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ABSTRACT

Systems and methods reduce latency associated with estab
lishing communication on a wireless network. In one aspect,
an access point determines interface identifiers for associated
stations. Because the access point can ensure interface iden
tifiers are not duplicated across associated Stations, the need
for duplicate address detection by the stations is reduced. In
another aspect, an access point provides domain name system
server network address information to a station. By providing
the network address information of the DNS server, the need

for the station to perform separate signaling to obtain the
information is reduced. In another aspect, an access point
transmits a mapping of a first station's network address to the
first station's medium access control address to one or more

associated Stations. This may reduce the need for an associ
ated Station to perform address resolution signaling when
attempting to communicate with the first station.
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SYSTEMS AND METHODS FOR REDUCED
LATENCY WHEN ESTABLISHING
COMMUNICATION WITH A WIRELESS
COMMUNICATION SYSTEM
RELATED APPLICATIONS

0001. This application claims the benefit of priority to
U.S. Provisional Patent Application No. 61/768,059 entitled
SYSTEMS AND METHODS FOR REDUCED LATENCY
WHEN ESTABLISHING COMMUNICATION WITH A

WIRELESS COMMUNICATION SYSTEM filed Feb. 22,

2013, the disclosure of which is hereby incorporated herein
by reference in its entirety.
BACKGROUND

0002 1. Field
0003. The present application relates generally to wireless
communication systems and more specifically to systems,
methods, and devices for reduced connection latency with a
wireless communication systems.
0004 2. Background
0005. In many telecommunication systems, communica
tions networks are used to exchange messages among several
interacting spatially-separated devices. Networks may be
classified according to geographic scope, which could be, for
example, a metropolitan area, a local area, or a personal area.
Such networks would be designated respectively as a wide

area network (WAN), metropolitan area network (MAN),
local area network (LAN), or personal area network (PAN).
Networks also differ according to the Switching/routing tech
nique used to interconnect the various network nodes and
devices (e.g. circuit Switching vs. packet Switching), the type
of physical media employed for transmission (e.g. wired VS.
wireless), and the set of communication protocols used (e.g.
Internet Protocol (IP) suite, SONET (Synchronous Optical
Networking), Ethernet, etc.).
0006 Wireless networks are often preferred when the net
work elements are mobile and thus have dynamic connectiv
ity needs, or if the network architecture is formed in an ad hoc,
rather than fixed, topology. Wireless networks employ intan
gible physical media in an unguided propagation mode using
electromagnetic waves in the radio, microwave, infra-red,
optical, etc. frequency bands. Wireless networks advanta
geously facilitate user mobility and rapid field deployment
when compared to fixed wired networks.
0007 Before a device can communicate via a given net
work, the device may be required to identify and connect with
an access point in order to gain access to the network. The
device may discoveran access point via various transmissions
of wireless signals, e.g., a beacon signal from an access point
indicating the presence and availability of services. A device
may further seek services following the receipt of a broadcast
message requesting services. An access point in receipt of the
broadcast message or an association request following a bea
con may then respond to the device, in Some cases providing
a requested network address or other information requested
by the device. The device may request information regarding
other devices or access points in the network Such as network
addresses (e.g., IP addresses or Medium access control
(MAC) addresses). As multiple devices enter or leave a given
service area associated with an access point, communications
traffic increases, increasing the rate of data collisions, over
head, and latency, while decreasing overall efficiency.

0008. In current implementations, many wireless commu
nications systems employ a serial communications scheme in
which, for example, a device requesting association with an
access point may sequentially transmit a series of communi
cations to the access point, first requesting association, and
later requesting further information, at which point the access
point may respond sequentially to such communications. Fol
lowing transmission of an association response to the device
in response, the access point may for example then request
additional information from the network to provide to the
device; however the access point does not request Such infor
mation from the network (e.g., network addresses and MAC
addresses of other devices or a DHCP server) until such a
request is made by the device. Such a sequential or serial
communications Scheme may add to the latency of the com
munications between a device and the access point.
0009. Therefore it would be advantageous to provide a
system and method to increase the efficiency and reduce
latency in wireless communication by performing some pro
cesses in parallel.
SUMMARY

0010. The systems, methods, and devices of the invention
each have several aspects, no single one of which is solely
responsible for its desirable attributes. Without limiting the
Scope of this invention as expressed by the claims which
follow, some features will now be discussed briefly. After
considering this discussion, and particularly after reading the
section entitled “Detailed Description' one would appreciate
how the features of this invention provide advantages that
include fast initial network link setup wireless communica
tion systems for access points and devices.
0011. In one innovative aspect of the disclosure, a system,
method, and apparatus are disclosed for reducing latency in
wireless communication. The method comprises receiving,
by a first station, a mapping of a network address of a second
station to a corresponding medium access control address of
the second station. The method further comprises transmit
ting a message to the second station based on the medium
access control address. The system and apparatus are config
ured to execute the steps of the disclosed method. A computer
readable storage medium is also disclosed. The computer
readable storage medium stores code that when executed
causes the apparatus or system to execute the steps of the
method.
BRIEF DESCRIPTION OF THE DRAWINGS

0012 FIG. 1 shows an exemplary wireless communica
tion system in which aspects of the present disclosure may be
employed.
0013 FIG. 2 shows a functional block diagram of an
exemplary wireless device that may be employed within the
wireless communication system of FIG. 1.
0014 FIG. 3 shows an exemplary implementation of a
wireless communication system.
0015 FIG. 4A shows a call flow diagram for an example of
reducing latency when establishing communication in a wire
less communication system.
0016 FIG. 4B shows a call flow diagram for an example of
reducing latency when establishing communication in a wire
less communication system.
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0017 FIG. 5A shows a call flow diagram for an example of
reducing latency when establishing communication in a wire
less communication system.
0018 FIG.5B shows a call flow diagram for an example of
reducing latency when establishing communication in a wire
less communication system.
0019 FIG. 6 shows a call flow diagram for another
example of reducing latency when establishing communica
tion in a wireless communication system.
0020 FIG.7 shows a process flow diagram for a method of
reducing latency in establishing communication in a wireless
communication system.
0021 FIG.8 shows a process flow diagram for a method of
reducing latency in establishing communication in a wireless
communication system.
0022 FIG.9 shows a process flow diagram for a method of
reducing latency in establishing communication in a wireless
communication system.
0023 FIG. 10 shows a process flow diagram for a method
of reducing latency in establishing communication in a wire
less communication system.
0024 FIG. 11 shows a process flow diagram for a method
of reducing latency in establishing communication in a wire
less communication system.
0025 FIG. 12 shows a process flow diagram for a method
of reducing latency in establishing communication in a wire
less communication system.
0026 FIG. 13 shows a process flow diagram for a method
of reducing latency in establishing communication in a wire
less communication system.
0027 FIG. 14 shows a process flow diagram for a method
of reducing latency in establishing communication in a wire
less communication system.
0028 FIG. 15 shows a process flow diagram for a method
of reducing latency in establishing communication in a wire
less communication system.
0029 FIG.16 shows a process flow diagram for a method
of reducing latency in establishing communication in a wire
less communication system.
0030 FIG. 17 shows a functional block diagram for a
wireless communication apparatus of the present disclosure.
DETAILED DESCRIPTION

