wO 2014/179713 AT A0E V000K RO 0

(43) International Publication Date

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

-

(19) World Intellectual Property Ny
Organization :
International Bureau

=

6 November 2014 (06.11.2014)

PO 0”0 O

(10) International Publication Number

WO 2014/179713 Al

WIPOIPCT

(51)

21

(22)

(25)
(26)
(30)

(71

(72)

International Patent Classification:
HO4W 74/08 (2009.01)

International Application Number:
PCT/US2014/036610

International Filing Date:
2 May 2014 (02.05.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/819,233 3 May 2013 (03.05.2013) uUs
61/877,575 13 September 2013 (13.09.2013) us

Applicant: INTERDIGITAL PATENT HOLDINGS,
INC. [US/USJ; 200 Bellevue Parkway, Suite 300, Wilm-
ington, DE 19809 (US).

Inventors: OTERI, Oghenekome; 8451 Christopher
Ridge Terrace, San Diego, CA 92127 (US). LOU, Han-
qing; 47 Southwood Circle, Syosste, NY 11791 (US).
GHOSH, Monisha; 569 Millwood Road, Chappaqua, NY
10514 (US). OLESEN, Robert, L.; 3 Country Club Drive,
Huntington, NY 11743 (US). LA SITA, Frank; 91 Ben-
netts Road, Setauket, NY 11733 (US). WANG, Xiaofei;
30 Chestnut Court, Cedar Grove, NJ 07009 (US). XIA,

(74)

(81)

(84)

Pengfei; 4180 Misty Ridge, San Diego, CA 92130 (US).
SHAH, Nirav, B.; 14670 Via Fiesta #2, San Diego, CA
92127 (US).

Agents: ROCCIA, Vincent, J. et al.; Condo Roccia Kop-
tiw LLP, 1800 JFK Blvd., Suite 1700, Philadelphia, PA
19103 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, F1, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

[Continued on next page]

(54) Title: SYSTEMS AND METHODS FOR FRACTIONAL CARRIER SENSE MULTIPLE ACCESS WITH COLLISION
AVOIDANCE (CSMA/CA) FOR WLANS

3 AP

h BSS center

5] BSS edge

(57) Abstract: Systems, methods, and instrumentalities are
described to implement an interference management method
in a WLAN. An access point (AP) or an inter-BSS coordinat-
or (IBC) may identify a station (STA) associated with a first
basic service set (BSS) as an edge STA or a non-edge STA.
The AP or the IBC may group the edge STA into an edge
group and a non-edge STA into a non- edge group. The AP
or the IBC may receive information associated with a second
BSS. The AP or the IBC may coordinate access of the edge
group and/or the non-edge group. The access may be co-
ordinated to minimize interference of the edge STA. The ac-
cess may be based at least on the received information associ-
ated with the second BSS. The AP or the IBC may adjust
transmit power of a plurality of STAs identified as edge
group STAs and non-edge group STAs.

SAMSUNG 1018



WO 2014/17971:3 A1 000000010 0O

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, Published:

KM, ML, MR, NE, SN, TD. TG). —  with international search report (Art. 21(3))



WO 2014/179713 PCT/US2014/036610

SYSTEMS AND METHODS FOR FRACTIONAL CARRIER SENSE MULTIPLE
ACCESS WITH COLLISION AVOIDANCE (CSMA/CA) FOR WLANS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application Nos.
61/819,233 filed on May 03, 2013, and 61/877,575 filed on September 13, 2013, the contents of

which are hereby incorporated by reference herein.

BACKGROUND

[0002] Wireless networks (e.g., IEEE 802.11 based networks) may be deployed in dense
environments (e.g., mesh networks). The high-density deployments of such networks may result
in overlap of basic service sets (BSSs). Simultancous transmission from multiple access points
(APs) and stations (STAs) in such deployments may cause heavy collisions, which may result in
excessive management traffic, and reduction of throughput. Techniques used to mitigate

interference in such deployments may be inadequate.
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SUMMARY

[0003] Systems, methods, and instrumentalities are described to implement interference
management in a Wircless Local Arca Network (WLAN). An access point (AP) or an inter-BSS
coordinator (IBC) may receive an information clement (IE) indicating fractional carrier sense
multiple access with collision avoidance (F-CSMA/CA) support. The I1E may be received via
one of a control frame, a management frame, or an extension frame. The AP or the IBC may
identify a station (STA) associated with a first basic service set (BSS) as an edge STA or a non -
edge STA. The STA may be identified as the edge STA or the non-edge STA, for example,
using one or more of a path loss from an AP to the STA, physical or geographic location of the
STA, information received from the STA, or information received from a central IBC.

[0004] The AP or the IBC may group the edge STA into an edge group and a non-edge
STA into a non-edge group. The AP or the IBC may receive information associated with a
second BSS. The information received from the STA may include a difference between a
received signal strength indication (RSSI) of the AP at the STA and a next strongest AP at the
STA.

[0005] The AP or the IBC may coordinate access of the edge group and/or the non-edge
group. The access may be coordinated to minimize interference of the edge STA associated with
the first BSS. The coordinating access may include coordinating timing between groups
associated with the first BSS and the second BSS. The access may be based at least on the

received information associated with the second BSS.

[0006] The AP or the IBC may adjust transmit power of a plurality of stations (STAs)
associated with the first BSS by limiting a maximum power of the plurality of STAs to a worst
STA. The plurality of STAs may include a STA identified as non-cdge STA and at least one
STA identified as edge STA.

[0007] One or more STAs in one or more edge groups may be orthogonal. For example,
a first station associated with a first edge group may be orthogonal to a sccond station associated
with a second edge group. The orthogonality between the first station and the second station is

partial or full.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0008] A more detailed understanding may be had from the following description, given

by way of example in conjunction with the accompanying drawings.

[0009] FIG. 1 illustrates an example of Wireless Local Arca Network (WLAN) devices.
[0010] FIG. 2 illustrates an example of transmission in overlapping basic service set
(BSS).

[0011] FIG. 3 illustrates an exemple of an overlapping Basic Service Sets (BSSs) with

fractional Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) and transmit

power control (TPC).

[0012] FIG. 4 illustrates an example of an WLAN system with BSS-edge and BSS-center
partitioning.

[0013] FIG. § illustrates an example of full and partial orthogonality of one or more
groups.

[0014] FIG. 6 illustrates an example of a fully orthogonal fractional CSMA/CA

transmission, ¢.g., using beacon timing offsets.

[0015] FIG. 7 illustrates an example of partial orthogonality with user Prioritics with 3-
level priority.

[0016] FIG. 8 illustrates an example of partial orthogonality with user Priorities with 2-

level priority.

[0017] FIG. 9 illustrates an example of partial statistical orthogonality.
[0018] FIG. 10 illustrates an example of downlink performance (packet interval update).
[0019] FIG. 11 illustrates an example of uplink performance (packet interval update).
[0020] FIG. 12 illustrates an example of downlink performance (beacon interval update).
[0021] FIG. 13 illustrates an example of uplink performance (beacon interval update).
[0022] FIG. 14 illustrates an example of downlink no overlap relative performance.
[0023] FIG. 15 illustrates an example of downlink overlap relative performance.
[0024] FIG. 16 illustrates an example of uplink no overlap relative performance.
[0025] FIG. 17 illustrates an example of uplink overlap relative performance.

3
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[0026] FIG. 18 illustrates an example of frequency domain F-CSMA frequency
allocation.

[0027] FIG. 19 illustrates an example of the Inter-BSS Coordination Capability element.
[0028] FIG. 20 illustrates an example of the OBSS Reporting clement.

[0029] FIG. 21 illustrates an example of a Centralized frequency domain fractional
CSMA (FD F-CSMA) Coordination Request frame.

[0030] FIG. 22 illustrates an example of an FD F-CSMA Allocation element.

[0031] FIG. 23 illustrates an example of a Centralized Inter-BSS FD F-CSMA
Coordination Response (CIBCRep) frame.

[0032] FIG. 24 illustrates an example of Coordinated Block Based Resource Allocation
fractional CSMA (COBRA F-CSMA).

[0033] FIG. 25 illustrates an example of a priority adaptation based on distance of a STA

from two APs.

[0034] FIG. 26 illustrates an example of a priority adaptation based on distance of a STA
from three APs.

[0035] FIG. 27A is a system diagram of an example communications system in which
one or more disclosed embodiments may be implemented.

[0036] FIG. 27B is a system diagram of an example wireless transmit/receive unit

(WTRU) that may be used within the communications system illustrated in FIG. 27A.

DETAILED DESCRIPTION

[0037] A detailed description of illustrative embodiments will now be described with
reference to the various figures. Although this description provides a detailed example of
possible implementations, it should be noted that the details are intended to be exemplary and in
no way limit the scope of the application.

[0038] FIG. 1 illustrates exemplary wireless local arca network (WLAN) devices.The
WLAN may include, but is not limited to, access point (AP) 102, station (STA) 110, and STA
112. STA 110 and 112 may be associated with AP 102. The WLAN may be configured to
implement one or more protocols of the IEEE 802.11 communication standard, which may

include a channel access scheme, such as DSSS, OFDM, OFDMA, etc. A WLAN may operate
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in a mode, ¢.g., an infrastructure mode, an ad-hoc mode, ctc.

[0039] A WLAN operating in an infrastructure mode may comprise one or more APs
communicating with one or more associated STAs. An AP and STA(s) associated with the AP
may comprise a basic service set (BSS). For example, AP 102, STA 110, and STA 112 may
comprise BSS 122. An extended service set (ESS) may comprise one or more APs (with one or
more BSSs) and STA(s) associated with the APs. An AP may have access to, and/or interface to,
distribution system (DS) 116, which may be wired and/or wireless and may carry traffic to
and/or from the AP. Traffic to a STA in the WLAN originating from outside the WLAN may be
received at an AP in the WLAN, which may send the traffic to the STA in the WLAN. Traffic
originating from a STA in the WLAN to a destination outside the WLAN, ¢.g., to server 118,
may be sent to an AP in the WLAN, which may send the traffic to the destination, ¢.g., via DS
116 to network 114 to be sent to server 118. Traffic between STAs within the WLAN may be
sent through one or more APs. For example, a source STA (e.g., STA 110) may have traffic
intended for a destination STA (e.g., STA 112). STA 110 may send the traffic to AP 102, and,
AP 102 may send the traffic to STA 112.

[0040] A WLAN may operate in an ad-hoc mode. The ad-hoc mode WLAN may be
referred to as independent basic service set (IBBS). In an ad-hoc mode WLAN, the STAs may
communicate directly with each other (e.g., STA 110 may communicate with STA 112 without
such communication being routed through an AP).

[0041] IEEE 802.11 devices (e.g., IEEE 802.11 APs in a BSS) may use beacon frames to
announce the existence of a WLAN network. An AP, such as AP 102, may transmit a beacon on
a channel, ¢.g., a fixed channel, such as a primary channel. A STA may usc a channel, such as
the primary channel, to establish a connection with an AP.

[0042] STA(s) and/or AP(s) may use a Carrier Sense Multiple Access with Collision
Avoidance (CSMA/CA) channel access mechanism. In CSMA/CA a STA and/or an AP may
sense the primary channel. For example, if a STA has data to send, the STA may sense the
primary channel. If the primary channel is detected to be busy, the STA may back off. For
example, a WLAN or portion thereof may be configured so that one STA may transmit at a given
time, ¢.g., in a given BSS. Channel access may include RTS and/or CTS signaling. For

example, an exchange of a request to send (RTS) frame may be transmitted by a sending device



WO 2014/179713 PCT/US2014/036610

and a clear to send (CTS) frame that may be sent by a receiving device. For example, if an AP
has data to send to a STA, the AP may send an RTS frame to the STA. If the STA is ready to
receive data, the STA may respond with a CTS frame. The CTS frame may include a time value
that may alert other STAs to hold off from accessing the medium while the AP initiating the RTS
may transmit its data. On receiving the CTS frame from the STA, the AP may send the data to
the STA.

[0043] A device may reserve spectrum via a network allocation vector (NAV) field. For
example, in an IEEE 802.11 frame, the NAV ficld may be used to reserve a channel for a time
period. A STA that wants to transmit data may set the NAV to the time for which it may expect
to use the channel. When a STA sets the NAV, the NAV may be set for an associated WLAN or
subset thereof (e.g., a BSS). Other STAs may count down the NAV to zero. When the counter
reaches a value of zero, the NAV functionality may indicate to the other STA that the channel is
now available.

[0044] The devices in a WLAN, such as an AP or STA, may include one or more of the
following: a processor, a memory, a radio receiver and/or transmitter (e.g., which may be
combined in a transceiver), one or more antennas (¢.g., antennas 106 in FIG. 1), etc. A processor
function may comprise one or more processors. For example, the processor may comprise one
or more of: a general purpose processor, a special purpose processor (¢.g., a baseband processor,
a MAC processor, ctc.), a digital signal processor (DSP), Application Specific Integrated Circuits
(ASICs), Field Programmable Gate Array (FPGAs) circuits, any other type of integrated circuit
(IC), a state machine, and the like. The one or more processors may be integrated or not
integrated with each other. The processor (¢.g., the one or more processors or a subset thercof)
may be integrated with one or more other functions (e.g., other functions such as memory). The
processor may perform signal coding, data processing, power control, input/output processing,
modulation, demodulation, and/or any other functionality that may enable the device to operate
in a wireless environment, such as the WLAN of FIG. 1. The processor may be configured to
execute processor executable code (e.g., instructions) including, for example, software and/or
firmware instructions. For example, the processer may be configured to execute computer
readable instructions included on one or more of the processor (e.g., a chipset that includes

memory and a processor) or memory. Execution of the instructions may cause the device to
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perform one or more of the functions described herein.

[0045] A device may include one or more antennas. The device may employ multiple
input multiple output (MIMO) techniques. The one or more antennas may receive a radio signal.
The processor may receive the radio signal, e.g., via the one or more antennas. The one or more
antennas may transmit a radio signal (e.g., based on a signal sent from the processor).

[0046] The device may have a memory that may include one or more devices for storing
programming and/or data, such as processor executable code or instructions (e.g., software,
firmware, etc.), electronic data, databases, or other digital information. The memory may
include one or more memory units. One or more memory units may be integrated with one or
more other functions (e.g., other functions included in the device, such as the processor). The
memory may include a read-only memory (ROM) (e.g., crasable programmable read only
memory (EPROM)), electrically erasable programmable read only memory (EEPROM), etc.),
random access memory (RAM), magnetic disk storage media, optical storage media, flash
memory devices, and/or other non-transitory computer-readable media for storing information.
The memory may be coupled to the processer. The processer may communicate with one or
more entitics of memory, e.g., via a system bus, directly, etc.

[0047] In IEEE 802.11n, High Throughput (HT) STAs may use a 40 MHz wide channel
for communication. This may be achieved, for example, by combining the primary 20 MHz

channel, with an adjacent 20 MHz channel to form a 40 MHz wide contiguous channel.

[0048] In IEEE 802.11ac, very high throughput (VHT) STAs may support20MHz, 40
MHz, 80 MHz, and/or 160 MHz wide channels. The 40 MHz, and 80 MHz, channels may be
formed, ¢.g., by combining contiguous 20 MHz channels. A160 MHz channel may be formed,
for example, by combining eight contiguous 20 MHz channels, or by combining two non-
contiguous 80 MHz channels (e.g., referred to as an 80+80 configuration). For the 80+80
configuration, the data, after channel encoding, may be passed through a segment parser that
may divide it into two streams. inverse fast Fourier transform (IFFT), and time domain,
processing may be done on cach stream separately. The streams may be mapped on to the two
channels, and the data may be transmitted. At the receiver, this mechanism may be reversed, and
the combined data may be sent to the MAC.

[0049] IEEE 802.11af and IEEE 802.11ah may support sub I GHz modes of operation.

7
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For these specifications the channel operating bandwidths may be reduced relative to those used
in IEEE 802.11n, and IEEE 802.11ac. IEEE 802.11af may support S MHz, 10 MHz and/or 20
MHz bandwidths in the TV White Space (TVWS) spectrum, and IEEE 802.11ah may support 1
MHz, 2 MHz, 4 MHz, 8 MHz, and/or 16 MHz bandwidths, ¢.g., using non-TVWS spectrum.
IEEE 802.11ah may support Meter Type Control (MTC) devices in a macro coverage area.

MTC devices may have capabilities including, for example, support for limited bandwidths, and
a requirement for a very long battery life.

