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TECHNIQUES TO MANAGE LATENCY FOR MULTIPLE RECEIVERS

BACKGROUND

[0001] In a wireless communication system, wireless communication devices may
transmit and/or receive radio frequency (RF) signals through one or more antennas. Some
wireless communication devices may include multiple antennas. The wireless
communication devices with multiple antennas may include a multiple-input-multiple-
output (MIMO) modulation and/or coding system to control receiving and transmitting of
RF signals through the multiple antennas. Techniques to improve control and

management of a MIMO system may improve overall system performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1 illustrates a block diagram of a system 100.
[0003] FIG. 2 illustrates a partial block diagram of a node 200.
[0004] FIG. 3 illustrates a timing diagram 300.

[0005] FIG. 4 illustrates a timing diagram 400.

[0006] FIG. 5 illustrates a timing diagram 500.

[0007] FIG. 6 illustrates a timing diagram 600.

[0008] FIG. 7 illustrates a programming logic 700.

[0009] FIG. 8 illustrates a programming logic 800.
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DETAILED DESCRIPTION

[0010] FIG. 1 illustrates a block diagram of a system 100. System 100 may comprise, for
example, a communication system having multiple nodes. A node may comprise any
physical or logical entity having a unique address in system 100. Examples of a node may
include, but are not necessarily limited to, a computer, server, workstation, laptop, ultra-
laptop, handheld computer, telephone, cellular telephone, personal digital assistant (PDA),
router, switch, bridge, hub, gateway, wireless access point, and so forth. The unique
address may comprise, for example, a network address such as an Internet Protocol (IP)
address, a device address such as a Media Access Control (MAC) address, and so forth.
The embodiments are not limited in this context.

[0011] The nodes of system 100 may be arranged to communicate different types of
information, such as media information and control information. Media information may
refer to any data representing content meant for a user, such as voice information, video
information, audio information, text information, alphanumeric symbols, graphics, images,
and so forth. Control information may refer to any data representing commands,
instructions or control words meant for an automated system. For example, control
information may be used to route media information through a system, or instruct a node
to process the media information in a predetermined manner.

[0012] The nodes of system 100 may communicate media and control information in
accordance with one or more protocols. A protocol may comprise a set of predefined rules
or instructions to control how the nodes communicate information between each other.
The protocol may be defined by one or more protocol standards as promulgated by a
standards organization, such as the Internet Engineering Task Force (IETF), International

Telecommunications Union (ITU), the Institute of Electrical and Electronics Engineers
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(IEEE), and so forth. For example, system 100 may operate in accordance with the IEEE
802.11 wireless local area network (WLAN) series of standard protocols, such as the IEEE
802.11n, 2004 proposed standard (“802.11n Proposed Standard”). In another example,
system 100 may operate in accordance with the IEEE 802.16 and 802.20 series of standard
protocols. The embodiments are not limited in this context.

[0013] Referring again to FIG. 1, system 100 may comprise a wireless communication
system operating in accordance with, for example, the IEEE 802.11 series of protocols.
System 100 may include an access point (AP) 110, a station (STA) 120, and a STA 150,
all arranged to communicate information signals using wireless shared media 160.
Information signals may include any type of signal encoded with information, such as
media and/or control information. Although FIG. 1 is shown with a limited number of
nodes in a certain topology, it may be appreciated that system 100 may include more or
less nodes in any type of topology as desired for a given implementation. The
embodiments are not limited in this context.

[0014] In one embodiment, system 100 may comprise AP 110. AP 110 may comprise a
wireless access point for a network, such as a WLAN. In one embodiment, for example,
AP 110 may be implemented as a high throughput (HT) wireless device arranged to
operate in accordance with the IEEE-802.11n Proposed Standard. AP 110 may include a
MIMO system having multiple transmitters/receivers (“transceivers”) and multiple
antennas. The embodiments are not limited in this context.

[0015] In one embodiment, system 100 may comprise STA 120 and STA 150. STA 120
and 150 may each be implemented as, for example, a wireless communication device,
such as mobile or cellular telephone, a computer or laptop equipped with a wireless access
card, a handheld device such as a wireless PDA, an integrated cellular telephone/PDA, and

so forth. The embodiments are not limited in this context.
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[0016] In one embodiment, for example, STA 120 and STA 150 may be implemented as
HT wireless devices arranged to operate in accordance with the IEEE-802.11n Proposed
Standard. STA 120 and STA 150 may each include a MIMO system having at least two
transceivers and two antennas. The MIMO system, however, may have any number of
transceivers and antennas, and the embodiments are not limited in this context.