0031. Various aspects of the novel systems, apparatuses,
and methods are described more fully hereinafter with refer
ence to the accompanying drawings. The teachings disclosure
may, however, be embodied 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 complete, and will fully convey the scope of the disclo
sure 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 novel sys
tems, apparatuses, and methods disclosed herein, whether
implemented independently of or combined with any other
aspect of the invention. For example, an apparatus may be
implemented or a method may be practiced using any number
of the aspects set forth herein. In addition, the scope of the
invention is intended to cover Such an apparatus or method
which is practiced using other structure, functionality, or
structure and functionality in addition to or other than the
various aspects of the invention set forth herein. It should be
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understood that any aspect disclosed herein may be embodied
by one or more elements of a claim.
0032. Although particular aspects are described herein,
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, system configurations, networks, and transmis
sion protocols, some of which are illustrated by way of
example in the figures and in the following description of the
preferred aspects. The detailed description and drawings are
merely illustrative of the disclosure rather than limiting, the
Scope of the disclosure being defined by the appended claims
and equivalents thereof.
0033 Popular wireless network technologies may include
various types of wireless local area networks (WLANs). A
WLAN may be used to interconnect nearby devices together,
employing widely used networking protocols. The various
aspects described herein may apply to any communication
standard, such as wireless protocols. For example, the various
aspects described herein may be used as part of the IEEE
802.11ah protocol, which uses sub-1 GHz bands. While the
terminology may be used in describing 802.11 systems, the
disclosure is not limited to 802.11 wireless technologies. The
systems and methods described herein may be applied for
DNS (Domain Name System) querying in LTE (Long Term
Evolution), UMTS (Universal Mobile Telecommunications
System), HRPD (High Rate Packet Data), or CDMA (Code
Division Multiple Access) (e.g., CDMA 1x) based networks.
0034. In some aspects, wireless signals in a Sub-gigahertz
band may be transmitted, for example, according to the 802.
11ah protocol. Transmission may use orthogonal frequency
division multiplexing (OFDM), direct-sequence spread spec
trum (DSSS) communications, a combination of OFDM and
DSSS communications, or other schemes. Implementations
of the 802.11ah protocol or other sub-gigahertz protocols
may be used for sensors, metering, and Smart grid networks.
Aspects of certain devices implementing Such protocols may
consume less power than devices implementing other wire
less protocols. These devices may be used to transmit wireless
signals across a relatively long range, for example about one
kilometer or longer.
0035. In some implementations, a WLAN includes vari
ous devices which are the components that access the wireless
network. For example, there may be two types of devices:
access points (APs) and clients (also referred to as stations, or
STAs). In general, an AP serves as a hub or base station for the
WLAN and a STA serves as a user of the WLAN. For

example, a STA may be a laptop computer, a personal digital
assistant (PDA), a mobile phone, etc. In an example, a STA
connects to an AP via a WiFi (e.g., IEEE 802.11 protocol such
as 802.11ah) compliant wireless link to obtain general con
nectivity to the Internet or to other wide area networks. In
Some implementations a STA may also be used as an AP.
0036 An AP may also comprise, be implemented as, or
known as a NodeB, Radio Network Controller (RNC), eNo
deB, Base Station Controller (BSC), Base Transceiver Sta
tion (BTS), Base Station (BS), Transceiver Function (TF),
Radio Router, Radio Transceiver, or some other terminology.
0037 ASTA may also comprise, be implemented as, or be
known as an access terminal (AT), a Subscriber station, a
Subscriber unit, a mobile station, a remote station, a remote
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terminal, a user terminal, a user agent, a user device, user
equipment, or some other terminology. In some implementa
tions 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 assis
tant (PDA), a handheld device having wireless connection
capability, or some other Suitable processing device con
nected to a wireless modem. Accordingly, one or more
aspects taught herein may be incorporated into a phone (e.g.,
a cellular phone or Smartphone), a computer (e.g., a laptop), a
portable communication device, a headset, a portable com
puting device (e.g., a personal data assistant), an entertain
ment device (e.g., a music or video device, or a satellite
radio), a gaming device or system, a global positioning sys
tem device, or any other Suitable device that is configured to
communicate via a wireless medium.

0038. As discussed above, certain of the devices described
herein may implement the 802.11ah standard, for example.
Such devices, whether used as a STA or AP or other device,

may be used for Smart metering or in a Smart grid network.
Such devices may provide sensor applications or be used in
home automation. The devices may instead or in addition be
used in a healthcare context, for example for personal health
care. They may also be used for surveillance, to enable
extended-range Internet connectivity (e.g. for use with
hotspots), or to implement machine-to-machine communica

query, additional latency may be introduced as the DNS
server searches one or more databases or other data structures

to determine how to respond to the query. Additional latency
may be introduced while the DNS server generates a response
and then the response is transmitted via the network back to
the original requesting electronic device. Accordingly,
improved methods and systems for enhanced DNS querying
within wireless communication systems are desirable.
0042. One method to manage latency in a network system
is to perform operations in parallel. For example, ifa plurality
of processes is performed serially, the time required to com
plete all of the processes will be at least the sum of the time
required to perform each process individually. If the plurality
of processes is performed in parallel, the time required to
complete all of the processes may be as low as the time
necessary to complete the longest process.
0043. Some of the disclosed embodiments parallelize a
process of establishing communication with a server over a
wireless communications network, i.e., conducting certain
network processes simultaneously. By performing some pro
cesses associated with establishing the communication in
parallel, the latency associated with establishing communi
cation over a wireless communication system may be reduced
when compared to serialized communication establishment
processes.

tions.

0044. In one aspect, the process of establishing commu
nication with a server is parallelized by requesting a network

0039. Before a device may begin using a network, the
device may need to identify an AP for the network. The device
may discover an AP by transmitting or receiving signals. For
example, a device may discover an AP by receiving a beacon
signal from the AP. Alternatively, a device may discover an
AP by broadcasting a request for services. An AP may then
respond to the broadcast request. In some implementations,
many devices may be trying to identify an AP for the network.
Each AP may need to service these devices by transmitting
signals to the devices or receiving signals from many devices.
For example, when several devices move into the vicinity of
a new network and transmit messages for link set up, the
resulting rate of collisions can introduce latencies during link

process than known methods. By requesting the network
address earlier, a response may be received from a network
address assignment server earlier in the process as well.
0045. In another aspect, the need for a station to perform
duplicate address detection (DAD) before utilizing a network
address may be reduced or eliminated. By allowing an AP to
assign interface identifiers for stations with which it is asso
ciated, the AP maintains centralized control, helping to
ensure that interface identifiers are not duplicated across the
associated Stations. This may reduce the need for the stations
to perform duplicate address detection before utilizing a net
work address formed at least in part based on the interface

set up.

address for a station earlierina communication establishment

identifiers.

0040 Various techniques may be employed to reduce the
link set up time to allow a device to access the network.
However, additional signaling may be needed for the device
to perform an action on the network. For example, before a
device may communicate with a node or server over the
network, the device may need to obtain a network address for
the node or server. One type of signaling used to obtain a
network address includes DNS querying. A request for
domain name resolution may include a hostname or domain
name for a node or server operating on a network. A response
to a request for domain name resolution may include a net
work address that the requesting node may use to communi

0046. In another aspect, by performing certain of the pro
cesses disclosed herein in parallel, a station may be relieved
of the requirement to perform address resolution protocol
(ARP) prior to initiating communication with another station
within the same network. In this aspect, an AP may transmit
a mapping to every station associated with the AP. Such a
mapping may comprise a network address of each associated
station, linked to a corresponding MAC address. The receiv
ing stations may cache or otherwise store the mapping and
using the information provided, initiate direct communica
tion with another station in the network without performing

cate with the node or server.