[0050] In WLAN systems that may support multiple channels, and channel widths, e.g.,
IEEE 802.11n, IEEE 802.11ac, IEEE 802.11af, and/or IEEE 802.11ah, may include a channel,
which may be designated as the primary channel. The primary channel may have a bandwidth
that may be equal to the largest common operating bandwidth supported by the STAs in the BSS.
The bandwidth of the primary channel may be limited by a STA operating in a BSS that may
support the smallest bandwidth operating mode. For example, in IEEE 802.11ah, the primary
channel may be 1 MHz wide, if there may be STAs (e.g., MTC type devices) that may support a
1 MHz mode even if the AP, and other STAs in the BSS, may support a 2 MHz, 4 MHz, 8 MHz,
16 MHz, or other channel bandwidth operating modes. The carrier sensing, and NAV settings,
may depend on the status of the primary channel. If the primary channel is busy, for example,
due to a STA supporting a | MHz operating mode transmitting to the AP, the available
frequency bands may be considered busy even though majority of the bands may stay idle and
available.

[0051] In the United States, for example, the available frequency bands that may be used
by IEEE 802.11ah may be from 902 MHz to 928 MHz. In Korea, for example, it may be from
917.5 MHz to 923.5 MHz. In Japan, for example, it may be from 916.5 MHz to 927.5 MHz. The
total bandwidth available for IEEE 802.11ah may be 6 MHz to 26 MHz may depend on the
country code.

[0052] Transmit Power Control (TPC) in a wireless network may be used for minimizing
interference between nodes, improving wireless link quality, reducing energy consumption,
controlling the network topology, reducing interference with satellites/radar or other
technologies, or improving coverage in the network. TPC in wireless networks may be open

loop or closed loop. In open loop TPC, the transmitter may control its transmit power

10
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independent of the receiver. In closed loop TPC, the receiver may direct the transmitter to
increase or decrease the transmitter’s transmit power based on one or more metrics.

[0053] TPC may be implemented in a number of ways in different wireless networks.
For example, in wideband code division multiplexing (WCDMA) and high speed packet access
(HSPA), TPC may be a combination of open loop power control, outer loop power control and
inner loop power control. Using the TPC, the power at the receiver in the uplink may be equal
for each of the User equipment (UEs) associated with a NodeB or a base station. In open loop
power control, which may occur between the UE and the Radio Network Controller (RNC), each
UE transmitter may set its output power to a value to compensate for the path loss. This power
control may set the initial uplink and downlink transmission powers, ¢.g., when a UE is
accessing the network. In outer loop power control (a form of closed loop power control), which
may occur between the UE and the RNC, long term channel variations may be compensated.
The power control may be used to maintain the quality of communication at the level of bearer
service quality requirement, while using a low power level. In inner loop power control (a form
of closed loop power control), which occurs between the UE and Node B, each UE may
compensate for short term channel variations. The inner loop power control may be referred to
as fast closed loop power control and may be updated at 1500 Hz.

[0054] In a 3GPP Long Term Evolution (LTE) uplink transmission, the power control
may be a combination of a basic open loop TPC, a dynamic closed loop TPC, and a bandwidth
factor compensation component. The basic open loop TPC may implement fractional power
control in which the UE may compensate for a fraction of the path loss experience. The closed
loop power control may be dynamic and may perform a mixture of interference control with
channel condition adaptation. The bandwidth factor compensation may adjust the transmit
power based on the bandwidth allocated to the UE.

[0055] The TPC in WLANs may be MAC based and may involve the transmission and
reception of TPC MAC packets. The TPC may support the adaptation of the transmit power
based on one or more information elements (IEs) including, for example, path loss, link margin
estimates etc. This TPC is open loop and the transmitting node (e.g., an AP or a STA) may
determine its transmit power independent of the receiving node.

[0056] In IEEE 802.11 WLANsS, e.g., with the exception of IEEE 802.11ad, the receiving

11
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STA may send a TPC report element that may include the transmit power and link margin (e.g.,
the ratio of the received power to that needed by the STA to close the link). The transmitter may
use the information received in the TPC report to decide on the transmit power. For example,
the STA may use a criteria to dynamically adapt its transmit power to another STA based on
information it may receive via the TPC report from that STA. The methods used to estimate the
TPC may be proprietary. A TPC report may be requested by the transmitter to enable it estimate
the correct transmit power. In this case, the transmitter may send an explicit TPC request frame
to the receiver.

[0057] A TPC report may not be requested, in which a receiver may send a TPC report to
its possible transmitters, for example, an AP in a BSS to cach of the STAs in the BSS without a
an explicit request for the report from cach STA. For low duty cycle, the STAs may have a low
overhead during TPC information exchanges. In case of IEEE802.11ah, an open loop link
margin index may be used to improve the accuracy of the TPC estimate by including the receiver
sensitivity or minimum received power for a modulation coding scheme (MCS).

[0058] Using directional multi-gigabit, millimeter (mm) Wave 802.11 WLAN
transmission modes (e.g., 802.11ad), the directional multi-gigabit (DMG) link margin element
may include a ficld that may recommend an increase or a decrease in transmit power. In this
case, the transmitter may send a DMG link adaptation acknowledgement to indicate whether it
may implement the recommendation or not.

[0059] Inter-cell coordination schemes may be used to manage interference by
coordinating transmission and reception between cells. Inter-cell coordination in cellular
networks may include fractional frequency re-use (FFR) with inter-cell interference coordination
(ICIC), cooperative multipoint transmission (CoMP), and enhanced inter-cell interference
Coordination (eICIC) for heterogencous networks. With cellular networks, the coordination
schemes may be based upon deliberate multiple-access scheduling over time and frequency in a
fraction of the transmission bandwidth. As opposed to the cellular scenario, the scheme
described herein may leverage the random access nature of CSMA/CA across the entire
transmission bandwidth.

[0060] Interference coordination in wircless LAN networks may be proprictary and may

be carried out in wireless network controller at layers higher than the PHY and MAC. Some of

10
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the wireless LAN networks may use techniques that may be coordinated to reduce the effect of a
large number of APs and/or STAs. For example, in IEEE 802.11ah based networks, different
types of overlapping BSS (OBSS) networks may interfere with each other. Such OBSS issucs
may be addressed by minimizing interference between the overlapping networks and sharing the
channel in time domain. Time division mechanisms may be utilized with physical grouping or
logical grouping of STAs with an emphasis on sectorized transmission.

[0061] User grouping in wireless networks may be provided. User grouping may
manage multiple access and interference in wireless networks by grouping receivers (e.g., STAs
and/or UEs) based on one or more metrics. For example, for cellular and WLANS, MU-MIMO
STAs that have orthogonal channels may be grouped together to enable efficient multi-user
transmission to cach STA. In 802.11ah, the STAs that have the same directionality from the AP
may be grouped together for common transmission, e.g., using sectorization. In cellular
networks, the UEs that may be at the cell edge and UEs that may be at the cell center may be
grouped separately to enable coordinated scheduling across resource blocks to limit interference.
[0062] 802.11WLAN networks may be deployed in dense environments with multiple
APs and BSSs. The high density deployment may result in an overlap of adjacent BSSs. When
available, the adjacent APs may choose different frequency bands of operation. In some
networks, the use of different frequency may not be possible. Independent operation of
CSMA/CA in cach OBSS may result in simultancous transmissions from multiple APs resulting
in collisions and causing excessive management traffic or prevention of transmissions due to
collision avoidance, resulting in the reduction of throughput. When multiple OBSSs use the
same frequency bands, interference may be a problem, e.g., for the STAs on the edge of
coverage. The increased interference may result in a reduction in the network throughput as seen
at the MAC layer, the MAC goodput, and an increase in energy expenditure. The effect of the
interference on the MAC goodput and energy efficiency of the network may be mitigated.
[0063] FIG. 2 illustrates an example of transmission in overlapping BSSs (e.g., BSS1 210
and BSS2 212). As illustrated in FIG. 2, AP1 202 and AP2 204 may transmit data (¢.g.,
independently) to STAs in their BSSs. The APs may transmit data simultancously. The
transmission, for example, from AP1 202 to STA1 206 (STA1, BSS1) may fail due to the
transmission from AP2 to STA3 208 (STA3, BSS2). The transmission failure issue may be

11
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addressed for network throughput improvement and energy efficiency.

[0064] Channel access timing and inter-BSS coordination for interfering CSMA/CA
groups may result in increased interference in both overlapped and non-overlapped networks. To
enable the mitigation of interference, the data transmission for interfering STAs or groups of
STAs may be timed and coordinated between BSSs to reduce the amount of interference in the
network.

[0065] For example, one or more of user grouping, enhanced transmit power control, or
inter-BSS coordination may be used to improve the system performance of a dense, overlapped
network with multiple BSSs. The system performance may be quantified, for example, by a
combination of MAC layer throughput and energy efficiency. The user grouping, enhanced
Transmit Power Control, and/or Inter-BSS timing and coordination may take into account
CSMA/CA multiple access. Fractional frequency may be used in schedulers to allocate
resources on a sub-channel granularity. Such an allocation may not be used in CSMA/CA based
WLAN networks. The IEEE 802.11ah may provide grouping based sectors and may not perform
coordinated inter-BSS TPC.

[0066] Using TPC, inter-BSS coordination, and user grouping two APs in an OBSS may
transmit simultancously with little or no collisions. In a fractional CSMA/CA method, a fraction
of the total STAs may be permitted to access the channel at a particular time. To limit the
amount of interference, the access duration may be coordinated between multiple BSSs. Using
TPC, the interference resulting from the coordinated transmissions may be limited. Using the
coordinated transmission as described herein, the area covered by the transmissions (e.g., the
coverage arca) of a subset of the BSSs in the network may be implicitly reduced, thereby
reducing the amount of overlap between BSSs and improving the system performance.

[0067] The STAs in each BSS may be grouped into one or more groups based on the
amount of interference the STAs may receive from other BSSs or offer to other BSSs in the
network. For example, the STAs may be partitioned into BSS-edge STAs and/or BSS-center
STAs. A BSS-edge STA may be adversely affected by a neighboring BSS during reception or
may adversely affect a neighboring BSS during transmission. A BSS-center STA may be a non-
BSS-edge STA.

[0068] FIG. 3 illustrates an example of an overlapping BSS with fractional CSMA/CA
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and TPC. In case of transmission between an AP and a BSS-edge STA (e.g., AP1 302 to (STAI,
BSS1) 306), the neighboring BSS, ¢.g., BSS2 310 may limit its transmission to BSS-center
STAs. The neighboring BSS may also control its power. This may limit its interference effect
on the STA in BSS1 (e.g., AP2 304 to (STA2, BSS2) 312).

[0069] Enhanced TPC in WLANSs may be provided. For example, in IEEE802.11, the
open loop transmission and reception of the TPC request and/or response frames may estimate
the correct transmit power. Open loop TPC may suffer from inaccuracies due to the dependence
on the receiver sensitivities and number of antennas used at the APs and/or STAs. In an outdoor
scenario using IEEE802.11ah or High Efficiency Wireless (HEW), the possible change in the
channel may use estimation of the transmit power for cach transmission. The TPC request
and/or response exchange may be inefficient. To reduce this inefficiency, the system may
aggregate and transmit the TPC request and/or response frames with the RTS/CTS frames, which
may result in data transmission with correct TPC levels. The system may add a field to the
physical layer (PHY) signal field (SIG) to indicate the transmit power and link margin that may
be needed in each of the frames. Each STA/AP may be able to estimate the path loss from the
transmitter and estimate the instantancous power needed. The system may implement different
TPC loops for the control frames and the data frames.

[0070] Inter-BSS timing and coordination may be provided. For example, one or more
BSS center STAs may be placed in the active CSMA/CA pool. To limit the amount of
interference between adjacent or overlapping BSSs, the timing of the edge BSSs (e.g., placed in
the active CSMA/CA pool) may be coordinated between overlapping BSSs. The coordination
may be centralized or distributed. The timing of the edge BSSs may be controlled such that the
adjacent groups are orthogonal or partially orthogonal.

[0071] The networks with F-CSMA/CA capabilities may be checked using an F-
CSMA/CA capabilities signaling field. If neighboring APs do not support the feature or are
instructed not to use the feature, the packet transmission may follow using legacy operation, ¢.g.
802.11ac, 802.11ah, etc.

[0072] If the APs in a network are F-CSMA/CA capable, cach AP may identify the BSS-
edge STAs and non BSS-edge STAs under its control. BSS-edge STAs may be identified using

a one or more of techniques including, for example, path loss, physical/geographic location, STA
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assisted, genie aided etc.

[0073] The AP may estimate the path loss from the difference of the channel to the STA
and the RSSI of the individual STAs. This may be done by using TPC request and/or TPC
response frames between the AP and/or STAs. The AP may rank the STAs based on path loss
and designate the bottom x% as BSS-edge. The chosen percentages of STAs designated as
center or edge may be proprietary. The AP may use the physical/geographical location of STAs,
if available, to identify cell edge STAs and signals STAs. This may be based on Global
Positioning System information or other location-based techniques. The APs may be assisted by
the STAs. The STAs may signal the difference between the RSSI of associated AP and next
strongest AP(s). STAs with differences less than a threshold may be elected as BSS edge STAs.
The AP may be Genic-aided. For example, the information may be derived from a network
management tool or a central AP controller.

[0074] The AP may transmit a BSS-edge flag to STAs at the BSS edge. The BSS edge
indicator may be signaled as a MAC information element or as a flag to a modified CTS frame.
Each STA may be signaled individually or the information may be aggregated and broadcasted
in one frame.

[0075] In cach BSS, the STAs may be grouped based on a desired criteria ¢.g. BSS edge,
BSS center, ctc. For example, Group 1 may include BSS center STAs in cach of the BSSs,
group 2 may include BSS edge STAs in odd numbered BSSs, and group 3 may include BSS edge
STAs in even numbered BSSs.

[0076] One or more APs may coordinate to allow access of cach to the pool of STAs
performing CSMA/CA based on the BSS index. For example, Group 1 may be placed in the
active CSMA/CA pool. Groups 2 and 3 may be placed in the active CSMA/CA pool in a
coordinated manner during particular time slots. The coordination may be such that groups 2
and 3 are in orthogonal pools e.g., when group 2 is in the pool, group 3 may not be in the pool.
The coordination may be such that groups 2 and 3 may in partially orthogonal pools. For
example, groups 2 and 3 may be in a pool based on a desired orthogonality factor (f), where 0
<=f'<= I, and = 0 implics fully orthogonal and /= / implies no orthogonality.

[0077] The STA grouping may be combined with TPC to limit interference. The transmit
power may be adjusted based on the group in the active CSMA/CA pool. The maximum
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transmit power may determine the power at which the control frames needed by each of the
STAs may be sent. If group 1 is in the pool, the maximum transmit power may be limited to the
worst STA in the limited group. For example, the STA that may require the maximum transmit
power in group 1. The maximum transmit power may be used for both data and control frames.
If cach of the STAs are in the pool, the maximum transmit power may be limited to the worst
STA in the BSS. For example, the STA that may require the maximum transmit power in the
BSS.

[0078] FIG. 4 illustrates an example of a WLAN with BSS-edge and BSS-center
partitioning. As illustrated in FIG. 4, a WLAN with one or more APs (¢.g., 16 APs or BSSs)
may have one or more STAs. The STAs may be placed in group 1 402, group 2 404, and group
3 406. For example, group 1 may be associated with one or more center stations (¢.g., STA 408),
and group 2 404 and group 3 406 may be associated with the edge stations (c.g., STAs 410 and
412).

[0079] FIG. 5 illustrates an example of partial and full orthogonality of one or more
groups (e.g., three groups). As illustrated in FIG. 5 the three exemplary groups may be placed in
an active CSMA/CA pool over time. For example, group 1 may be in the active CSMA/CA in
cach of the time slots, while group 2 and group 3 may be placed in the active CSMA/CA set
during specific time-slots. The grouping may be combined with TPC to limit interference. To
limit the amount of interference between OBSSs, the timing between the different groups may be
coordinated between overlapping BSSs. The coordination may be centralized or distributed.
[0080] Methods, systems, and instrumentalities are provided for inter-BSS coordination
and timing and signaling. As illustrated in FIG. 5, the coordinated timing across adjacent BSSs
may be set to be fully orthogonal (e.g., where there is no interference between interfering groups)
or partially orthogonal (e.g., where the interfering groups may have some level of overlap, up to
a desired orthogonality level).

