as a Wi-Fi
receiver and/or a WWAN receiver (e.g., a cellular receiver). The receiver 810-b may be used
to receive various types of data and/or control signals (i.e., transmissions) over
communication links 802 (e.g., physical channels) of a wireless communication system such
as the WLAN 100 described with reference to FIG. 1. For example, the receiver 810-b may

be used to receive one or more messages exchanged during soft TDM assignment signaling.

[0108] In some embodiments, the transmitter 820-b may be or include an RF transmitter
such as a WLAN transmitter. The transmitter 820-b may also include other transmitters, such
as a Wi-Fi transmitter and/or a WWAN transmitter (e.g., a cellular transmitter). The
transmitter 820-b may be used to transmit various types of data and/or control signals (i.e.,
transmissions) over communication links 808 (e.g., physical channels) of a wireless
communication system such as the WLAN 100 described with reference to FIG. 1. For
example, the transmitter 820-b may be used to transmit information associated soft TDM

assignment signaling.

[0109] In some embodiments, the soft TDM assignment component 815-b may be an
example of a component that manages the functions described with reference to FIG. 1, 2, 3,
4,5, 6,or 7. The soft TDM assignment component 815-b may include a node group
determination component 905-a, a time slot determination component 910-a, an EDCA
parameters component 915-a, and a backoff rule component 1010. Generally, the soft TDM
assignment component 815-b may be used to signal various soft TDM in EDCA parameters

as well as backoff rules for nodes.

[0110] In some examples, the node group determination component 905-a may be
configured to identify and/or select one or more nodes of a group of nodes to communicate in
an EDCA configuration. The nodes of the group of nodes may communicate during time
slots according to the EDCA configuration. The node group determination component 905-a
may determine which group of nodes to communicate during which time slot. The node
group determination component 905-a may be configured to determine which group of nodes

to also communicate during the time slot and provide information associated with the other
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group of nodes. The information may be included in one or more soft TDM assignment
fields to assign the nodes to the appropriate groups and, where appropriate, identify which
node group is a primary node group and which is a secondary node group, in some
embodiments. The node group determination component 905-a may output identification
data for the node groups including an identification code associated with one or more nodes
in one or more groups of nodes, a range of identification codes associated with one or more
nodes in one or more groups of nodes, or an index of predefined identification codes for one

or more groups of nodes.

[0111] In some examples, the time slot determination component 910-a may be configured
to identify time slots associated with EDCA operations and output information indicative of
the time slots. The information associated with each time slot may include a start time and a
duration field for the each time slot or a start time and an end time for the time slot. The time
slot determination component 910-a may communicate with the node group determination
component 905-a to identify which group of nodes is to communicate during a particular time
slot and, when appropriate, which group of other nodes also communicates during the time

slot.

[0112] In some examples, the EDCA parameters component 915-a may be configured to
identify at least a portion of the connection information for EDCA operations on a per time
slot basis. For example, the EDCA parameters component 915-a may identify and output
information indicative of a EDCA parameters associated with each group of nodes, a
minimum contention window size, a maximum contention window size, an arbitration inter-
frame space number, and a transmit opportunity for each group of nodes. In some examples,
the EDCA parameters component 915-a may also be configured to identify and output
information indicative of operating channels of a enhanced distributed channel access, default
enhanced distributed channel access parameters to be used by nodes unassigned to a group of
nodes during the associated time slot, and other enhanced distributed channel access
parameters to be used by nodes during a second time slot that is different from the first time

slot.

[0113] In some examples, the backoff rule component 1010 may be configured to
determine and convey one or more backoff rules for nodes. As discussed above, the backoff

rules may provide rules for the nodes communicating in the EDCA operation to utilize during



10

15

20

25

30

WO 2015/179749 PCT/US2015/032153
34

a boundary of a time slot, ¢.g., backoff timer handling. The backoff rule component 1010
may be configured to identify and convey information indicative of the backoff rules, such as

those described above with respect to FIG. 6.

[0114] The soft TDM assignment component 815-b may be configured to send a signal
having one or more soft TDM assignment fields to a first group of nodes as well as the
backoff rules to be used by the nodes to control one or more backoff timers. The first group
of nodes may communicate during at least one time slot at a priority different than other
nodes and at least one of the soft TDM assignment fields may convey connection information
to the first group of nodes for them to communicate during the at least one time slot. The
signal may be sent to the first group of nodes in a beacon signal, a probe request message, a
probe response message, an association request message, or an association response message.
The signal may be sent via the transmitter 820-b, for example. The nodes may utilize the
backoff rules to control how a backoff timer is handled, e.g., started, paused, resumed, reset,
etc., within each time slot. Dependent upon the number of backoff timers at the nodes, the
selection of node groups, etc., the backoff rules may be signaled to the nodes as a component

of the soft TDM assignment fields and used by the nodes to control the backoff timers.

[0115] FIG. 11 shows a block diagram 1100 of an apparatus 1105 for wireless
communication, in accordance with various aspects of the present disclosure. In some
embodiments, the apparatus 1105 may be an example of aspects of the first nodes 205
described with reference to FIG. 2, 4, 6, or 7. In other embodiments, the apparatus 1105 may
be an example of aspects of the AP 105 and/or the STAs 115 described with reference to FIG.
1. In further embodiments, the apparatus 1105 may be an example of aspects of the apparatus

805 described with reference to FIG. 8, 9, and 10.