0047. In another aspect, latency in establishing communi
cation may be reduced by an AP providing network address
information for a DNS server to a station. For example, the AP
may provide an IP address for the DNS server and/or a MAC
address for the DNS server. In some aspects, the AP may
provide an IP address for a gateway to which DNS queries can
be transmitted by the STA. This network address information
may be provided to the station as part of an association
request/reply message exchange. In another aspect, the net
work address information may be provided in an authentica
tion request/reply exchange. By providing this information to

0041. A request for domain name resolution may be trans
mitted by the device or an application associated with the
device. In an embodiment, the query provides a name for a
network location of interest. In response, an address such as
an IP address may be provided identifying the location on the
network. A device may reduce link setup time by minimizing
the time required to complete this query. For example, there
may be latency associated with performing a DNS system
query. First, the DNS query must be generated and transmit
ted to a DNS server. Once the DNS server receives the DNS

an ARP to obtain an associated MAC address.
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configured to use the AP 104 for communication may be
referred to as a basic service set (BSS). It should be noted that
the wireless communication system 100 may not have a cen
tral AP 104, but rather may function as a peer-to-peer network
between the STAs 106 (e.g., in a WLAN or 802.11 connec
tion). Accordingly, the functions of the AP 104 described
herein may alternatively be performed by one or more of the

tations, this request may be referred to as a probe request.
According to another method, the AP 104 may transmit a
signal including information that may be used by a STA to
associate with the AP 104. In some implementations, this
signal may be referred to as a beacon signal. The probe
request or beacon signal may include information including
an identifier such as a service set identifier (SSID), an indi
cator specifying the data rates the STA 106, and/or AP 104 is
capable of communicating with, an authentication challenge
value (e.g., anonce), or other access information.
0054. In some implementations, the STA 106 initiates an
association procedure and, once associated, transmits DNS
queries. Because the association procedure and DNS proce
dure are performed serially in these implementations, a delay
in processing of the DNS query may be experienced, as the
DNS query may be queued at the STA 106 until association is
completed. In some implementations, the STA 106 may trans
mit the DNS queries to the AP 104 where the queries may be
processed and re-associated with the requesting STA 106. In
either implementation, a delay may be introduced in addition
to the additional resources that may be needed to manage the
queries Submitted prior to completion of the association.
0055. In some disclosed implementations, the STA 106
may include one or more DNS queries as part of the associa
tion procedure. For example, the STA 106 may include an
information element in the association request frame which
includes one or more DNS queries. A DNS query may include
a full URL (Universal Resource Locator) to a network loca
tion, the top-level domain name of a network location, or
other information identifying a network location. In Such
implementations, the AP 104 may begin processing the DNS
queries as the association procedures are completed. In some
implementations, the DNS queries will be processed in par
allel with at least some of the association procedures. Once
the association procedures are completed, any DNS query
results that have been received may be included in the asso
ciation response signal. For example, the AP 104 may be
configured to include the DNS query responses in an infor
mation element of an association response frame.
0056 FIG. 2 shows a functional block diagram of an
exemplary wireless device that may be employed within the
wireless communication system of FIG. 1. The wireless
device 202 is an example of a device that may be configured
to implement the various methods described herein. For
example, the wireless device 202 may comprise the AP 104 or
one of the STAs 106. Accordingly, the various components
discussed below may be incorporated in either an AP 104 or
a STA 106, as required.
0057 The wireless device 202 may include processor unit
(s) 204 which controls operation of the wireless device 202.
One or more of the processor unit(s) 204 may be collectively
referred to as a central processing unit (CPU). Memory 206,
which may include both read-only memory (ROM) and ran
dom access memory (RAM), provides instructions and data
to the processor units 204. A portion of the memory 206 may
also include non-volatile random access memory (NVRAM).
The processor unit(s) 204 may be configured to perform
logical and arithmetic operations based on program instruc
tions stored within the memory 206. The instructions in the
memory 206 may be executable to implement the methods

STAS 106.

described herein.

0053 A variety of methods exist for a STA 106 to associ
ate with an AP 104. According to one method, the STA 106
transmits a request to a detected AP 104. In some implemen

0058. The processor unit(s) 204 may be implemented with
any combination of general-purpose microprocessors, micro
controllers, digital signal processors (DSPs), field program

the station, the need for the station to resolve the network

address information for the DNS server independently may
be reduced, thus reducing the time necessary to establish
communication.

0048. In another aspect, latency in establishing communi
cation may be reduced by a network address assignment
server transmitting or otherwise providing to an AP, a map
ping of the network addresses assigned to other devices (e.g.,
STAS) within the network to corresponding network access
identifiers of those other devices in the network. A STA may
then transmit an association request to the AP, with the asso
ciation request indicating a network address requested by the
station for use on the network. The AP may search for the
requested network address in the mapping. If found, the AP
may determine whether the requested network address is
mapped to the station's network access identifier. If it is, the
requested network address may be assigned to the station.
Because the mapping is provided to the AP assignment of the
network address to the station may be performed without
exchanging messages with the network address authentica
tion server (e.g., NDP, ARP, etc.), thus reducing the messag
ing overhead and latency associated with establishing the
communication.

0049 Referring initially to FIG. 1, an exemplary wireless
communication system is shown. The wireless communica
tion system 100 may operate pursuant to a wireless standard,
for example the 802.11ah standard. The wireless communi
cation system 100 may include an AP 104, which communi
cates with STAs such as a mobile phone 106a, a television
106b, a computer 106c, or another AP 106d (individually or
collectively hereinafter identified by 106).
0050 A variety of processes and methods may be used for
transmissions in the wireless communication system 100
between the AP 104 and the STAs 106. For example, signals
may be sent and received between the AP 104 and the STAs
106 in accordance with OFDM/OFDMA techniques. If this is
the case, the wireless communication system 100 may be
referred to as an OFDM/OFDMA system. Alternatively, sig
nals may be sent and received between the AP 104 and the
STAS 106 in accordance with CDMA techniques. If this is the
case, the wireless communication system 100 may be referred
to as a CDMA system.
0051. A communication link that facilitates transmission
from the AP 104 to one or more of the STAs 106 may be
referred to as a downlink (DL) 108, and a communication link
that facilitates transmission from one or more of the STAS 106

to the AP 104 may be referred to as an uplink (UL) 110.
Alternatively, a downlink 108 may be referred to as a forward
link or a forward channel, and an uplink 110 may be referred
to as a reverse link or a reverse channel.

0052. The AP 104 may provide wireless communication
coverage in a basic service area (BSA) 102. The AP 104 along
with the STAS 106 associated with the AP 104 and that are
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mable gate array (FPGAs), programmable logic devices
(PLDS), controllers, state machines, gated logic, discrete
hardware components, dedicated hardware finite State
machines, or any other Suitable entities that can perform
calculations or other manipulations of information. In an
implementation where the processor unit(s) 204 comprises a
DSP, the DSP may be configured to generate a packet (e.g., a
data packet) for transmission. In some aspects, the packet
may comprise a physical layer data unit (PPDU).
0059. The wireless device 202 may also include machine
readable media for storing software. The processing unit(s)
204 may comprise one or more machine-readable media for
storing software. Software shall be construed broadly to mean
any type of instructions, whether referred to as software,
firmware, middleware, microcode, hardware description lan
guage, or otherwise. Instructions may include code (e.g., in
Source code format, binary code format, executable code
format, or any other suitable format of code). The instruc
tions, when executed by the processor unit(s) 204, cause the
wireless device 202 to perform the various functions
described herein.

0060. The wireless device 202 may include a transmitter
210 and/or a receiver 212 to allow transmission and reception,
respectively, of data between the wireless device 202 and a
remote location. The transmitter 210 and receiver 212 may be
combined into a transceiver 214. An antenna 216 may be
attached to the housing 208 and electrically coupled with the
transceiver 214. The wireless device 202 may also include
(not shown) multiple transmitters, multiple receivers, mul
tiple transceivers, and/or multiple antennas.
0061 The transmitter 210 may be configured to wirelessly
transmit packets and/or signals. For example, the transmitter
210 may be configured to transmit different types of packets
generated by the processor unit(s) 204, discussed above. The
packets are made available to the transmitter 201. For
example, the processor unit(s) 204 may store a packet in the
memory 206 and the transmitter 201 may be configured to
retrieve the packet and transmit the packet via the antenna
216.