[0081] Fully orthogonal timing using beacons may be provided. With fractional
CSMA/CA, the STAs located in the BSS center may form group 1 (e.g., the dotted arcas 402).
The BSS edge users may form other groups depending on the network deployment. In the
example illustrated in FIG. 4, the STAs in the shaded areas (e.g., 404 and 406) may be placed in
groups 2 and 3. These adjacent BSSs may include edge STAs from different groups. In order to
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use the fractional CSMA/CA, the transmission of the group 2 may be distinguished from that of
the group 3, since they may interfere with each other.
[0082] As illustrated by example in FIG. 5 (e.g., full orthogonality case), different time
slots may be assigned for group 2 and group 3. In this case, the groups 2 and 3 may be fully
orthogonal fractional CSMA/CA. The orthogonality may be achieved, for example, by using
beacons and the beacon intervals. With 802.11 WLAN systems, the size of the beacon interval
may vary, ¢.g., depending on when the AP may acquire the media and transmit the beacon frame.
The frame length of each transmission may vary, e.g., based on the MAC frame length, MCS
level, bandwidth, etc. The beacon and/or beacon intervals may be modified to implement fully
orthogonal fractional CSMA/CA.
[0083] Orthogonal timing using beacon intervals may be provided. A wireless system
may use fixed beacon interval lengths and may switch between orthogonal transmissions. The
switching may occur at fixed modulo values for ecach BSS. In this example, group 2
transmission may occur at odd time indices

modulo(beacon_timing_index,2) = 0,
while group 3 transmission may occur at even time indices

modulo(beacon_timing_index,2) = 1.
[0084] A common beacon index may be needed to synchronize the network and identify
the correct transmission time. In this example, two BSS edge user groups may be considered and
modulo of 2 may be utilized. In a general case, modulo of M may be used when M BSS edge
user groups are defined in the system. A delay may be added to allow for the jitter due to the

variable beacon duration.

[0085] The APs in a network may identify the beacon timing index. This may be
performed by a network controller or the BSS-edge STAs may send the current timing index of
the AP they are associated with in an aggregated packet when transmitting. This may allow

neighboring OBSS APs to retrieve the information.
[0086] STAs and the AP in a BSS may calculate the modulo timing value as follows:

Modulo_timing_value = modulo (beacon_timing_index, 2)

If Modulo_timing_value = 0, group 2 is permitted to transmit

16

18



WO 2014/179713 PCT/US2014/036610

If Modulo_timing_value = 1, group 3 is permitted to transmit
[0087] The active group may wait for an additional time ¢.g., distributed inter-frame
space (DIFS). The permitted groups may be added to active CSMA/CA pool and normal

transmission may take place. TPC levels may be used based on the permitted groups.

[0088] Orthogonal timing using beacon intervals and beacon time offsets may be
provided. FIG. 6 illustrates an example of a fully orthogonal fractional CSMA/CA transmission,
e.g., using beacon timing offsets. A fixed beacon interval may be used for the system and
beacon time offsets may be used to maintain orthogonality of different BSS transmissions within

the beacon interval.

[0089] A master AP may transmit a synchronization F-CSMA/CA beacon frame, ¢.g., to
synchronize Beacon transmissions. One or more other APs may use the synchronized beacon
frame as reference to synchronize the transmission of their own beacon frames and maintain the
orthogonality of the transmissions. As illustrated in FIG. 6, AP1 may be used as a master AP.
The beacon 602 associated with the AP1 may be designated as a master beacon. AP2 may use

the master beacon 602 to synchronize its beacon frame 604.

[0090] An orthogonal F-CSMA/CA beacon may be provided. The orthogonal F-
CSMA/CA beacon may assist in synchronizing the beacon transmission for the network. The
beacon may be sent by a designated F-CSMA/CA master AP (e.g., an AP in the center of the
network). The F-CSMA/CA beacon may set up a fixed beacon interval period and beacon time
offset periods for the entire network. The beacon interval and the beacon time offset may be
network parameters that may be static (e.g., set up during deployment) or dynamic (e.g., assigned

in a centralized or distributed manner during network operation).

[0091] One Beacon Interval may include one or more of beacon time offset periods. The
length of beacon interval and beacon time offset may be implementation dependent and may be

announced in each of the F-CSMA/CA beacon frames.

[0092] To enable propagation of the F-CSMA/CA beacon frame information, BSS-edge
STAs associated with an AP (or within the range of an AP’s beacon) may send the F-CSMA/CA

beacon frame (¢.g., current F-CSMA/CA beacon frame) time-stamp in a beacon synchronization

1.7
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MAC frame. This may allow neighboring OBSS APs to retrieve the information. A beacon time
offset may be set for each AP in the network. This offset may be relative to the F-CSMA/CA
beacon and may indicate the time that a beacon may be transmitted by that specific AP in the

network.

[0093] Each of the APs may transmit a synchronized beacon by counting the number of
beacon time offsets from their beacon frame to the synchronized beacon frame. The APs may
transmit beacon frames at one or multiple beacon time offsets away from the previous F-

CSMA/CA beacon frame transmitted by the master AP.

[0094] The APs may announce F-CSMA/CA information in their own beacons.
Information such as the beacon interval, the beacon time interval, the time stamp of beacon
interval, and their own time offset from the synchronization beacon may be broadcasted to their

own BSSs.

[0095] In case of fully orthogonal transmission, the groups distinguished by non-
overlapping time slots may be transmitted by using different beacon time offset periods. As
illustrated in FIG. 6, the transmission of group 2 within BSS1 (e.g., operated by AP1) 606 may
be allocated in the odd number of beacon time offset period, and transmission of group 3 (e.g.,

operated by AP2) 608 may be allocated in the even number of beacon time offset period.

[0096] The APs may truncate or stop transmission of a packet when they may not

complete the transmission before the next expected beacon frame. APs may monitor each of the
beacon frames they may receive and detect. Coordination of APs and beacon frame assignment
may depend on the architecture of the WLAN system (e.g., a distributed system or a centralized

system).

[0097] For non-AP STAs, the following transmission rules may apply. Non-AP STAs
may be classified by the fractional CSMA/CA groups. The BSS center group (e.g., group 1 in
FIG. 6) may be allowed to transmit or it may be allowed to transmit except when that AP may
transmit beacon frames. If the second scenario is applied, the non-AP STAs may truncate or stop

transmission when the STAs may not finish transmission before the next expected beacon frame.
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[0098] The BSS edge groups (e.g., group 2 and group 3 in FIG. 6) may communicate
according to their fractional CSMA/CA allocation. The non-AP STAs may truncate or stop
transmission, ¢.g., when the STAs does not finish transmission before the next expected beacon
frame. The examples illustrated in FIG. 6 may be extended to a general case. For example, the

number of BSS edge groups may be more than two and allocation of the groups may be different.

[0099] A de-centralized synchronization may be provided. An AP may derive its
synchronized beacon from an adjacent AP as opposed to a central master AP in a daisy-chain
fashion. For example, in a network with 4 OBSSs (c.g., AP1, AP2, AP3, and AP4), AP2 may
derive its clock from AP1, AP3 from AP2, AP4 from AP3, etc.

[0100] Partially-orthogonal timing using beacons (¢.g., using user priority method) may
be provided. With fractional CSMA/CA, one or more STAs located in the BSS center may form
a group. The BSS edge users may form other groups. The number of groups formed may
depend on a desired deployment. In the example shown in FIG. 4, the STAs in the shaded areas
(e.g., shaded area 404) may be placed in group 2 while STAs in other shaded areas (e.g., shaded
arcas 406) may be placed in group 3. The adjacent BSSs may have edge STAs in different
groups. To exploit the benefits given by fractional CSMA/CA scheme, the transmission of group

2 and group 3 may be distinguished since they may interfere with each other.

[0101] FIG. 7 illustrates an example of partial orthogonality with user Priorities with 3-
level priority. FIG. 8 illustrates an example of partial orthogonality with user Priorities with 2-
level priority. As illustrated in FIG. 7 and FIG. 8, one or more CSMA/CA user prioritics may be
assigned to groups 1, 2, and/or 3. For example, as illustrated in FIG. 7, in time slot 1, Group 2
702 may be assigned a higher priority and as such a higher probability of acquiring the medium
in the overlapped BSS region than group 3 704. In time slot 2, Group 3 706 may have higher
priority than Group 2 708. The STAs/traffic in Group 1 may be assigned a priority, which may
be equal to or less than the higher priority group. This may limit the amount of interference
offered without preventing other BSS edge users in the adjacent BSSs from transmitting (e.g., in
case the BSS edge STAs in the BSS with the higher priority edge STAs may have no traffic to
send). The maximum transmit power may be adjusted as needed. For example, in the case a

lower priority STA gains access to the channel in the downlink, the maximum power may be
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adjusted to enable the lower priority group to gain access to the control frames. The partially
orthogonal fractional CSMA/CA may not be forced artificially on BSS edge STAs in adjacent
BSSs, but may be implicit based on the CSMA/CA multiple access. The partially fractional
CSMA/CA may be suitable for networks with a dense deployment of APs but a limited amount
of traffic per AP in which there may not be traffic in a group at its scheduled time of

transmission.

[0102] To prioritize the STAs, QoS (e.g., as provide in I[EEE 802.11¢) may be extended
to the traffic from the associated devices. In enhanced distributed channel access (EDCA), the

random delay may be calculated as:

Total Deferral period = AIFS[Access_class]+Backoff[Access class]

where both the arbitration inter frames Space (AIFS), the contention windows, and the backoff
calculated may depend on the access class of the data, e.g., background traffic (AC-BK), best
effort traffic (AC_BE), Video (AC_VI), and Voice (AC_Voice). A TxOP limit may be set based
on the access class. An additional user priority factor that may modify the total deferral period
estimation for the STAs in the group to enable prioritization of the traffic from different groups
and modify the upper limit of the TxOP needed for the relay transmission.

[0103] The original deferral period for each user in the group (and each traffic class for
the user) may be scaled by a desired priority factor () that may be determined by network. The

total deferral period may be given by:

Total Deferral period = a{ AIFS[Access_class]+Backoff[Access class]}
[0104] The original deferral period for cach user may be modified by an additional back-

off priority factor (f). In this case, the total deferral period may be given by:

Total Deferral period = AIFS[Access_class]+Backoff[Access_class]-f,

B>0, Total Deferral period >0

[0105] The values of the priority factors may be selected to provide correct priority for
the group during the beacon time offset. The back-off factor for cach group may be transmitted

by the beacon at the beginning of the period.
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[0106] The beacon interval and beacon time offset periods may be used to enable
synchronization of the time intervals when the priorities are used. To synchronize beacon
transmissions, a synchronization F-CSMA/CA beacon frame may be transmitted by the master
AP, and other APs may use the synchronized beacon frame as reference to synchronize the

transmission of their own Beacon frames.

[0107] An orthogonal F-CSMA/CA beacon may be provided. The orthogonal F-
CSMA/CA beacon may assist in synchronizing the beacon transmission for the entire network.
The beacon may be sent by a designated F-CSMA/CA master AP (e.g., an AP in the center of the
network). The F-CSMA/CA beacon may set up a fixed beacon interval period and beacon time
offset periods for the entire network. The beacon interval and the beacon time offset may be
network parameters that may be static (e.g., set up during deployment) or dynamic (e.g., assigned
in a centralized or distributed manner during network operation). One beacon interval may
include integer number of beacon time offset periods. The length of beacon interval and beacon
time offset may be implementation dependent and may be announced in each of the F-

CSMA/CA beacon frames.

[0108] To enable propagation of the F-CSMA/CA beacon frame information, the BSS-
edge STAs associated with an AP (or within the range of an APs beacon) may send a F-
CSMA/CA beacon frame time-stamp (e.g., the current time stamp) in a special beacon
synchronization MAC frame. This may allow neighboring OBSS APs to retrieve the

information.

[0109] A beacon time offset may be set for cach AP in the network. The beacon time
offset may be relative to the F-CSMA/CA beacon and may indicate the time that a beacon may
be transmitted by that specific AP in the network. Each AP may transmit a synchronized beacon
by counting the number of beacon time offsets from their beacon frame to the synchronized
beacon frame. The APs may transmit beacon frames at one or multiple beacon time offsets away
from the previous F-CSMA/CA beacon frame transmitted by the master AP. The APs may
announce F-CSMA/CA information in their beacon such as the beacon interval, the beacon time
interval, the time stamp of beacon interval, and their own time offset from the synchronization

beacon.
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[0110] In order to maintain partially orthogonal transmission, the groups that may be
distinguished by varying prioritics may be transmitted by using different beacon time offset
period. The examples are illustrated in FIGS. 7 and 8. FIG. 7 illustrates an example of partial
orthogonality with three level priority, whereas FIG. 8 illustrates an example of partial

orthogonality two level priority case.

[0111] The transmission of group 2 within BSS1 (e.g., operated by AP1) with priority a,
may be allocated in the odd number of beacon time offset period, and transmission of group 2
within BSS1 (e.g., operated by AP1) with priority b, (where b < @) may be allocated in the even
number of beacon time offset period. Transmission of group 3 within BSS2 (e.g., operated by
AP2) with priority b, may be allocated in the odd number of beacon time offset period, and
transmission of group 3 within BSS2 (e.g., operated by AP2) with priority a, (where b < @) may
be allocated in the even number of beacon time offset period. Transmission of group 1 within
BSS1 (e.g., operated by AP1) and group 1 within BSS2 (¢.g., operated by AP2) with priority ¢,
may be allocated in each of the beacon time offset periods, (where b <¢< @) may be allocated in

the even number of beacon time offset period.

[0112] The APs may truncate or stop transmission of a packet when they may not
complete the transmission before the next expected beacon frame. The APs may monitor each of
the beacon frames they may receive and detect. The AP may continue transmission at the
beginning of the next expected beacon frame as partial orthogonality may be needed.
Coordination of APs and beacon frame assignment may depend on the architecture of the WLAN

system, ¢.g., distributed system or centralized system.

[0113] For non-AP STAs, the Non-AP STAs may be classified by the fractional
CSMA/CA groups. The BSS center group (e.g., group 1 in FIGS. 7 and 8) may be allowed to
transmit with the same user priority, or may be allowed to transmit at the same priority except

when that AP may transmit beacon frames.

[0114] The BSS edge groups (e.g., group 2 and group 3 in FIG 6) may communicate
according to their fractional CSMA/CA prioritics. The examples illustrated in FIGS. 7 and 8

may include one or more BSS edge groups and with one or more priorities.
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[0115] Partially-orthogonal timing using beacons (¢.g., using statistical method) may be
provided. With fractional CSMA/CA, the STAs located in the BSS center may form a group.
The BSS edge users may form other groups. The number of groups may be dependent on the
desired deployment. As illustrated in FIG. 4, the STAs in shaded areas (e.g., shaded arca 404)
may be placed in group 2 while STAs in other shaded arecas (¢.g., shaded arca 406) may be
placed in group 3. Adjacent BSSs may have edge STAs in different groups. In fractional
CSMA/CA, the transmission of the group 2 may be distinguished from that of the group 3, since

the STAs may interfere with each other.

[0116] Different groups may be randomly allowed to access the network in a manner that
they may be statistically orthogonal with a desired level of overlap (based on an orthogonality
factor). This may be achieved by the use of a beacon interval with random beacon timing offscts
after the F-CSMA/CA beacon for each coordinated AP. The random offsets may be generated
based on statistically orthogonal probability distributions, ¢.g., a random CDMA code. The

restricted access windows of different durations and start times may be used.

[0117] Statistical orthogonality with beacon intervals and random beacon timing offsets
may be provided. An orthogonal F-CSMA/CA beacon may assist in synchronizing the beacon
transmission for the entire network. The beacon may be sent by a designated F-CSMA/CA
master AP (e.g., an AP in the center of the network). The F-CSMA/CA beacon may set up a
fixed beacon interval period for the network. The beacon interval and the beacon time offsct
may be network parameters that may be static (¢.g., set up during deployment) or dynamic (e.g.,
assigned in a centralized or distributed manner during network operation). One beacon interval
may include one or more beacon time offset period. The length of beacon interval and beacon
time offset may be implementation dependent and may be announced in each F-CSMA/CA

beacon frame.

[0118] To enable propagation of the F-CSMA/CA beacon frame information, BSS-edge
STAs associated with an AP (or within the range of an AP’s beacon) may send the current F-
CSMA/CA beacon frame time-stamp in a special beacon synchronization MAC frame. This may

allow neighboring OBSS APs to retrieve the information. A beacon time offset may be set for
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cach AP in the network. This offset may be relative to the F-CSMA/CA beacon and may

indicate the time that a beacon may be transmitted by that particular AP in the network.

[0119] Each of the APs may transmit a synchronized beacon, e.g., by counting the
number of beacon time offsets from their beacon frame to the synchronized beacon frame. The
APs may transmit beacon frames at one or multiple beacon time offsets, ¢.g., away from the

previous F-CSMA/CA beacon frame transmitted by the master AP.

[0120] The APs may announce F-CSMA/CA information using beacons. The APs may
broadcast information in their BSSs. The information may include, for example, beacon interval,
beacon time interval, time stamp of beacon interval, offset of an AP from the synchronization

beacon, etc.

