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Description

BACKGROUND

Field

[0001] Certain aspects of the present disclosure gen-
erally relate to wireless communications and, more par-
ticularly, to detecting that a multiuser multiple-input mul-
tiple-output (MU-MIMO) transmission has suffered a col-
lision and to adapting the backoff window size for a sub-
sequent MU-MIMO transmission.

Background

[0002] In order to address the issue of increasing band-
width requirements demanded for wireless communica-
tions systems, different schemes are being developed to
allow multiple user terminals to communicate with a sin-
gle access point by sharing the channel resources while
achieving high data throughputs. Multiple-Input Multiple-
Output (MIMO) technology represents one such ap-
proach that has recently emerged as a popular technique
for next generation communication systems. MIMO tech-
nology has been adopted in several emerging wireless
communications standards such as the Institute of Elec-
trical and Electronics Engineers (IEEE) 802.11 standard.
The IEEE 802.11 denotes a set of Wireless Local Area
Network (WLAN) air interface standards developed by
the IEEE 802.11 committee for short-range communica-
tions (e.g., tens of meters to a few hundred meters).
[0003] A MIMO system employs multiple (NT) transmit
antennas and multiple (NR) receive antennas for data
transmission. A MIMO channel formed by the NT transmit
and NR receive antennas may be decomposed into NS
independent channels, which are also referred to as spa-
tial channels, where NS ≤ min {NT, NR}. Each of the NS
independent channels corresponds to a dimension. The
MIMO system can provide improved performance (e.g.,
higher throughput and/or greater reliability) if the addi-
tional dimensionalities created by the multiple transmit
and receive antennas are utilized.
[0004] In wireless networks with a single Access Point
(AP) and multiple user stations (STAs), concurrent trans-
missions may occur on multiple channels toward different
stations, both in the uplink and downlink direction. Many
challenges are present in such systems.
[0005] Attention is drawn to a document M.Gong,
R.Stacey, J.Cho: "DL MU MIMO Error Handling and Sim-
ulation Results", IEEE 802.11-10/0324r0, 15 March
2010, XP002649355, comprising a slide presentation
discussing down-link multiuser multiple-input multiple-
output (DL MU MIMO) acknowledgement mechanisms
and Media Access Control (MAC) layer protection.
[0006] Attention is further drawn to a document WO
2009/027931, disclosing a transmitting apparatus, a re-
ceiving apparatus, a system and a method of performing
multi-user transmission to a plurality of other transmis-

sion ends, wherein a request for transmission is broad-
cast to said plurality of other transmission ends, and the
request is provided with a Medium Access Control MAC
frame which includes a list of at least two identifications
of receiving ends which are requested to reply to the re-
quest.
[0007] Attention is further drawn to a document "IEEE
Standard for Information Technology-Telecommunica-
tions and Information Exchange Between Systems- Lo-
cal and Metropolitan Area Networks-Specific Require-
ments - Part 11: Wireless LAN Medium AccessControl
(MAC) and Physical Layer (PHY) Specifications; IEEE
Std 802.11-2007 (Revision of IEEE Std 802.1)", 12 June
2007, XP017604022. This standard revision specifies
technical corrections and clarifications to IEEE Std
802.11 for wireless local area networks (WLANS) as well
as enhancements to the existing medium access control
(MAC) and physical layer (PHY) functions. It also incor-
porates Amendments 1 through 8 including a corrigen-
dum.

SUMMARY

[0008] In accordance with the present invention a
method, and an apparatus, as set forth in the independent
claims, respectively, are provided. Preferred embodi-
ments of the invention are described in the dependent
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above-recited
features of the present disclosure can be understood in
detail, a more particular description, briefly summarized
above, may be had by reference to aspects, some of
which are illustrated in the appended drawings. It is to
be noted, however, that the appended drawings illustrate
only certain typical aspects of this disclosure and are
therefore not to be considered limiting of its scope, for
the description may admit to other equally effective as-
pects.

FIG. 1 illustrates a diagram of a wireless communi-
cations network in accordance with certain aspects
of the present disclosure.

FIG. 2 illustrates a block diagram of an example ac-
cess point and user terminals in accordance with cer-
tain aspects of the present disclosure.

FIG. 3 illustrates a block diagram of an example wire-
less device in accordance with certain aspects of the
present disclosure.

FIG. 4 illustrates an example downlink multiuser mul-
tiple-input multiple-output (DL-MU-MIMO) protocol
in accordance with certain aspects of the present
disclosure.
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FIG. 5 illustrates example operations that may be
performed at an access point to detect a collision
and update a contention window in accordance with
certain aspects of the present disclosure.

FIG. 5A illustrates example means capable of per-
forming the operations shown in FIG. 5.

FIG. 6 is a chart listing various options for detecting
a collision and rules for calculating the contention
window depending on the various options, in accord-
ance with certain aspects of the present disclosure.

FIG. 7 illustrates example operations that may be
performed at an access point to detect a collision
and update a contention window in accordance with
certain aspects of the present disclosure.

[0026J FIG. 7A illustrates example means capable
of performing the operations shown in FIG. 7.

DETAILED DESCRIPTION

[0010] Various aspects of the disclosure are described
more fully hereinafter with reference to the accompany-
ing drawings. This disclosure may, however, be embod-
ied in many different forms and should not be construed
as limited to any specific structure or function presented
throughout this disclosure. Rather, these aspects are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the disclosure to
those skilled in the art. Based on the teachings herein
one skilled in the art should appreciate that the scope of
the disclosure is intended to cover any aspect of the dis-
closure disclosed herein, whether implemented inde-
pendently of or combined with any other aspect of the
disclosure. For example, an apparatus may be imple-
mented or a method may be practiced using any number
of the aspects set forth herein. In addition, the scope of
the disclosure is intended to cover such an apparatus or
method which is practiced using other structure, func-
tionality, or structure and functionality in addition to or
other than the various aspects of the disclosure set forth
herein. It should be understood that any aspect of the
disclosure disclosed herein may be embodied by one or
more elements of a claim.
[0011] The word "exemplary" is used herein to mean
"serving as an example, instance, or illustration." Any
aspect described herein as "exemplary" is not necessar-
ily to be construed as preferred or advantageous over
other aspects.
[0012] Although particular aspects are described here-
in, many variations and permutations of these aspects
fall within the scope of the disclosure. Although some
benefits and advantages of the preferred aspects are
mentioned, the scope of the disclosure is not intended
to be limited to particular benefits, uses or objectives.
Rather, aspects of the disclosure are intended to be

broadly applicable to different wireless technologies, sys-
tem configurations, networks and transmission proto-
cols, some of which are illustrated by way of example in
the figures and in the following description of the pre-
ferred aspects. The detailed description and drawings
are merely illustrative of the disclosure rather than limit-
ing, the scope of the disclosure being defined by the ap-
pended claims.