0062 Anantenna 216 of wireless device 202 detects wire
lessly transmitted packets/signals. The receiver 212 may be
configured to process the detected packets/signals and make
them available to the processor unit(s) 204. For example, the
receiver 212 may store the packet in memory 206 and the
processor unit(s) 204 may be configured to retrieve the
packet.
0063. The wireless device 202 may also include a signal
detector 218 that may be used in an effort to detect and
quantify the level of signals received by the transceiver 214.
The signal detector 218 may detect such signals as total
energy, energy per Subcarrier per symbol, power spectral
density, and other signals. The wireless device 202 may also
include a digital signal processor (DSP) 220 for use in pro
cessing signals. The DSP 220 may be configured to generate
a packet for transmission. In some aspects, the packet may
comprise a physical layer data unit (PPDU).
0064. The wireless device 202 may further comprise a user
interface 222 in some aspects. The user interface 222 may
comprise a keypad, a microphone, a speaker, and/or a display.
The user interface 222 may include any element or compo
nent that conveys information to a user of the wireless device
202 and/or receives input from the user. The wireless device
202 may also include a housing 208 Surrounding one or more
of the components included in the wireless device 202.

0065. The wireless device 202 may also include an asso
ciation request processor 230. The association request pro
cessor 230 may be configured to process signals to associate
a wireless device with a wireless network. In some implemen
tations the signal may be referred to as an association request,
a service request, oran attachment request. While shown here
as a standalone component of wireless device 202, the asso
ciation request processor 230 and associated functions may
also be implemented within the DSP 220 or processor unit(s)
204 or other appropriate subsystems.
0066. When the wireless device 202 is implemented as a
STA 106, the association request processor 230 may be con
figured to obtain one or more DNS queries from applications
executing on the wireless device 202. The DNS queries may
be included in the association request as will be described. In
some implementations, the DNS queries may be transmitted
after an association request, but prior to completing the asso
ciation of the wireless device 202 with the network.

0067. When the wireless device 202 is implemented as an
AP 104, the association request processor 230 may be con
figured to process DNS queries for a device prior to complet
ing the association with the device. An association request
processor 230 that may be included in an AP 104 will be
described in further detail below, such as in reference to FIG.
4

0068. The various components of the wireless device 202
may be coupled together by a bus system 226. The bus system
226 may include a data bus, for example, as well as a power
bus, a control signal bus, and a status signal bus in addition to
the data bus. Those of skill in the art will appreciate the
components of the wireless device 202 may be coupled
together or accept or provide inputs to each other using some
other mechanism.

0069. Although a number of separate components are
illustrated in FIG. 2, those of skill in the art will recognize that
one or more of the components may be combined or com
monly implemented. For example, the processor unit(s) 204
may be used to implement not only the functionality
described above with respect to the processor unit(s) 204, but
also to implement the functionality described above with
respect to the signal detector 218 or the association request
processor 230. Further, each of the components illustrated in
FIG. 2 may be implemented using a plurality of separate
elements.

0070 FIG. 3 shows an exemplary implementation of a
wireless communication system. The wireless communica
tion system 300 shown in FIG.3 is shown as a railway depot.
On the roof of the railway depot 302, a first AP 304 is
installed. Proximate to the railway depot 302, a second AP
306 may be installed. A train 308 may arrive at the railway
depot 302 carrying passengers having one or more STAs 106
which are configured to communicate wirelessly.
(0071. As a vehicle such as train 308 moves, the STAs 106
(shown in dashed lines) on the interior of the train (e.g. in
possession of passengers) may require services from the first
AP 304 and Second AP 306. As the train 308 moves and

various STAs 106 attempt to associate with first AP 304 or
second AP 306, the speed with which a connection or asso
ciated is made becomes increasingly important. Delays in
communication may become detrimental to effective data
transfer where the train is moving through the depot 302 and
in and out of range of each of the first AP304 and second AP
306.
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0072. In explaining various aspects of the disclosure, the
train-based communication system of FIG.3 may be used. It
should be appreciated, however, that the methods and systems
described herein are applicable in a variety of wireless com
munication systems, not just transportation settings, where a
moving STA 106 may require fast initial link setup for com
munications. Other implementations may include a traffic
signal AP to allow car drivers to attach to a network, a parking
meter AP to allow STAs on the street (e.g., drivers, pedestri
ans, cyclists) to attach to a network, a library, etc.
0073 FIG. 4A shows a call flow diagram 400 for an
example association request and reply message exchange
between a STA 106 and an AP 104 that implements one of the
disclosed embodiments. Specifically, the aspect illustrated by
FIG. 4A may provide for reduced latency when establishing
communication on a wireless network due to a reduced need

to perform duplicate address detection by a STA. In current
methods, a STA may determine a network address (e.g., an IP
address, local network address, etc.) based at least in part on
an interface identifier the STA selects. Because the STA is

selecting the interface identifier, it may select an interface
identifier that has been previously selected by another STA,
i.e. a duplicate address. In some aspects, these duplicate inter
face identifiers may be used to form duplicate network
addresses used on the wireless network, which is undesirable

and may lead to inefficiencies within the network. To avoid
duplicate addresses, after a STA selects its own interface
identifier, it may perform a duplicate address detection pro
cess. For example, IPVersion-6 (IPv6) implementations may
use the Neighbor Discovery Protocol (NDP) to perform
duplicate address detection. To reduce the need for a STA to
perform duplicate address detection, and reduce the amount
of time required to provide an address, an AP in the proposed
methods and systems uses a centralized method to determine
an interface identifier for each STA associated with the AP.
The determined interface identifier is then communicated to

the STA, in some aspects in an association response message.
Because the AP determines interface identifiers for all STAs

associating with it, the AP can ensure no interface identifiers
are duplicated across the associated STAS. Because no inter
face identifiers are duplicated, the associated STAs will not be
assigned duplicate network addresses, assuming the interface
identifier comprises a portion of the network addresses for the
associated STAs. Using such a centralized method for the
assignment of networkidentifiers and reducing or eliminating
the requirement for a STA to perform duplicate address detec
tion, the proposed solution illustrated in FIG. 4A may reduce
latency associated with establishing communication over a
wireless network.

0074 The call flow diagram 400 includes several entities
which may be associated with a wireless communication
network. The call flow may be initiated when the AP 104
transmits a signal 405. The signal 405, as shown in FIG. 4A is
a beacon signal. The signal 405 may include information that
a STA may use to associate with the wireless communication
network.

0075. The STA 106 may receive the signal 405. Based on
the received signal 405, the STA 106 may be configured to
associate with the AP 104. The STA 106 may be configured to
transmit a signal 406 requesting authorization. In some
aspects, the authorization request message 406 may include a
network access identifier. The AP 104 may respond to the
authorization request message 406 by transmitting an autho
rization response message 407. The STA 106 may then

request association with the wireless communication network
to the AP 104 by transmitting a signal 412. The signal 412
may be an association request signal. In implementations
utilizing LTE, the message 412 may be an Attach Request.
The signal 412 may include an indication of the number or
type of interface identifiers requested by the STA 106. In
Some aspects, the signal 412 may indicate a number of inter
face identifiers (e.g. a total number) requested by the STA.
0076. In some implementations, the signal 412 is trans
mitted via a level 2-MAC basis. This link layer signaling
allows the association request to be submitted prior to full
association and authentication with the network. In LTE or

UMTS based systems, the signal 412 may be transmitted via
NAS (Non-Access Stratum). In such systems, the packet
gateway may be configured to service the signal 412. In
HRPD or cdma 1x based systems, the signal 412 may be
transmitted via PPP/Mobile-IP. In such systems, the home
agent (HA) or packet state switching node (PDSN) may be
configured to service the signal 412.
0077. The AP 104 may process the signal 412 as part of the
association procedures. As part of that signal processing, the
AP 104 may determine one or more interface identifiers to
assign to the STA 106. The one or more interface identifiers
may be determined based on a pool of interface identifiers
maintained by the AP 104. Alternatively, the AP 104 may
determine the one or more interface identifiers by requesting
interface identifiers from another entity, for example, a
Dynamic Host Configuration Protocol (DHCP) server.
0078. The AP 104 may generate an association response
signal 420. The association response signal may indicate one
or more interface identifiers. In some aspects, the interface
identifiers may comprise a portion of an IPv6 address
assigned by the AP for the STA. Upon receiving the one or
more interface identifiers from the AP 104, the STA 106 may
determine one or more network address based on the one or

more interface identifiers. For example, the STA 106 may
determine an IP address based on a prefix included in the
beacon 410 signal and based on an interface identifier indi
cated by the signal 420.
(0079. The STA 106 may then send a data message 425
utilizing the determined network address. For example, the
STA 106 may use the determined network address to com
municate over the wireless network.