[0121] In order to maintain the statistically partial-orthogonal transmission, cach AP may
randomly select a beacon timing offsct or a subset of beacon timing offsets. The AP may
transmit at the selected beacon timing offset or a subset of beacon timing offsets. The offset
values may be generated (e.g., independently generated) by each AP with minimal coordination.
The offset values may be generated by a central entity by, for example, using additional

coordination and signaling.

[0122] One or more APs may truncate or stop transmission of a packet when the APs
may not complete the transmission before the next expected beacon frame. APs may monitor

cach of the beacon frames the APs may receive and/or detect.

[0123] One or more non-AP STAs may be classified as fractional CSMA/CA groups.
The BSS center group (e.g., group 1 in FIG. 6) may be allowed to transmit, or may be allowed to
transmit except when the AP may transmit beacon frames. The non-AP STAs may truncate or
stop transmission, ¢.g., the APs may not finish transmission before the next expected beacon

frame.

[0124] The BSS edge groups (e.g., group 2 and group 3 in FIG. 6) may communicate
according to their fractional CSMA/CA allocation. The non-AP STAs may truncate or stop

transmission when they may not finish transmission within the time allocated for the group.
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[0125] Full or statistical orthogonality, ¢.g., using restricted access windows may be
provided. FIG. 9 illustrates an example of partial statistical orthogonality. A Restricted Access
Window (RAW) may be a distributed coordination function (DCF) window that may limit the
STAs allowed to transmit in the uplink (e.g., as used in IEEE 802.11ah). A restricted access
window of various periodicitics, window sizes, start times, and coordination levels may be
assigned to each group and used to restrict their access to compete for the medium. Full or

partial orthogonality may be enabled, for example, using an RAW.

[0126] One or more RAW parameters may be set up based on the orthogonality needed.
The periodicity, window size, start time, and/or coordination between adjacent BSSs of the RAW
in the network may be adjusted to allow for different amounts of coordination in the network.
There interfering groups may statistically overlap. The level of overlap may be determined

based on an orthogonality factor.

[0127] In partial orthogonality (¢.g., statistical orthogonality) periodic RAW may be set
up with fixed window size for each of the BSSs in the network and random start times for the

periodic RAW sessions for each of the BSSs in the network.

[0128] In full orthogonality, periodic RAW may be set up with fixed window size for
cach of the BSSs in the network and random start times for the periodic RAW session. Odd
BSSs may have a common window size and start time. The even BSSs may have a different but

common window size and start time for even BSSs.

[0129] In partial orthogonality (c.g., statistical orthogonality), aperiodic RAW may be set
up with a fixed window size for each of the BSSs in the network and random start times for each
of the BSSs in the network. Aperiodic RAW may be used with a random window size for cach

of the BSSs in the network and random start times for each of the BSSs in the network.

[0130] In full orthogonality, aperiodic RAW may be set up with a fixed window size for
cach of the BSSs in the network and random start times for cach of the BSSs in the network, but
with a common window size and start time for odd BSSs, and a different but common window

size and start time for even BSSs. Aperiodic RAW may be used with a random window size for

cach of the BSSs in the network and random start times for each of the BSSs in the network, but
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with a common window size and start time for odd BSSs, and a different but common window

size and start time for even BSSs.

[0131] A RAW parameters set may be assigned. The RAW group may be set to the
desired group ID, ¢.g., Group 1, Group 2 or Group 3. The RAW start time and duration may be
set. A maximum TPC parameter may be set, where the TPC parameter may indicate the
maximum TPC for control frames in the group. STAs (e.g., for uplink transmission) and APs
(e.g., for downlink transmission) may access a channel based on the RAW parameters. TPC may
be performed using the maximum of cach of the max TPC parameters in the groups with active

RAW parameters. The raw parameters set may be centralized or distributed.

[0132] A simulator may be used to show the effect of the TPC and the fractional
CSMA/CA on the MAC goodput and energy efficiency of an overlapped BSS WLAN. The
simulator may use parameters that may simulate an IEEE802.11ah network. The uplink and

downlink transmissions between the AP and the STAs may be simulated.

[0133] For the network topology, a grid position allocator, ¢.g., with 16 APs sctin a
square 4 x 4 grid with BSS (x,»), (x = 1,..,4, y = 1,...,4) indicating the BSS in horizontal
position, x, and vertical position, y may be used. The STAs may be uniformly distributed in each
BSS and cach BSS may have an effective radius, e.g., of 600 m with an inter-AP spacing varying
from 1200m (e.g., normal non-overlapping BSS) to 800m (¢.g., OBSS scenario). The path loss
may be given by:

PL=8+37.6*logl0(distance)

[0134] The TPC interval update may specify the rate at which TPC estimates may be
made. The rate may be based on a packet update interval or a beacon update interval. In packet
update interval, the TPC estimate may be made on cach of the packets transmitted to a dedicated
receiver. The update rate may model the enhanced TPC scheme described herein. In beacon
update interval case, the TPC estimate may be made once during a beacon interval of 1.024

seconds. Additional simulation parameters are listed in Table 1.
Table 1
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Parameter Value

Mobility 3 km/hr

Carrier Sensing Mechanism RTS/CTS on

Traffic UDP Constant bit Rate
Traffic Direction Uplink/downlink
Bandwidth 2 MHz

Packet Size 500 bytes

AMC Adaptive Automatic Rate Fallback (AARF)
Path loss exponent 3.76

Reference path loss (dB) 8.0

Shadow fading Std dev 8.0

TxGain and RxGain 3.0dB

CCA threshold -92.0 dBm

Energy detection threshold -88.0 dBm

Max Tx Power 30 dBm

Target TPC power -85 dBm

Energy Model WifiRadioEnergyModel
BasicEnergySupplyVoltage 3.3V

TxCurrentA 0.144 Amp

RxCurrentA 0.088 Amp
IdleCurrentA 0.017 Amp
CcaBusyCurrentA 0.0017 Amp
SwitchingCurrentA 426¢-6 Amp

[0135] TPC and Fractional CSM/CA modeling may be provided. The TPC modeling

may include no TPC, basic TPC, unfiltered TPC, and filtered TPC. In no TPC modeling, cach of
the STAs and APs may transmit at the maximum transmit power. In basic TPC modeling, an AP
may use a transmit power sufficient to reach the farthest STA in its BSS. STAs may transmit

power to satisfy the link of the farthest STA in the BSS at a target received power to allow for
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reception of the lowest MCS. The target may established, e.g., at -85 dBm. The transmit power

used may be based on a single TPC request/response frame.

[0136] In unfiltered TPC modeling, the AP and the STAs may transmit at a power that
may satisfy the link at a time interval. In the case where the packet may not directed at a specific
STA (e.g., the beacon), the AP may transmit at a power to satisfy the link of the farthest STA in
the BSS. The TPC may be updated on a beacon interval. This modeling may be open loop link
margin method (e.g., as provided in 802.11ah) with a per packet update rate (e.g., the enhanced
TPC).

[0137] In filtered TPC modeling, the AP and STAs may transmit at a power level derived
from the transmit power to satisfy the link at that point in time. The power used may be

estimated by a unit norm, single pole IIR filter of the form:

y(n) =ay(n-1) + (1-a) x(n),

where y(n) may be the transmit power, y(n-1) may be the transmit power used in carlier
transmissions, and x(n) may be the instantancous power needed. @ may be set to a value, e.g., of
0.8. In the case, the TPC may be updated on a beacon interval. This modeling may be open loop
link margin method (e.g., as provided in 802.11ah) with a per packet update rate (e.g., the
enhanced TPC). The results obtained here may be with and without fractional CSMA/CA.

[0138] Figures 10 to 13 illustrate an example of Energy Normalized MAC Goodput (e.g.,
in kbps/Joule) that is plotted against inter-AP spacing (e.g., in meters) for the four middle BSSs
of the exemplary 16 AP network as illustrated in FIG. 4. The middle BSSs may be chosen to
climinate the edge-effects on the performance. The energy Normalized MAC goodput may be
the ratio of the data payload that may be successfully delivered at the MAC layer to the total
transmission time and the energy that may be expended by cach of the elements of the network.
The energy Normalized MAC goodput may include the effect of MAC retransmissions and may
represent the capacity of the network. As illustrated in FIGS. 10 to 13, the inter-AP spacing may

range from no over-lap (c.g., at 1200m) to significant overlap (c.g., at 800m).
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[0139] FIG. 10 and FIG. 11 illustrate an example of downlink and uplink performances
respectively, e.g., using per packet updates. FIG. 12 and FIG. 13 illustrate downlink and uplink
performances respectively, e.g., using beacon interval updates (e.g., 1.024 seconds updates).
[0140] As illustrated in FIG. 10, in downlink transmission with per packet updates, the
performance may demonstrate a manner of TPC with increasing overlap based on the
performance of the no TPC scheme. In the cases where F-CSMA/CA is off, unfiltered TPC may
perform best with little or no overlap in the BSSs, while filtered TPC may perform best when
there is overlap. This may be due to the effect of the interference on the transmit power
estimation algorithm. With increasing overlap, the estimation algorithm may be less reliable
based on the effect of one or more factors, ¢.g., channel fading, interference, variation from
adjacent overlapping BSSs, ctc. Filtering may help average the interference and reduce the
effect of the variation. The basic TPC may perform the worst of the TPC models. With F-
CSMA/CA, each of the TPC models may show an improvement in performance and unfiltered
TPC may have the best performance at cach of the levels of overlap unlike without F-
CSMA/CA. F-CSMA/CA may coordinate the BSS-edge users, which may cause the variation in
interference.

[0141] As illustrated in FIG. 11, in uplink transmissions using per packet updates, with
increasing overlap and no TPC, there is may be no transmission, e.g., at 800m and 1000m. In
this case, the unfiltered TPC model, may perform best. In the uplink, the interference from STA
to AP transmission in adjacent BSSs may be larger than in the downlink and as such, filtering
may be needed to mitigate the effect of a mis-estimation of the transmit power that may be
needed due to the constantly varying interference. In uplink transmissions, the receiver (e.g., the
AP) may be far away enough from the edge STASs in this case to not have the additional scheme.
As the overlap increases, the value of F-SCMA may be apparent, ¢.g., in the case where there
may be no TPC (e.g., at 1000m separation).

[0142] As illustrated in FIG. 12, in downlink transmission with beacon interval updates,
the filtered TPC may perform best for the scenarios with and without F-CSMA/CA. The non-
filtered case may perform even worse than the basic TPC.

[0143] As illustrated in FIG. 13, in uplink transmission with beacon interval updates,

filtered TPC may perform best, ¢.g., at 1200m and 1000m overlap but the basic TPC may
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perform best, ¢.g., at 800m without F-CSMA/CA. This may be due to the use of ineffective TPC
estimates. The non-filtered case may perform even worse than the basic TPC. With F-
CSMA/CA, the filtered TPC may perform best even with large overlap.

[0144] Combining filtered TPC with fractional CSMA/CA may be used to obtain better
energy normalized goodput performances. The adaptation of the filter parameter may enable the
use of unfiltered or heavily filtered TPC estimates based on the direction of transmission (¢.g.,
uplink/downlink), and the rate of update in relation to the channel Doppler and interference
variation.

[0145] Figures 14 to 17 illustrate examples of relative performance of an IEEE802.11ah
network modeled with a filtered TPC model, beacon interval updates, and F-CSMA/CA off. The
performance may be modeled having downlink and uplink with no overlap (e.g., 1200m inter-AP
separation) and/or downlink and uplink with overlap (¢.g., 800m inter-AP separation).

[0146] As illustrated in the figures 14 to 17, the legend may indicate the TPC type (e.g.,
filtered vs. unfiltered), the update rate (e.g., packet interval vs. beacon interval), and the F-
CSMA/CA state (e.g., on/off) used. The y-axis may indicate the percentage gain in energy
normalized MAC throughput of the different schemes over the 802.11ah TPC baseline
performance.

[0147] As illustrated in FIG. 14, in downlink transmission with no overlap, gains may be
obtained by using enhanced TPC (e.g., up to 30%). Combining enhanced TPC and F-CSMA/CA
may realize gains of up to 50% over the bascline scheme. As illustrated in FIG. 15, with overlap
in BSSs, the benefits of TPC and F-CSMA/CA may be apparent with gains, ¢.g., of up to 80%
over the baseline. As illustrated in FIG. 16, in uplink, with no overlap, the benefits of the
schemes may be limited as the receiver (e.g., the AP) may be far away from a transmitter. As
illustrated in FIG. 17, in the OBSS scenario, gains of, ¢.g., up to 100% may be achieved.

[0148] Coordination of the transmission/reception of BSS-edge STAs in adjacent BSSs
may result in performance improvement in fractional CSMA/CA. The coordination may be
centralized or distributed between BSSs and may require transmission of fractional CSMA/CA
parameters such as timing, user priorities, random access window durations, beacon intervals etc.
Coordination may be by an AP controller, multi-band master AP, or in-band master AP (e.g., in a

centralized architecture), or BSS edge STA propagation (e.g., in a distributed architecture).
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[0149] For fractional CSMA/CA coordination, information may be propagated in a
distributed manner through the network. One or more APs in the network may define a master
BSS. The master AP or BSS may announce itself as the master AP to the network. The master
AP may be manually set up, ¢.g., during network installation. The master AP may be
dynamically designated, e.g., based on one or more network parameters. The master AP may be
located near the center of the network. The master AP may send the parameters of its elected
groups. The information may include, e.g., number of groups, start time and duration of
orthogonal time slots used associated with BSS-edge group (e.g., in the case of orthogonal
timing) and start time and duration of restricted access windows slots used associated with BSS-
edge group (¢.g., in the case of partially-orthogonal timing using a statistical method). The
information may further include start time, duration, and prioritics associated with BSS-edge
group (c.g., in the case of partially-orthogonal timing using the user priority method).

[0150] BSS edge STAs in the overlapping regions may overhear the neighboring AP and
may relay (e.g., periodically relay) the information to the APs, the STAs are associated with. A
new AP added to the network may adjust its parameters based on the incoming information and
send this information on its beacon. The information relayed may include, ¢.g., the distance
from the master AP. The distance parameter may enable the parameter estimation to give higher
priority to APs that are located nearer to the master AP. The neighboring STAs may overhear
the information and may propagate the coordination information throughout the network.

[0151] Frequency Domain Fractional CSMA/CA may be provided. An AP may perform
fractional CSMA, ¢.g., when the AP senses interference from an overlapping BSSs (e.g., from
other APs). Intra-BSS F-CSMA grouping may be provided. For example, an AP may divide
one or more users into a center group and an edge group. The AP may request one or more
stations (STAs) to report grouping measurements (¢.g., necessary grouping measurements) by
sending an intra-BSS F-CSMA Grouping Request frame. The AP may receive from the STAs an
intra-BSS F-CSMA Grouping Response frame. The STAs may send the intra-BSS F-CSMA
Grouping Response frame in response to the intra-BSS F-CSMA Grouping Request frame. The
AP may request the STAs to send one or more of reccived RSSI, SNR, or SINR as feedback.
The AP may use the received feedback information to perform grouping. The AP may request

the STAs to provide transmit power and necessary processing margin. The AP may calculate the
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SNR for each STA using the uplink traffic. The AP may use the transmit power and processing
margin information to perform grouping.

[0152] Maintenance of the Intra-BSS F-CSMA group may be provided. When a STA
associates with the AP, the AP may not have the necessary information to assign the STA a
group. The AP may treat the STA as a member of the edge group, e.g., until the AP receives
necessary grouping information. The AP may query one or more of the STAs to perform the
grouping algorithm, e.g., if the AP determines the current group for STAs may not be suitable.
The AP may communicate (e.g., broadcast or multicast) an intra-BSS F-CSMA Grouping
Request frame to the STAs. The AP may request the STAs to perform the grouping procedure.
A cluster head may communicate (e.g., broadcast) the grouping request information after
creating a cluster. One or more APs, for example, not part of the cluster may decide to join the
cluster. For example, the APs may join the cluster after the cluster is formed. The AP may
repeat the frame on each of the sub-channels with transmit power control. The AP may assign
different time slots for the one or more groups (c.g., two groups) of STAs to feedback the intra-
BSS F-CSMA Grouping Response frame. The STAs may use the corresponding time slot to
send the feedback frame. For example, the STAs may use the time slot according to their current
group. A STA may request the AP to check whether the STA may move to another group by
sending necessary information to the AP.

[0153] The AP may announce the grouping information in intra-BSS Parameter Set
clement, ¢.g., when the intra-BSS F-CSMA grouping is determined. The intra-BSS Parameter
Set element may be transmitted by one or more of a Beacon frame, a probe response frame, an
association authentication frame, or a reassociation response frame.