AN EXAMPLE WIRELESS COMMUNICATION SYS-
TEM

[0013] The techniques described herein may be used
for various broadband wireless communication systems,
including communication systems that are based on an
orthogonal multiplexing scheme. Examples of such com-
munication systems include Spatial Division Multiple Ac-
cess (SDMA), Time Division Multiple Access (TDMA),
Orthogonal Frequency Division Multiple Access (OFD-
MA) systems, Single-Carrier Frequency Division Multiple
Access (SC-FDMA) systems and so forth. An SDMA sys-
tem may utilize sufficiently different directions to simul-
taneously transmit data belonging to multiple user termi-
nals. A TDMA system may allow multiple user terminals
to share the same frequency channel by dividing the
transmission signal into different time slots, each time
slot being assigned to different user terminal. An OFDMA
system utilizes orthogonal frequency division multiplex-
ing (OFDM), which is a modulation technique that parti-
tions the overall system bandwidth into multiple orthog-
onal sub-carriers. These sub-carriers may also be called
tones, bins, etc. With OFDM, each sub-carrier may be
independently modulated with data. An SC-FDMA sys-
tem may utilize interleaved FDMA (IFDMA) to transmit
on sub-carriers that are distributed across the system
bandwidth, localized FDMA (LFDMA) to transmit on a
block of adjacent sub-carriers, or enhanced FDMA (EFD-
MA) to transmit on multiple blocks of adjacent sub-carri-
ers. In general, modulation symbols are sent in the fre-
quency domain with OFDM and in the time domain with
SC-FDMA.
[0014] The teachings herein may be incorporated into
(e.g., implemented within or performed by) a variety of
wired or wireless apparatuses (e.g., nodes). In some as-
pects, a wireless node implemented in accordance with
the teachings herein may comprise an access point or
an access terminal.
[0015] An access point ("AP") may comprise, be im-
plemented as, or known as NodeB, Radio Network Con-
troller ("RNC"), eNodeB, Base Station Controller
("BSC"), Base Transceiver Station ("BTS"), Base Station
("BS"), Transceiver Function ("TF"), Radio Router, Radio
Transceiver, Basic Service Set ("BSS"), Extended Serv-
ice Set ("ESS"), Radio Base Station ("RBS"), or some
other terminology.
[0016] An access terminal ("AT") may comprise, be im-
plemented as, or known as an access terminal, a sub-
scriber station, a subscriber unit, a mobile station, a re-
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mote station, a remote terminal, a user terminal, a user
agent, a user device, user equipment, a user station, or
some other terminology. In some implementations, an
access terminal may comprise a cellular telephone, a
cordless telephone, a Session Initiation Protocol ("SIP")
phone, a wireless local loop ("WLL") station, a personal
digital assistant ("PDA"), a handheld device having wire-
less connection capability, a Station ("STA"), or some
other suitable processing device connected to a wireless
modem. Accordingly, one or more aspects taught herein
may be incorporated into a phone (e.g., a cellular phone
or smart phone), a computer (e.g., a laptop), a portable
communication device, a portable computing device
(e.g., a personal data assistant), an entertainment device
(e.g., a music or video device, or a satellite radio), a global
positioning system device, or any other suitable device
that is configured to communicate via a wireless or wired
medium. In some aspects, the node is a wireless node.
Such wireless node may provide, for example, connec-
tivity for or to a network (e.g., a wide area network such
as the Internet or a cellular network) via a wired or wire-
less communication link.
[0017] FIG. 1 illustrates a multiple-access multiple-in-
put multiple-output (MIMO) system 100 with access
points and user terminals. For simplicity, only one access
point 110 is shown in FIG. 1. An access point is generally
a fixed station that communicates with the user terminals,
and may also be referred to as a base station or some
other terminology. A user terminal may be fixed or mobile
and may also be referred to as a mobile station, a wireless
device or some other terminology. Access point 110 may
communicate with one or more user terminals 120 at any
given moment on the downlink and uplink. The downlink
(i.e., forward link) is the communication link from the ac-
cess point to the user terminals, and the uplink (i.e., re-
verse link) is the communication link from the user ter-
minals to the access point. A user terminal may also com-
municate peer-to-peer with another user terminal. A sys-
tem controller 130 couples to and provides coordination
and control for the access points.
[0018] While portions of the following disclosure will
describe user terminals 120 capable of communicating
via Spatial Division Multiple Access (SDMA), for certain
aspects, the user terminals 120 may also include some
user terminals that do not support SDMA. Thus, for such
aspects, an AP 110 may be configured to communicate
with both SDMA and non-SDMA user terminals. This ap-
proach may conveniently allow older versions of user ter-
minals ("legacy" stations) to remain deployed in an en-
terprise, extending their useful lifetime, while allowing
newer SDMA user terminals to be introduced as deemed
appropriate.
[0019] The system 100 employs multiple transmit and
multiple receive antennas for data transmission on the
downlink and uplink. The access point 110 is equipped
with Nap antennas and represents the multiple-input (MI)
for downlink transmissions and the multiple-output (MO)
for uplink transmissions. A set of K selected user termi-

nals 120 collectively represents the multiple-output for
downlink transmissions and the multiple-input for uplink
transmissions. For pure SDMA, it is desired to have Nap
≥ K ≥ 1 if the data symbol streams for the K user terminals
are not multiplexed in code, frequency or time by some
means, K may be greater than Nap if the data symbol
streams can be multiplexed using TDMA technique, dif-
ferent code channels with CDMA, disjoint sets of sub-
bands with OFDM, and so on. Each selected user termi-
nal transmits user-specific data to and/or receives user-
specific data from the access point. In general, each se-
lected user terminal may be equipped with one or multiple
antennas (i.e., Nut ≥ 1). The K selected user terminals
can have the same or different number of antennas.
[0020] The MIMO system 100 may be a time division
duplex (TDD) system or a frequency division duplex
(FDD) system. For a TDD system, the downlink and up-
link share the same frequency band. For an FDD system,
the downlink and uplink use different frequency bands.
The MIMO system 100 may also utilize a single carrier
or multiple carriers for transmission. Each user terminal
may be equipped with a single antenna (e.g., in order to
keep costs down) or multiple antennas (e.g., where the
additional cost can be supported). The system 100 may
also be a TDMA system if the user terminals 120 share
the same frequency channel by dividing transmission/re-
ception into different time slots, each time slot being as-
signed to different user terminal 120.
[0021] FIG. 2 illustrates a block diagram of access
point 110 and two user terminals 120m and 120x in the
MIMO system 100. The access point 110 is equipped
with Nt antennas 224a through 224t. User terminal 120m
is equipped with Nut,m antennas 252ma through 252mu,
and user terminal 120x is equipped with Nut,x antennas
252xa through 252xu. The access point 110 is a trans-
mitting entity for the downlink and a receiving entity for
the uplink. Each user terminal 120 is a transmitting entity
for the uplink and a receiving entity for the downlink. As
used herein, a "transmitting entity" is an independently
operated apparatus or device capable of transmitting da-
ta via a wireless channel, and a "receiving entity" is an
independently operated apparatus or device capable of
receiving data via a wireless channel. In the following
description, the subscript "dn" denotes the downlink, the
subscript "up" denotes the uplink, Nup user terminals are
selected for simultaneous transmission on the uplink, Ndn
user terminals are selected for simultaneous transmis-
sion on the downlink, Nup may or may not be equal to
Ndn, and Nup and Ndn may be static values or can change
for each scheduling interval. The beam-steering or some
other spatial processing technique may be used at the
access point and user terminal.
[0022] On the uplink, at each user terminal 120 select-
ed for uplink transmission, a TX data processor 288 re-
ceives traffic data from a data source 286 and control
data from a controller 280. TX data processor 288 proc-
esses (e.g., encodes, interleaves, and modulates) the
traffic data for the user terminal based on the coding and
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modulation schemes associated with the rate selected
for the user terminal and provides a data symbol stream.
A TX spatial processor 290 performs spatial processing
on the data symbol stream and provides Nut,m transmit
symbol streams for the Nut,m antennas. Each transmitter
unit (TMTR) 254 receives and processes (e.g., converts
to analog, amplifies, filters, and frequency upconverts) a
respective transmit symbol stream to generate an uplink
signal. Nut,m transmitter units 254 provide Nut,m uplink
signals for transmission from Nut,m antennas 252 to the
access point.
[0023] Nup user terminals may be scheduled for simul-
taneous transmission on the uplink. Each of these user
terminals performs spatial processing on its data symbol
stream and transmits its set of transmit symbol streams
on the uplink to the access point.
[0024] At access point 110, Nap antennas 224a
through 224ap receive the uplink signals from all Nup user
terminals transmitting on the uplink. Each antenna 224
provides a received signal to a respective receiver unit
(RCVR) 222. Each receiver unit 222 performs processing
complementary to that performed by transmitter unit 254
and provides a received symbol stream. An RX spatial
processor 240 performs receiver spatial processing on
the Nap received symbol streams from Nap receiver units
222 and provides Nup recovered uplink data symbol
streams. The receiver spatial processing is performed in
accordance with the channel correlation matrix inversion
(CCMI), minimum mean square error (MMSE), soft inter-
ference cancellation (SIC) or some other technique. Each
recovered uplink data symbol stream is an estimate of a
data symbol stream transmitted by a respective user ter-
minal. An RX data processor 242 processes (e.g., de-
modulates, deinterleaves, and decodes) each recovered
uplink data symbol stream in accordance with the rate
used for that stream to obtain decoded data. The decod-
ed data for each user terminal may be provided to a data
sink 244 for storage and/or a controller 230 for further
processing.
[0025] On the downlink, at access point 110, a TX data
processor 210 receives traffic data from a data source
208 for Ndn user terminals scheduled for downlink trans-
mission, control data from a controller 230 and possibly
other data from a scheduler 234. The various types of
data may be sent on different transport channels. TX data
processor 210 processes (e.g., encodes, interleaves,
and modulates) the traffic data for each user terminal
based on the rate selected for that user terminal. TX data
processor 210 provides Ndn downlink data symbol
streams for the Ndn user terminals. A TX spatial proces-
sor 220 performs spatial processing (such as a precoding
or beamforming, as described in the present disclosure)
on the Ndn downlink data symbol streams, and provides
Nup transmit symbol streams for the Nap antennas. Each
transmitter unit 222 receives and processes a respective
transmit symbol stream to generate a downlink signal.
Nap transmitter units 222 providing Nap downlink signals
for transmission from Nap antennas 224 to the user ter-