[0017] In general operation, the nodes of system 100 may operate in multiple operating
modes. For example, STA 120, STA 150 and AP 110 may operate in at least one of the
following operating modes: a single-input-single-output (SISO) mode, a multiple-input-
single-output (MISO) mode, a single-input-multiple-output (SIMO) mode, and/or in a
MIMO mode. In a SISO operating mode, a single transmitter and a single receiver may be
used to communicate information signals over a wireless shared medium 160. In a MISO
operating mode, two or more transmitters may transmit information signals over wireless
shared media 160, and information signals may be received from wireless shared media
160 by a single receiver of a MIMO system. In a SIMO operatiﬁg mode, one transmitter
and two or more receivers may be used to communicate information signals over wireless
shared media. In a MIMO operating mode, two or more transmitters and two or more
receivers may be used to communicate information signals over wireless shared media
160.

[0018] In one embodiment, the nodes of system 100 may use open loop MIMO
techniques. An open loop MIMO system typically uses a simpler protocol and less
overhead than a closed loop MIMO system. An open loop MIMO system, however, may
suffer from interference between spatial streams and thus may have a shorter range than
closed loop systems. Iterative demodulation or “turbo equalization” is an example of a
technique typically employed to compensate for the interference. Iterative demodulation

may mitigate some of the interference for an open loop system, and potentially delivers 2-
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3 decibel (dB) gains relative to conventional minimum mean-squared error (MMSE) and
zero-forcing receivers.

[0019] Iterative demodulation, however, may create receiver latency or delay problems in
a MIMO system. For example, AP 110 may transmit a packet of information to one of
STA 120 and/or STA 150. AP 110 may then wait for an acknowledgement message from
the receiving station(s). If an acknowledgment message is not received within a certain
time intefval, referred to herein as a “delay interval,” AP 110 assumes the packet was not
properly received and retransmits the packet. Consequently, if STA 120 and/or STA 150
are arranged to use iterative demodulation, a case may occur where AP 110 is
retransmitting packets even though they may have been properly received by STA 120
and/or STA 150. This may result in an unnecessary use of system resources, thereby
reducing system performance and efficiency.

[0020] Some embodiments may solve this and other problems. In one embodiment, for
example, AP 110, STA 120 and/or STA 150 may employ one or more techniques to
extend the delay interval for receiving a packet. By extending the delay interval, the
receiving device may have more time to receive a packet. More particularly, the receiving
device may be arranged to use iterative demodulation to receive a packet. The extended
delay interval may provide the receiving device more time to perform the iterative
demodulation needed to receive the packet, while reducing the possibility that the
transmitting device unnecessarily retransmits the packet.

[0021] FIG. 2 illustrates a partial block diagram of a node 200. Node 200 may be

implemented as part of AP 110, STA 120 and/or STA 150 as described with reference to

"FIG. 1. As shown in FIG. 2, node 200 may comprise multiple elements, such as processor

210, switch (SW) 220, and a transceiver array 230. Some elements may be implemented

using, for example, one or more circuits, components, registers, processors, software
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subroutines, or any combination thereof. Although FIG. 2 shows a limited number of
elements, it can be appreciated that more or less elements may be used in node 200 as
desired for a given implementation. The embodiments are not limited in this context.
[0022] In one embodiment, node 200 may include a transceiver array 230. Transceiver
array 230 may be implemented as, for example, a MIMO system. MIMO system 230 may
include two transmitters 240a and 240b, and two receivers 250a and 250b. Although
MIMO system 230 is shown with a limited number of transmitters and receivers, it may be
appreciated that MIMO system 230 may include any desired number of transmitters and
receivers. The embodiments are not limited in this context.

[0023] In one embodiment, transmitters 240a-b and receivers 250a-b of MIMO system
230 may be implemented as Orthogonal Frequency Division Multiplexing (OFDM)
transmitters and receivers. Transmitters 240a-b and receivers 250a-b may communicate
data frames with other wireless devices. For example, when implemented as part of AP
110, transmitters 240a-b and receivers 250a-b may communicate data frames with STA
120 and STA 150. When implemented as part of STA 120 and/or STA 150, transmitters
240a-b and receivers 250a-b may communicate data frames with AP 110. The data frames
may be modulated in accordance with a number of modulation schemes, to include Binary .
Phase Shift Keying (BPSK), Quadrature Phase-Shift Keying (QPSK), Quadrature
Amplitude Modulation (QAM), 16-QAM, 64-QAM, and so forth. The embodiments are
not limited in this context.

[0024] In one embodiment, transmitter 240a and receiver 250a may be operably coupled
to an antenna 260, and transmitter 240b and receiver 250b may be operably coupled to
antenna 270. Examples for antenna 260 and/or antenna 270 may include an internal

antenna, an omni-directional antenna, a monopole antenna, a dipole antenna, an end fed
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antenna or a circularly polarized antenna, a micro-strip antenna, a diversity antenna, a dual
antenna, an antenna array, and so forth. The embodiments are not limited in this context.
[0625] In one embodiment, node 200 may include a processor 210. Processor 210 may be
implemented as a general purpose processor, such as a processor made by Intel®
Corporation, for example. Processor 210 may also comprise a dedicated processor, such
as a controller, microcontroller, embedded processor, a digital signal processor (DSP), a
network processor, an input/output (I/O) processor, and so forth. The embodiments are
not limited in this context.