[0154] F-CSMA frequency allocation may be provided. FIG. 18 illustrates an example
of frequency domain F-CSMA frequency allocation. As illustrated in FIG. 18, one or more
STAs (e.g., center STAs) may be assigned to Groupl and the edge STAs may be assigned to
Group 2 or Group 3, ¢.g., depending on the BSS. The frequency allocation may be one of the
Orthogonal Frequency Bands with the same STA/AP bandwidth, Orthogonal Frequency Bands
with Different STA/AP Bandwidths, or Orthogonal Frequency Bands with the same STA/AP

bandwidth, but different data transmission bands.
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[0155] As illustrated in FIG. 18 (casc (a)), in Orthogonal Frequency Bands with the same
STA/AP bandwidth, ecach of the STAs may have the same bandwidth and each group may be
transmitted in a separate WLAN band (e.g., a 20 MHz band). As illustrated in FIG. 18, Group |
1802 may transmit on Band 1 or Band 2, Group 2 1804 may transmit on Band 1 while Group 3
1806 may transmit on Band 2.

[0156] As illustrated in FIG. 18 (case (b)), in Orthogonal Frequency Bands with
Different STA/AP Bandwidths, the center STAs transmit using a different bandwidth from the
edge STAs (e.g., 40 MHz vs. 20 MHz transmission). Group 1 1808 may transmit on Band 1 and
Band 2. Group 2 1804 may transmit on Band 1 while Group 3 1806 may transmit on Band 2.
[0157] As illustrated in FIG. 18 (case (¢)), in Orthogonal Frequency Bands with the same
STA/AP bandwidth but different data transmission bands, cach of the STAs may have the same
bandwidth and each group may be transmitted the same WLAN band (c.g., a 20 MHz band).
Within the transmission band, one or more groups may be assigned different sub-carriers/sub-
bands. The sub-carriers/sub-bands may be contiguous and/or distributed. As illustrated in FIG.
18 (case (c)), Group 1 1810 may transmit on the entire band, Group 2 1812 may transmit on sub-
band 1 while group 3 1814 may transmit on sub-band 2. The frequency bands may be partially
orthogonal and/or randomly assigned, allowing some level of overlap between Groups 2 and
Group 3.

[0158] An AP may perform Intra-BSS F-CSMA using one or more of the following
rules. For example, in case of the users that belong to the center group, the AP may allocate one
or more sub-channels available to the BSS. In case of the users that belong to the edge group,
the AP may coordinate with overlapping BSS (OBSS) STAs and assign one or more sub-
channel(s) to them to limit the interference. In case of the users that may join (e.g., newly join)
the BSS and have no group is assigned, the AP may treat them temporarily as edge group users,
and assign the edge group sub-channels to them. The AP may assign one or more sub-channel(s)
for uplink random access sub-channel(s) where each of the associated STAs may utilize to ask
for uplink resource allocation. When intra-BSS F-CSMA is utilized, the AP may allocate the
one or more edge group sub-channels for uplink random access sub-channels for each of the

users. The AP may schedule the two groups of users using different sub-channels for uplink
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random access. The two groups of users may perform the uplink random access simultancously
on the same time slot, or on different time slots.

[0159] An AP may have F-CSMA channel access and regular CSMA channel access.
Within F-CSMA channel access period, intra-BSS F-CSMA may be performed as described
herein. Within CSMA channel access period, the AP may choose whether F-CSMA is utilized.
If F-CSMA s utilized, the AP may use time/frequency domain F-CSMA scheme defined in
previous embodiments or the AP may transmit to the two groups using different power control
algorithms and CCA thresholds.

[0160] The F-CSMA may be combined with transmit power control so that the center
BSS transmission in one BSS may not impact the interfered BSS. The transmit power, ¢.g., may
be adjusted based on the group in the active CSMA/CA pool. The maximum transmit power
may determine the power at which control frames to each of the STAs may be sent. For
example, if group 1 is in the pool, the maximum transmit power may be limited to the worst STA
in the limited group, ¢.g., the STA that may need the maximum transmit power in Group 1. The
maximum transmit power may be used for the data and/or the control frames. If each of the
STAs are in the pool, the maximum transmit power may be limited to the worst STA in the BSS,
¢.g., the STA that may require the maximum transmit power in the BSS.

[0161] Inter-BSS Coordination may be provided. APs may conduct inter-BSS
coordination in order to achieve the optimal operations for Frequency Domain Fractional
CSMA/CA (FD F-CSMA). Such inter-BSS coordination may be distributed or centralized. In
addition, FD F-CSMA may be uniform for each of the BSSs, for example, in a uniformly
deployed hot spot scenario, or it may be customized for each BSS and may be negotiated by
individual APs in the neighboring BSSs.

[0162] An AP that may be capable of inter-BSS coordination for FD F-CSMA may
include an Inter-BSS Coordination Capability element in its beacon, probe request/response,
(re)association request/response, and/or other type management, control or extension frames to
indicate its FD-F-CSMA inter-BSS coordination capabilities.

[0163] FIG. 19 illustrates an example of the Inter-BSS Coordination Capability element.

The information element may include one or more of an Element ID field 1902, a Length ficld
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1904, an Inter-BSS FD F-CSMA Coordination field 1906, a FD F-CSMA Capabilities field
1908, a Coordination Channel field 1910, or a Coordination Method field 1912.

[0164] The Element ID 1902 field may indicate that the current clement is an Inter-BSS
Coordination Capability clement. The Length field 1904 may indicate that the length of the
Inter-BSS Coordination Capability element. The Inter-BSS FD F-CSMA Coordination field
1906 may indicate whether the transmitting STA/AP is capable of Inter-BSS FD F-CSMA
Coordination. For example, the Inter-BSS FD F-CSMA Coordination ficld 1906 may be
implemented as one bit. The Inter-BSS FD F-CSMA Coordination field 1906 may indicate that
the transmitting STA/AP is capable of Inter-BSS FD F-CSMA Coordination, ¢.g., when the bit is
set to a value of 1. The bit may indicate that the Inter-BSS FD F-CSMA capability may be part
of an Inter-BSS Coordination Capability ficld. The Inter-BSS Coordination Capability ficld
1906 may indicate the capabilitics for coordination between the BSSs. The capability of inter-
BSS FD F-CSMA coordination may be indicated by the inclusion of the Inter-BSS Coordination
Capability clement.

[0165] The FD F-CSMA Capabilities field 1908 may indicate the various FD F-CSMA
capabilities that the transmitting STA/AP may be capable of. The FD F-CSMA Capabilities
field 1908 may include one or more of a Uniform FD F-CSMA subfield, an Individual FD F-
CSMA subfield, a Sectorized FD F-CSMA subfield, a Detailed OBSS reporting subfield, an
Individual STAs FD F-CSMA feedback subfield, or an FD F-CSMA Resources subficld.

[0166] The Uniform FD F-CSMA subfield may indicate that the transmitting STA/AP is
capable of conducting uniform FD F-CSMA in its BSS (e.g., assigned by a centralized
coordinator in an uniformly deployed OBSS scenario). The Individual FD F-CSMA subficld
may indicate that the transmitting STA/AP is capable of conducting individual FD F-CSMA in
its BSS (e.g., negotiating with APs in the neighboring BSS). The Sectorized FD F-CSMA
subfield may indicate that the transmitting STA/AP is capable of conducting individual FD F-
CSMA in cach sectors of its BSS. The Detailed OBSS reporting subfield may indicate whether
the transmitting STA/AP is capable of providing detailed information on the OBSS operations or
OBSS FD F-CSMA operations. Individual STAs FD F-CSMA feedback subficld may indicate
that the transmitting STA/AP is capable of receiving feedback on the FD F-CSMA behavior for
one or more individual STAs in its BSS. The FD F-CSMA Resources subficld may indicate the
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FD F-CSMA Resources that the transmitting STA/AP is capable of adjusting for its FD F-CSMA
operations in its BSS.

[0167] The FD F-CSMA Resources subfield may include one or more of a Channel sub-
subfield, a Sub-carrier Groups sub-subfield, a Resource Blocks sub-subficld, or a Sectors sub-
subficld. The Channel sub-subficld may indicate that the FD F-CSMA is based on channels.
The Sub-carrier Groups sub-subfield may indicate that the FD F-CSMA is based on sub-carrier
groups. The Resource Blocks sub-subfield may indicate that the FD F-CSMA is based on
resource blocks. The Sectors sub-subfield may indicate that the FD F-CSMA is based on
sectors. This sub-subficld may be used in combination with one of the other sub-subficlds in this
field to indicate the exact FD F-CSMA resources used in each of the sectors of the transmitting
STA/AP’s BSS.

[0168] As illustrated in FIG. 19, the Coordination Channel ficld 1910 may indicate the
channel, sub-carrier group or RB that the transmitting STA/AP uses for coordination for the FD
F-CSMA or other types of inter-BSS coordination. The Coordination Method field 1910 may
include one or more of a Distributed subfield, a Centralized subfield, a Coordinator Capable
subfield, a Coordinator subfield, a Coordination Relay Capable subficld, a Coordination Relay
subfield, or a Coordination interface subfield.

[0169] The Distributed subficld may indicate that the transmitting STA/AP is capable of
distributed inter-BSS FD F-CSMA coordination. The Centralized subficld may indicate that the
transmitting STA/AP is capable of centralized inter-BSS FD F-CSMA coordination. The
Coordinator Capable subficld may indicate whether the transmitting STA/AP is capable of
functioning as the centralized coordinator. The Coordinator subfield may indicate whether the
transmitting STA/AP currently functions as the centralized coordinator. The Coordination Relay
Capable subficld may indicate whether the transmitting STA/AP is capable of relaying
coordination related traffic. The Coordination Relay subfield may indicate whether the
transmitting STA/AP currently functions as a relay for coordination related traffic. The
Coordination interface subfield may indicate the interface that the transmitting STA/AP may use
for coordination for the FD F-CSMA or other types of inter-BSS coordination. For example, the
interface may be the same 802.11 interface through which the current Inter-BSS Coordination

element may be transmitted or a different 802.11 interface, which may be on a different
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frequency band, or a wired interface (¢.g., an Ethernet interface, a Distribution System (DS),
etc.), or other type of wireless interface.

[0170] As illustrated in FIG. 19, the coordination method field 1912 may indicate the
coordination method used. The coordination method may be centralized or distributed.

[0171] An Inter-BSS Coordination Operation element may be provided. The Inter-BSS
Coordination Operation element may have the same fields as the Inter-BSS Coordination
Capability element except that the Element ID field may indicate that the current element is an
Inter-BSS Coordination Operation element.

[0172] The Inter-BSS Coordination Capability and/or Operation element(s), or any sct or
subset of any fields or subficlds thercof, may be implemented as a part of information element,
such as HEW/VHSE Capability element, HEW/VHSE Operation clement, or a part of a control,
management or extension frames.

[0173] An AP may include the Inter-BSS Coordination Capability element in its beacon,
short beacon, probe response, association response or other types of frames such as control,
management, or extension frames, ¢.g., if an AP is capable of inter-BSS FD F-CSMA
coordination. If an STA is capable of supporting certain inter-BSS FD F-CSMA capabilities,
such as Detailed OBSS Reporting, or Coordination Relay Capable, the STA may include an
Inter-BSS Coordination Capability element in its probe request, (re)association request, or other
types of frames such as control, management or extension frames. An AP may reject
(re)association request from a STA based on the STA’s Inter-BSS FD F-CSMA capabilities. An
AP may send Inter-BSS FD F-CSMA coordination related packets to another AP or STA, e.g., if
the STA/AP has indicated that they are also Inter-BSS FD F-CSMA coordination capable. An
AP or STA may send an Inter-BSS FD F-CSMA coordination related packets to another AP or
STA to forward to another AP or the centralized coordination, e.g., if the AP or STA has
indicated that they are capable of Coordination Relay and/or they are currently functioning as a
Coordination Relay.

[0174] An AP or STA may provide a detailed report on the overlapping BSS’ that it may
detect using the OBSS Reporting element to another AP or a central Inter-BSS coordinator
(IBC). FIG. 20 illustrates an example of the OBSS Reporting clement. The OBSS Reporting

37

39



WO 2014/179713 PCT/US2014/036610

clement may include one or more of an Element ID field 2002, a Length fiecld 2004, Number of
Ficlds field 2006, or one or more ficlds, ¢.g., Field 1 2024 to Field N 2026.

[0175] The Element ID field 2002 may indicate that the current element is an OBSS
Reporting element. The Length field 2004 may indicate that the length of the OBSS Reporting
clement. The Number of Fields field 2006 may indicate the number of reporting ficlds included.
Each of the Field 1 to Field N reporting fields may include a report of the type specified in
Report Type subficld. Each of the Field 1 to Field N may include a Report Type subfield 2008,
an ID subfield 2010, an AP subfield 2012, a Sector subfield 2014, an Inter-BSS Coordination
Info subficld 2016, a Measured FD F-CSMA resources subficld 2018, a Medium Occupation
subfield 2020, or Signal Power subficld 2022.

[0176] The Report Type subfield 2008 may indicate the type of reported entities included
in the current reporting Field. The Report Type subfield 2008 may include one or more of BSSs
(e.g., the report may be a report on a BSS), one or more Sector(s) (e.g., the report may be a
report on a BSS’ sector), one or more STA(s) (e.g., the report may be a report on one or more
STAs, such as an individual STA or a group of STAs), a Coordinator (¢.g., the report may be on
a central inter-BSS coordinator), a Coordination Relay (e.g., the report may be on a coordination
relay), an Interference report (e.g., this report may be on interference that may not be determined
to be related a BSS, such as non-Wi-Fi interference, or WLAN packets that cannot be decoded).
[0177] The ID subfield 2010 may indicate the ID of the entity being reported. The ID
may be implemented using the MAC address and/or the BSSID, e.g., when the report type is
BSS or Sector(s). The ID may be implemented using the MAC address of the Coordinator or
Coordination Relay, e.g., when the report type is Coordinator or Coordination Relay. The ID
may be implemented using the MAC address of the STA or the group address or group ID of a
group of STAs, e.g., when the report type is STA(s).

[0178] The AP subfield 2012 may be included, for example, when the report type is
Sector(s), STA(s). This subficld may be implemented using the MAC address of the AP. The
Sector subfield 2214 may indicate the sector of the AP’s BSS for which the Resource allocation
may apply.

[0179] The Inter-BSS Coordination Info subficld 2016 may include the information

found in the Inter-BSS Coordination Capability or Operation element transmitted by the
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STA/AP. The AP subfield 2012 may indicate No Inter-BSS Coordination, ¢.g., if the BSS of the
reported entity is not capable of Inter-BSS Coordination.

[0180] The Measured FD F-CSMA resources subficld 2018 may indicate the FD F-
CSMA resources for which the reported measurement may be conducted. The Measured FD F-
CSMA resources subfield 2018 may indicate channel(s), sub-carrier group(s), Resource
Block(s). The Measured FD F-CSMA resource may be included once in front of the reporting
fields or in one of the reporting fields, e.g., if the measured FD F-CSMA resources are the same
for cach of the reporting fields.

[0181] The Medium Occupation subfield 2020 may indicate the measured medium
occupation time of the entity being reported. The measured medium occupation time may be
implemented as a percentage of unit time or may be implemented using mean, maximal and
minimal value of the percentage of unit time.

[0182] The Signal Power subfield 2022 may include the Signal Power that may be
received from the BSS or the STA being reported. The Signal Power subfield 2022 may include
one or more of a received signal power from the AP of the BSS of the reported entity, a received
signal power from the STAs which are part of the reported entity, cach of the signal power may
be implemented as a tuple of (max, min, average) or a list of percentile values or as a
distribution.

[0183] The OBSS Report clement, or a sct or subset of the fields or subfields thercof may
be implemented as a part of an information clement or a part of a control, management, or
extension frames. In OBSS reporting, an AP may conduct measurement for one or more of its
neighboring BSSs. The AP may create an OBSS Report element. The AP may request a STA,
e.g., in its BSS, to conduct measurements for one or more of its neighboring BSSs and create an
OBSS Report element and send it to the AP. A STA may provide an unsolicited OBSS Report
element to its AP, ¢.g., if the STA experiences high interference from an OBSS. An AP or a
STA may construct an OBSS Report clement on one or a group of STAs, or sectors, ¢.g., if the
AP or the STA experiences high level of interference from that particular entity. An AP may
request a STA to provide information using an OBSS Report element of a presence of an Inter-

BSS Coordinator or a Coordination Relay.
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[0184] In a distributed Inter-BSS FD F-CSMA coordination, an AP, ¢.g., AP1 in BSS1,
may conduct negotiation (e.g., one-on-one negotiation) with another AP, ¢.g., AP2 in BSS2. The
AP1 may include an OBSS Report element on BSS2 or entities within BSS2, or parts thereof as a
part of the negotiation packet exchanges. As a part of the FD F-CSMA negotiation packet
exchanges, AP1 may include OBSS Report elements on multiple OBSSs or other reported
entities or parts thereof.