minals.
[0026] At each user terminal 120, Nut,m antennas 252
receive the Nap downlink signals from access point 110.
Each receiver unit 254 processes a received signal from
an associated antenna 252 and provides a received sym-
bol stream. An RX spatial processor 260 performs re-
ceiver spatial processing on Nut,m received symbol
streams from Nut,m receiver units 254 and provides a
recovered downlink data symbol stream for the user ter-
minal. The receiver spatial processing is performed in
accordance with the CCMI, MMSE or some other tech-
nique. An RX data processor 270 processes (e.g., de-
modulates, deinterleaves and decodes) the recovered
downlink data symbol stream to obtain decoded data for
the user terminal.
[0027] At each user terminal 120, a channel estimator
278 estimates the downlink channel response and pro-
vides downlink channel estimates, which may include
channel gain estimates, SNR estimates, noise variance
and so on. Similarly, a channel estimator 228 estimates
the uplink channel response and provides uplink channel
estimates. Controller 280 for each user terminal typically
derives the spatial filter matrix for the user terminal based
on the downlink channel response matrix Hdn,m for that
user terminal. Controller 230 derives the spatial filter ma-
trix for the access point based on the effective uplink
channel response matrix Hup,eff. Controller 280 for each
user terminal may send feedback information (e.g., the
downlink and/or uplink eigenvectors, eigenvalues, SNR
estimates and so on) to the access point. Controllers 230
and 280 also control the operation of various processing
units at access point 110 and user terminal 120, respec-
tively.
[0028] FIG. 3 illustrates various components that may
be utilized in a wireless device 302 that may be employed
within a wireless communication system, such as MIMO
system 100. The wireless device 302 is an example of a
device that may be configured to implement the various
methods described herein. The wireless device 302 may
be an access point 110 or a user terminal 120.
[0029] The wireless device 302 may include a proces-
sor 304 which controls operation of the wireless device
302. The processor 304 may also be referred to as a
central processing unit (CPU). Memory 306, which may
include both read-only memory (ROM) and random ac-
cess memory (RAM), provides instructions and data to
the processor 304. A portion of the memory 306 may also
include non-volatile random access memory (NVRAM).
The processor 304 typically performs logical and arith-
metic operations based on program instructions stored
within the memory 306. The instructions in the memory
306 may be executable to implement the methods de-
scribed herein.
[0030] The wireless device 302 may also include a
housing 308 that may include a transmitter 310 and a
receiver 312 to allow transmission and reception of data
between the wireless device 302 and a remote location.
The transmitter 310 and receiver 312 may be combined
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into a transceiver 314. A single or a plurality of transmit
antennas 316 may be attached to the housing 308 and
electrically coupled to the transceiver 314. The wireless
device 302 may also include (not shown) multiple trans-
mitters, multiple receivers, and multiple transceivers.
[0031] The wireless device 302 may also include a sig-
nal detector 318 that may be used in an effort to detect
and quantify the level of signals received by the trans-
ceiver 314. The signal detector 318 may detect such sig-
nals as total energy, energy per subcarrier per symbol,
power spectral density and other signals. The wireless
device 302 may also include a digital signal processor
(DSP) 320 for use in processing signals.
[0032] The various components of the wireless device
302 may be coupled together by a bus system 322, which
may include a power bus, a control signal bus, and a
status signal bus in addition to a data bus.

EXAMPLE COLLISION DETECTION AND CONTEN-
TION WINDOW UPDATING

[0033] In next generation WLANs, such as the MIMO
system 100 from FIG. 1, downlink (DL) multi-user (MU)
MIMO transmission represents a promising technique for
increasing overall network throughput. In most aspects
of a DL MU-MIMO transmission, a non-beamformed por-
tion of a preamble transmitted from an access point (AP)
to a plurality of user stations (STAs) may carry a spatial
stream allocation field indicating allocation of spatial
streams to the STAs.
[0034] In an effort to parse this allocation information
from the perspective of a STA, each STA may determine
its ordering or a STA number in a set of STAs from the
plurality of STAs scheduled to receive the MU transmis-
sion. This determination may entail formation of groups,
wherein a group identification (group ID) field in the pre-
amble may convey, to the STAs, the set of STAs (and
their order) being transmitted in a given MU transmission.
With preamble bits adding to the transmission overhead,
it may be desirable to expend as few bits on the group
ID as possible, while not sacrificing flexibility related to
which STAs can be scheduled together in a MU-MIMO
transmission at a given time instant.
[0035] In single user (SU) transmissions, a packet is
sent to a given STA, which in turn typically returns an
acknowledgment (ACK). Based on the received ACK (or
a missing ACK), the sender (e.g., the AP) may determine
if the transmission was successful (or experienced a col-
lision). In IEEE 802.11, if a packet experiences a collision,
some rules apply to the backoff value for successive
transmissions.
[0036] Before each transmission, the AP may generate
a random number between 0 and CW (CW = contention
window) called the backoff counter. The AP may then
start counting down the backoff value while the (wireless)
medium is idle. Once the backoff counter reaches 0, the
AP is allowed to send a packet via the medium.
[0037] The packet may not be received or may be in-

correctly received by the intended recipient, and in such
cases, a block acknowledgment (BA) is not sent by the
recipient as a reply. As a response to this event, the AP
may retransmit the same packet.
[0038] The value CW in the current IEEE 802.11 stand-
ard is set to an initial value CWmin for the first transmission

of a given packet and then computed as

 for each consecutive packet re-

transmission, where R is a counter counting the number
of consecutive collisions of the same packet (R = 1 for
the first re-transmission, and so on). A transmission may
be considered "failed" if the BA for the data packet is not
received.
[0039] The rationale behind this choice of increasing
CW is based on the assumption that a transmitted packet
was not received correctly because the packet collided
with another transmission. Thus, the absence of a BA
may be used as a way to detect a collision. As a response
to the collision, the CW may be increased so that the AP
may most likely wait more time before accessing the me-
dium, avoiding successive collisions.
[0040] FIG. 4 illustrates an example downlink multiuser
multiple-input multiple-output (DL-MU-MIMO) protocol in
accordance with certain aspects of the present disclo-
sure. To begin, the AP may transmit a Request to Send
(RTS) message 402 to one of the STAs (e.g., STA1) se-
lected to receive the DL-MU-MIMO transmission. All data
in the MU-MIMO aggregate may be of the same priority
class. The RTS message 402 may be sent using conten-
tion parameters of a data class in the MU-MIMO aggre-
gate.
[0041] Upon receiving the RTS message 402, the se-
lected STA (e.g., STA1) may transmit a Clear to Send
(CTS) message 404 to the AP. The RTS message 402
and the CTS message 404 may be separated by a short
interframe space (SIFS), a small interval between a data
frame or other message and its acknowledgment (ACK).
In response to receiving the CTS message 404, the AP
may send DL-MU-MIMO data 406 to STAs selected by
the scheduler (typically part of the processing system of
the AP, such as scheduler 234 in FIG. 2). The STAs re-
ceiving the MU-MIMO data 406 may transmit BAs 408 in
the uplink (UL) in series, starting with the BA for STA1
and ending with the BA for STA3 as shown in FIG. 4. The
STA BA transmissions may be separated by SIFS. The
order and timing for the STA BA transmissions may be
sent in the DL-MU-MIMO data 406.
[0042] In DL-MU-MIMO transmissions, multiple pack-
ets are sent at the same time toward different STAs. If
all the acknowledgments (ACKs) are received, the trans-
mission may be considered successful. If no ACK is re-
ceived, all the packets presumably failed, and this event
may reasonably be interpreted as a collision. If only some
of the ACKs are missing, while others are received, then
the meaning of this event (i.e., whether this was a collision
or a collision for only some of the STAs) and the appro-
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priate reaction in terms of increasing the contention win-
dow (CW) may be defined. For example, in FIGs. 1 and
4, MU-MIMO data 406 was sent to STA1 (user terminal
120a), STA2 (user terminal 120b), and STA3 (user ter-
minal 120c), and a BA was subsequently received from
each of STA1 and STA3, but not from STA2.
[0043] FIG. 5 illustrates example operations 500 that
may be performed at an access point, for example, to
detect a collision and update a contention window in ac-
cordance with certain aspects of the present disclosure.
The operations 500 may begin, at 502, by simultaneously
transmitting a first plurality of packets to a plurality of
apparatuses (e.g., STAs) in a first transmission. For cer-
tain aspects, the first plurality of packets may comprise
DL-MU-MIMO packets. At 504, the access point may de-
termine that at least one of a plurality of acknowledg-
ments corresponding to the first plurality of packets was
not received from at least one of the plurality of appara-
tuses. For certain aspects, the plurality of acknowledge-
ments may comprise block acknowledgments. The ac-
cess point may, at 506, increase a contention window
(CW) for a backoff counter based on the determination
at 504.
[0044] For certain aspects, the operations 500 may
comprise incrementing a counter based on the determi-
nation at 504, such that increasing the CW at 506 com-
prises calculating the CW based on the counter. Calcu-
lating the CW may comprise raising a minimum CW value
(CWmin) to the power of a sum of the counter and 1 for
certain aspects, as described in detail below.
[0045] For certain aspects, the AP may optionally ini-
tialize the backoff counter at 508. The backoff counter
may be generated as a random number between 0 and
a value associated with the CW. At 510, the AP may
optionally count down the backoff counter (e.g., from the
random number at initialization). In response to the back-
off counter reaching an end of the countdown (e.g., a
value of zero), the AP may simultaneously transmit, at
512, a second plurality of packets in a second transmis-
sion. For certain aspects, the second plurality of packets
may comprise DL-MU-MIMO packets.
[0046] For certain aspects, the AP may optionally pro-
vide a plurality of counters, one counter for each of the
plurality of apparatuses (e.g., STAs). For each of the plu-
rality of counters, the AP may: (1) increment the counter
for a particular one of the apparatuses in response to not
receiving one of the plurality of acknowledgments corre-
sponding to the particular one of the apparatuses; and
(2) reset the counter for a particular one of the appara-
tuses in response to receiving one of the plurality of ac-
knowledgments corresponding to the particular one of
the apparatuses.
[0047] After a DL-MU-MIMO data transmission, the ac-
cess point may determine if each expected and valid BA
is received or missing and update the CW for the next
transmission based on the received or missing BAs in
the previous transmission(s). A valid block may be de-
fined in any one of various suitable ways, including:

• any block ACK;

• any block ACK of a specific class, where the specific
class may be the class used to access the medium
in the previous data transmission;

• specifically for IEEE 802.11e networks, a BA from a
STA may be considered valid if this BA contains an
affirmative acknowledgment of at least one of the
media access control (MAC) protocol data units (MP-
DUs) sent to the STA in the just preceding MU-MIMO
transmission; or

• specifically for IEEE 802.11e networks, a BA from a
STA may be considered valid if this BA contains an
affirmative acknowledgment of all the MPDUs sent
to the STA in the just preceding MU-MIMO transmis-
sion.

[0048] The present disclosure describes different so-
lutions for how a missing acknowledgment may be inter-
preted and may affect the backoff rules through increas-
ing the contention window (CW). Increasing the CW may
be performed according to any of Options 1 to 4 described
below and summarized in the chart 600 of FIG. 6, illus-
trating various rules for determining the contention win-
dow based on the options for declaring a collision oc-
curred.

Option 1

[0049] For certain aspects of the disclosure, if the first
STA in the plurality of STAs for DL-MU-MIMO transmis-
sion does not return a valid BA, the transmission may be
considered to have suffered a collision. For example, if
the BA from STA1 in FIG. 4 was not received, the AP
may interpret this result as meaning that a collision oc-
curred. In contrast, if the BA from STA1 in FIG. 4 is re-
ceived, but the BA from STA2 or STA3 is not received,
the AP may consider this as a successful transmission
and may not interpret this result as meaning that a colli-
sion occurred under Option 1.
[0050] The AP may maintain a counter R, which counts
consecutive collisions. The CW may be increased as a
function of R. For example, the contention window may
be initially set to a value of CW = CWmin, and CW may

be calculated to equal  for each consecutive

collision as illustrated in FIG. 6. As another example, the
contention window may be initially set to a value of CW
= CWmin. and CW may be calculated to equal CWmin *

2R for each consecutive collision. For certain aspects,
CW may be limited to growing no higher than a maximum
value called CWmax.
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Option 2

[0051] For certain aspects of the disclosure, if any one
of the STAs does not return a valid BA, the transmission
is considered to have suffered a collision. For example,
if any BA from STA1, STA2, or STA3 in FIG. 4 was not
received, the AP may interpret this result as meaning that
a collision occurred.
[0052] Similar to Option 1, the contention window for
Option 2 may be initially set to a value of CW = CWmin,

and CW may be calculated to equal  for each

consecutive collision as illustrated in FIG. 6. For other
aspects, CW may be calculated to equal CWmin * 2R for

each consecutive collision. For certain aspects, CW may
be limited to growing no higher than a maximum value
called CWmax.

Option 3

[0053] For certain aspects of the disclosure, if all STAs
do not return a valid BA, the transmission is considered
to have suffered a collision. For example, if none of the
BAs from STA1, STA2, and STA3 in FIG. 4 were re-
ceived, the AP may reasonably decide that a collision
occurred. However, if at least one of the BAs from STA1,
STA2 or STA3 was received, the AP may not consider
that a collision has occurred under this option.
[0054] Similar to Option 1, the contention window for
Option 3 may be initially set to a value of CW = CWmin,

and CW may be calculated to equal  for each

consecutive collision as illustrated in FIG. 6. For other
aspects, CW may be calculated to equal CWmin * 2R for

each consecutive collision. For certain aspects, CW may
be limited to growing no higher than a maximum value
called CWmax.

Option 4

[0055] For certain aspects of the disclosure, collisions
may be counted on a per-STA basis, where the AP may
assume that a particular STA suffered a collision if that
STA does not return a valid BA. For example, if the BA
from STA2 in FIG. 4 was not received, but the BAs from
STA1 and STA3 were, the AP may determine that STA2
suffered one collision and that STA1 and STA3 did not
suffer a collision.
[0056] For this option, the AP may maintain a counter
Ri for each STAi and may count the number of consec-

utive collisions corresponding to that particular STAi. Be-

fore a transmission, the contention window may be com-
puted as a function of {Ri,..., Rj}, where {Ri,..., Rj} indi-

cates the counters corresponding to the individual STAs
{STAi, ..., STAj} that are going to be included in the trans-

mission. For example, such a function may include com-

puting CW as  where Rmax is the

maximum of the set {Ri,..., Rj}.

[0057] With any of these options described above, the
collision detection and backoff rules as specified for an
IEEE 802.11 network may be extended to the case of
downlink multiuser MIMO (DL-MU-MIMO) transmis-
sions. This may preserve fairness with respect to legacy
IEEE 802.11 devices in mixed networks including both
legacy and MU-MIMO capable devices.