0080 FIG. 4B shows a call flow diagram 440 for an
example association request and reply message exchange
between a STA 106 and an AP 104 that implements one of the
disclosed embodiments. Specifically, the embodiment illus
trated in FIG. 4B may provide for reduced latency when
establishing communication on a wireless network by reduc
ing the need for a STA to perform independent or separate
signaling to resolve a network address and/or MAC address of
a DNS server. An AP 104 in the disclosed methods and

systems provides the network address information for the
DNS server to the STA 106. In some aspects, this is provided
in an association reply transmitted from the AP 104 to the
STA 106. Because the STA then has the network address

information of the DNS server available, the STA 06 can
initiate communications with the DNS server without the

need to first perform signaling to resolve the DNS server
address.

I0081. The call flow diagram includes several entities
which may be associated with a wireless communication
network. The call flow may be initiated when the AP 104
transmits a signal 450. The signal 450, as shown in FIG. 4B is
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a beacon signal. The signal 450 may include information that
the STA 106 may use to associate with the wireless commu

perform signaling to resolve the address information of the

nication network.

second STA.

I0082. The STA 106 may receive the signal 450 which may
for example, be a beacon signal. Based on the received signal
450, the STA 106 may be configured to associate with the AP
104. The STA 106 may be configured to transmit a signal 455
requesting association with the wireless communication net
work to the AP 104. The signal 455 may, for example, be an
association request signal. In implementations utilizing LTE,
the message 455 may be an Attach Request.
0083. In some implementations, the signal 455 is trans
mitted via a level 2-MAC basis. This link layer signaling
allows the association request to be submitted prior to full

I0088. The call flow diagram includes several entities
which may be associated with a wireless communication

association and authentication with the network. In LTE or

UMTS based systems, the signal 455 may be transmitted via
NAS. In Such systems, the packet gateway may be configured
to service the signal 455. In HRPD or cdma 1x based systems,
the signal 455 may be transmitted via PPP/Mobile-IP. In such
systems, the home agent (HA) or packet state Switching node
(PDSN) may be configured to service the signal 455.
0084. The AP 104 may process the signal 455 as part of the
association procedures. As part of that signal processing, the
AP 104 may determine network address information for the
DNS server 490 during a signal exchange 470, shown in
dashed lines. The double ended arrow of signal exchange 470
indicates an information exchange between the AP 104 and
the DNS server 490, such as a DNS network address query
and response. For example, the AP 104 may determine an IP
address for the DNS server 490 in some aspects. In some
aspects, the AP 104 may also determine a MAC address for
the DNS server 490 during signal exchange 470. In some
embodiments, the signal exchange 470 may occurat any time
previous to the association response (including the DNS net
work address) sent with a signal 460, discussed below.
0085. The AP 104 may generate an association response
signal 460. The association response signal may indicate
network addressing information for the DNS server 490. For
example, the association response signal 460 may indicate an
IP address of the DNS server and/or a MAC address of the
DNS server.

I0086. The STA 106 may then send a DNS query 465 to the
DNS server using the network address information provided
by the AP 104 in the association response message 460. Note
that the STA 106 may communicate with the DNS server 490
without the need for independent signaling to obtain the net
work address information of the DNS server that was instead

provided by the AP 104. This may result in reduced latency in
the STA 106 establishing communication on the wireless
network.

0087 FIG. 5A shows a call flow diagram for an example
message exchange between a first STA 106a, an AP 104, and
a second STA 106b that implements one of the disclosed
embodiments. Specifically, the embodiment illustrated in
FIG. 5A may provide for reduced latency when establishing
communication on a wireless network by reducing the need
for a first STA to perform independent or separate signaling to

munications with the second STA without the need to first

network. The call flow includes a first STA 106a, an AP 104,

and a second STA 106b. The first STA 106a may receive a
mapping signal or message 555 from the AP 104. The mes
sage 555 may include a mapping of the second STA’s 106b
network address to the second STA’s 102b MAC address. In

Some aspects, the mapping message 555 includes mapping
information for a plurality of Stations. In some aspects, the
mapping message 555 is transmitted by the AP 104 asynchro
nously, without a preceding request from the first STA 106a.
In some aspects, the mapping message 555 may be broadcast
or multicast to all or a plurality of STAs 106 associated with
the AP 104.

I0089. Upon receiving the mapping message 560, the first
STA 106a may then initiate communication with second STA
106b via data message 560 without the need to, perform
address resolution signaling to obtain the second STA’s 106b
MAC address (for example, by exchanging ARP messages
with the second STA 106b). This may enable communication
to be established with the second STA 106b with reduced

latency when compared to known methods.
0090 FIG. 5B shows a call flow diagram for an example
message exchange between a STA 106, an AP 104, and a
network address assignment server 504 (shown as a DHCP
server in the illustrated embodiment) that implements one of
the disclosed embodiments. Specifically, the embodiment
illustrated in FIG. 5B may provide for reduced latency when
establishing communication on a wireless network by per
forming a larger portion of the processing necessary to estab
lish communication for the STA 106 in parallel than with
known or current methods. In current methods, an AP may not
request a network address for a STA until it receives an
association request from the STA. Delays introduced while
waiting for the network address assignment server to respond
can increase the amount of time a STA must wait to establish
communication.

0091. In the illustrated embodiment of FIG. 5B, the AP
104 initiates a request for a network address before receiving
the association request from the STA 106. Because in some
aspects, the network address assignment server 504 may uti
lize a network access identifier to assign a network address,
the AP 104 may initiate the request for a network address after
receiving an authorization frame from the STA 106. The
authorization frame may include the network access identifier
used by the network address assignment server. Because the
request for a network address is initiated earlier in the com
munication establishment process than with current methods,
the total elapsed time necessary to establish communication
may be reduced when compared to current methods. Such a
capability may prove advantageous in circumstances where a
fast communication setup is desirable, as in the train scenario
of FIG. 3.

0092. The call flow diagram of FIG. 5B includes several
entities which may be associated with a wireless communi

resolve a network address and/or MAC address of a second

cation network. The call flow includes STA 106, AP 104,

STA. Instead, an AP in the disclosed methods and systems
provide the network address information for the second STA

authentication server (AS) 502, and network address assign

to the first STA. Because the first STA has the networkaddress

ment. The STA 106 may transmit an authorization frame 510
to the AP104. The authorization frame may include a network

information of the second STA available, it can initiate com

ment server 504, illustrated as a DHCP server in this embodi

Aug. 28, 2014

US 2014/024.1266 A1

access identifier. For example, the network access identifier
may identify a user who is requesting or has access to a
wireless network.

0093. In response to receiving the authorization frame
510, the AP may exchange messages with the authentication
server 502 to determine whether a network access identifier

indicated by the authorization frame 510 has access to a
wireless network. The results of the authentication process
may be transmitted to the STA 106 by the AP 104 in the
authorization frame 511. In an embodiment, the authentica

tion may be conducted using the Extensible Authentication
Protocol (EAP) or EAP-RP format, as shown. The AP 104
may further utilize a Remote Authentication Dial In User
Service (RADIUS) networking protocol to conduct the
authentication.