[0116] The apparatus 1105 may be an example of a first node 205 configured to signal soft
TDM information for non-concurrent (NC) nodes to communicate in at least one NC time
slot. The apparatus 1105 may also be a processor. The apparatus 1105 may include a
receiver 1110, a NC time slot access component 1115, and/or a transmitter 1120. Each of

these components may be in communication with each other via signals 1104 and 1106.

[0117] The components of the apparatus 1105 may, individually or collectively, be
implemented using at least one ASIC adapted to perform some or all of the applicable

functions in hardware. Alternatively, the functions may be performed by other processing
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units (or cores), on at least one integrated circuit. In other embodiments, other types of
integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, and other Semi-
Custom ICs), which may be programmed in any manner known in the art. The functions of
cach unit may also be implemented, in whole or in part, with instructions embodied in a
memory, formatted to be executed by general or application-specific processors. In some
embodiments, the components as shown in FIG. 11 each may include a circuit or circuitry for

performing the functions described herein.

[0118] In some embodiments, the receiver 1110 may be or include an RF receiver such as a
WLAN receiver. The receiver 1110 may also include other receivers, such as a Wi-Fi
receiver and/or a WWAN receiver (e.g., a cellular receiver). The receiver 1110 may be used
to receive various types of data and/or control signals (i.e., transmissions) over
communication links 1102 (e.g., physical channels) of a wireless communication system such
as the WLAN 100 described with reference to FIG. 1. For example, the receiver 1110 may
be used to receive one or more messages exchanged during soft TDM signaling for NC nodes

communicating in at least one NC time slot.

[0119] In some embodiments, the transmitter 1120 may be or include an RF transmitter
such as a WLAN transmitter. The transmitter 1120 may also include other transmitters, such
as a Wi-Fi transmitter and/or a WWAN transmitter (e.g., a cellular transmitter). The
transmitter 1120 may be used to transmit various types of data and/or control signals (i.e.,
transmissions) over communication links 1108 (e.g., physical channels) of a wireless
communication system such as the WLAN 100 described with reference to FIG. 1. For
example, the transmitter 1120 may be used to transmit information associated soft TDM

assignment signaling.

[0120] In some embodiments, the NC time slot access component 1115 may be an example
of a component that manages the functions described with reference to FIG. 1, 2, 3, 4, 5, 6, or
7. In some examples, the NC time slot access component 1115 may be used to configure one
or more soft TDM assignment fields sent to NC nodes to communicate during a NC first time
slot. The NC time slot access component 1115 may be configured to identify primary nodes
to communicate during the NC time slot and secondary nodes to communicate during the NC
time slot. An assignment of a node as a primary node or a secondary node may be NC time

slot dependent. The NC time slot access component 1115 may send connection information
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to the secondary nodes for the secondary nodes to communicate during the NC time slot. The
NC time slot access component 1115 may send the connection information in a beacon
signal. The NC time slot access component 1115 may communicate with the primary and/or

secondary nodes via the receiver 1110 and/or the transmitter 1120.

[0121] FIG. 12 shows a block diagram 1200 of an apparatus 1105-a for wireless
communication, in accordance with various aspects of the present disclosure. In some
embodiments, the apparatus 1105-a may be an example of aspects of the first nodes 205
described with reference to FIG. 2, 4, 6, or 7. In other embodiments, the apparatus 1105-a
may be an example of aspects of the AP 105 and/or the STAs 115 described with reference to
FIG. 1. In further embodiments, the apparatus 1105-a may be an example of aspects of the
apparatus 805 described with reference to FIG. 8, 9, and 10.

[0122] The apparatus 1105-a may be an example of a first node 205 configured to signal
soft TDM information for non-concurrent (NC) nodes to communicate in at least one NC
time slot. The apparatus 1105-a may also be a processor. The apparatus 1105-a may include
a receiver 1110-a, a NC time slot access component 1115-a, and/or a transmitter 1120-a.

Each of these components may be in communication with each other 1104 and 1106.

[0123] The components of the apparatus 1105-a may, individually or collectively, be
implemented using at least one ASIC adapted to perform some or all of the applicable
functions in hardware. Alternatively, the functions may be performed by other processing
units (or cores), on at least one integrated circuit. In other embodiments, other types of
integrated circuits may be used (e.g., Structured/Platform ASICs, FPGAs, and other Semi-
Custom ICs), which may be programmed in any manner known in the art. The functions of
cach unit may also be implemented, in whole or in part, with instructions embodied in a
memory, formatted to be executed by general or application-specific processors. In some
embodiments, the components as shown in FIG. 12 each may include a circuit or circuitry for

performing the functions described herein.

[0124] In some embodiments, the receiver 1110-a may be or include an RF receiver such as
a WLAN receiver. The receiver 1110-a may also include other receivers, such as a Wi-Fi
receiver and/or a WWAN receiver (e.g., a cellular receiver). The receiver 1110-a may be
used to receive various types of data and/or control signals (i.e., transmissions) over

communication links 1102 (e.g., physical channels) of a wireless communication system such
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as the WLAN 100 described with reference to FIG. 1. For example, the receiver 1110-a may
be used to receive one or more messages exchanged during soft TDM signaling for NC nodes

communicating in a NC time slot.

[0125] In some embodiments, the transmitter 1120-a may be or include an RF transmitter
such as a WLAN transmitter. The transmitter 1120-a may also include other transmitters,
such as a Wi-Fi transmitter and/or a WWAN transmitter (e.g., a cellular transmitter). The
transmitter 1120-a may be used to transmit various types of data and/or control signals (i.e.,
transmissions) over communication links 1108 (e.g., physical channels) of a wireless
communication system such as the WLAN 100 described with reference to FIG. 1. For
example, the transmitter 1120-a may be used to transmit information associated soft TDM

assignment signaling.