[0026] In one embodiment, processor 210 may include, or be connected to, a memory unit
(not shown). The memory unit may comprise any machine-readable media. Some
examples of machine-readable media include, but are not necessarily limited to, read-only
memory (ROM), random-access memory (RAM), dynamic RAM (DRAM), double
DRAM (DDRAM), synchronous RAM (SRAM), programmable ROM, erasable
programmable ROM, electronically erasable programmable ROM, flash memory, a
polymer memory such as ferroelectric polymer memory, an ovonic memory, magnetic
disk (e.g., floppy disk and hard drive), optical disk (e.g., CD-ROM and DVD), and so
forth. The embodiments are not limited in this context.

[0027] In one embodiment, for example, processor 210 may be arranged to perform MAC
layer and/or physical (PHY) layer operations. For example, processor 210 may be
implemented as a media access control (MAC) processor. MAC 210 may be arranged to
perform MAC layer processing operations. In addition, MAC 210 may be arranged to
extend a delay interval to receive a packet. More particularly, when node 200 is
implemented as part of STA 120 and/or STA 150, MAC 210 may receive a data packet
from AP 110. MAC 210 may cause MIMO system 230 to extend a delay interval for an

acknowledgement message to be sent in response to the packet. This may form an
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extended delay interval for an acknowledgement message to be sent in response to the
packet. The amount of additional time offered by the extended delay interval may allow
receivers 250a-b sufficient time to receive the packet using iterative demodulation, for
example. The embodiments are not limited in this context.

[0028] In general operation, assume node 200 is implemented as part of a receiving
device, such as STA 120 and/or STA 150. AP 110 may transmit or send information to
the receiving device. The information may comprise, for example, one or more packets,
with each packet comprising media information and/or control information. The media
and/or control information may be represented using, for example, multiple OFDM
symbols. A packet in this context may refer to any discrete set of information, including a
unit, frame, cell, segment, fragment, and so forth. The packet may be of any size suitable
for a given implementation. The embodiments are not limited in this context.

[0029] Once AP 110 sends a packet to the receiving device, AP 110 waits to receive an
acknowledgement message from the receiving device indicating that the information has
been successfully received. For example, receivers 250a-b of transceiver array 230 may
receive the information from AP 110. MAC 210 of node 200 typically is given a
determined delay interval to acknowledge receipt of the transmitted packet. The delay
interval may comprise any determined amount or interval of time. For example, the delay
interval may typically comprise an amount of time allocated for a short interframe spacing
(SIFS) as defined by the IEEE 802.11a specification, which is approximately 16
microseconds (us). If AP 110 fails to receive the acknowledgement message within the
determined delay interval, AP 110 assumes the packet has not been properly received by
node 200, and retransmits the packet accordingly.

[0030] Since receivers 250a-b are arranged to receive the packet using iterative

demodulation, however, the initially allocated delay interval may comprise an insufficient
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amount of time to receive the complete packet and send the appropriate acknowledgement
message to AP 110. Consequently, node 200 may attempt to extend the delay interval to
allow an acknowledgement message to be sent in response to the packet before AP 110
retransmits the packet. Node 200 may accomplish this using a number of different
techniques, which may be described in more detail with reference to FIGS. 3-8.

[0031] FIG. 3 illustrates a timing diagram 300. Timing diagram 300 may illustrate the
communication of information between an AP 302 and STA 304. AP 302 may be
representative of, for example, AP 110. STA 304 may be representative of, for example,
STA 120 and/or STA 150. As shown in timing diagram 300, AP 302 may send a packet to
STA 304. The packet may comprise, for example, a data unit 306. Once AP 302 sends
data unit 306, it starts a timer. If the value of the timer reaches a determined delay
interval, as represented by time interval 312, before an acknowledgement message (ACK)
310 is received by AP 302 from STA 304, AP 302 may assume that STA 304 has not
properly received data unit 306 and therefore retransmits the packet. This may occur even
though STA 304 has not yet finished receiving the original data unit 306. As a result, AP
302 may unnecessarily retransmit data unit 306 to STA 304.

[0032] To reduce the possibility of AP 302 unnecessarily retransmitting data unit 306,
STA 304 may attempt to extend or increase the delay interval to form an extended delay
interval. The delay interval may be extended by any amount of time, as represented by
time interval 314. STA 304 may accomplish this by, for example, sending one or more
preambles 308 for ACK 310 during time interval 312. STA 304 may begin sending
preambles 308 during time interval 312 even though data unit 306 has not yet been fully
received and verified by STA 304.

[0033] In one embodiment, preambles 308 may comprise any preamble suitable for use in

a wireless system. A preamble may comprise, for example, one or more training symbols
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used for a number of different applications, such as channel estimation, signal detection,
automatic gain control, diversity selection, frequency offset estimation, timing
synchronization, and so forth. Preambles 308 may comprise, for example, a long or short
preamble as defined by the IEEE 802.11n Proposed Standard. The embodiments are not
limited in this context.