0094 Assuming the authorization was successful, the AP
104 may request a network address for the STA 106 from the
network address assignment server 504 (DHCP server) and
receive a response via message exchange 516. The STA 106
may then send an association request 512 to the AP 104. Note
that while FIG. 5B shows the association request arriving at
the AP 104 after the message exchange 516 has been com
pleted, in some aspects, the association request 512 may be
received by the AP 104 before a response is received from the
network address assignment server 504.
0095. The AP 104 may transmit an association response
520 to the STA 106 after receiving the association request
512. In some aspects, the association response 520 may indi
cate a network address assigned to the STA 106 by the AP104
and/or the network address assignment server 504. In some
aspects, the assignment of the network address may be based
on a network access identifier indicted in the authorization
frame 510 transmitted from the station.

0096 FIG. 6 shows a call flow diagram for an example
message exchange between a STA 106, an AP 104, and a
network address assignment server 504 (shown as a DHCP
server in the illustrated embodiment) that implements one of
the disclosed embodiments. Specifically, the embodiment
illustrated in FIG. 6 may provide for reduced latency when
establishing communication on a wireless network by
enabling an AP 104 to determine whether a network address
requested for use by a STA 106 can be assigned to the STA
106 without requiring an independent query of a network
address assignment server. This may again be desirable in
situations where fast communications link setup is required,
for example, a moving STA 106 or an individual with a
wireless device (STA 106) aboard a train 308.
0097. The call flow begins with a mapping message trans
mitted from the network address assignment server 504
(DHCP server) to the AP 104. The mapping message may
indicate one or more mappings of network addresses (or
various wireless devices, e.g., STA 106) to corresponding
network access identifiers. In some aspects, the network
addresses may be IP version-4 (IPv4) and/or IPv6 addresses.
In some aspects, the mapping message may map one or more
network addresses to corresponding Subscription identifiers,
or corresponding identifiers used for authentication of the
STA 106 on the wireless network. The mappings may also
indicate a time to live value for each mapping. While FIG. 6
shows the mapping message being transmitted by a network
address assignment server, in some other aspects, the map
ping message may be transmitted by a gateway (not shown),
or one or more of a set of APs within a vicinity of the STA.

(0098. The AP 104 may then receive an authorization
request frame 604 from the STA 106. After exchanging mes
sages 607 with the authentication server 502, an authorization
response frame is transmitted to the STA 106. The STA 106
may then transmit an association request frame 608 to the AP.
The association request frame 608 indicates a requested net
work address (e.g., an IP address). Upon receiving the asso
ciation request frame 608, the AP 104 may search the map
ping provided by the network address assignment server 504
in message 602 for the requested network address. If it is
found in the mapping, the AP 104 may then determine
whether the mapping maps the requested network address to
a network access identifier provided by the STA 106 in the
authorization request frame 604. In some aspects, whether the
requested network address is mapped to a network access
identifier may be based on a time to live field in the mapping.
For example, ifa mapping entry has expired based on the time
to live field, the mapping may not be considered by the AP
104.

(0099. If the AP 104 determines that the requested network
address is mapped to the network access identifier specified in
the authorization request frame 604 by the mapping provided
in mapping message 602, then the AP 104 may transmit an
association response frame 610 to the STA 106 that includes
an assigned network address equivalent to the requested net
work address. Otherwise, the assigned network address may
be different than the requested network address.
0100 FIG.7 shows a process flow diagram for a method of
reducing latency associated with establishing communica
tion using a wireless communication system. The process
may be performed in whole or in part by the devices described
herein, such as that shown in FIG. 2 above or FIG. 17 below.

In some implementations, the process 700 may be imple
mented in a STA, e.g., STA 106. In some aspects, by receiving
an interface identifier from an AP 104 instead of generating
the interface identifier itself, a STA 106 may avoid perform
ing a duplicate address detection process after determining a
network address to be used for network communication.

Because the AP 104 assigns the interface identifier to the STA
106, the AP 104 may ensure no duplicate interface identifiers
are provided to STAs 106.
0101 The process begins at block 705, where an associa
tion request is transmitted by a station to an access point. In
block 710, an association response is received from the access
point. The association response indicates an interface identi
fier assigned to the station by the access point.
0102. In block 715, a network address is determined based
on the interface identifier. In some aspects the network
address may be an IPv6 address. In these aspects, the network
address may comprise a prefix portion and an interface iden
tifier portion. The interface identifier portion may be com
prised of the interface identifier assigned to the station by the
access point. The prefix portion may be obtained from a
beacon signal transmitted by the access point. Note that in
some implementations of process 700, block 715 may not be
performed.
0103) In block 720, a message is transmitted. The trans
mitted message utilizes the determined network address. For
example, the message may utilize the determined network
address as a network address for routing the message through
the internet from a transmitting station to a destination node.
Note that in some implementations of process 700, block 720
is not performed.
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0104. The signals transmitted and/or received by process
700 may be similar to those shown in the call flows of FIG.
4A.

0105 FIG.8 shows a process flow diagram for a method of
reducing latency associated with establishing communica
tion using a wireless communication system. The process
shown may be performed in whole or in part by the devices
described herein, such as that shown in FIG. 2 above or FIG.

17 below. In some implementations, the process may be
implemented in an AP, e.g. AP 104. In some aspects, by
assigning an interface identifier instead of having each station
generate its own interface identifier, an access point can pre
vent the need for a station to perform a duplicate address
detection process after the station determines a network
address to be used for network communication. Because the

access point assigns the interface identifier to the station, the
access point may ensure no duplicate interface identifiers are
provided to stations.
0106 The process begins at block 805 where an associa
tion request is received by an access point. The association
request is transmitted by a station. In block 810, an interface
identifier is assigned to the station. In some aspects, an inter
face identifier forms a portion of a network address of the
station (e.g., IPv6 addressing). In some aspects, an access
point may maintain a pool of interface identifiers for assign
ment to the stations in the network. The access point may
ensure that duplicate interface identifiers are not provided to
different stations. In block 815, an association response is
transmitted by the access point to the station. The association
response indicates the assigned interface identifier from
block 810. In some aspects, the station may then form a
network address based on the interface identifier. For

example, the station may form an IPv6 address using the
assigned interface identifier. The signals transmitted and/or
received in process 800 may be implemented in a STA 106 or
AP 104, similar to those shown in the call flows of FIG. 4A.

0107 FIG.9 shows a process flow diagram for a method of
reducing latency associated with establishing communica
tion using a wireless communication system. The process
shown may be performed in whole or in part by the devices
described herein, such as that shown in FIG. 2 above or FIG.

17 below. In some implementations, the process may be
implemented in a STA, e.g. STA 106. In some aspects, by
receiving a network address of a DNS server as part of an
association response message, a STA may not need to initiate
separate signaling to obtain the network address information.
This may enable the STA to initiate communication with the
DNS server earlier in the communication establishment pro
cess when compared to existing methods.
0108. The process 900 begins at block 905 where an asso
ciation request is transmitted by a station to an access point. In
block 910, the station receives an association response from
the access point. The association response may indicate a
network address of a DNS server. In some aspects, the net
work address is an IP address. In some of these aspects, the
network address is an IPv4 address. In some other of these

aspects, the network address is IPv6 address. In some aspects,
the association response also includes a MAC address for the
DNS server. In some other aspects, the association response
may include a network address and/or a MAC address of a
gateway that can be used by the station to communicate with
a DNS server. In some aspects, process 900 may further
include transmitting a DNS query to the DNS server based on
the network address. In some of these aspects, the DNS query

may also be transmitted based on the DNS server MAC
address. The signals transmitted and/or received in process
900 may be implemented in a STA 106 or AP 104, similar to
those shown in the call flows of FIG. 4B.

0109 FIG. 10 shows a process flow diagram for a method
of reducing latency associated with establishing communica
tion using a wireless communication system. The process
shown may be performed in whole or in part by the devices
described herein, such as that shown in FIG. 2 above or FIG.