[0126] In some embodiments, the NC time slot access component 1115-a may be an
example of a component that manages the functions described with reference to FIG. 1, 2, 3,
4,5,6,0r 7. The NC time slot access component 1115-a may include a node identification
component 1205, a NC time slot authorization component 1210, and a connection
information component 1215. The NC time slot access component 1115-a may be used to

signal various soft TDM parameters for NC nodes, for example.

[0127] In some examples, the node identification component 1205 may be configured to
identify primary and secondary nodes. The primary nodes may communicate during at least
one NC time slot whereas the secondary nodes may also communicate during the at least one
NC time slot. The node identification component 1205 may be configured to identify
primary and secondary nodes according to the NC time slot. For example, the node
identification component 1205 may identify and output information indicative of a group of
nodes assigned to a primary node group for a first NC time slot and a second group of nodes
assigned as the primary node group for a second NC time slot. As such, the nodes may be a
primary node during at least one NC time slot to ensure traffic can be communicated in a
priority fashion. The node identification may be output and included in connection

information, ¢.g., a soft TDM assignment field.

[0128] In some examples, the NC time slot authorization component 1210 may be
configured to identify NC time slots associated with EDCA operations and output

information indicative of the NC time slots. The information associated with each NC time
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slot may include a start time and a duration field for the each NC time slot or a start time and
an end time for the NC time slot. In some cases, the NC time slot authorization component
1210 may be configured to determine and output information indicative of a node for a first
NC time slot and one or more subsequent NC time slots to communicate during using the
connection information associated with the first non-concurrent time slot. The NC time slot
authorization component 1210 may communicate with the node identification component
1205 to identify which nodes are primary nodes to communicate during a particular NC time
slot and, when appropriate, which group of nodes are secondary nodes to communicate

during the NC time slot.

[0129] In some examples, the connection information component 1215 may be configured
to identify at least a portion of the connection information for NC operations on a per NC
time slot basis. For example, the connection information component 1215 may identify and
output information indicative of an enhanced distributed channel access configuration
information, and an indicator field identifying whether the at least one access point permits
secondary nodes to communicate during the NC time slot at the lower priority than the
primary nodes. In some examples, the connection information component 1215 may also be
configured to identify and output information indicative of connection information associated
with the at least one access point and connection information associated with at least one
neighbor access point. The connection information for the at least one access point and the at
least one neighbor access point may include a NC time slot schedule for each access point, an
enhanced distributed channel access configuration information for each access point, and an
indicator field identifying whether each access point permits secondary nodes to

communicate during the non-concurrent time slot at the lower priority than the primary node.

[0130] The NC time slot access component 1115-a may be configured to send a signal
having connection information to secondary nodes for the secondary nodes to communicate
during at least one NC time slot at a different priority than the primary nodes. In some
examples, the secondary nodes may communicate during the at least one NC time slot at a
lower priority than the primary nodes according to the connection information. In other
examples, the secondary nodes may communicate during the at least one NC time slot at a
higher priority than the primary nodes. The signal having the connection information may be

sent to the secondary nodes in a beacon signal, a probe request message, a probe response
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message, an association request message, or an association response message. The signal

may be sent via the transmitter 1220-a, for example.

[0131] FIG. 13 shows a block diagram 1300 of a wireless device 1305 configured for
wireless communication, in accordance with various aspects of the present disclosure. The
wireless device 1305 may have various configurations and may be or be part of a computer
(e.g., a laptop computer, netbook computer, tablet computer, etc.), a cellular telephone, a
personal digital assistant (PDA), a digital video recorder (DVR), an internet appliance, a
gaming console, an e-reader, etc. The wireless device 1305 may in some cases have an
internal power supply (not shown), such as a small battery, to facilitate mobile operation. In
some embodiments, the wireless device 1305 may be an example of aspects of the first nodes
205 described with reference to FIG. 2, 4, 6, or 7. In other embodiments, the wireless device
1305 may be an example of aspects of the AP 105 and/or the STAs 115 described with
reference to FIG. 1. In further embodiments, the wireless device 1305 may be an example of
aspects of the apparatus 805 described with reference to FIG. 8, 9, and 10. The wireless
device 1305 may be configured to implement at least some of the features and functions
described with reference to FIG. 1, 2, 3,4, 5, 6, or 7. The wireless device 1305 may be
configured to communicate with the second and the third nodes 115 described with reference

to FIG. 2,4, 6, 0r 7.

[0132] The wireless device 1305 may include a processor 1310, a memory 1320 (including
software code (SW) 1325), at least one transceiver (represented by transceiver(s) 1330), at
least one antenna (represented by antenna(s) 1340), a soft TDM assignment component 815-
¢, and/or a NC time slot access component 1115-b. Each of these components may be in

communication with each other, directly or indirectly, over at least one bus 1335.

[0133] The transceiver(s) 1330, in conjunction with antenna(s) 1340, may facilitate
wireless communication with nodes, access points, wireless stations, and/or other
apparatuses. Wireless communication with a node, as described above, may be managed
using the soft TDM assignment component 815-c and/or the NC time slot access component

1115-b.