[0034] Referring again to FIG. 3, AP 302 may begin receiving preambles 308 from STA
304. AP 302 may receive preambles 308 in anticipation of receiving ACK 310, and
therefore may defer retransmitting data unit 306 by an amount of time represented by time
interval 314. This may give STA 304 additional time to receive data unit 306 using
iterative demodulation techniques. In one embodiment, for example, time interval 312
may comprise an initially allocated delay interval of approximately 16 ps, while time
interval 314 may comprise an additional approximately 16 ps, thereby providing an
extended delay interval of approximately 32 ps (e.g., time interval 312 plus time interval
314). The embodiments are not limited in this context.

[0035] If STA 304 properly receives the complete data unit 306 during time interval 314,
STA 304 may send ACK 310. If STA 304 fails to receive the complete data unit 306
during time interval 314, however, STA 304 may refrain from sending ACK 310. If AP
302 fails to receive ACK 310 after receiving preambles 308, AP 302 may assume that data
unit 306 has not been properly received by STA 304, and may retransmit data unit 306.
[0036] FIG. 4 illustrates a timing diagram 400. Timing diagram 400 may illustrate
another example of a technique that may be used by STA 304 to extend or increase the
delay interval to form an extended delay interval, and thereby reduce the possibility of AP
302 unnecessarily retransmitting data unit 306 to STA 304. As shown in timing diagram
400, AP 302 may send data unit 306 to STA 304. STA 304 may not have sufficient time

to send ACK 310 during time interval 312. STA 304 may attempt to extend time interval
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312 by an additional amount of time, as represented by time interval 410. STA 304 may
accomplish this by sending legacy information, such as an IEEE 802.11n legacy header
402. For example, STA 304 may send preambles 308, legacy header 402, an IEEE
802.11n PHY header 404, and/or one or more IEEE 802.11n training symbols (TS) 406,
during time interval 312. Sending such information during time interval 312 may occur
even though data unit 306 has not yet been fully received and verified by STA 304.

[0037] In one embodiment, for example, legacy header 402 may comprise any header or
signal field for a protocol that is different from the protocols used by AP 302 and/or AP
304. For example, if AP 302 and STA 304 are arranged to communicate using the IEEE
802.11n Standard Protocol, legacy header 402 may include an IEEE 802.11a signal field,
sometimes referred to as a legacy “spoofing” header. In some cases, legacy header 402
may be defined by the same protocol used by AP 302 and STA 304. For example, the
IEEE 802.11n Standard Protocol defines a legacy header suitable for use with legacy
devices communicating with the 802.11n network. Examples of legacy devices may
include devices having a single transceiver and therefore incapable of operating in a
MIMO operating mode, such as devices arranged to operate in accordance with IEEE
802.11a, 802.11b and 802.11g, for example. The embodiments are not limited in this
context.

[0038] AP 302 may begin receiving preambles 308, legacy header 402, PHY header 404,
and/or one or more TS 406 from STA 304. AP 302 may defer retransmitting data unit 306
by an amount of time represented by time interval 410. This may give STA 304 additional
time to receive data unit 306 using iterative demodulation techniques. In one embodiment,
for example, time interval 312 may comprise an initially allocated delay interval of
approximately 16 ps. Time interval 410 may comprise an additional approximately 32+N

ps, with N representing some integer times a symbol duration. Thus, N may account for
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the number of training symbols sent with TS 406 by STA 304, with each symbol adding
an additional approximately 4 ps. The extended delay interval may therefore comprise
approximately 48+N ps (e.g., time interval 312 plus time interval 410). The embodiments
are not limited in this context.

[0039] If STA 304 receives the complete data unit 306 during time interval 410, STA 304
may send ACK 310. If STA 304 fails to receive the complete data unit 306 during time
interval 410, however, STA 304 may refrain from sending ACK 310. If AP 302 fails to
receive ACK 310 after receiving the legacy information, AP 302 may assume that data
unit 306 has not been properly received by STA 304, and may retransmit data unit 306.
[0040] FIG. 5 illustrates a timing diagram 500. Timing diagram 500 may illustrate
another example of a technique that may be used by STA 304 to extend or increase the
delay interval to form an extended delay interval, and thereby reduce the possibility of AP
302 unnecessarily retransmitting data unit 306 to STA 304. As shown in timing diagram
500, AP 302 may send data unit 306 to STA 304 as with previous embodiments described
with reference to FIGS. 3 and 4.

[0041] In this embodiment, however, assume AP 302 is made aware of the extended delay
interval needed by STA 304 to receive data unit 306. This may occur in a number of
different ways. For example, STA 304 may send a message to AP 302 explicitly
indicating an extended delay interval needed to receive data unit 306. In another example,
AP 302 may measure the amount of time between sending data unit 306 and receiving
ACK 310 from previous communications, and uses the measurements to derive an average
delay interval. The average delay interval may be used for the extended delay interval,
thereby providing a dynamic extended delay interval. In yet another example, AP 302
may use heuristics to determine the extended delay interval based on various

environmental, device or system characteristics. In still another example, AP 302 may
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maintain a table of extended delay intervals associated with a particular device. In yet
another example, AP 302 may be programmed with the extended time interval by a user or
device. The embodiments are not limited in this context.