[0185] In Inter-BSS FD F-CSMA coordination (¢.g., centralized Inter-BSS FD F-CSMA
coordination), an AP may construct one or more OBSS Report elements on each of the OBSSs or
other reported entities within cach of the OBSSs. The AP may forward the OBSS Report
clements to an IBC. An AP may request an STA and/or an AP that may function as
Coordination Relay to forward the OBSS Report clement or parts thercof to a target AP or an
IBC. An AP may periodically send OBSS Report elements on its OBSS to its neighboring APs
or the IBC for updates.

[0186] FIG. 21 illustrates an example of a Centralized FD F-CSMA Coordination
Request frame. An AP may send a Centralized Inter-BSS FD F-CSMA Coordination Request
(CIBCReq) to an IBC. The CIBCReq may be implemented as an HEW/VHSE action frame or
HEW/VHSE Action no ACK frame. As illustrated in FIG. 21, the CIDBReq frame may include
one or more of a MAC Header field 2102, an Action field 2104, a Desired FD F-CSMA
Allocation field 2106, or an OBSS Report ficld 2108. The Action field 2104 may include a
Category subficld and/or an Action Details subficld. The Category subfield may be indicated as
HEW/VHSE. The Action Details subficld may indicate that the frame is a CIBCReq frame. The
CIBCReq may be may be communicated as one of an extension frame, a management frame, or
a control frame. The CIBCReq may include additional fields including an OBSS Report field
2108, and Desired FD F-CSMA Allocation ficld. The OBSS Report ficld 2108 may be
implemented using the OBSS Report element or include parts thereof. The OBSS Report field
2108 may include reporting ficlds for multiple entities in the OBSS of the reporting AP/BSS.
[0187] An AP may include a Desired FD F-CSMA Allocation field to indicate the FD F-
CSMA Allocation desired by the transmitting AP/BSS. The Desired FD F-CSMA Allocation
ficld may be implemented using the FD F-CSMA Allocation clement. FIG. 22 illustrates an
example of an FD F-CSMA Allocation element. As illustrated in FIG. 22, the Desired FD F-
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CSMA Allocation element may include one or more of an Element ID field 2202, a Length ficld
2204, a Number of ficlds ficld 2206, or one or more ficlds (e.g., Field 1 2208 to Ficld N 2210.
[0188] The Element ID field 2202 may indicate that the current clement is a FD F-CSMA
Allocation element. The Element ID field 2202 may be included in the CIBCReq frame. The
Length field 2204 may indicate the length of the element. The Number of fields field 2206 may
indicate the number of fields included in this element. This field may be omitted, ¢.g., if the
number of fields is fixed. Each of the fields Field 1 2208 to Field N 2210 may include the
allocation of the FD F-CSMA resources. Each of the fields Field 1 2208 to Field N 2210 may
include one or more subfields, ¢.g., a Threshold subficld 2212, a Traffic load subficld 2214, an
FD F-CSMA Resources subfield 2216, a Sector subfield 2218, a Transmit power subfield 2220.
[0189] The Threshold subfield 2212 may indicate the area for which the specified FD F-
CSMA Resource allocation may apply. The Threshold subfield 2212 may be provided as a
distance, ¢.g., distance from the AP, or a signal power value, ¢.g., as measured at the AP. The
Threshold field 2212 may be implemented as the maximal or the minimal value for which the FD
F-CSMA Resource allocation may apply. For example, the FD F-CSMA resources allocation
may apply for each of the STAs that may be at least Threshold meters away from the AP. The
FD F-CSMA resources allocation may apply for cach of the STAs that may not be more than
Threshold meters away from the AP. The FD F-CSMA resource allocation may be valid for
STAs whose parameters fall between the current threshold value and the threshold value of the
immediately previous field (or 0 or infinity depending whether the threshold value is maximal or
minimal), e.g., if multiple field are included.

[0190] The AP may include (e.g., optionally include) in the Traffic Load Subfield 2214
the expected traffic load for the arca which e.g., may be determined using the Threshold value
specified by the Threshold subficld 2212. The FD F-CSMA Resources subfield 2216 may
indicate the FD F-CSMA Resources requested by the AP. The FD F-CSMA Resources subfield
2216 may be implemented as channel(s), sub-carrier groups, or resource blocks (RBs). A
number may be used to refer to the pre-defined patterns or groups of resources, ¢.g., if the
resources are grouped into pre-defined patterns. The Sector subfield 2218 may indicate the

sector of the AP’s BSS for which the Resource allocation may apply. The Transmit power
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subfield 2220 may indicate the transmit power to be used for the STAs located in the area using
the proposed FD F-CSMA resources.

[0191] The FD F-CSMA Allocation clement, or a sct or subset of any fields or subficlds
thercof, may be implemented as any part of an element (e.g., a new or an existing clement), or a
part of a control frame, a management frame, or an extension frame.

[0192] An AP may request an STA and/or an AP to function as a Coordination Relay to
forward a CIBCReq to an IBC. The AP may use the Coordination method indicated by the IBC
in its Inter-BSS Coordination Capability/Operation element.

[0193] An IBC may maintain a database of the OBSS reports on cach of the deployed
BSSs. When the IBC receives a CIBCReq frame from an AP, ¢.g., if a Desired FD F-CSMA
Allocation is included, the IBC may evaluate whether the proposed FD F-CSMA Allocation is
acceptable. The IBC may reply with a Centralized Inter-BSS Coordination Reply (CIBCRep)
accepting the proposed FD F-CSMA Allocation, ¢.g., if the FD F-CSMA Allocation is
acceptable. The IBC may deny the proposal and include a proposed FD F-CSMA Allocation in
the CIBCRep, e.g., if the proposed FD F-CSMA Allocation is not acceptable. The IBC may
provide an assigned allocation for the AP in the CIBCRep frame, ¢.g., if the AP does not include
any proposed FD F-CSMA allocation in its CIBCRep frame. FIG. 23 illustrates an example of a
CIBCRep frame. The CIBCRep may be implemented as an HEW/VHSE Action frame or an
HEW/VHSE Action no ACK frame. As illustrated in FIG. 23, the CIBSRep frame may include
one or more of a MAC Header 2302, an Action field 2304, a Results ficld 2306, or an FD F-
CSMA Allocation ficld 2308. The Action field 2304 may include a Category subfield and/or an
Action detail subficld. The Category subfield may be indicated as HEW/VHSE. The Action
detail field may indicate that it is a CIBCRep frame. The CIBCReq may be defined as one of an
extension frame, a management frame, or a control or. The Results ficld 2306 may indicate
whether the proposed FD F-CSMA Allocation is accepted or denied. The FD F-CSMA
Allocation ficld 2308 may be the proposed FD F-CSMA Allocation by the IBC.

[0194] An AP may receive the CIBCRep frame from an IBC. The AP may ACK the
received CIBCReq frame and may start to use the FD F-CSMA allocation, ¢.g., if the AP’s
proposed Allocation has been accepted by the IBC and/or the AP decides to accept the assigned
FD F-CSMA Allocation by the IBC. The AP may repeat the Inter-BSS Coordination process by
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sending another CIBCReq frame to the IBC until a satisfactory assignment of the FD F-CSMA
allocation has been received.

[0195] The distributed Inter-BSS FD F-CSMA Coordination may be provided. An AP
may send a Distributed Inter-BSS FD F-CSMA Coordination Request (DIBCReq) to each of its
overlapping BSSs. The DIBCReq may be similar to the CIBCReq. The DIBCReq may be
implemented as an HEW/VHSE Action frame or an HEW/VHSE Action no ACK frame. In the
Action field of the DIBCReq frame, the Category subfield may be indicated as HEW/VHSE.
The Action detail subfield may indicate that it is a DIBCReq frame. The DIBCReq may be
defined one of an extension frame, a management frame, or a control frame. The DIBCReq may
include OBSS Report and Desired FD F-CSMA Allocation ficlds.

[0196] The OBSS Report ficld may be implemented using the OBSS Report element or
include parts thereof. The OBSS Report may include reporting fields for multiple entities in the
OBSS of the reporting AP/BSS.

[0197] An AP may include the Desired FD F-CSMA Allocation field to indicate the FD
F-CSMA Allocation desired by the transmitting AP/BSS. The Desired FD F-CSMA Allocation
field may be implemented using the FD F-CSMA Allocation eclement, ¢.g., as illustrated in FIG.
22.

[0198] An AP may request an STA and/or an AP that functions as a Coordination Relay
that it may forward the DIBCReq to the APs of its OBSS. Each AP capable of distributed Inter-
BSS FD F-CSMA Coordination may maintain a database of the OBSS reports on cach of its
OBSS. When an AP receives a DIBCReq frame from a requesting AP, the AP may evaluate
whether the proposed FD F-CSMA Allocation is acceptable for its own BSS, ¢.g., if a Desired
FD F-CSMA Allocation is included. The AP may reply with a Distributed Inter-BSS
Coordination Reply (DIBCRep) frame (e.g., as illustrated in FIG. 23). The AP may accept the
proposed FD F-CSMA Allocation, e.g., if the FD F-CSMA Allocation is acceptable. The AP
may deny the proposal and may include a proposed FD F-CSMA Allocation in the DIBCRep,
¢.g., if the proposed FD F-CSMA Allocation is not acceptable. The DIBCRep frame may be
similar to the CIBCRep. The DIBCRep may be implemented as a HEW/VHSE Action frame or
HEW/VHSE Action no ACK frame. In the Action ficld, the Category subfield may be indicated
as HEW/VHSE, and the Action detail ficld may indicate that it is a DIBCRep frame. The
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DIBCReq may be defined as an extension frame, or any other type of management, control or
extension frames. The DIBCReq may have a Results field and an FD F-CSMA Allocation field.
The Results ficld may indicate whether the proposed FD F-CSMA Allocation is accepted or
denied. The FD F-CSMA Allocation ficld may be the proposed FD F-CSMA Allocation by the
responding AP.

[0199] The requesting AP may start to use the FD F-CSMA allocation if each of the APs
(or a particular set of APs) in its OBSS may have accepted its proposed Allocation, e.g., when
the requesting AP receives the DIBCRep frame from each OBSS AP or from a particular set of
APs. The AP may repeat the Inter-BSS Coordination process by sending an DIBCReq frame to
cach of the APs of its OBSS until a satisfactory FD F-CSMA allocation has been accepted by
cach of the APs in its OBSS or by a particular set of APs.

[0200] Coordinated Block-Based Resource Allocation (COBRA) with Fractional
CSMA/CA may be provided. The combination of COBRA with fractional CSMA may provide a
flexible operation with limited co-channel interference. FIG. 24 illustrates an example of
COBRA F-CSMA. As illustrated in FIG. 24 cach BSS may be associated with a center group
and/or an edge group. The association with a center group and/or an edge group may depend on
the transmit power of the AP and/or power control algorithms utilized by the WLAN system. In
some scenarios, a group (e.g., a center group or an edge group) in a BSS may be provided. The
transmission in the center group may have no interference with neighboring overlapping BSSs.
The edge group may be expected to experience a level of interference from OBSSs. As
illustrated by example in FIG. 24, the four BSSs 2404, 2406, 2408, and 2410 may operate on the
same channel (e.g., frequency reuse may be equal to 1). Each COBRA AP may have four sub-
channels. For users located within center group, the COBRA APs may follow COBRA process
and allocate one or more sub-channels to ecach COBRA user. For users located within edge
group, the overlapping COBRA APs may coordinate in a centralized or distributed way to assign
sub-channels, such that the interference between OBSS is limited. These sub-channels may be
referred as edge sub-channels. For center group users one or more sub-channels may be assigned
that are distinct from the edge sub-channels. The power control procedures utilized for these

center and the edge groups may be different.
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[0201] As illustrated in FIG. 24, the four BSSs 2404, 2406, 2408, and 2410 may operate
on overlapped channels (e.g., channels 1, 2, 3, and 4). The BSSs may operate on fully
overlapping or partially overlapping channels. For example, AP1 2412 may operate on 80GHz
channel including channels 48, 52, 56, or 60, AP2 2414 may operate on channels 52, 56, 60, or
64, AP3 2416 may operate on channels 48, 52, and AP4 2418 may operate on channels 52 or 56.
One or more sub-channels in one BSS may be overlapped partially with sub-channels in another
BSS. The users in center group of cach BSS may use cach of the sub-channels. The users in
edge group, for example, AP1 2412 may use channel 48, AP2 2414 may use channel 64, AP3
2416 may use channel 52, and AP4 2418 may use channel 56.

[0202] Intra-BSS COBRA F-CSMA may be provided. A COBRA AP may use fractional
CSMA, ¢.g., when the AP senses the interference from other overlapping BSSs. COBRA F-
CSMA may provide user grouping. The COBRA AP may divide the users into center group and
edge group. The COBRA AP may request the STAs to provide feedback regarding one or more
of the received RSSI, SNR, or SINR. The AP may use the received feedback information to
perform grouping. The COBRA AP may request the STAs to provide transmit power and
necessary processing margin so that the AP may calculate the SINR for each STA using the
uplink traffic. The AP may use the transmit power and necessary processing margin information
to perform grouping. The COBRA AP may request the STAs to report necessary grouping
measurements, ¢.g., by sending the COBRA F-CSMA Grouping Request frame. The STAs may
reply with a COBRA F-CSMA Grouping Response frame.

[0203] Maintenance of the COBRA F-CSMA group may be provided. For example, the
AP may not know the necessary information to assign the STA a group. The AP may treat the
STA as a member of edge group until the AP gets enough grouping information. The AP may
request one or more STAs to perform grouping algorithm, e.g., if the AP discovers that the
current group for the STAs may not be suitable. The AP may broadcast and/or multicast a
COBRA F-CSMA Grouping Request frame to STAs that may be requested or may request to
perform grouping procedure. The AP may repeat the frame on each of the sub-channels with
transmit power control. The AP may assign different time slots for the two groups of STAs to
feedback the COBRA F-CSMA Grouping Response frame. The STAs, e.g., according to their

current group may use the corresponding time slot to feedback the frame. A STA may request
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the AP to check whether the STA may move to another group by sending necessary information
to the AP.

[0204] When the COBRA F-CSMA grouping is assigned, the AP may announce the
grouping information in a COBRA Parameter Set element. The COBRA Parameter Set clement
may be transmitted via one of a beacon frame, a probe response frame, an association
authentication frame, or a reassociation response frame.

[0205] A COBRA AP may perform COBRA F-CSMA. The AP may allocate one or
more sub-channels available to the BSS to the users in a center group. The AP may coordinate
with OBSS STAs and assign one¢ or more sub-channel(s) to the edge group users to limit the
interference. For users that may join the BSS with no assigned group, the AP may treat them
temporally as edge group users, and assign the edge group sub-channels.

[0206] COBRA may allow the STAs to transmit uplink transmission request through one
or more sub-channels, e.g., using random access scheme. The COBRA AP may assign one or
more sub-channel(s) for uplink random access sub-channel(s). Each of the associated STAs may
request for uplink resource allocation. In COBRA F-CSMA, the COBRA AP may allocate the
one or more edge group sub-channels for uplink random access sub-channels for each of the
users. One or more (e.g., two) groups of users may be scheduled using different sub-channels for
uplink random access. The One or more (e.g., two) groups of users may perform the uplink
random access (¢.g., simultancously) on the same time slot, or on different time slots.

[0207] A COBRA AP may have COBRA channel access and CSMA channel access.
Within COBRA channel access period, COBRA F-CSMA may be performed as described
herein. Within CSMA channel access period, the COBRA AP may determine whether F-CSMA
is utilized. If F-CSMA is utilized, the COBRA AP may use time/frequency domain F-CSMA
(c.g., as described herein), or the COBRA AP may transmit to one or more groups using different
power control algorithms and CCA thresholds.

[0208] Inter-BSS COBRA F-CSMA may be provided. Co-channel or overlapping BSSs
may coordinate and perform COBRA F-CSMA. Systems, methods, and instrumentalitics used to
coordinate between OBSSs are herein described.

[0209] One or more distributed methods of inter-BSS COBRA F-CSMA may be

provided. Distributed systems, methods, and instrumentalities to begin and/or to join a COBRA
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F-CSMA cluster may be provided. The COBRA AP may begin a COBRA F-CSMA cluster by
sending out the COBRA F-CSMA transmission request frame to one or more neighboring OBSS
COBRA APs, e.g., ifa COBRA AP does not detect any COBRA F-CSMA information element
in the neighboring OBSS APs. The COBRA F-CSMA transmission request frame may be
transmitted on one or more of cach of the sub-channels the AP may operates on. The
transmission request frame may be encoded and modulated on each sub-channels (e.g.,
independently modulated), and repeated with or without phase rotation on each of the sub-
channels, such that other APs operating on partially overlapped BSS may decode the packet.
The COBRA AP may begin the COBRA F-CSMA transmission after sending the transmission
request frame. The COBRA AP may include a COBRA F-CSMA information clement, ¢.g., in a
Beacon frame to announce the COBRA F-CSMA transmission periodically. The COBRA
CSMA information element may be updated, ¢.g., when a new AP joins the transmission or an
existing AP leaves the transmission cluster.