[0134] The processor 1310 may include an intelligent hardware device, e.g., a central
processing unit (CPU), a microcontroller, an ASIC, etc. The processor 1310 may process

information received through the transceiver(s) 1330 and/or process information to be sent to
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the transceiver(s) 1330 for transmission through the antenna(s) 1340. The processor 1310
may handle, alone or in connection with the soft TDM assignment component 815-c and/or
the NC time slot access component 1115-b, various aspects of communicating over a wireless

and/or wireline communication system.

[0135] The memory 1320 may include random access memory (RAM) and/or read-only
memory (ROM). The memory 1320 may store computer-readable, computer-executable
software (SW) code 1325 containing instructions that are configured to, when executed,
cause the processor 1310 to perform various functions described herein for communicating
over a wireless communication system. Alternatively, the software code (SW) 1325 may not
be directly executable by the processor 1310 but be configured to cause the wireless device
1305 (e.g., when compiled and executed) to perform various of the functions described

herein.

[0136] The soft TDM assignment component 815-¢ may be an example of aspects of the
soft TDM assignment components 815 described with reference to FIG. 8, 9, or 10. The soft
TDM assignment component 815-c may be used to configure one or more soft TDM
assignment fields sent to a first group of nodes to communicate during at least one time slot.
At least one of the soft TDM assignment fields may convey connection information to the
first group of nodes for the first group of nodes to communicate during the at least one time
slot. In some embodiments, the soft TDM assignment component 815-c, or portions of same,
may include a processor, and/or some or all of the functionality of the soft TDM assignment
component 815-¢ may be performed by the processor 1310 and/or in connection with the

processor 1310.

[0137] The NC time slot access component 1115-b may be an example of aspects of the
NC time slot access components 1115 described with reference to FIG. 11 or 12. The NC
time slot access component 1115-b may be used to configure one or more soft TDM
assignment fields sent to NC nodes to communicate during at least one NC time slot. The
NC time slot access component 1115-b may be configured to identify primary nodes that to
communicate during the at least one NC time slot and secondary nodes to also communicate
during the at least one NC time slot. An assignment of a node as a primary node or a
secondary node may be NC time slot dependent. The NC time slot access component 1115-b

may send connection information to the secondary nodes for the secondary nodes to
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communicate during the at least one NC time slot. The NC time slot access component 1115-
b may send the connection information in a beacon signal. In some embodiments, the NC
time slot access component 1115-b, or portions of same, may include a processor, and/or
some or all of the functionality of the NC time slot access component 1115-b may be

performed by the processor 1310 and/or in connection with the processor 1310.

[0138] FIG. 14 shows a flowchart illustrating an example of a method 1400 for wireless
communications according to at least one aspect of the principles described above. The
method 1400 may be implemented by at least one of the STAs 115, the AP 105 described
above with reference to FIG. 1, the first nodes 205 described above with reference to FIG. 2,
4, 6, or 7, the apparatuses 805 or 1105 of FIG. 8, 9, 10, or 11, and/or the wireless device 1305
described above with reference to FIG. 12. In some examples, a node such as one of the
STAs 115, a AP 105, an apparatus such as apparatus 805 or 1105, or a wireless device 1305
may execute sets of codes to control the functional elements of the STA, AP, node, apparatus,

or device to perform the functions described below.

[0139] At block 1405, the method 1400 may send a signal comprising one or more soft
time division multiplexing (TDM) assignment fields to a first group of nodes, wherein at least
one of the soft TDM assignment fields is configured to convey connection information to the
first group of nodes to communicate during at least one time slot at a first priority level that is
different from a second priority level of a second group of nodes communicating during the
at least one time slot. For example, the signal may be sent at 215-210, 415-420, 615-620, as

described above with reference to FIG. 2, 4, or 6, respectively.

[0140] At block 1410, the method 1400 may communicate with at least one node from the
first group of nodes during the at least one time slot at the first priority level. For example,
the communication may be performed at 225, 425, 630, as described above with reference to

FIG. 2, 4, or 6, respectively.

[0141] In some embodiments, the operations at block 1405 or 1410 may be performed
using the soft TDM assignment component 815 described with reference to FIG. §, 9, 10 or
13. Nevertheless, it should be noted that the method 1400 is just one implementation and that
the operations of the method 1400 may be rearranged or otherwise modified such that other

implementations are possible.
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[0142] FIG. 15 shows a flowchart illustrating an example of a method 1500 for wireless
communications according to at least one aspect of the principles described above. The
method 1500 may be implemented by at least one of the STAs 115, the AP 105 described
above with reference to FIG. 1, the first nodes 205 described above with reference to FIG. 2,
4, 6, or 7, the apparatuses 805 or 1105 of FIG. 8, 9, 10, or 11, and/or the wireless device 1305
described above with reference to FIG. 12. In some examples, a node such as one of the
STAs 115, a AP 105, an apparatus such as apparatus 805 or 1105, or a wireless device 1305
may execute sets of codes to control the functional elements of the STA, AP, node, apparatus,

or device to perform the functions described below.

[0143] At block 1505, the method 1500 may send a signal comprising one or more soft
TDM assignment fields to a first group of nodes, wherein at least one of the soft TDM
assignment fields is configured to convey connection information to the first group of nodes
to communicate during a first time slot at a priority level lower than a priority level of a
second group of nodes communicating during the first time slot, wherein the at least first time
slot may include a plurality of time slots that each repeat on a recurring schedule. For
example, the signal may be sent at 215-210, 415-420, 615-620, as described above with
reference to FIG. 2, 4, or 6, respectively. The at least one of the soft TDM assignment fields
may comprise periodicity information, and the at least one of the soft TDM assignment field
may convey to at least one group of a group of nodes the first time slot and one or more
subsequent time slots for communication using the connection information associated with
the first time slot. For example, the soft TDM assignment may convey the first time slot and
one or more subsequent time slots at 225, 425, 630, as described above with reference to FIG.