[0042] Once the extended delay interval for STA 304 is known by AP 302, AP 302 may
extend the original delay interval by inserting one or more empty or padding OFDM
symbols 502 into data unit 306. For example, padding OFDM symbols 502 may be
inserted at the end of data unit 306. Each padding OFDM symbol may add approximately
4 ps to the delay interval, as represented by time interval 504.

[0043] Consequently, STA 304 may begin receiving data unit 306. STA 304 may be
made previously aware of the padding OFDM symbols used for padding OFDM 502, such
as during provisioning of STA 304. Therefore, once STA 304 detects the receipt of
padding OFDM symbols 502, through the NAV field in the header for example, it will
know that data unit 306 has been completely received and may send ACK 310 during time
interval 504.

[0044] If STA 304 receives the complete data unit 306 during time interval 504, STA 304
may send ACK 310. If STA 304 fails to receive the complete data unit 306 during time
interval 504, however, STA 304 may refrain from sending ACK 310. If AP 302 fails to
receive ACK 310 after receiving the legacy information, AP 302 may assume that data
unit 306 has not been properly received by STA 304, and may retransmit data unit 306.
[0045] FIG. 6 illustrates a timing diagram 600. Timing diagram 600 may illustrate yet
another example of a technique that may be used by STA 304 to extend or increase the
delay interval to form an extended delay interval, and thereby reduce the possibility of AP
302 unnecessarily retransmitting data unit 306 to STA 304. As shown in timing diagram

600, AP 302 may send data unit 306 to STA 304. STA 304 may not have sufficient time

13



10

15

20

WO 2006/057992 PCT/US2005/042279

to send ACK 310 during time interval 312. STA 304 may attempt to extend time interval
312 by an additional amount of time, as represented by time interval 606.

[0046] STA 304 may accomplish this by, for example, switching transceiver array 230 to
a MIMO operating mode. Since the packet length of ACK 310 is relatively short, STA
304 typically attempts to send ACK 310 in a SISO operating mode to reduce preamble
overhead. In order to increase the delay interval, however, STA 304 may switch
transceiver array 230 to a MIMO operating mode to send ACK 310. This may be
accomplished by enabling two or more receivers from MIMO system 230 via switch 220.
The term “enabling” or “enable” or its variations as used herein may refer to turning on or
providing power to a transceiver to place it in an operating state. In a MIMO operating
mode, STA 304 may send preambles 308, PHY header 404, and one or more TS 406 for
each spatial channel. The time interval used to send each TS 406 may comprise, for
example, approximately 4 ps. The embodiments are not limited in this context.

[0047] AP 302 may begin receiving preambles 308, PHY header 404 and TS 406 from
STA 304. AP 302 may defer retransmitting data unit 306 by an amount of time
represented by time interval 606. This may give STA 304 additional time to receive data
unit 306 using iterative demodulation techniques. In one embodiment, for example, time
interval 312 may comprise an initially allocated delay interval of approximately 16 ps,
while time interval 606 may comprise an additional approximately 24+N ps, thereby
providing an extended delay interval of approximately 40+N ps (e.g., time interval 312
plus time interval 606). The embodiments are not limited in this context.

[0048] If STA 304 receives the complete data unit 306 during time interval 606, STA 304
may send ACK 310. If STA 304 fails to receive the complete data unit 306 during time

interval 606, however, STA 304 may refrain from sending ACK 310. If AP 302 fails to
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receive ACK 310 after receiving the legacy information, AP 302 may assume that data
unit 306 has not been properly received by STA 304, and may retransmit data unit 306.
[0049] In addition to the el;lbodiments described with reference to FIGS. 3-6, it may be
appreciated that the various embodiments may be combined in various ways to extend the
delay interval. The embodiments are not limited in this context.

[0050] Operations for the above embodiments may be further described with reference to
the following figures and accompanying examples. Some of the figures may include
programming logic. Although such figures presented herein may include a particular
programming logic, it can be appreciated that the programming logic merely provides an
example of how the general functionality described herein can be implemented. Further,
the given programming logic does not necessarily have to be executed in the order
presented unless otherwise indicated. In addition, the given programming logic may be
implemented by a hardware element, a software element executed by a processor, or any
combination thereof. The embodiments are not limited in this context.

[0051] FIG. 7 illustrates a programming logic 700. Programming logic 700 may be
representative of the operations executed by one or more systems described herein, such as
node 200 as implemented as part of AP 302, for example. As shown in programming
logic 700, a packet having OFDM symbols may be received using iterative demodulation
at block 702. A delay interval may be extended to form an extended delay interval for an
acknowledgement message to be sent in response to the packet at block 704.