EXAMPLE COLLISION DETECTION AND BACKOFF 
WINDOW ADAPTATION FOR MULTIPLE ACCESS 
CATEGORY MU-MIMO TRANSMISSION

[0058] Exponential backoff after a collision may be es-
sential for robust operation of enhanced distributed chan-
nel access (EDCA) in an IEEE 802.11 network. Detection
of the collision may not be straightforward when a single
downlink multiuser packet (DLMP) (i.e., transmission)
from an access point (AP) yields block acknowledgments
(BAs) from several destinations. For certain aspects, de-
tection of a collision may be extended to multiple access
categories (multi-AC) MU-MIMO transmissions, wherein
BAs referring to different classes (i.e., access categories)
may be received on each DLMP.
[0059] For certain aspects, collisions may occur on a
subset of STAs for a MU-MIMO transmission. Moreover,
collisions in subsequent transmissions may affect differ-
ent subsets of STAs. Collisions may be caused by (and
affect) a different contending STA per each destination
STA in the DLMP (i.e., STAs may be hidden from each
other). For certain aspects, a collision-detection-and-
contention-window-(CW)-increase mechanism may be
involved that does not penalize IEEE 802.11ac APs with
respect to co-located contending IEEE 802.11n APs (i.e.,
as aggressive as an IEEE 802.11n AP). Further, a colli-
sion-detection-and-CW-increase mechanism may be
desired that is fair with contending STAs (i.e., at least as
fair as an IEEE 802.11n AP). Moreover, detection of a
collision may be extended to multi-AC MU-MIMO trans-
missions.
[0060] For Option 2, described above, the AP may be
sensitive to collisions at individual STAs (as in IEEE
802.11n). In other words, the AP may be as or less ag-
gressive than an IEEE 802.11n AP. However, CW, at the
AP, may be biased towards a larger value due to just one
STA that suffers a high packet error rate. In other words,
there may be lower throughput for IEEE 802.11ac BSSs
if contending with IEEE 802.11n BSSs. Further, consec-
utive losses may come from different STAs, wherein Op-
tion 2 may not distinguish between the different STAs
and the AP may continue increasing the CW (i.e., too
conservative).
[0061] For Option 3, described above, the CW for an
AP may not be biased by the worst STA. However, the
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AP may not be sensitive to collisions at individual STAs.
In other words, exponential backoff may never occur if
there is one "lucky" STA that is not affected by collisions
while other STAs experience collision (i.e., more aggres-
sive than an IEEEE 802.11n AP).
[0062] For certain aspects, a mechanism may be de-
signed that behaves similarly to an IEEE 802.11n AP. A
primary STA may be defined per each class (i.e., the STA
that would have been served if that class won the con-
tention; if AP was IEEE 802.11n). Backoff rules may be
based on the primary STA of the class that wins the con-
tention. In other words, what happens to other MU-MIMO
data may be ignored.
[0063] An IEEE 802.11n AP may transmit to a single
STA, but the produced interference may cause collisions
at other locations. The IEEE 802.11n AP may not detect
those collisions. MU-MIMO may involve transmitting to
multiple STAs at the same time and may include the abil-
ity to detect collisions at multiple destinations. However,
detecting collisions at multiple destinations may lead to
a more conservative access than IEEE 802.11n. Al-
though Option 2, described above, may consider colli-
sions at a single STA, that STA may be any STA, and
may be a different STA at each transmission (i.e., no
memory). Further, Option 2 does not specify how to deal
with multiple classes. In other words, Option 2 may not
be a correct extension for the IEEE 802.11n mechanism.
[0064] In IEEE 802.11n, each class may contend with
other classes internally (i.e., within the AP). The winner
class may send a head of line (HOL) packet. For certain
aspects, the HOL packet may also be a packet being
retransmitted. If the packet fails, the contention window
for that access category (CW[AC]) may be increased. If
the packet goes through or reaches the maximum retry
limit, the CW may be reset. A new contention window
may be started again for the next access. The new con-
tention winner may be from any of the classes. The ap-
propriate CW[AC] may be used.
[0065] For certain aspects, an AP may designate a pri-
mary STA per each class. The primary STA per each
class may be the destination of the HOL data (i.e., primary
data) belonging to the class. After internal contention,
there may be a "winner class," wherein the AP may send
data for the winner class. The winner class may be se-
lected according to the IEEE 802.11n enhanced distrib-
uted channel access (EDCA) rules. For certain aspects,
the AP may also piggyback (i.e., MU-MIMO) some other
data from the same or different classes, wherein selec-
tion of the other data may be up to an AP scheduler. At
each transmission, only the CW[AC] for the winner class
may be updated, based on the acknowledgment (ACK)
coming from the primary STA of the winner class only. If
the ACK is received, the CW of the winner class may be
reset. Further, the title "primary" from the STA may be
removed, and a new STA may be elected as primary. If
the winner class queue is backlogged, a new backoff may
be generated, based on CW as in IEEE 802.11n.
[0066] However, if the ACK is not received, the CW of

the winner class may be increased. Further, the primary
STA may remain the same for the winner class. Moreo-
ver, the backoff counter may be regenerated based on
a quality of service (QoS) short retry counter (QSRC) as
in 802.11n. The QSRC may determine how often a frame
is retransmitted after a collision until the frame is discard-
ed. In response to the backoff counter reaching an end
of the countdown, a second plurality of packets in a sec-
ond transmission may be transmitted, wherein the sec-
ond plurality of packets comprises the packet associated
with the winner class. The CW and backoff value for
classes other than the winner class may not be modified.
Therefore, all collisions or successful transmission other
than the one for the primary STA of the winner class may
be ignored (i.e., for QSRC update). However, aggregated
MAC protocol data unit (A-MPDU) retry counters may
always be updated for all STAs in order to avoid some
MPDUs being re-sent forever. On the next transmission,
the AP may again perform internal contention among
classes. Therefore, the winner class may be different at
each transmission.
[0067] If only one STA can be served at each trans-
mission (i.e., no MU-MIMO), that STA may be the primary
STA for the class that wins the contention (i.e., behavior
is the same as IEEE 802.11n). However, if multiple STAs
are served at each transmission, the behavior of the
STAs other than the primary STA may not affect the back-
off (i.e., MU-MIMO may be completely transparent). In
other words, the mechanism may have the same backoff
behavior as an IEEE 802.11n AP.
[0068] FIG. 7 illustrates example operations 700 that
may be performed at an access point, for example, to
detect a collision and update a contention window in ac-
cordance with certain aspects of the present disclosure.
The operations 700 may begin, at 702, by simultaneously
transmitting a first plurality of packets to a plurality of
apparatuses (e.g., STAs) in a first transmission, wherein
the first plurality of packets comprise a packet associated
with an access category selected from a plurality of ac-
cess categories. The first plurality of packets may com-
prise DL-MU-MIMO packets. Further, each of the packets
in the plurality of packets may be associated with one of
the access categories. For certain aspects, the access
category may be selected from the plurality of access
categories in an effort to resolve resource contention be-
tween the plurality of access categories. At 704, the ac-
cess point may determine that an acknowledgment cor-
responding to the packet was not received from a des-
ignated apparatus of the plurality of apparatuses, where-
in the designated apparatus is associated with the se-
lected access category. At 706, the access point may
increase a contention window (CW) for a backoff counter
associated with the selected access category, based on
the determination.
[0069] The various operations of methods described
above may be performed by any suitable means capable
of performing the corresponding functions. The means
may include various hardware and/or software compo-
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nent(s) and/or module(s), including, but not limited to a
circuit, an application specific integrated circuit (ASIC),
or processor. Generally, where there are operations il-
lustrated in figures, those operations may have corre-
sponding counterpart means-plus-function components
with similar numbering. For example, operations 500 il-
lustrated in FIG. 5 correspond to means 500A illustrated
in FIG. 5A.
[0070] For example, means for transmitting may com-
prise a transmitter, such as the transmitter unit 222 of
the access point 110 illustrated in FIG. 2. Means for
processing, means for determining, means for increas-
ing, means for incrementing, means for raising, means
for initializing, means for resetting, means for calculating,
or means for counting may comprise a processing sys-
tem, which may include one or more processors, such
as the scheduler 234, the RX data processor 242, the
TX data processor 210, and/or the controller 230 of the
access point 110 illustrated in FIG. 2. Means for receiving
may comprise a receiver, such as the receiver unit 222
of the access point 110 illustrated in FIG. 2.
[0071] As used herein, the term "determining" encom-
passes a wide variety of actions. For example, "deter-
mining" may include calculating, computing, processing,
deriving, investigating, looking up (e.g., looking up in a
table, a database or another data structure), ascertaining
and the like. Also, "determining" may include receiving
(e.g., receiving information), accessing (e.g., accessing
data in a memory) and the like. Also, "determining" may
include resolving, selecting, choosing, establishing and
the like.
[0072] As used herein, a phrase referring to "at least
one of" a list of items refers to any combination of those
items, including single members. As an example, "at least
one of: a, b, or c" is intended to cover: a, b, c, a-b, a-c,
b-c, and a-b-c.
[0073] The various illustrative logical blocks, modules
and circuits described in connection with the present dis-
closure may be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable
logic device (PLD), discrete gate or transistor logic, dis-
crete hardware components, or any combination thereof
designed to perform the functions described herein. A
general-purpose processor may be a microprocessor,
but in the alternative, the processor may be any commer-
cially available processor, controller, microcontroller, or
state machine. A processor may also be implemented
as a combination of computing devices, e.g., a combina-
tion of a DSP and a microprocessor, a plurality of micro-
processors, one or more microprocessors in conjunction
with a DSP core, or any other such configuration.
[0074] The steps of a method or algorithm described
in connection with the present disclosure may be embod-
ied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software
module may reside in any form of storage medium that