[0210] The COBRA APs that may receive the COBRA F-CSMA transmission request
frame, and may participate in the COBRA F-CSMA transmission, may reply with a COBRA F-
CSMA transmission reply frame. The COBRA APs that may miss the COBRA F-CSMA
transmission request frame, but may receive the COBRA F-CSMA information clement from
other COBRA APs may send a COBRA F-CSMA transmission reply frame to the COBRA F-
CSMA cluster. The COBRA F-CSMA information element may be included in a Beacon frame.
[0211] The COBRA AP may perform one or more of the following actions, e.g., if a
COBRA AP attempts to initiate COBRA F-CSMA transmission and cach of the edge sub-
channels it may utilize are used by neighboring COBRA APs. The COBRA AP may send a
COBRA F-CSMA negotiation frame to one or more COBRA APs that may occupy the potential
edge sub-channel the inquiring COBRA AP intends to utilize and check whether inquired
COBRA APs may use other edge sub-channels. The COBRA AP may share one edge sub-
channel with one or more of neighboring COBRA APs. The COBRA AP may send a COBRA
F-CSMA common edge sub-channel frame to those COBRA AP(s) that may utilize the same
edge sub-channel. The COBRA APs that share the same edge sub-channel may utilize extra
protection mechanisms, ¢.g., RTS/CTS, CTS-to-self, backoff procedures, ctc. for each of the

edge group users (e.g., group uses using schedule based COBRA channel access period). The
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COBRA AP may not join the COBRA F-CSMA transmission, and may use extra protection
mechanisms, ¢.g., RTS/CTS, CTS-to-self, backoff procedures, etc. for cach of the edge group
users (e.g., group uses using schedule based COBRA channel access period).

[0212] The COBRA AP may start and/or join a COBRA F-CSMA transmission. The
COBRA AP may sense heavy interference from OBSSs. The sensing of heavy interference may
be performed by monitoring the energy of OBSSs, the channel or sub-channel occupation of
OBSSs, etc. The COBRA AP may set up a threshold to determine whether the interference is
severe enough to switch to COBRA F-CSMA transmissions. The COBRA AP may receive a
COBRA F-CSMA transmission request frame, and the COBRA AP may sense heavy
interference from OBSS. The COBRA AP may decide to join the COBRA F-CSMA
transmission.

[0213] The maintenance of COBRA F-CSMA clusters may be provided. A COBRA AP
may leave a cluster by sending out a COBRA F-CSMA termination frame. The COBRA AP that
sends the COBRA F-CSMA termination frame may cease to transmit the COBRA F-CSMA
information clement. The COBRA AP may transmit one more beacons with COBRA F-CSMA
information element with updated information. The other COBRA APs in the cluster may
update the COBRA F-CSMA information clement, and transmit the updated COBRA F-CSMA
information element in a Beacon frame.

[0214] Centralized systems, methods, and instrumentalities to begin and/or to join a
COBRA F-CSMA cluster may be provided. A COBRA AP may begin a COBRA F-CSMA
cluster by sending out the COBRA F-CSMA transmission request frame to one or more
neighboring OBSS COBRA APs, ¢.g., if the COBRA AP does not detect any COBRA F-CSMA
information element in the neighboring OBSS APs. With a centralized system, the AP may
designate itself the COBRA F-CSMA cluster head. In other cases, a dedicated centralized
controller may be designated as a COBRA F-CSMA cluster head. The COBRA F-CSMA
transmission request frame may be transmitted on some or each of the sub-channels the AP may
operate on. The frame may be encoded and modulated (e.g., independently modulated) on cach
sub-channels. The frame may be repeated with or without phase rotation on each of the sub-
channels such that other APs operating on partially overlapped BSS may decode the packet. The
COBRA AP may begin the COBRA F-CSMA transmission after sending the COBRA F-CSMA
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transmission request frame. The COBRA AP may include a COBRA F-CSMA information
clement in a Beacon frame to announce (¢.g., periodically announce) the COBRA F-CSMA
transmission. The COBRA F-CSMA information element may be updated, ¢.g., when an AP
(c.g., a new AP) may join the transmission cluster or an existing AP may leave the transmission
cluster. With Centralized system, the cluster head may schedule the COBRA F-CSMA reply
frames for other OBSS APs explicitly in the COBRA F-CSMA transmission request frame. The
cluster head may poll next scheduled AP, e.g., when it receives a COBRA F-CSMA transmission
reply frame.

[0215] A COBRA F-CSMA cluster head may transmit COBRA F-CSMA transmission
request frame, ¢.g., after creating the cluster. The cluster head may broadcast COBRA F-CSMA
transmission request frame after creating the cluster so that the APs not in the cluster may decide
to join the cluster when the cluster formed. The COBRA APs that may receive the COBRA F-
CSMA transmission request frame may reply with a COBRA F-CSMA transmission reply frame.
The replying COBRA APs may indicate to the cluster head whether the APs may join the
COBRA F-CSMA cluster. The COBRA APs that may miss the COBRA F-CSMA transmission
request frame, but may receive the COBRA F-CSMA information element from other COBRA
APs may send a COBRA F-CSMA transmission reply frame to the COBRA F-CSMA cluster
head to request to join the cluster.

[0216] Once the cluster head receives the COBRA F-CSMA transmission reply frame, it
may perform one or more of the following actions. The cluster head may reply with a COBRA
F-CSMA assignment frame to assign an edge sub-channel to the AP. The cluster head may
decline the AP to join the cluster by indicating that in the COBRA F-CSMA assignment frame.
The cluster head may update the COBRA F-CSMA information element transmitted in the
Beacon frame by adding the new cluster member and corresponding edge sub-channel. The
cluster head may not modify the COBRA F-CSMA information element, e.g., if the cluster head
declines the AP to join the cluster. Other member APs may or may not transmit the COBRA F-
CSMA information element in beacon frames.

[0217] The maintenance of a COBRA F-CSMA cluster in a centralized system may be
provided. A cluster member AP may leave the cluster by sending out a COBRA F-CSMA
termination frame to the cluster head AP. The cluster head AP may reply with a COBRA F-
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CSMA termination confirmation frame to the member AP and update the COBRA F-CSMA
information e¢lement in Beacon frames. The other COBRA APs in the cluster may update the
COBRA F-CSMA information element accordingly.

[0218] A frame and/or an information element for COBRA F-CSMA transmission may
be provided. For example, a COBRA F-CSMA transmission request frame may include one or
more of a COBRA F-CSMA cluster ID (e.g., used to indicate the COBRA cluster identification),
one or more members of APs in the cluster, one or more operation channels and sub-channels of
each member AP, one or more edge sub-channel(s) of cach member AP, or indication of a
distributed cluster or a centralized cluster.

[0219] COBRA F-CSMA transmission reply frame may be provided. For example, the
COBRA F-CSMA transmission reply frame may include a COBRA F-CSMA cluster ID (e.g.,
used to indicate the COBRA cluster identification), one or more operation channels and sub-
channels of the transmitting AP, or one or more suggested edge sub-channel(s) of the
transmitting AP.

[0220] COBRA F-CSMA information element may be provided. COBRA F-CSMA
information element may include one or more of a COBRA F-CSMA cluster ID (e.g., used to
indicate the COBRA cluster identification), one or more members of APs in the cluster one or
more operation channels and sub-channels of cach member AP, one or more edge sub-channel(s)
of cach member AP, or indication of a distributed cluster or a centralized cluster.

[0221] COBRA F-CSMA termination frame may be provided. The COBRA F-CSMA
termination frame may include a COBRA F-CSMA cluster ID (¢.g., used to indicate the COBRA
cluster identification), one or more operation channels and sub-channels of the transmitting AP,
or one or more edge sub-channel(s) of the transmitting AP.

[0222] COBRA F-CSMA termination confirmation frame may be provided. The
COBRA F-CSMA termination confirmation frame may include a COBRA F-CSMA cluster ID
(c.g., used to indicate the COBRA cluster identification), one or more updated members of APs
in the cluster, one or more updated operation channels and sub-channels of each member AP,
one or more updated edge sub-channel(s) of each member AP, or an indication of a distributed

cluster or a centralized cluster.
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[0223] Time/Frequency Domain based Fractional CSMA/CA may be provided. Time
based F-CSMA/CA and frequency based F-CSMA/CA are described herein. The time based F-
CSMA/CA and frequency based F-CSMA/CA may be combined to allow separation of the BSS
edge STAs, ¢.g., by a combination of time and frequency. The grouping of cell center and cell
edge STAs may be similar to the time and/or frequency based F-CSMA/CA.

[0224] One or more APs may coordinate to allow access of cach to the pool of STAs
performing CSMA/CA based on the BSS index. As illustrated by example in FIG.18, Group 1
may be placed in the active CSMA/CA pool, Group 2 and Group 3 may be placed in the active
CSMA/CA pool in a coordinated manner during specific time slots and frequency bands. The
grouping may be combined with transmit power control (TPC) to limit interference. The
coordination may be such that Group 2 and Group 3 are in orthogonal pools, ¢.g., when Group 2
is in the pool, and Group 3 is not. The coordination may be such that Group 2 and Group 3 are
in partially orthogonal pools, e.g., Group 2 and Group 3 are in the pool based on a desired
orthogonality factor (f) where 0 <= <= [ and f'= 0 implies fully orthogonal while f* = /
implies no orthogonality.

[0225] The transmit power may be adjusted based on the group in the active CSMA/CA
pool. The maximum transmit power is important as this determines the power at which control
frames needed by cach of the STAs may be sent. If Group 1 is in the pool, the maximum
transmit power may be limited to the worst STA in the limited group, ¢.g., the STA that requires
the maximum transmit power in group 1. The maximum transmit power may be used for data
frames and/or control frames. If cach of the STAs are in the pool, the maximum transmit power
may be limited to the worst STA in the BSS, ¢.g., the STA that requires the maximum transmit
power in the BSS. The inter-BSS methods described herein may be used for Time/Frequency
Doman based F-CSMA/CA.

[0226] Priority-adaptation based CSMA/CA may be provided. For example, priority
adaptation of CSMA-CA may be based on the geo-location and/or the distances from the AP a
STA is associated with and other OBSS APs. The priority adaptation of CSMA-CA may be
based on the effect of the channel (path loss, and long term/short term channel variations such as
shadowing and fast fading) of the STA. When TPC is cnabled, a STA may transmit at higher
power, ¢.g., if the STA is far away from AP it may be associated with. The STA may affect the
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OBSS traffic. The channel access priority of the STA may be reduced when the STA is closer to
an OBSS AP. The STA may continue to operate at highest priority level, ¢.g., if no OBSS AP is
present.

[0227] FIG. 25 illustrates an example of a priority adaptation based on distance of a STA
(c.g., STA1 2502) from one or more APs (¢.g., AP1 2504 and AP2 2506). As illustrated by
example in FIG. 25, a STA1 may be associated with AP1 2504 and AP2 2506 may be the
neighboring AP (e.g., not part of same BSS as AP1). The distance between STA1 2502 and AP1
2504, c.g., is p. The distance between STA1 2502 and AP2 2506 is, ¢.g., q. The Priority Y may
be a function of distances p and q (¢.g., Y(p, q)). The priority may be a function of the path loss
and shadow fading. The AP1 may be assigned higher priority (e.g., lower numeric value of Y, or
higher probability of acquiring the medium, while transmitting at relatively lower power), e.g., if
the STA1 2502 is close to AP1 2504. When STA1 2502 moves away from AP1 2504 and closer
to AP2 2506, the STA1 2502 may start interfering with the traffic of AP2 2506. The priority of
STA1 2502 may be reduced (e.g., lower numeric value of Y and reducing the higher probability
of acquiring the medium, when transmitting at much higher power). This function may be
continuous, discrete and/or conditional.

[0228] For example, a discrete function may represented as:

Y(p,q) = ceil (-Z—).

[0229] An example of a conditional non-linear function may be represented as:
f1, £z
q
5  Tebey
Y(pq) = 5
3, 2<—-<4
q
s, LPsy
\ q
[0230] As illustrated in FIG. 25, when the STA1 2502 is closer to AP1 2504 than AP2

2506, the STA1 2502 may have highest priority level Y(p,q) = 1. When the STAI is closer to
AP2 2506 than AP1 2504, the priority level of the STA1 2502 may be reduced (e.g., Y(p,q) =
2,Y(p,q) = 3), ctc.
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[0231] For different Y(p, q) value, different aCWmax and aCWmin may be selected.
Table 1 illustrates an example of Y(p, q) values and corresponding CWmin[ac] and CWmax[ac]

values, where ac may be an access category.

[0232] Table 1
Y(p,q) aCWmin aCWmax

1 15 1023

2 31 2047

3 63 4095

4 127 8191
[0233] As illustrated in Table 1, a change in the Y(p, g) value may result in change in the
CWmin[ac] and CWmax[ac] values.
[0234] In case of more OBSS APs in the vicinity, the distance from cach of the APs may

be computed. For example, if the distance between a STA and an associated AP is p and the
distances from cach of the OBSS APs arec = [q1 - qn]. The priority for cach pair Yi(p, q;)
may be computed (e.g., independently computed). The max(Yi) or ceil(avg(Yi)) may be used

as final priority for the transmission.

[0235] FIG. 26 illustrates an example of priority adaptation based on distance of three
APs. As illustrate in FIG. 26, out of the three APs (e.g., AP1 2604, AP2 2606 and AP3 2608),
the STA STA1 2602 may be in BSS1 and associated with AP1 2604. The two nearby APs may
be AP2 2606 and AP3 2608. In OBSS scenario, an AP (e.g., AP1) may compute the STA1’s
priority based on the other nearby AP (e.g., AP2 and/or AP3). The AP may compute the priority
(Y; and Y,) based on distances from other APs (g, and gq,) independently and take max out of
them or ceiling of average. A function Y(p,q) that jointly optimizes the priority based the

distance vector ¢ also may be used.

[0236] The RSSI measured during beacon from respective APs may be used as an
indicator of distance from that AP and may be a linear function of distance from AP. The RSSI
may be used instead of distances p and q for the computation of priority as mentioned above.
Change in priority level may depend on distance, e.g., when power control is used. A STA may

be closer to OBSS AP, ¢.g., if STA is associated with an AP that is far away from the STA. The
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STA may affect the traffic of OBSS, e.g., if the STA uses higher power to communicate with the
AP it may be associated with. The priority of STA may be reduced, ¢.g., depending on the
distance from AP the STA is associated with. The algorithm used for computation of priority on
cach of the APs may be enhanced, ¢.g., if GPS support is available and/or physical location of

cach of the AP is known.

[0237] The computation described herein may be performed at the STA and priority

value may be set at STA. The computation may be performed at the AP and the AP may indicate
the priority value to the STAs associated with the AP, e.g., using a management frame. The STA
may set its priority based on the received priority value and change its contention window values

aCWMax and aCWMin accordingly.

[0238] FIG. 27A is a diagram of an example communications system 2700 in which one
or more disclosed embodiments may be implemented. The communications system 2700 may be
a multiple access system that provides content, such as voice, data, video, messaging, broadcast,
etc., to multiple wireless users. The communications system 2700 may enable multiple wireless
users to access such content through the sharing of system resources, including wireless
bandwidth. For example, the communications systems 2700 may employ one or more channel
access methods, such as code division multiple access (CDMA), time division multiple access
(TDMA), frequency division multiple access (FDMA), orthogonal FDMA (OFDMA), single-
carricr FDMA (SC-FDMA), and the like.

[0239] As shown in FIG. 27A, the communications system 2700 may include at least one
wireless transmit/receive unit (WTRU), such as a plurality of WTRUS, for instance WTRUs
2702a, 2702b, 2702¢, and 2702d, a radio access network (RAN) 2704, a core network 2706, a
public switched telephone network (PSTN) 2708, the Internet 2710, and other networks 2712,
though it should be appreciated that the disclosed embodiments contemplate any number of
WTRUS, base stations, networks, and/or network elements. Each of the WTRUs 2702a, 2702b,
2702¢, 2702d may be any type of device configured to operate and/or communicate in a wireless
environment. By way of example, the WTRUs 2702a, 2702b, 2702¢, 2702d may be configured
to transmit and/or receive wireless signals and may include user equipment (UE), a mobile

station, a fixed or mobile subscriber unit, a pager, a cellular telephone, a personal digital assistant
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(PDA), a smartphone, a laptop, a netbook, a personal computer, a wireless sensor, consumer
electronics, and the like.