[0052] In one embodiment, the delay interval may be extended by sending a preamble for
the acknowledgement message during the delay interval. A determination may be made as
to whether the packet has been completely received. The acknowledgement message may

be sent in response to the packet if the packet has been completely received.
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[0053] In one embodiment, the delay interval may be extended by selecting a MIMO
operating mode. The acknowledgement message may be sent in response to the packet
using the MIMO operating mode.

[0054] In one embodiment, the delay interval may be extended by sending legacy
information during the delay interval. A determination may be made as to whether the
packet has been completely received. The acknowledgement message may be sent in
response to the packet if the packet has been completely received.

[0055] FIG. 8 illustrates a programming logic 800. Programming logic 800 may be
representative of the operations executed by one or more systems described herein, such as
node 200 as implemented as part of STA 304, for example. As shown in programming
logic 800, a packet having OFDM symbols may be sent at block 802. A delay interval
may be extended to form an extended delay interval to receive the acknowledgement
message sent in response to the packet at block 804.

[0056] In one embodiment, the delay interval may be extended by receiving a preamble
for said acknowledgement message during the delay interval. The delay interval may be
extended to form the extended delay interval in response to receiving the preamble.
Resending the packet may wait until the extended delay interval has expired.

[0057] In one embodiment, the delay interval may be extended by receiving the
acknowledgement message in a MIMO operating mode.

[0058] In one embodiment, the delay interval may be extended by receiving legacy
information during the delay interval. The delay interval may be extended to form the
extended delay interval in response to receiving the legacy information. Resending the

packet may wait until the extended delay interval has expired.
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[0059] In one embodiment, the delay interval may be extended by determining an amount
of time needed for the extended delay interval. One or more padding OFDM symbols may
be inserted in the packet. The packet may be sent with the padding OFDM symbols.
[0060] It should be understood that the embodiments may be used in a variety of
applications. As described above, the circuits and techniques disclosed herein may be
used in many apparatuses such as transmitters and receivers of a radio system.
Transmitters and/or receivers intended to be included within the scope of the embodiments
may include, by way of example only, WLAN transmitters and/or receivers, MIMO
transmitters-receivers system, two-way radio transmitters and/or receivers, digital system
transmitters and/or receivers, analog system transmitters and/or receivers, cellular
radiotelephone transmitters and/or receivers, and so forth. The embodiments are not
limited in this context.

[0061] Types of WLAN transmitters and/or receivers intended to be within the scope of
the embodiments may include, although are not limited to, transmitters and/or receivers
for transmitting and/or receiving spread spectrum signals such as, for example, Frequency
Hopping Spread Spectrum (FHSS), Direct Sequence Spread Spectrum (DSSS) OFDM
transmitters and/or receivers, and so forth. The embodiments are not limited in this
context.

[0062] Numerous specific details have been set forth herein to provide a thorough
understanding of the embodiments. It will be understood by those skilled in the art,
however, that the embodiments may be practiced without these specific details. In other
instances, well-known operations, components and circuits have not been described in
detail so as not to obscure the embodiments. It can be appreciated that the specific
structural and functional details disclosed herein may be representative and do not

necessarily limit the scope of the embodiments.
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[0063] It is also worthy to note that any reference to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment. The appearances
of the phrase “in one embodiment” in various places in the specification are not
necessarily all referring to the same embodiment.

[0064] Some embodiments may be implemented using an architecture that may vary in
accordance with any number of factors, such as desired computational rate, power levels,
heat tolerances, processing cycle budget, input data rates, output data rates, memory
resources, data bus speeds and other performance constraints. For example, an
embodiment may be implemented using software executed by a general-purpose or
special-purpose processor. In another example, an embodiment may be implemented as
dedicated hardware, such as a circuit, an application specific integrated circuit (ASIC),
Programmable Logic Device (PLD) or digital signal processor (DSP), and so forth. In yet
another example, an embodiment may be implemented by any combination of
programmed general-purpose computer components and custom hardware components.
The embodiments are not limited in this context.

[0065] Some embodiments may be described using the expression "coupled" and
"connected" along with their derivatives. It should be understood that these terms are not
intended as synonyms for each other. For example, some embodiments may be described
using the term “connected” to indicate that two or more elements are in direct physical or
electrical contact with each other. In another example, some embodiments may be
described using the term "coupled" to indicate that two or more elements are in direct
physical or electrical contact. The term "coupled,” however, may also mean that two or
more elements are not in direct contact with each other, but yet still co-operate or interact