17 below. In some implementations, the process may be
implemented in an AP, e.g. AP 104. In some aspects, by
transmitting a network address of a DNS server as part of an
association response message, an AP can prevent the need for
a STA to initiate separate signaling to obtain the network
address information. This may enable the STA to initiate
communication with the DNS server earlier in the communi

cation establishment process when compared to existing
methods.

0110. The process 1000 begins at block 1005, where an
association request from a station is received by an access
point. In block 1010, an association response is transmitted
by the access point to the station. The association response
indicates a network address of a DNS server. In some aspects,
the network address may be included in the association
response. In some other aspects, the association response may
also indicate a MAC address of the DNS server. In some of

these aspects, the MAC address may be included in the asso
ciation response. In some aspects, network address informa
tion for a plurality of DNS servers may be indicated by the
association response message. In some aspects, the associa
tion response may indicate a network address and/or MAC
address of a gateway that can be used by the station to com
municate with a DNS server. In some of these aspects, the
association response may not include a network address or
MAC address of a DNS server. The signals transmitted and/or
received by process 1000 may be implemented in a STA 106
or AP104, similar to those shown in the call flows of FIG. 4B.

0111 FIG. 11 shows a process flow diagram for a method
of reducing latency associated with establishing communica
tion using a wireless communication system. The process
shown may be performed in whole or in part by the devices
described herein, such as that shown in FIG. 2 above or FIG.

17 below. In some implementations, the process may be
implemented in a STA, e.g. STA 106. In some aspects, by
receiving a mapping of a second stations network address to
the second station's MAC address, a station performing pro
cess 1100 may not need to perform separate signaling to
perform address resolution when communicating with the
second station. This may enable the STA to initiate commu
nication with the second station with less latency when com
pared to existing methods.
(O112 The process 1100 begins at block 1105, where a
station receives a mapping of a second station's network
address to the second station's MAC address from an access

point. In some aspects, the network address is an IP address.
0113. In block 1110, a message is transmitted to the sec
ond station based on the MAC address contained in the map
ping. In some aspects, a mapping of one or more stations
network address to station or MAC address may be received
periodically from the access point. The signals transmitted
and/or received in process 1100 may be implemented in a
STA 106 or AP104, similar to those shown in the call flows of
FIG.S.A.
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0114 FIG. 12 shows a process flow diagram for a method
of reducing latency associated with establishing communica
tion using a wireless communication system. The process
shown may be performed in whole or in part by the devices
described herein, such as that shown in FIG. 2 above or FIG.

17 below. In some implementations, the process may be
implemented in an AP, e.g. AP 104. In some aspects, by
transmitting a mapping of a station's network address to the
station's MAC address, another station may not need to per
form separate signaling to accomplish address resolution
when communicating with the first station. This may enable
the other STA to initiate communication with the first station

with less latency when compared to existing methods.
0115 The process 1200 begins at block 1205, where an
access point determines a mapping of a station's network
address to the station's MAC address. In some aspects, the
station's network address is an IP address. The mapping may
be determined when a network address is assigned to the
station, either by the access point, or by a network address
assignment server. In block 1210, the mapping is transmitted
to at least a second station. The second station is a different

station than the station discussed with respect to block 1205.
In some aspects, the mapping may be broadcast or multicast
to a plurality of stations within a basic service set. The signals
transmitted and/or received in process 1200 may be imple
mented in a STA 106 or AP104, similar to those shown in the
call flows of FIG.S.A.

0116 FIG. 13 shows a process flow diagram for a method
of reducing latency associated with establishing communica
tion using a wireless communication system. The process
shown may be performed in whole or in part by the devices

In block 1410, a request for a network address for the station
is transmitted to a network address assignment server. In
Some aspects, the request is transmitted in response to recep
tion of the authentication request of block 1405. In block
1415, an association request is received from the station. The
association request is received after the request for the net
work address has been transmitted.

I0120 Some aspects of process 1400 further include
receiving a response from the network address assignment
server indicating an assigned network address for the station.
The process 1400 may then further include transmitting an
association response to the station indicating the assigned
network address. In some aspects of process 1400, the net
work address assignment server is a dynamic host configura
tion protocol (DHCP) server. In some aspects, the network
address is an IP address. The signals transmitted and/or
received in process 1400 may be implemented in a STA 106
or AP104, similar to those shown in the call flows of FIG.S.B.

I0121 FIG. 15 shows a process flow diagram for a method
of reducing latency associated with establishing communica
tion using a wireless communication system. The process
shown may be performed in whole or in part by the devices
described herein, such as that shown in FIG. 2 above or FIG.

17 below. In some implementations, the process may be
implemented in a STA, e.g., STA 106. In some aspects, by
transmitting a request for a network address for a station
before receiving an association request from the station, the
network address may be provided to the station earlier than
was possible in existing methods. This may enable the STA
106 to initiate communication over a wireless network with

0118 FIG. 14 shows a process flow diagram for a method
of reducing latency associated with establishing communica
tion using a wireless communication system. The process
shown may be performed in whole or in part by the devices

less latency when compared to existing methods.
I0122) The process 1500 begins at block 1505, where an
association request is transmitted by a station to an access
point. The association request indicates a requested network
address. In some aspects, the requested network address is an
IP address. In some aspects, the station may have been pre
viously assigned the requested network address. The station
may have established one or more connections or sessions
while utilizing the network address. If the station may be
reassigned the same network address as it used previously,
these established connections or sessions may be maintained.
If a new network address is assigned to the station, any con
nections or sessions established based on the previous or
requested network address may be terminated.
I0123. In block 1510, an association response is received
by the station from the access point, the association response
indicating a network address assigned to the station. In some
aspects, the assigned network address is the requested net
work address. In some other aspects, the assigned network
address may be a network address that is different than the
requested network address. In some aspects, the assigned
network address is an IP address. The signals transmitted
and/or received in process 1500 may be implemented in a

described herein, such as that shown in FIG. 2 above or FIG.

STA 106 or AP104, similar to those shown in the call flows of

described herein, such as that shown in FIG. 2 above or FIG.

17 below. In some implementations, the process may be
implemented in a STA, e.g. STA 106. In some aspects, by
receiving an assigned IP address as part of an association
response, a station performing process 1300 may not need to
perform separate signaling to obtain a network address. This
may enable the STA to initiate communication overa wireless
network with less latency when compared to existing meth
ods.

0117. The process 1300 begins at block 1305, where a
station transmits an association request to an access point. In
block 1310, an association response message is received by
the station from the access point, the association response
indicating an assigned network address. In some aspects, the
assigned network address is an IP address. The signals trans
mitted and/or received in process 1300 may be implemented
in a STA 106 or AP 104, similar to those shown in the call
flows of FIG.S.B.

17 below. In some implementations, the process may be
implemented in an AP, e.g. AP 104. In some aspects, by
transmitting a request for a network address for a station
before receiving an association request from the station, the
network address may be provided to the station earlier than
was possible in existing methods. This may enable the STA
106 to initiate communication over a wireless network with

less latency when compared to existing methods.
0119) The process 1400 begins at block 1405, where an
access point receives an authentication request from a station.

FIG. 6.

0.124 FIG. 16 shows a process flow diagram for a method
of reducing latency associated with establishing communica
tion using a wireless communication system. The process
shown may be performed in whole or in part by the devices
described herein, such as that shown in FIG. 2 above or FIG.