is known in the art. Some examples of storage media
that may be used include random access memory (RAM),
read only memory (ROM), flash memory, EPROM mem-
ory, EEPROM memory, registers, a hard disk, a remov-
able disk, a CD-ROM and so forth. A software module
may comprise a single instruction, or many instructions,
and may be distributed over several different code seg-
ments, among different programs, and across multiple
storage media. A storage medium may be coupled to a
processor such that the processor can read information
from, and write information to, the storage medium. In
the alternative, the storage medium may be integral to
the processor.
[0075] The methods disclosed herein comprise one or
more steps or actions for achieving the described meth-
od. The method steps and/or actions may be inter-
changed with one another without departing from the
scope of the claims. In other words, unless a specific
order of steps or actions is specified, the order and/or
use of specific steps and/or actions may be modified with-
out departing from the scope of the claims.
[0076] The functions described may be implemented
in hardware, software, firmware, or any combination
thereof. If implemented in hardware, an example hard-
ware configuration may comprise a processing system
in a wireless node. The processing system may be im-
plemented with a bus architecture. The bus may include
any number of interconnecting buses and bridges de-
pending on the specific application of the processing sys-
tem and the overall design constraints. The bus may link
together various circuits including a processor, machine-
readable media, and a bus interface. The bus interface
may be used to connect a network adapter, among other
things, to the processing system via the bus. The network
adapter may be used to implement the signal processing
functions of the PHY layer. In the case of a user terminal
120 (see FIG. 1), a user interface (e.g., keypad, display,
mouse, joystick, etc.) may also be connected to the bus.
The bus may also link various other circuits such as timing
sources, peripherals, voltage regulators, power manage-
ment circuits, and the like, which are well known in the
art, and therefore, will not be described any further.
[0077] The processor may be responsible for manag-
ing the bus and general processing, including the exe-
cution of software stored on the machine-readable me-
dia. The processor may be implemented with one or more
general-purpose and/or special-purpose processors. Ex-
amples include microprocessors, microcontrollers, DSP
processors, and other circuitry that can execute software.
Software shall be construed broadly to mean instructions,
data, or any combination thereof, whether referred to as
software, firmware, middleware, microcode, hardware
description language, or otherwise. Machine-readable
media may include, by way of example, RAM (Random
Access Memory), flash memory, ROM (Read Only Mem-
ory), PROM (Programmable Read-Only Memory),
EPROM (Erasable Programmable Read-Only Memory),
EEPROM (Electrically Erasable Programmable Read-
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Only Memory), registers, magnetic disks, optical disks,
hard drives, or any other suitable storage medium, or any
combination thereof. The machine-readable media may
be embodied in a computer-program product. The com-
puter-program product may comprise packaging materi-
als.
[0078] In a hardware implementation, the machine-
readable media may be part of the processing system
separate from the processor. However, as those skilled
in the art will readily appreciate, the machine-readable
media, or any portion thereof, may be external to the
processing system. By way of example, the machine-
readable media may include a transmission line, a carrier
wave modulated by data, and/or a computer product sep-
arate from the wireless node, all which may be accessed
by the processor through the bus interface. Alternatively,
or in addition, the machine-readable media, or any por-
tion thereof, may be integrated into the processor, such
as the case may be with cache and/or general register
files.
[0079] The processing system may be configured as
a general-purpose processing system with one or more
microprocessors providing the processor functionality
and external memory providing at least a portion of the
machine-readable media, all linked together with other
supporting circuitry through an external bus architecture.
Alternatively, the processing system may be implement-
ed with an ASIC (Application Specific Integrated Circuit)
with the processor, the bus interface, the user interface
in the case of an access terminal), supporting circuitry,
and at least a portion of the machine-readable media
integrated into a single chip, or with one or more FPGAs
(Field Programmable Gate Arrays), PLDs (Programma-
ble Logic Devices), controllers, state machines, gated
logic, discrete hardware components, or any other suit-
able circuitry, or any combination of circuits that can per-
form the various functionality described throughout this
disclosure. Those skilled in the art will recognize how
best to implement the described functionality for the
processing system depending on the particular applica-
tion and the overall design constraints imposed on the
overall system.
[0080] The machine-readable media may comprise a
number of software modules. The software modules in-
clude instructions that, when executed by the processor,
cause the processing system to perform various func-
tions. The software modules may include a transmission
module and a receiving module. Each software module
may reside in a single storage device or be distributed
across multiple storage devices. By way of example, a
software module may be loaded into RAM from a hard
drive when a triggering event occurs. During execution
of the software module, the processor may load some of
the instructions into cache to increase access speed.
One or more cache lines may then be loaded into a gen-
eral register file for execution by the processor. When
referring to the functionality of a software module below,
it will be understood that such functionality is implement-

ed by the processor when executing instructions from
that software module.
[0081] If implemented in software, the functions may
be stored or transmitted over as one or more instructions
or code on a computer-readable medium. Computer-
readable media include both computer storage media
and communication media including any medium that fa-
cilitates transfer of a computer program from one place
to another. A storage medium may be any available me-
dium that can be accessed by a computer. By way of
example, and not limitation, such computer-readable me-
dia can comprise RAM, ROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can
be used to carry or store desired program code in the
form of instructions or data structures and that can be
accessed by a computer. Also, any connection is properly
termed a computer-readable medium. For example, if
the software is transmitted from a website, server, or oth-
er remote source using a coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or wireless
technologies such as infrared (IR), radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL,
or wireless technologies such as infrared, radio, and mi-
crowave are included in the definition of medium. Disk
and disc, as used herein, include compact disc (CD),
laser disc, optical disc, digital versatile disc (DVD), floppy
disk, and Blu-ray® disc where disks usually reproduce
data magnetically, while discs reproduce data optically
with lasers. Thus, in some aspects computer-readable
media may comprise non-transitory computer-readable
media (e.g., tangible media). In addition, for other as-
pects computer-readable media may comprise transitory
computer- readable media (e.g., a signal). Combinations
of the above should also be included within the scope of
computer-readable media.
[0082] Thus, certain aspects may comprise a compu-
ter program product for performing the operations pre-
sented herein. For example, such a computer program
product may comprise a computer-readable medium
having instructions stored (and/or encoded) thereon, the
instructions being executable by one or more processors
to perform the operations described herein. For certain
aspects, the computer program product may include
packaging material.
[0083] Further, it should be appreciated that modules
and/or other appropriate means for performing the meth-
ods and techniques described herein can be downloaded
and/or otherwise obtained by a user terminal and/or base
station as applicable. For example, such a device can be
coupled to a server to facilitate the transfer of means for
performing the methods described herein. Alternatively,
various methods described herein can be provided via
storage means (e.g., RAM, ROM, a physical storage me-
dium such as a compact disc (CD) or floppy disk, etc.),
such that a user terminal and/or base station can obtain
the various methods upon coupling or providing the stor-
age means to the device. Moreover, any other suitable
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technique for providing the methods and techniques de-
scribed herein to a device can be utilized.
[0084] It is to be understood that the claims are not
limited to the precise configuration and components il-
lustrated above. Various modifications, changes and var-
iations may be made in the arrangement, operation and
details of the methods and apparatus described above
without departing from the scope of the claims.

Claims

1. A method for wireless communications, comprising:

simultaneously transmitting from a first appara-
tus a first plurality of downlink multiuser multiple-
input multiple-output, DL-MU-MIMO, packets to
a plurality of second apparatuses in a first trans-
mission (502);
determining at the first apparatus that at least
one of a plurality of acknowledgments corre-
sponding to the first plurality of packets was not
received and at least one of the plurality of ac-
knowledgments corresponding to the first plu-
rality of packets was received from at least one
of the plurality of second apparatuses (504); and
increasing at the first apparatus a contention
window (CW) for a backoff counter based on the
determination (506).

2. The method of claim 1, further comprising:

initializing the backoff counter, wherein the
backoff counter comprises a random number
between 0 and a value of the CW;
counting down the backoff counter; and
in response to the backoff counter reaching an
end of the countdown, simultaneously transmit-
ting a second plurality of packets in a second
transmission.

3. The method of claim 1, further comprising increment-
ing a backoff counter based on the determination,
wherein increasing the CW comprises calculating
the CW based on the backoff counter.

4. The method of claim 1, wherein determining that the
at least one of the plurality of acknowledgments was
not received comprises determining that a first ac-
knowledgment of the plurality of acknowledgments
expected to be received first in time was not received.

5. The method of claim 1, further comprising:

providing a plurality of backoff counters, one
backoff counter for each of the plurality of sec-
ond apparatuses; and
for each of the plurality of backoff counters:

incrementing the backoff counter for a par-
ticular one of the second apparatuses in re-
sponse to not receiving one of the plurality
of acknowledgments corresponding to the
particular one of the second apparatuses;
and
resetting the backoff counter for a particular
one of the second apparatuses in response
to receiving one of the plurality of acknowl-
edgments corresponding to the particular
one of the second apparatuses.

6. The method of claim 1, wherein the CW is a function
of a class used in the first transmission.

7. The method of claim 1, wherein the plurality of ac-
knowledgments comprises a plurality of valid block
acknowledgments (BAs).

8. The method of claim 7, wherein each of the valid
BAs comprises a block acknowledgment (BA) asso-
ciated with a class used in the first transmission;
and/or
wherein each of the valid BAs comprises an affirm-
ative acknowledgment of at least one media access
control (MAC) protocol data unit (MPDU) in a corre-
sponding one of the first plurality of packets.

9. The method of claim 1, wherein the first plurality of
packets comprises a packet associated with an ac-
cess category selected from a plurality of access cat-
egories, wherein the determining comprises deter-
mining that an acknowledgment corresponding to
the packet was not received from a designated sec-
ond apparatus of the plurality of second apparatus-
es, wherein the designated second apparatus is as-
sociated with the selected access category, and
wherein the increasing comprises increasing the CW
for the backoff counter associated with the selected
access category, based on the determination.