with each other. The embodiments are not limited in this context.
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[0066] Some embodiments may be implemented, for example, using a machine-readable
medium or article which may store an instruction or a set of instructions that, if executed
by a machine, may cause the machine to perform a method and/or operations in
accordance with the embodiments. Such a machine may include, for example, any
suitable processing platform, computing platform, computing device, processing device,
computing system, processing system, computer, processor, or the like, and may be
implemented using any suitable combination of hardware and/or software. The machine-
readable medium or article may include, for example, any suitable type of memory unit,
memory device, memory article, memory medium, storage device, storage article, storage
medium and/or storage unit, for example, memory, removable or non-removable media,
erasable or non-erasable media, writeable or re-writeable media, digital or analog media,
hard disk, floppy disk, Compact Disk Read Only Memory (CD-ROM), Compact Disk
Recordable (CD-R), Compact Disk Rewriteable (CD-RW), optical disk, magnetic media,
various types of Digital Versatile Disk (DVD), a tape, a cassette, or the like. The
instructions may include any suitable type of code, such as source code, compiled code,
interpreted code, executable code, static code, dynamic code, and the like. The
instructions may be implemented using any suitable high-level, low-level, object-oriented,
visual, compiled and/or interpreted programming language, such as C, C++, Java, BASIC,
Perl, Matlab, Pascal, Visual BASIC, assembly language, machine code, and so forth. The
embodiments are not limited in this context.

[0067] While certain features of the embodiments have been illustrated as described
herein, many modifications, substitutions, changes and equivalents will now occur to those
skilled in the art. It is therefore to be understood that the appended claims are intended to

cover all such modifications and changes as fall within the true spirit of the embodiments.
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CLAIMS

1. An apparatus, comprising:
a transceiver array having multiple antennas and multiple receivers, said receivers to
receive a packet having orthogonal frequency division multiplexing symbols using

iterative demodulation; and

a media access controller to connect to said transceiver array, said media access controller

to extend a delay interval for an acknowledgement message to be sent in response to said

packet.

2. The apparatus of claim 1, further comprising at least one transmitter to connect to

said media access controller.

3. The apparatus of claim 2, wherein said media access controller is to send a
preamble for said acknowledgement message during said delay interval using said

transmitter to extend said delay interval.

4. The apparatus of claim 3, wherein said media access controller is to determine
whether said receivers have received a complete packet, and to send said

acknowledgement message when said receivers have received said complete packet.

5. The apparatus of claim 1, further comprising a switch to connect between said

media access controller and said transceiver array, said transceiver array to include

multiple transmitters.
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6. The apparatus of claim 5, wherein said media access controller is to instruct said
switch to switch said transceiver array to a multiple-input-multiple-output operating mode,
said media access controller to send said acknowledgement message in response to said
packet in said multiple-input-multiple-output operating mode using said multiple

transmitters.

7. The apparatus of claim 2, wherein said media access controller is to send legacy
information during said delay interval using said transmitter, to determine whether said
receivers have received a complete packet, and to send said acknowledgement message

when said receivers have received said complete packet.

8. An apparatus, comprising:

a transceiver array having multiple antennas and multiple transmitters, said transmitters to
send a packet having orthogonal frequency division multiplexing symbols; and

a media access controller to connect to said transceiver array, said media access controller
to extend a delay interval to receive an acknowledgement message sent in response to said

packet.

9. The apparatus of claim 8, further comprising at least one receiver to connect to said

media access controller.

10.  The apparatus of claim 9, wherein said media access controller is to receive a

preamble for said acknowledgement message during said delay interval using from said

receiver, extend said delay interval to form an extended delay interval in response to
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receiving said preamble, and wait to resend said packet until said extended delay interval

has expired.

11.  The apparatus of claim 8, further comprising a switch to connect between said
media access controller and said transceiver array, said transceiver array to include

multiple receivers.

12.  The apparatus of claim 11, wherein said media access controller is to instruct said
switch to switch said transceiver array to a multiple-input-multiple-output operating mode,
said transceiver array to receive said acknowledgement message in said multiple-input-

multiple-output operating mode using said multiple receivers.

13.  The apparatus of claim 9, wherein said media access controller is to receive legacy
information during said delay interval using said receiver, extend said delay interval to
form said extended delay interval in response to receiving said legacy information, and

wait to resend said packet until said extended delay interval has expired.

14.  The apparatus of claim 8§, wherein said media access controller is to determine an
amount of time needed to extend said delay interval to form an extended delay interval,
insert one or more padding orthogonal frequency division symbols in said packet, and

send said packet with said padding orthogonal frequency division symbols.

15. A system, comprising:
an access point to send a packet having orthogonal frequency division multiplexing

symbols;
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a station to receive said packet, said station comprising:

a transceiver array having multiple antennas and multiple receivers, said receivers
to receive said packet using iterative demodulation; and

a media access controller to connect to said transceiver array, said media access
controller to extend a delay interval for an acknowledgement message to be sent to

said access point in response to said packet.

16.  The system of claim 15, further comprising at least one transmitter to connect to
said media access controller, said media access controller is to send a preamble for said
acknowledgement message during said delay interval using said transmitter to extend said

delay interval.

17.  The system of claim 16, wherein said media access controller is to determine
whether said receivers have received a complete packet, and to send said

acknowledgement message when said receivers have received said complete packet.

18.  The system of claim 15, further comprising a switch to connect between said
media access controller and said transceiver array, said transceiver array to include

multiple transmitters.