2,4, or 6, respectively.

[0144] At block 1510, the method 1500 may communicate with at least one node from the
first group of nodes during the first time slot and during one or more subsequent occurrences
of the first time slot, at the lower priority level. For example, the communication may be

performed at 225, 425, 630, as described above with reference to FIG. 2, 4, or 6, respectively.

[0145] In some embodiments, the operations at block 1505 or 1510 may be performed
using the soft TDM assignment component 815 described with reference to FIG. §, 9, 10, or
13. Nevertheless, it should be noted that the method 1500 is just one implementation and that
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the operations of the method 1500 may be rearranged or otherwise modified such that other

implementations are possible.

[0146] FIG. 16 shows a flowchart illustrating an example of a method 1600 for wireless
communications according to at least one aspect of the principles described above. The
method 1600 may be implemented by at least one of the STAs 115, the AP 105 described
above with reference to FIG. 1, the first nodes 205 described above with reference to FIG. 2,
4, 6, or 7, the apparatuses 805 or 1105 of FIG. 8, 9, 10, or 11, and/or the wireless device 1305
described above with reference to FIG. 12. In some examples, a node such as one of the
STAs 115, a AP 105, an apparatus such as apparatus 805 or 1105, or a wireless device 1305
may execute sets of codes to control the functional elements of the STA, AP, node, apparatus,

or device to perform the functions described below.

[0147] At block 1605, the method 1600 may send a signal comprising one or more soft
TDM assignment fields to a first group of nodes, wherein at least one of the soft TDM
assignment fields is configured to convey connection information to the first group of nodes
to communicate during at least one time slot at a first priority level that is different from a
second priority level of a second group of nodes communicating during the at least one time
slot, wherein the soft TDM assignment further conveys one or more backoff operation rules.
For example, the signal may be sent at 215-210, 415-420, 615-620, as described above with

reference to FIG. 2, 4, or 6, respectively.

[0148] At block 1610, the method 1600 may communicate with at least one node from the
first group of nodes during the at least one time slot at the first priority, the at least one node
implementing the backoff operation rule to control at least one backoff timer. For example,
the communication may be performed at 225, 425, 630, as described above with reference to
FIG. 2, 4, or 6, respectively. For example, the backoff time control may be performed at 625

or 635, as described above with reference to FIG. 6.

[0149] In some embodiments, the operations at block 1605 or 1610 may be performed
using the soft TDM assignment component 815 described with reference to FIG. §, 9 10, or
13. Nevertheless, it should be noted that the method 1600 is just one implementation and that
the operations of the method 1600 may be rearranged or otherwise modified such that other

implementations are possible.
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[0150] FIG. 17 shows a flowchart illustrating an example of a method 1700 for wireless
communications according to at least one aspect of the principles described above. The
method 1700 may be implemented by at least one of the STAs 115, the AP 105 described
above with reference to FIG. 1, the first nodes 205 described above with reference to FIG. 2,
4, 6, or 7, the apparatuses 805 or 1105 of FIG. 8, 9, 10, or 11, and/or the wireless device 1305
described above with reference to FIG. 12. In some examples, a node such as one of the
STAs 115, a AP 105, an apparatus such as apparatus 805 or 1105, or a wireless device 1305
may execute sets of codes to control the functional elements of the STA, AP, node, apparatus,

or device to perform the functions described below.

[0151] At Dblock 1705, the method 1700 may identify at least one primary node to
communicate during at least one non-concurrent time slot of an enhanced distributed channel
access. For example, the primary node may be identified at 705, as described above with

reference to FIG. 7.

[0152] Atblock 1710, the method 1700 may identify at least one secondary node to
communicate during the at least one non-concurrent time slot. For example, the secondary

node may be identified at 710, as described above with reference to FIG. 7.

[0153] Atblock 1715, the method 1700 may send a signal to the at least one secondary
node to convey connection information, the connection information for the secondary node to
communicate during the at least one non-concurrent time slot, the secondary node
communicating during the at least one non-concurrent time slot at a first priority level that is
different from a second priority level of the primary node. For example, the signal may be

sent at 715 or 720, as described above with reference to FIG. 7.

[0154] In some embodiments, the operations at block 1705, 1710, or 1715 may be
performed using the NC time slot access component 1115 described with reference to FIG.
11, 12 or 13. Nevertheless, it should be noted that the method 1700 is just one
implementation and that the operations of the method 1700 may be rearranged or otherwise

modified such that other implementations are possible.

[0155] The detailed description set forth above in connection with the appended drawings
describes exemplary embodiments and does not represent the only embodiments that may be

implemented or that are within the scope of the claims. The term “example” or “exemplary,”
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when used in this description means “serving as an example, instance, or illustration,” and
not “preferred” or “advantageous over other embodiments.” The detailed description
includes specific details for the purpose of providing an understanding of the described
techniques. These techniques, however, may be practiced without these specific details. In
some instances, well-known structures and devices are shown in block diagram form in order

to avoid obscuring the concepts of the described embodiments.

[0156] 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.

[0157] In embodiments, the components as shown in FIGs. §, 9, 10, 11, 12, and 13, each
may include a circuit or circuitry for performing the functions described herein with reference

to F1Gs. 8,9, 10, 11, 12, and 13.