10. The method of claim 9, wherein each of the packets
in the first plurality of packets is associated with one
of the access categories; and/or
wherein the packet comprises a head of line (HOL)
packet of a packet queue associated with the select-
ed access category.

11. The method of claim 9, further comprising:

initializing the backoff counter, wherein the
backoff counter comprises a random number
between 0 and a value of the CW;
counting down the backoff counter; and
in response to the backoff counter reaching an
end of the countdown, simultaneously transmit-
ting a second plurality of packets in a second
transmission, wherein the second plurality of
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packets comprises the packet associated with
the selected access category.

12. The method of claim 11, further comprising:

determining that another acknowledgment cor-
responding to the packet transmitted in the sec-
ond plurality of packets was received from the
designated second apparatus; and
resetting the CW for the backoff counter asso-
ciated with the selected access category, based
on the determination.

13. The method of claim 9, wherein the packet associ-
ated with the selected access category is retrans-
mitted until the acknowledgment corresponding to
the packet is received from the designated second
apparatus, up to a maximum retransmission limit;
and/or
wherein the access category is selected according
to Institute of Electrical and Electronics Engineers
(IEEE) 802.11n enhanced distributed channel ac-
cess (EDCA) rules.

14. An apparatus for wireless communications (110,
302), comprising:

means for simultaneously transmitting (310) a
first plurality of downlink multiuser multiple-input
multiple-output, DL-MU-MIMO, packets to a plu-
rality of second apparatuses (120, 302) in a first
transmission;
means for determining (312, 304, 306, 318, 320)
that at least one of a plurality of acknowledg-
ments corresponding to the first plurality of pack-
ets was not received and at least one of the plu-
rality of acknowledgments corresponding to the
first plurality of packets was received from at
least one of the plurality of second apparatuses;
and
means for increasing (304, 306, 329) a conten-
tion window (CW) for a backoff counter based
on the determination.

15. A computer-program product for wireless communi-
cations, comprising a computer-readable medium
comprising instructions executable to carry out steps
of method claims 1-13, when said instructions are
run on an electronic device of the apparatus of claim
14.

Patentansprüche

1. Ein Verfahren für drahtlose Kommunikation, wel-
ches Folgendes aufweist:

simultanes Übertragen einer ersten Vielzahl von

DL-MU-MIMO Paketen, DL-MU-MIMO =Down-
link Multiuser Multiple-Input Multiple-Output,
von einer ersten Vorrichtung an eine Vielzahl
von zweiten Vorrichtungen in einer ersten Über-
tragung (502);
Bestimmen, in der ersten Vorrichtung, dass min-
destens eine Bestätigung aus einer Vielzahl von
Bestätigungen entsprechend der ersten Viel-
zahl von Pakten nicht empfangen wurde und
mindestens eine aus der Vielzahl von Bestäti-
gungen entsprechend der ersten Vielzahl von
Paketen von mindestens einer Vorrichtung aus
der Vielzahl von zweiten Vorrichtungen (504)
empfangen wurde; and
Erhöhen, in der ersten Vorrichtung, eines Zu-
gangskonfliktsfensters (CW = Contention Win-
dow) für einen Backoffzähler basierend auf der
Bestimmung (506).

2. Verfahren nach Anspruch 1, das weiterhin Folgen-
des aufweist:

Initialisieren des Backoffzählers, wobei der
Backoffzähler eine zufällige Zahl zwischen 0
und einem Wert des CWs aufweist;
Herunterzählen des Backoffzählers; und
ansprechend darauf, dass der Backoffzähler ein
Ende des Herunterzählens erreicht, simultanes
Übertragen einer zweiten Vielzahl von Paketen
in einer zweiten Übertragung.

3. Verfahren nach Anspruch 1, das weiterhin Erhöhen
eines Backoffzählers basierend auf der Bestimmung
aufweist, wobei Erhöhen des CWs Berechnen des
CWs basierend auf dem Backoffzähler aufweist.

4. Verfahren nach Anspruch 1, wobei Bestimmen, dass
die mindestens eine Bestätigung aus der Vielzahl
von Bestätigungen nicht empfangen wurde, Bestim-
men aufweist, dass eine erste Bestätigung aus der
Vielzahl von Bestätigungen, von der erwartet wurde,
zeitlich als erste empfangen zu werden, nicht emp-
fangen wurde.

5. Verfahren nach Anspruch 1, das weiterhin Folgen-
des aufweist:

Bereitstellen einer Vielzahl von Backoffzählern,
ein Backoffzähler für jede der Vielzahl von zwei-
ten Vorrichtungen; und
für jeden der Vielzahl von Backoffzähler:

Erhöhen des Backoffzählers für eine be-
stimmte Vorrichtung aus den zweiten Vor-
richtungen, und zwar ansprechend auf
Nichtempfangen einer der Vielzahl von Be-
stätigungen entsprechend der einen be-
stimmten Vorrichtung aus den zweiten Vor-
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richtungen; und
Zurücksetzen des Backoffzählers für eine
bestimmte Vorrichtung aus den zweiten
Vorrichtungen ansprechend auf Empfan-
gen einer Bestätigung aus der Vielzahl von
Bestätigungen entsprechend der einen be-
stimmten Vorrichtung aus den zweiten Vor-
richtungen.

6. Verfahren nach Anspruch 1, wobei das CW eine
Funktion einer Klasse ist, die in der ersten Übertra-
gung genutzt wurde.

7. Verfahren nach Anspruch 1, wobei die Vielzahl von
Bestätigungen eine Vielzahl von gültigen Blockbe-
stätigungen (BAs = Block Acknowledgements) auf-
weist.

8. Verfahren nach Anspruch 7, wobei jede der gültigen
BAs eine Blockbestätigung (BA) aufweist, die mit ei-
ner in der ersten Übertragung genutzten Klasse as-
soziiert ist; und/oder
wobei jede der gültigen BAs eine positive Bestäti-
gung von mindestens einer MAC Protokolldatenein-
heit (MPDU = MAC Protocol Data Unit, MAC = Media
Access Control) in einem entsprechenden einen Pa-
ket aus der ersten Vielzahl von Paketen aufweist.

9. Verfahren nach Anspruch 1, wobei die erste Vielzahl
von Paketen ein Paket aufweist, dass mit einer Zu-
griffskategorie assoziiert ist, die aus einer Vielzahl
von Zugriffskategorien ausgewählt ist, wobei das
Bestimmen Folgendes aufweist: bestimmen, dass
eine Bestätigung entsprechend zu dem Paket nicht
empfangen wurde, und zwar von einer designierten
zweiten Vorrichtung aus der Vielzahl von zweiten
Vorrichtungen, wobei die designierte zweite Vorrich-
tung mit der ausgewählten Zugriffskategorie assozi-
iert ist, und wobei das Erhöhen Folgendes aufweist:
Erhöhen des CWs für den Backoffzähler, der mit der
ausgewählten Zugriffskategorie assoziiert ist, und
zwar basierend auf der Bestimmung.

10. Verfahren nach Anspruch 9, wobei jedes der Pakete
aus der ersten Vielzahl von Paketen mit einer von
den Zugriffskategorien assoziiert ist; und/oder
wobei das Paket ein HOL-Paket (HOL = Head Of
Line, auch Anfangspaket) einer Paketschlange auf-
weist, die mit der ausgewählten Zugriffskategorie as-
soziiert ist.

11. Verfahren nach Anspruch 9, das weiterhin Folgen-
des aufweist:

Initialisieren des Backoffzählers, wobei der
Backoffzähler eine zufällige Zahl zwischen 0
und einem Wert des CW aufweist;
Herunterzählen des Backoffzähler; und

ansprechend darauf, dass der Backoffzähler ein
Ende des Herunterzählens erreicht, simultanes
Übertragen einer zweiten Vielzahl von Paketen
in einer zweiten Übertragung, wobei die zweite
Vielzahl von Paketen, das Paket aufweist, dass
mit der ausgewählten Zugriffskategorie assozi-
iert ist.

12. Verfahren nach Anspruch 11, das weiterhin Folgen-
des aufweist:

Bestimmen, dass eine andere Bestätigung ent-
sprechend zu dem Paket, das in der zweiten
Vielzahl von Paketen gesendet wurde, von der
designierten zweiten Vorrichtung empfangen
wurde; und
Zurücksetzen von dem CW für den Backoffzäh-
ler, der mit der ausgewählten Zugriffskategorie
assoziiert ist, und zwar basierend auf der Be-
stimmung.