19.  The system of claim 18, wherein said media access controller is to instruct said
switch to switch said transceiver array to a multiple-input-multiple-output operating mode,
said media access controller to send said acknowledgement message in response to said
packet in said multiple-input-multiple-output operating mode using said multiple

transmitters.
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20.  The system of claim 16, wherein said media access controller is to send legacy
information during said delay interval using said transmitter, to determine whether said
receivers have received a complete packet, and to send said acknowledgement message

when said receivers have received said complete packet.

21.  The system of claim 16, wherein said access point includes a media access
controller, said media access controller for said access point to determine an amount of
time needed to extend said delay interval to form an extended delay interval, insert one or
more padding orthogonal frequency division symbols in said packet, and send said packet

with said padding orthogonal frequency division symbols.

22. A method, comprising:

receiving a packet having orthogonal frequency division multiplexing symbols
using iterative demodulation; and

extending a delay interval to form an extended delay interval for an

acknowledgement message to be sent in response to said packet.

23.  The method of claim 22, wherein said extending comprises:
sending a preamble for said acknowledgement message during said delay interval;
determining whether said packet has been completely received; and
sending said acknowledgement message in response to said packet if said packet

has been completely received.
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24.  The method of claim 22, wherein said extending comprises:
selecting a multiple-input-multiple-output operating mode; and
sending said acknowledgement message in response to said packet using said

multiple-input-multiple-output operating mode.

25.  The method of claim 22, wherein said extending comprises:
sending legacy information during said delay interval;
determining whether said packet has been completely received; and
sending an acknowledgement message in response to said packet if said packet has

been completely received.

26. A method, comprising:
sending a packet having orthogonal frequency division multiplexing symbols; and
extending a delay interval to form an extended delay interval to receive an

acknowledgerrient message sent in response to said packet.

27.  The method of claim 26, wherein said extending comprises:

receiving a preamble for said acknowledgement message during said delay
interval; and

extending said delay interval to form said extended delay interval in response to
receiving said preamble; and

waiting to resend said packet until said extended delay interval has expired.

28.  The method of claim 26, wherein said extending comprises receiving said

acknowledgement message in multiple-input-multiple-output operating mode.
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29.  The method of claim 26, wherein said extending comprises:

receiving legacy information during said delay interval;

extending said delay interval to form said extended delay interval in response to
receiving said legacy information; and

waiting to resend said packet until said extended delay interval has expired.

30.  The method of claim 26, further comprising:
determining an amount of time needed for said extended delay interval,
inserting one or more padding orthogonal frequency division symbols in said
packet; and

sending said packet with said padding orthogonal frequency division symbols.

31.  An article, comprising:

a storage medium;

said storage medium including stored instructions that, when executed by a processor, are
operable to receive a packet having orthogonal frequency division multiplexing symbols
using iterative demodulation, and extend a delay interval to form an extended delay

interval for an acknowledgement message to be sent in response to said packet.

32.  The article of claim 31, wherein the stored instructions, when executed by a
processor, perform said extending using stored instructions operable to send a preamble
for said acknowledgement message during said delay interval, determine whether said
packet has been completely received, and send said acknowledgement message in

response to said packet if said packet has been completely received.
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33.  The article of claim 31, wherein the stored instructions, when executed by a
processor, perform said extending using stored instructions operable to select a multiple-
input-multiple-output operating mode, and send said acknowledgement message in

response to said packet using said multiple-input-multiple-output operating mode.

34, The article of claim 31, wherein the stored instructions, when executed by a
processor, perform said extending using stored instructions operable to send legacy
information during said delay interval, determine whether said packet has been completely
received, and send an acknowledgement message in response to said packet if said packet

has been completely received.

35.  An article, comprising;

a storage medium;

said storage medium including stored instructions that, when executed by a processor, are
operable to send a packet having orthogonal frequency division multiplexing symbols, and
extend a delay interval to form an extended delay interval to receive an acknowledgement

message sent in response to said packet.

36.  The article of claim 35, wherein the stored instructions, when executed by a
processor, perform said extending using stored instructions operable to receive a preamble
for said acknowledgement message during said delay interval, and extend said delay
interval to form said extended delay interval in response to receiving said preamble, and

wait to resend said packet until said extended delay interval has expired.
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37.  The article of claim 35, wherein the stored instructions, when executed by a
processor, perform said extending using stored instructions operable to receive said

acknowledgement message in multiple-input-multiple-output operating mode.

38.  The article of claim 35, wherein the stored instructions, when executed by a
processor, perform said extending using stored instructions operable to receive legacy
information during said delay interval, extend said delay interval to form said extended
delay interval in response to receiving said legacy information, and wait to resend said

packet until said extended delay interval has expired.

39.  The article of claim 35, wherein the stored instructions, when executed by a
processor, perform said extending using stored instructions operable to determine an
amount of time needed for said extended delay interval, insert one or more padding
orthogonal frequency division symbols in said packet, and send said packet with said

padding orthogonal frequency division symbols.
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