[0158] The various illustrative blocks and components described in connection with the
disclosure herein may be implemented or performed with a general-purpose processor, a
digital signal processor (DSP), 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, ¢.g., a combination of a DSP and a microprocessor,
multiple microprocessors, one or more microprocessors in conjunction with a DSP core, or

any other such configuration.

[0159] 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 transmitted over as instructions or code on a
computer-readable medium. 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
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also be physically located at various positions, 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 items prefaced by “at least one of” indicates a
disjunctive list such that, for example, a list of “at least one of A, B, or C” means A or Bor C

or AB or AC or BC or ABC (i.e., A and B and C).

[0160] Computer-readable media includes both computer storage media and
communication media including any medium that facilitates transfer of a computer program
from one place to another. A storage medium may be any available medium that can be
accessed by a general purpose or special purpose computer. By way of example, and not
limitation, computer-readable media can comprise RAM, ROM, clectrically erasable
programmable ROM (EEPROM), compact disc (CD)-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium that can be
used to carry or store desired program code means in the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer, or a
general-purpose or special-purpose processor. Also, any connection is properly termed a
computer-readable medium. For example, if the software is transmitted from a website,
server, or other remote source using a coaxial cable, fiber optic cable, twisted pair, digital
subscriber line (DSL), or wireless technologies such as infrared, radio, and microwave, then
the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless technologies such as
infrared, radio, and microwave are included in the definition of medium. Disk and disc, as
used herein, include CD, laser disc, optical disc, digital versatile disc (DVD), floppy disk and
Blu-ray disc where disks usually reproduce data magnetically, while discs reproduce data
optically with lasers. Combinations of the above are also included within the scope of

computer-readable media.

[0161] The previous description of the disclosure is provided to enable a person skilled in
the art to make or use the disclosure. Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the generic principles defined herein may be applied
to other variations without departing from the scope of the disclosure. Throughout this
disclosure the term “example” or “exemplary” indicates an example or instance and does not

imply or require any preference for the noted example. Thus, the disclosure is not to be
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limited to the examples and designs described herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.
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CLAIMS
What is claimed is:
1. A method for wireless communication, comprising;:

sending a signal comprising one or more soft time division multiplexing
(TDM) assignment fields, wherein at least one of the soft TDM assignment fields is
configured to convey connection information to a first group of nodes to communicate during
at least one time slot at a first priority level that is different from a second priority level of a
second group of nodes communicating during the at least one time slot; and

communicating with at least one node from the first group of nodes during the

at least one time slot at the first priority level.

2. The method of claim 1, wherein the connection information comprises
one or more of identification data for each group of nodes communicating during the at least
one time slot, a set of enhanced distributed channel access parameters for at least one of the
first group of nodes and the second group of nodes communicating during the at least one

time slot, and a time slot parameter identifying the at least one time slot.

3. The method of claim 2, wherein the identification data comprises at
least one of an identification code associated with one or more nodes in one or more groups
of nodes, a range of identification codes associated with one or more nodes in one or more
groups of nodes, and an index of predefined identification codes for one or more groups of

nodes.

4, The method of claim 2, wherein the set of enhanced distributed
channel access parameters comprises one or more of a minimum contention window size, a
maximum contention window size, an arbitration inter-frame space number, and a transmit

opportunity for each group of nodes.

5. The method of claim 2, wherein the time slot parameter comprises a
start time and a duration field for the at least one time slot or a start time and an end time for

the at least one time slot.



~ SN o kR WD =

f—

AW N =

f—

WO 2015/179749 PCT/US2015/032153
49

6. The method of claim 2, wherein the at least one of the soft TDM
assignment fields comprises one or more of information identifying operating channels of an
enhanced distributed channel access, default enhanced distributed channel access parameters
to be used by unspecified nodes during the at least one time slot, enhanced distributed
channel access parameters to be used per group of nodes during a second time slot that is
different from the at least one time slot, and default enhanced distributed channel access

parameters to be used by nodes outside of any specified time slot.

7. The method of claim 1, wherein the at least one of the soft TDM
assignment fields is sent in at least one of a beacon, a probe request message, a probe

reésSponsc message, an association request mcessage, or an association TeSponsc message.

8. The method of claim 1, wherein the at least one time slot comprises a
plurality of time slots that each repeat on a recurring schedule and the at least one of the soft

TDM assignment fields comprises periodicity information.

9. The method of claim &, wherein the at least one of the soft TDM
assignment fields conveys the connection information associated with each time slot in every
period to at least one of a plurality of groups of nodes scheduled to communicate during that

time slot in every period.

10.  The method of claim 8, wherein the signal comprises a common
enhanced distributed channel access parameters for a primary group of nodes and a secondary

group of nodes to use during each time slot in every period.

11.  The method of claim 10, wherein each soft TDM assignment field
identifies nodes to use the common enhanced distributed channel access parameters as the
primary group of nodes and nodes to use the common enhanced distributed channel access

parameters as the secondary group of nodes.

12. The method of claim 1, wherein at least one node in each group of
nodes comprises a backoff timer associated with backoff operations performed at a boundary

of the at least one time slot.
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13.  The method of claim 12, wherein the signal comprises at least one
backoff operations rule that indicates to the at least one node in each group of nodes to:

update the backoff timer based at least in part on the connection information in
the at least one of the soft TDM assignment fields; and

reset the backoff timer at the beginning of at least the at least one time slot.