13. Verfahren nach Anspruch 9, wobei das Paket, das
mit der ausgewählten Zugriffskategorie assoziiert
ist, wiederholt übertragen.wird, bis die Bestätigung
entsprechend zu dem Paket von der designierten
zweiten Vorrichtung empfangen wurde, und zwar bis
zu einer maximalen Wiederholungsübertragungs-
grenze; und/oder
wobei die Zugriffskategorie gemäß zu IEEE 802.11
n EDCA Regeln, (IEEE = Institute of Electrical and
Electronics Engineers, EDCA = Enhanced Distribut-
ed Channel Access), ausgewählt wurde.

14. Eine Vorrichtung für drahtlose Kommunikation (110,
302), die Folgendes aufweist:

Mittel zum simultanen Übertragen (310) einer
ersten Vielzahl von DL-MU-MIMO Paketen, DL-
MU-MIMO = Downlink Multi User Multiple Input
Multiple Output, an eine Vielzahl von zweiten
Vorrichtungen (120, 302) in einer ersten Über-
tragung;
Mittel zum Bestimmen (312, 304, 306, 318, 320),
dass mindestens eine Bestätigung aus einer
Vielzahl von Bestätigungen entsprechend zu
der ersten Vielzahl von Paketen nicht empfan-
gen wurde und mindestens eine Bestätigung
aus Vielzahl von Bestätigungen, entsprechend
zu der ersten Vielzahl von Paketen von mindes-
tens einer aus der Vielzahl von zweiten Vorrich-
tungen empfangen wurde; und
Mittel zum Erhöhen (304, 306, 329) eines Zu-
gangskonfliktfensters, (CW = Contention Win-
dow) für einen Backoffzähler, und zwar basie-
rend auf der Bestimmung.

15. Ein Computerprogrammprodukt für drahtlose Kom-
munikation, das ein computerlesbares Medium auf-
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weist, das Instruktionen aufweist, die durchführbar
sind zum Ausführen von Schritten der Verfahrensan-
sprüche 1-13, und zwar wenn die Instruktionen auf
einem elektronischen Gerät der Vorrichtung nach
Anspruch 14 laufen.

Revendications

1. Procédé pour des communications sans fil,
comprenant :

émettre simultanément à partir d’un premier dis-
positif une première pluralité de paquets d’en-
trées multiples et de sorties multiples multi-uti-
lisateurs en liaison descendante, DL-MU-MI-
MO, vers une pluralité de deuxièmes dispositifs
dans une première transmission (502) ;
déterminer au niveau du premier dispositif qu’au
moins l’un de la pluralité d’accusés de réception
correspondant à la première pluralité de pa-
quets n’a pas été reçu et qu’au moins l’un de la
pluralité d’accusés de réception correspondant
à la première pluralité de paquets a été reçu à
partir d’au moins l’un de la pluralité de deuxiè-
mes dispositifs (504) ; et
agrandir, au niveau du premier dispositif, une
fenêtre de contention (CW) pour un compteur
de retrait sur la base de la détermination (506).

2. Procédé selon la revendication 1, comprenant en
outre :

initialiser le compteur de retrait, le compteur de
retrait comprenant un nombre aléatoire compris
entre 0 et une valeur de la CW ;
faire décompter le compteur de retrait ; et
en réponse au fait que le compteur de retrait
atteigne la fin d’un comptage descendant, émet-
tre simultanément une deuxième pluralité de pa-
quets dans une deuxième transmission.

3. Procédé selon la revendication 1, comprenant en
outre le fait d’incrémenter un compteur de retrait sur
la base de la détermination, l’agrandissement de la
CW comprenant un calcul de la CW sur la base du
compteur de retrait.

4. Procédé selon la revendication 1, dans lequel la dé-
termination que ledit au moins l’un de la pluralité
d’accusés de réception n’a pas été reçu comprend
le fait de déterminer qu’un premier accusé de récep-
tion de la pluralité d’accusés de réception qu’on s’at-
tend à recevoir en premier dans le temps n’a pas été
reçu.

5. Procédé selon la revendication 1, comprenant en
outre :

prévoir une pluralité de compteurs de retrait, un
compteur de retrait pour chacun de la pluralité
de deuxièmes dispositifs ; et
pour chacun de la pluralité de compteurs de
retrait :

incrémenter le compteur de retrait pour l’un
particulier des deuxièmes dispositifs en ré-
ponse à une non réception de l’un de la plu-
ralité d’accusés de réception correspon-
dant audit deuxième dispositif particulier ; et
réinitialiser le compteur de retrait pour l’un
particulier des deuxièmes dispositifs en ré-
ponse à une réception de l’un de la pluralité
d’accusés de réception correspondant
audit deuxième dispositif particulier.

6. Procédé selon la revendication 1, dans lequel la CW
est fonction d’une classe utilisée dans la première
transmission.

7. Procédé selon la revendication 1, dans lequel la plu-
ralité d’accusés de réception comprend une pluralité
d’accusés de réception de blocs valides (BA).

8. Procédé selon la revendication 7, dans lequel cha-
cun des BA valides comprend un accusé de récep-
tion de bloc (BA) associé à une classe utilisée dans
la première transmission ; et/ou
dans lequel chacun des BA valides comprend un
accusé de réception positif d’au moins une unité de
données de protocole de commande d’accès au sup-
port (MAC) (MPDU) dans l’un correspondant de la
première pluralité de paquets.

9. Procédé selon la revendication 1, dans lequel la pre-
mière pluralité de paquets comprend un paquet as-
socié à une catégorie d’accès sélectionnée parmi
une pluralité de catégories d’accès, dans lequel la
détermination comprend le fait de déterminer qu’un
accusé de réception correspondant au paquet n’a
pas été reçu à partir d’un deuxième dispositif désigné
de la pluralité de deuxièmes dispositifs, dans lequel
le deuxième dispositif désigné est associé à la ca-
tégorie d’accès sélectionnée, et dans lequel l’agran-
dissement comprend l’agrandissement de la CW
pour le compteur de retrait associé à la catégorie
d’accès sélectionnée, sur la base de la détermina-
tion.

10. Procédé selon la revendication 9, dans lequel cha-
cun des paquets dans la première pluralité de pa-
quets est associé à l’une des catégories d’accès ;
et/ou
dans lequel le paquet comprend un paquet de tête
de ligne (HOL) d’une file de paquets associée à la
catégorie d’accès sélectionnée.
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11. Procédé selon la revendication 9, comprenant en
outre :

initialiser le compteur de retrait, le compteur de
retrait comprenant un nombre aléatoire compris
entre 0 et une valeur de la CW ;
faire décompter le compteur de retrait ; et
en réponse au fait que le compteur de retrait
atteigne la fin du comptage descendant, émettre
simultanément une deuxième pluralité de pa-
quets dans une deuxième transmission, la
deuxième pluralité de paquets comprenant le
paquet associé à la catégorie d’accès sélection-
née.

12. Procédé selon la revendication 11, comprenant en
outre :

déterminer qu’un autre accusé de réception cor-
respondant au paquet transmis dans la deuxiè-
me pluralité de paquets a été reçu à partir du
deuxième dispositif désigné ; et
réinitialiser la CW pour le compteur de retrait
associé à la catégorie d’accès sélectionnée, sur
la base de la détermination.

13. Procédé selon la revendication 9, dans lequel le pa-
quet associé à la catégorie d’accès sélectionnée est
retransmis jusqu’à ce que l’accusé de réception cor-
respondant au paquet soit reçu du deuxième dispo-
sitif désigné, jusqu’à une limite de nombre de re-
transmissions maximum ; et/ou
dans lequel la catégorie d’accès est sélectionnée
conformément aux règles d’accès à un canal réparti
amélioré (EDCA) de la norme des Ingénieurs en
Electricité et en Electronique (IEEE) 802.11n.

14. Dispositif pour des communications sans fil (110,
302), comprenant :

des moyens pour émettre simultanément (310)
une première pluralité de paquets d’entrées
multiples et de sorties multiples multi-utilisa-
teurs en liaison descendante, DL-MU-MIMO,
vers une pluralité de deuxièmes dispositifs
(120,302) dans une première transmission ;
des moyens pour déterminer (312, 304, 306,
318, 320) qu’au moins l’un de la pluralité d’ac-
cusés de réception correspondant à la première
pluralité de paquets n’a pas été reçu et qu’au
moins l’un de la pluralité d’accusés de réception
correspondant à la première pluralité de pa-
quets a été reçu à partir d’au moins l’un de la
pluralité de deuxièmes dispositifs ; et
des moyens pour agrandir (304, 306, 329) une
fenêtre de contention (CW) pour un compteur
de retrait sur la base de la détermination.

15. Produit programme d’ordinateur pour des commu-
nications sans fil, comprenant un support lisible par
un ordinateur comprenant des instructions exécuta-
bles pour réaliser les étapes de procédé des reven-
dications 1 à 13, lorsque les instructions sont exé-
cutées sur un dispositif électronique du dispositif de
la revendication 14.
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