[0240] The communications systems 2700 may also include a base station 2714a and a
base station 2714b. Each of the base stations 2714a, 2714b may be any type of device configured
to wirelessly interface with at least one of the WTRUs 2702a, 2702b, 2702¢, 2702d to facilitate
access to one or more communication networks, such as the core network 2706, the Internet
2710, and/or the networks 2712. By way of example, the base stations 2714a, 2714b may be a
base transceiver station (BTS), a Node-B, an eNode B, a Home Node B, a Home eNode B, a site
controller, an access point (AP), a wircless router, and the like. While the base stations 2714a,
2714b are cach depicted as a single element, it should be appreciated that the base stations
2714a, 2714b may include any number of interconnected base stations and/or network clements.
[0241] The base station 2714a may be part of the RAN 2704, which may also include
other base stations and/or network clements (not shown), such as a base station controller (BSC),
a radio network controller (RNC), relay nodes, efc. The base station 2714a and/or the base
station 2714b may be configured to transmit and/or receive wireless signals within a particular
geographic region, which may be referred to as a cell (not shown). The cell may further be
divided into cell sectors. For example, the cell associated with the base station 2714a may be
divided into three sectors. Thus, in one embodiment, the base station 2714a may include three
transceivers, e.g., one for each sector of the cell. In another embodiment, the base station 2714a
may employ multiple-input multiple output (MIMO) technology and, therefore, may utilize
multiple transceivers for ecach sector of the cell.

[0242] The base stations 2714a, 2714b may communicate with one or more of the
WTRUs 2702a, 2702b, 2702¢, 2702d over an air interface 2716, which may be any suitable
wireless communication link (e.g., radio frequency (RF), microwave, infrared (IR), ultraviolet
(UV), visible light, efc.). The air interface 2716 may be established using any suitable radio
access technology (RAT).

[0243] More specifically, as noted above, the communications system 2700 may be a
multiple access system and may employ one or more channel access schemes, such as CDMA,
TDMA, FDMA, OFDMA, SC-FDMA, and the like. For example, the base station 2714a in the
RAN 2704 and the WTRUs 2702a, 2702b, 2702¢ may implement a radio technology such as
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Universal Mobile Telecommunications System (UMTS) Terrestrial Radio Access (UTRA),
which may establish the air interface 2716 using wideband CDMA (WCDMA). WCDMA may
include communication protocols such as High-Speed Packet Access (HSPA) and/or Evolved
HSPA (HSPA+). HSPA may include High-Speed Downlink Packet Access (HSDPA) and/or
High-Speed Uplink Packet Access (HSUPA).

[0244] In another embodiment, the base station 2714a and the WTRUs 2702a, 2702b,
2702¢ may implement a radio technology such as Evolved UMTS Terrestrial Radio Access (E-
UTRA), which may establish the air interface 2716 using Long Term Evolution (LTE) and/or
LTE-Advanced (LTE-A).

[0245] In other embodiments, the base station 2714a and the WTRUs 2702a, 2702,
2702¢ may implement radio technologies such as IEEE 802.16 (e.g., Worldwide Interoperability
for Microwave Access (WiMAX)), CDMA2000, CDMA2000 1X, CDMA2000 EV-DO, Interim
Standard 2000 (IS-2000), Interim Standard 95 (IS-95), Interim Standard 856 (1S-856), Global
System for Mobile communications (GSM), Enhanced Data rates for GSM Evolution (EDGE),
GSM EDGE (GERAN), and the like.

[0246] The base station 1314b in FIG. 27A may comprise a wireless router, Home Node
B, Home eNode B, or access point, for example, and may utilize any suitable RAT for
facilitating wireless connectivity in a localized area, such as a place of business, a home, a
vehicle, a campus, and the like. In one embodiment, the base station 2714b and the WTRUs
2702¢, 2702d may implement a radio technology such as IEEE 802.11 to cstablish a wireless
local area network (WLAN). In another embodiment, the base station 2714b and the WTRUs
2702c, 2702d may implement a radio technology such as IEEE 802.15 to establish a wircless
personal area network (WPAN). In yet another embodiment, the base station 2714b and the
WTRUSs 2702¢, 2702d may utilize a cellular-based RAT (e.g., WCDMA, CDMA2000, GSM,
LTE, LTE-A, etc.) to establish a picocell or femtocell. As shown in FIG. 27A, the base station
2714b may have a direct connection to the Internet 2710. Thus, the base station 2714b may not
be required to access the Internet 2710 via the core network 2706.

[0247] The RAN 2704 may be in communication with the core network 2706, which may
be any type of network configured to provide voice, data, applications, and/or voice over internet

protocol (VoIP) services to one or more of the WTRUs 2702a, 2702b, 2702c, 2702d. For
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example, the core network 2706 may provide call control, billing services, mobile location-based
services, pre-paid calling, Internet connectivity, video distribution, etc., and/or perform high-
level security functions, such as user authentication. Although not shown in FIG. 27A, it should
be appreciated that the RAN 2704 and/or the core network 2706 may be in direct or indirect
communication with other RANs that employ the same RAT as the RAN 2704 or a different
RAT. For example, in addition to being connected to the RAN 2704, which may be utilizing an
E-UTRA radio technology, the core network 2706 may also be in communication with another
RAN (not shown) employing a GSM radio technology.

[0248] The core network 2706 may also serve as a gateway for the WTRUs 2702a,
2702b, 2702¢, 2702d to access the PSTN 2708, the Internet 2710, and/or other networks 2712.
The PSTN 2708 may include circuit-switched telephone networks that provide plain old
telephone service (POTS). The Internet 2710 may include a global system of interconnected
computer networks and devices that use common communication protocols, such as the
transmission control protocol (TCP), user datagram protocol (UDP) and the internet protocol (IP)
in the TCP/IP internet protocol suite. The networks 2712 may include wired or wireless
communications networks owned and/or operated by other service providers. For example, the
networks 2712 may include another core network connected to one or more RANs, which may
employ the same RAT as the RAN 2704 or a different RAT.

[0249] Some or all of the WTRUs 2702a, 2702b, 2702¢, 2702d in the communications
system 2700 may include multi-mode capabilities, ¢.g., the WTRUs 2702a, 2702b, 2702c¢, 2702d
may include multiple transceivers for communicating with different wireless networks over
different wireless links. For example, the WTRU 2702c¢ shown in FIG. 27A may be configured
to communicate with the base station 2714a, which may employ a cellular-based radio
technology, and with the base station 2714b, which may employ an IEEE 802 radio technology.
[0250] FIG. 27B is a system diagram of an example WTRU 2702. As shown in FIG.
27B, the WTRU 2702 may include a processor 2718, a transceiver 2720, a transmit/receive
clement 2722, a speaker/microphone 2724, a keypad 2726, a display/touchpad 2728, non-
removable memory 2730, removable memory 2732, a power source 2734, a global positioning
system (GPS) chipset 2736, and other peripherals 2738. It should be appreciated that the WTRU
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2702 may include any sub-combination of the foregoing elements while remaining consistent
with an embodiment.

[0251] The processor 2718 may comprise a general purpose processor, a special purpose
processor, a conventional processor, a digital signal processor (DSP), a plurality of
MICroprocessors, one or more microprocessors in association with a DSP core, a controller, a
microcontroller, Application Specific Integrated Circuits (ASICs), Field Programmable Gate
Array (FPGAS) circuits, any other type of integrated circuit (IC), a state machine, and the like.
The processor 2718 may perform signal coding, data processing, power control, input/output
processing, and/or any other functionality that enables the WTRU 2702 to operate in a wircless
environment. The processor 2718 may be coupled to the transceiver 2720, which may be coupled
to the transmit/receive element 2722. While FIG. 27B depicts the processor 2718 and the
transceiver 2720 as separate components, it should be appreciated that the processor 2718 and
the transceiver 2720 may be integrated together in an clectronic package or chip.

[0252] The transmit/receive element 2722 may be configured to transmit signals to, or
receive signals from, a base station (e.g., the base station 2714a) over the air interface 2716. For
example, in one embodiment, the transmit/receive element 2722 may be an antenna configured
to transmit and/or receive RF signals. In another embodiment, the transmit/receive element 2722
may be an emitter/detector configured to transmit and/or receive IR, UV, or visible light signals,
for example. In yet another embodiment, the transmit/receive element 2722 may be configured to
transmit and receive both RF and light signals. It should be appreciated that the transmit/receive
element 2722 may be configured to transmit and/or receive any combination of wireless signals.
[0253] In addition, although the transmit/receive element 2722 is depicted in FIG. 27B as
a single element, the WTRU 2702 may include any number of transmit/receive elements 2722.
More specifically, the WTRU 2702 may employ MIMO technology. Thus, in one embodiment,
the WTRU 2702 may include two or more transmit/receive elements 2722 (e.g., multiple
antennas) for transmitting and receiving wireless signals over the air interface 2716.

[0254] The transceiver 2720 may be configured to modulate the signals that are to be
transmitted by the transmit/receive element 2722 and to demodulate the signals that are received

by the transmit/receive element 2722. As noted above, the WTRU 2702 may have multi-mode

58

60



WO 2014/179713 PCT/US2014/036610

capabilitics. Thus, the transceiver 2720 may include multiple transceivers for enabling the
WTRU 2702 to communicate via multiple RATs, such as UTRA and IEEE 802.11, for example.
[0255] The processor 2718 of the WTRU 2702 may be coupled to, and may receive user
input data from, the speaker/microphone 2724, the keypad 2726, and/or the display/touchpad
2728 (e.g., a liquid crystal display (LCD) display unit or organic light-emitting diode (OLED)
display unit). The processor 2718 may also output user data to the speaker/microphone 2724, the
keypad 2726, and/or the display/touchpad 2728. In addition, the processor 2718 may access
information from, and store data in, any type of suitable memory, such as the non-removable
memory 2730 and/or the removable memory 2732. The non-removable memory 2730 may
include random-access memory (RAM), read-only memory (ROM), a hard disk, or any other
type of memory storage device. The removable memory 2732 may include a subscriber identity
module (SIM) card, a memory stick, a secure digital (SD) memory card, and the like. In other
embodiments, the processor 2718 may access information from, and store data in, memory that is
not physically located on the WTRU 2702, such as on a server or a home computer (not shown).
[0256] The processor 2718 may receive power from the power source 2734, and may be
configured to distribute and/or control the power to the other components in the WTRU 2702.
The power source 2734 may be any suitable device for powering the WTRU 2702. For example,
the power source 2734 may include one or more dry cell batteries (e.g., nickel-cadmium (NiCd),
nickel-zinc (NiZn), nickel metal hydride (NiMH), lithium-ion (Li-ion), ezc.), solar cells, fuel
cells, and the like.

[0257] The processor 2718 may also be coupled to the GPS chipset 2736, which may be
configured to provide location information (e.g., longitude and latitude) regarding the current
location of the WTRU 2702. In addition to, or in licu of, the information from the GPS chipset
2736, the WTRU 2702 may receive location information over the air interface 2716 from a base
station (e.g., base stations 2714a, 2714b) and/or determine its location based on the timing of the
signals being received from two or more nearby base stations. It should be appreciated that the
WTRU 2702 may acquire location information by way of any suitable location-determination
method while remaining consistent with an embodiment.

[0258] The processor 2718 may further be coupled to other peripherals 2738, which may

include one or more software and/or hardware modules that provide additional features,
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functionality and/or wired or wireless connectivity. For example, the peripherals 2738 may
include an accelerometer, an e-compass, a satellite transceiver, a digital camera (for photographs
or video), a universal serial bus (USB) port, a vibration device, a television transceiver, a hands
free headset, a Bluetooth® module, a frequency modulated (FM) radio unit, a digital music
player, a media player, a video game player module, an Internet browser, and the like.

[0259] Although features and elements are described above in particular combinations,
one of ordinary skill in the art will appreciate that each feature or element may be used alone or
in any combination with the other features and elements. Other than the 802.11 protocols
described herein, the features and clements described herein may be applicable to other wircless
systems. Although the features and clements described herein may have been described for
uplink operation, the methods and procedures may be applied to downlink operation. Although
SIFS may have been used herein to indicate various inter frame spacing, other inter frame
spacing, ¢.g., RIFS or other agreed time interval may be applied. In addition, the methods
described herein may be implemented in a computer program, software, or firmware
incorporated in a computer-readable medium for execution by a computer or processor.
Examples of computer-readable media include electronic signals (transmitted over wired or
wireless connections) and computer-readable storage media. Examples of computer-readable
storage media include, but are not limited to, a read only memory (ROM), a random access
memory (RAM), a register, cache memory, semiconductor memory devices, magnetic media
such as internal hard disks and removable disks, magneto-optical media, optical media such as
CD-ROM disks, and digital versatile disks (DVDs). A processor in association with software
may be used to implement a radio frequency transceiver for use in a WTRU, WTRU, terminal,

base station, RNC, or any host computer.
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CLAIMS
What is claimed:

1 An interference management method in a Wireless Local Area Network (WLAN), the

method comprising:

identifying a station (STA) associated with a first basic service set (BSS) as a an edge
STA or a non -edge STA;

grouping the identified STA into an edge group or a non-edge group;
receiving information associated with a second BSS; and

coordinating access of the edge group and the non-edge group, wherein the access is
coordinated to minimize interference of the STA identified as the edge STA and is based at least

on the received information associated with the second BSS.

2 The method of claim 1, further comprising adjusting a transmit power of a plurality of
stations (STAs) associated with the first BSS by limiting a maximum power of the plurality of
STAs to a worst STA, wherein the plurality of STAs comprises a STA identified as non-edge
STA and at least one STA identified as edge STA.

3; The method of claim 1, further comprising sending an edge flag to the STA identified as
edge STA.

4. The method of claim 1, wherein the STA is identified as the edge STA or the non-edge
STA using one or more of a path loss from an AP to the STA, physical or geographic location of

the STA, information received from the STA, or information received from a central controller.

5. The method of claim 4, wherein the information received from the STA comprises a
difference between a received signal strength indication (RSSI) of the AP at the STA and a next
strongest AP at the STA.
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6. The method of claim 1, wherein a first station associated with a first edge group is
orthogonal to a second station associated with a second edge group, wherein the orthogonality

between the first station and the second station is partial or full.

7: The method of claim 1, wherein coordinating access comprises coordinating timing

between groups associated with the first BSS and the second BSS.

8. The method of claim 1, further comprising receiving an information element indicating

fractional carrier sense multiple access with collision avoidance (F-CSMA/CA) support.

9. The method of claim 8, wherein the F-CSMA/CA support is received in an BSS
Coordination Capability element, wherein the BSS Coordination Capability element is received

via one of a control frame, a management frame, or an extension frame.
10.  Anaccess point (AP) comprising:
a processor; and
a memory comprising instructions that when executed by the processor cause the AP to:

identify a station (STA) associated with a first basic service set (BSS) as a an
edge STA or a non -edge STA;

group the identified STA into an edge group or a non-edge group;
receive information associated with a second BSS; and

coordinate access of the edge group and the non-edge group, wherein the access is
coordinated to minimize interference of the STA identified as the edge STA and is based

at lcast on the received information associated with the second BSS.

11.  The AP of claim 10, wherein the memory further comprises instructions that when
executed by the processor cause the AP to adjust a transmit power of a plurality of stations

(STAs) associated with the first BSS by limiting a maximum power of the plurality of STAs to a
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worst STA, wherein the plurality of STAs comprises a STA identified as non-edge STA and at
least one STA identified as edge STA.

12.  The AP of claim 10, wherein the memory further comprises instructions that when

executed by the processor cause the AP to send an edge flag to the STA identified as edge STA.

13.  The AP of claim 10, wherein the STA is identified as the edge STA or the non-edge STA
using one or more of a path loss from an AP to the STA, physical or geographic location of the

STA, information received from the STA, or information received from a central controller.

14.  The AP of claim 13, wherein the information received from the STA comprises a
difference between a received signal strength indication (RSSI) of the AP at the STA and a next
strongest AP at the STA.

15.  The AP of claim 10, wherein a first station associated with a first edge group is
orthogonal to a second station associated with a second edge group, wherein the orthogonality

between the first station and the second station is partial or full.

16.  The AP of claim 10, wherein coordinating access comprises coordinating timing between

groups associated with the first BSS and the second BSS.

17.  The AP of claim 10, wherein the memory further comprises instructions that when
executed by the processor cause the AP to receive an information element indicating fractional

carrier sense multiple access with collision avoidance (F-CSMA/CA) support.

18.  The AP of claim 17, wherein the F-CSMA/CA support is received in an BSS
Coordination Capability element, wherein the BSS Coordination Capability element is received

via onc of a control frame, a management frame, or an extension frame.
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