14.  The method of claim 1, wherein at least one node communicating
comprises a plurality of backoff timers associated with backoff operations performed at a
boundary of a time slot during which the at least one node is communicating, each backoff

timer associated with a particular time slot in a recurring schedule.

15.  The method of claim 14, wherein the signal comprises at least one
backoff operations rule that indicates to the at least one node to:

pause the associated backoff timer at the end of each time slot in the recurring
schedule during which the at least one node is communicating; and

restart the associated backoff timer at the beginning of a next subsequently
occurring time slot in the recurring schedule during which the at least one node is

communicating.

16.  The method of claim 1, wherein at least one node communicating
comprises a primary backoff timer associated with backoff operations performed at a
boundary of primary time slot during which the at least one node is communicating and a
secondary backoff timer associated with backoff operations performed at a boundary of a

secondary time slot during which the at least one node is communicating.

17.  The method of claim 16, wherein the signal comprises at least one
backoff operations rule that indicates to the at least one node in each group of nodes to:

pause the primary backoff timer at the end of a primary time slot during which
the at least one node is communicating; and

restart the primary backoff timer at the beginning of a next subsequently

occurring primary time slot during which the at least one node is communicating.
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18.  The method of claim 16, wherein the signal comprises at least one
backoff operations rule that indicates to the at least one node in each group of nodes
to:

reset the secondary backoff timer at the beginning of each recurring secondary

time slot during which the at least one node is communicating.

19.  An apparatus for wireless communication, comprising:

a soft time division multiplexing (TDM) assignment component configured to
send a signal comprising one or more soft TDM assignment fields, wherein at least one of the
soft TDM assignment fields is configured to convey connection information to a first group
of nodes to communicate during at least one time slot at a first priority level that is different
from a second priority level of a second group of nodes communicating during the at least
one time slot; and

the soft TDM assignment component further configured to communicate with
at least one node from the first group of nodes during the at least one time slot at the first

priority level.

20. The apparatus of claim 19, wherein the connection information
comprises one or more of identification data for each group of nodes communicating during
the at least one time slot, a set of enhanced distributed channel access parameters for at least
one of the first group of nodes and the second group of nodes communicating during the at

least one time slot, and a time slot parameter identifying the at least one time slot.

21.  The apparatus of claim 20, wherein the identification data comprises at
least one of an identification code associated with one or more nodes in one or more groups
of nodes, a range of identification codes associated with one or more nodes in one or more
groups of nodes, and an index of predefined identification codes for one or more groups of

nodes.

22.  The apparatus of claim 20, wherein the set of enhanced distributed
channel access parameters comprise one or more of a minimum contention window size, a
maximum contention window size, an arbitration inter-frame space number, and a transmit

opportunity for each group of nodes.
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23.  The apparatus of claim 20, wherein the time slot parameter comprises a
start time and a duration field for the at least one time slot or a start time and an end time for

the at least one time slot.

24.  The apparatus of claim 20, wherein the at least one of the soft TDM
assignment fields comprises one or more of information identifying operating channels of an
enhanced distributed channel access, default enhanced distributed channel access parameters
to be used by unspecified nodes during the at least one time slot, enhanced distributed
channel access parameters to be used per group of nodes during a second time slot that is
different from the at least one time slot, and default enhanced distributed channel access

parameters to be used by nodes outside of any specified time slot.

25. The apparatus of claim 19, wherein the at least one of the soft TDM
assignment fields is sent in at least one of a beacon, a probe request message, a probe

reésSponsc message, an association request mcessage, or an association TeSponsc message.

26.  The apparatus of claim 19, wherein the at least one time slot comprises
a plurality of time slots that ecach repeat on a recurring schedule and the at least one of the

soft TDM assignment fields comprises periodicity information.

27. The apparatus of claim 26, wherein the at least one of the soft TDM
assignment fields conveys the connection information associated with each time slot in every
period to at least one of a plurality of groups of nodes scheduled to communicate during that

time slot in every period.

28.  The apparatus of claim 26, wherein the signal comprises a common
enhanced distributed channel access parameters for a primary group of nodes and a secondary

group of nodes to use during each time slot in every period.

29. The apparatus of claim 28, wherein each soft TDM assignment field
identifies nodes to use the common enhanced distributed channel access parameters as the
primary group of nodes and nodes to use the common enhanced distributed channel access

parameters as the secondary group of nodes.

30.  An apparatus for wireless communication, comprising:
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at least one processor;

a memory in electronic communication with the at least one processor; and

instructions stored in the memory, the instructions being executable by the at
least one processor to:

send a signal comprising one or more soft TDM assignment fields, wherein at
least one of the soft TDM assignment fields is configured to convey connection information
to a first group of nodes to communicate during at least one time slot at a first priority level
that is different from a second priority level of a second group of nodes communicating
during the at least one time slot; and

communicate with at least one node from the first group of nodes during the at

least one time slot at the first priority level.

31. A method for wireless communication, comprising;:

identifying at least one primary node to communicate during at least one non-
concurrent time slot of an enhanced distributed channel access;

identifying at least one secondary node to communicate during the at least one
non-concurrent time slot; and

sending a signal to the at least one secondary node to convey connection
information, the connection information for the at least one secondary node to communicate
during the at least one non-concurrent time slot, the at least one secondary node
communicating during the at least one non-concurrent time slot at a first priority level that is

different from a second priority level of the at least one primary node.

32. The method of claim 31, wherein the connection information is
conveyed in a beacon sent from an access point, further comprising:
communicating with the at least one secondary node based upon the at least

one secondary node receiving the beacon from the access point.

33.  The method of claim 31, further comprising:
broadcasting, by at least one access point operating on the enhanced
distributed channel access, connection information comprising a non-concurrent time slot

schedule, an enhanced distributed channel access configuration information, and an indicator
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field identifying whether the at least one access point permits secondary nodes to

communicate during the at least one non-concurrent time slot at the first priority level.

34.  The method of claim 31, further comprising:
broadcasting, by at least one access point operating on the enhanced
distributed channel access, connection information associated with the at least one access

point and connection information associated with at least one neighbor access point.

35. The method of claim 34, wherein the connection information for the at
least one access point and the at least one neighbor access point comprises a non-concurrent
time slot schedule for each access point, an enhanced distributed channel access
configuration information for each access point, and an indicator field identifying whether
cach access point permits secondary nodes to communicate during the at least one non-

concurrent time slot at the first priority level.

36. The method of claim 31, wherein the connection information
comprises a soft time division multiplexing (TDM) assignment field for the at least one non-

concurrent time slot.

37.  The method of claim 36, wherein the soft TDM assignment field
further comprises one or more of an indicator field identifying whether an access point
permits secondary nodes to communicate during the at least one non-concurrent time slot at
the first priority level, enhanced distributed channel access configuration information for the
at least one primary node, and enhanced distributed channel access configuration information

for the at least one secondary node.

38.  The method of claim 37, wherein the soft TDM assignment field
further comprises one or more of identification data identifying the at least one primary node

and the at least one secondary node.

39.  The method of claim 38, wherein the identification data comprises at
least one of an identification code associated with one or more nodes in one or more groups
of nodes, a range of identification codes associated with one or more nodes in one or more
groups of nodes, and an index of predefined identification codes for one or more groups of

nodes.
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40. The method of claim 36, wherein the at least one non-concurrent time
slot is repeated on a recurring schedule and the soft TDM assignment field comprises

periodicity information.

41.  The method of claim 40, wherein the soft TDM assignment field
conveys to at least one node a first non-concurrent time slot and one or more subsequent non-
concurrent time slots to communicate during using the connection information associated

with the first non-concurrent time slot.

42.  The method of claim 31, wherein the at least one secondary node
communicating during the at least one non-concurrent time slot at the first priority level that
is different from the second priority level of the at least one primary node uses reduced
enhanced distributed channel access parameters by the at least one secondary node with
respect to enhanced distributed channel access parameters used by the at least one primary

node.

43, The method of claim 42, wherein the reduced enhanced distributed
channel access parameters used by the at least one secondary node comprise, with respect to
the enhanced distributed channel access parameters used by the at least one primary node,
one or more of a larger minimum contention window size, a larger maximum contention
window size, a larger arbitration inter-frame space number, and a shorter transmit

opportunity.

44.  The method of claim 31, wherein the at least one secondary node
communicating during the at least one non-concurrent time slot at the first priority level that
is different from the second priority level of the at least one primary node reduces a carrier
clearance assessment energy detection threshold for the at least one secondary node in
relation to a carrier clearance assessment energy detection threshold for the at least one

primary node.

45.  The method of claim 31, wherein the at least one secondary node
receives from an access point operating on the enhanced distributed channel access, a signal

indicating that the access point has no information to communicate during the at least one
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non-concurrent time slot and communicates during the at least one non-concurrent time slot

based on receiving the signal.

46.  The method of claim 31, wherein the at least one secondary node
determines that an access point operating on the enhanced distributed channel access is not
communicating with any of primary nodes for a predetermined time threshold during the at
least one non-concurrent time slot and communicates during the at least one non-concurrent

time slot based on the determination.

47.  An apparatus for wireless communication, comprising:
a non-concurrent time slot access component configured to:
identify at least one primary node to communicate during at least one
non-concurrent time slot of an enhanced distributed channel access; and
identify at least one secondary node to communicate during the at least
one¢ non-concurrent time slot, and
a transmitter configured to send a signal to the at least one secondary node to
convey connection information, the connection information for the at least one secondary
node to communicate during the at least one non-concurrent time slot, the at least one
secondary node communicating during the at least one non-concurrent time slot at a first

priority level that is different from a second priority level of the at least one primary node.

48. The apparatus of claim 47, wherein the connection information is
conveyed in a beacon sent from an access point, the non-concurrent time slot access
component further configured to:

communicate with the at least one secondary node based upon the at least one

secondary node receiving the beacon from the access point.

49.  The apparatus of claim 47, the non-concurrent time slot access
component further configured to:

broadcast, by at least one access point operating on the enhanced distributed
channel access, connection information comprising a non-concurrent time slot schedule, an
enhanced distributed channel access configuration information, and an indicator field
identifying whether the at least one access point permits secondary nodes to communicate

during the at least one non-concurrent time slot at the first priority level.
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50.  An apparatus for wireless communication, comprising:
at least one processor;
a memory in electronic communications with the at least one processor; and
instructions stored in the memory, the instructions being executable by the at
least one processor to:
identify at least one primary node to communicate during at least one
non-concurrent time slot of an enhanced distributed channel access;
identify at least one secondary node to communicate during the at least
one non-concurrent time slot; and
send a signal to the at least one secondary node to convey connection
information, the connection information for the at least one secondary node to
communicate during the at least one non-concurrent time slot, the at least one
secondary node communicating during the at least one non-concurrent time slot at a
first priority level that is different from a second priority level of the at least one

primary node.
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