17 below. In some implementations, the process may be
implemented in an AP, e.g. AP 104. In some aspects, by
receiving a mapping of assigned network addresses to corre
sponding network access identifiers, an AP 104 may more
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efficiently determine whether a STA 106 may be assigned a
requested network address. This may enable the STA 106 to

embodiments, the assignment circuit 1706, determination cir
cuit 1708, and mapping circuit 1710 may be required for use

initiate communication over a wireless network with less

in an STA 106.

latency when compared to existing methods.
(0.125. The process 1600 begins at block 1605, where a
mapping of assigned network addresses to corresponding
network access identifiers is received from an address assign

0128. In some implementations, the transmitting circuit
1702, as implemented in a STA 106, may be configured to
transmit an association request to an AP104 as discussed with
respect to FIG. 7 and FIG. 9. The transmitting circuit may be
further configured to transmit a message utilizing a network
address determined by the determination circuit 1708, dis

ment server. Each network address identifier identifies a user

with access to a wireless communication system. In some
other aspects of process 1600, the mapping includes one or
more mappings of network addresses to corresponding Sub
Scription identifiers, or corresponding identifiers used for
authentication of the STA 106 on the wireless network. In

Some aspects, the mapping is received from a network node
that is not a network address assignment server, but has access
to the mapping information. For example, in one aspect, the
message may be received from a gateway. In another aspect,
the message may be received from an AP 104 within a vicinity
of the STA 106.

0126. In block 1610, an association request is received
from a station indicating a requested network address to be
assigned to the station. In block 1615, a network address is
assigned to the station based on the requested network
address and the mapping. For example, in Some aspects, if the
mapping indicates that the requested network address is cur
rently assigned to the station, the requested network address
is assigned to the station by the access point. If the mapping
does not indicate the requested network address is assigned to
the station, or the requested network address is assigned to a
different station, then a second network address may be
assigned to the station, where the second network address is
different than the requested network address. In some aspects,
the requested and/or assigned network addresses are IP
addresses. In block 1620, an association response is transmit
ted to the station indicating the assigned network address. The
signals transmitted and/or received in process 1600 may be
implemented in a STA 106 or AP104, similar to those shown
in the call flows of FIG. 6.

0127. Referring now to FIG. 17, a functional block dia
gram of a wireless communication apparatus 1700 of the
present disclosure is shown. Wireless communication appa
ratus may be representative of a STA 106 or an AP 104 in
certain embodiments. Those skilled in the art will appreciate
that a wireless communication apparatus may have more
components than the simplified wireless communication
apparatus 1700 shown in FIG. 17. The wireless communica
tion apparatus 1700 shown includes various components use
ful for describing some prominent features of implementa
tions within the scope of this disclosure and the claims. The
wireless communication apparatus 1700 may include a trans
mitting circuit 1702, a receiving circuit 1704, an assignment
circuit 1706, a determination circuit 1708, and a mapping
circuit 1710, among other possible features. In an embodi
ment of AP 104, all five components shown (transmitting
circuit 1702, receiving circuit 1704, assignment circuit 1706,
determination circuit 1708, and mapping circuit 1710) may
be implemented for use in one or more of the processes
disclosed herein. Conversely, a STA 106 may not require the
use of assignment circuit 1706, determination circuit 1708,
and mapping circuit 1710. As such, assignment circuit 1706,
determination circuit 1708, and mapping circuit 1710 are
shown in dashed lines indicating their use predominantly
with a device 1700 implemented as an AP 104. It should be
appreciated by those skilled in the art, however that in certain

cussed below.

I0129. In some implementations, the transmitting circuit
1702, as implemented in an AP 104, may be configured to
transmit an association response to a STA 106 as noted with
respect to FIG. 8. The association response may indicate an
assigned interface identifier.
0.130. In some implementations, the transmitting circuit
1702 may be configured to transmit an association response
to a STA 106, indicating a network address of a DNS server as
discussed with respect to FIG. 10. The transmitting circuit
1702 may further be configured to transmit a message to a
STA 106 based on a MAC address of the STA 106 received

from an AP 104, as discussed with respect to FIG. 11.
I0131. In some implementations, the transmitting circuit
1702 may be configured to map the network address of each
associated Station to a corresponding MAC address, and
transmit the mapping to another, different STA 106, as dis
cussed with respect to FIG. 12.
0.132. In some implementations, the transmitting circuit
1702 may be configured to transmit a request for a network
address for a station to a network address assignment server
as noted in the discussion of FIG. 14.

I0133. In some implementations, the transmitting circuit
1702 of a station may be configured to transmit an association
request to an AP 104 requesting a network address, as noted
in the discussion of FIG. 15.

0.134. In some implementations, the transmitting circuit
1702 of an AP 104 may be configured to transmit an associa
tion response to a STA 106 indicating an assigned network
address.

0.135 The transmitting circuit 1702 may include one or
more of a transmitter, an antenna, a data network interface,

and a memory. For example, the transmitting circuit 1702
may include the transmitter 210 of FIG. 2. In some imple
mentations, the means for transmitting may include the trans
mitting circuit 1702. In an embodiment, the transmitting cir
cuit 1702 may be configured to perform one or more of the
“transmitting functions described above with respect to
blocks in the foregoing figures (e.g., block 705,720,815,905,
1010, 1110, 1210, 1305, 1410, 1505, 1620).
0.136. In some implementations, the receiving circuit 1704
may be configured to receive an association response from an
AP 104 as referred to in FIG. 7. The association response may
indicate a network address of a DNS server as discussed with

respect to FIG. 9. The association response may indicate an
interface identifier assigned to the STA 106 by the AP 104.
The association response may additionally or alternatively
indicate an assigned network address as noted in the discus
Sion of FIG. 13.

0.137 In some implementations, the receiving circuit 1704
of an AP 104 may be configured to receive an association
request from a STA 106 as discussed with respect to FIG. 8
and FIG. 10.
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0.138. In some implementations, the receiving circuit 1704
may be configured to receive a mapping of a station's network
address to MAC address from an AP 104 as discussed with

respect to FIG. 11.
0.139. In some implementations, the receiving circuit 1704
may be configured to receive an authentication request from
a STA 106 as noted in the discussion of FIG. 14. The receiving
circuit 1704 may be further configured to receive an associa
tion request from the STA 106 after a request for a network
address for the STA 106 has been transmitted. The association

response may indicate a network address assigned by the AP
104.

0140. In some implementations, the receiving circuit 1554
may be configured to receive an association response from an
AP 104 indicating a network address assigned to a STA 106,
as noted in the discussion of FIG. 15.

0141. In some implementations, the receiving circuit 1704
may be configured to receive an association request from a
STA 106 indicating a requested network address to be
assigned to the STA 106 as noted in the discussion of FIG. 16.
In some implementations the receiving circuit 1704 may be
further configured to receive a mapping of assigned network
addresses to corresponding network access identifiers from a
network address assignment server.
0142. The receiving circuit 1704 may include one or more
of a receiver, an antenna, a signal processor, and a memory
similar to previous embodiments disclosed herein and those
described with respect to FIG. 2. For example, the receiving
circuit 1704 may include the receiver 212 of FIG. 2. In some
implementations, the means for receiving may include the
receiving circuit 1704. In an embodiment, the receiving cir
cuit 1704 may be configured to perform one or more of the
“receiving functions described above with respect to blocks
in the foregoing figures (e.g., blocks 710, 805, 910, 1005,
1105, 1310, 1405, 1415, 1510. 1605 and/or 1610).
0143. In some implementations, the assignment circuit
1706 may be configured to assign an interface identifier to a
STA 106. The assignment circuit 1706 may include one or
more of a receiver, an antenna, a signal processor, and a
memory. For example, the assignment circuit 1706 may
include the receiver 212 of FIG. 2. In some implementations,
the means for receiving may include the assignment circuit
1706. In an embodiment, the assignment circuit 1706 may be
configured to perform one or more of the “assigning func
tions described above with respect to foregoing figures (e.g.,
block 810, 1615).
0144. In some implementations, the determination circuit
1708 may be configured to determine a network address
based on an interface identifier as referred to in FIG. 7. The

determination circuit 1708 may include one or more of a
programmable chip, a processor, a memory, and a network
interface. For example, the determination circuit 1708 may
include one or more processor unit(s) 204. In some imple
mentations, a means for determining a network address may
include the determination circuit 1708.

0145. In some implementations, the mapping circuit 1710
may be configured to determine a mapping of a station’s
network address to MAC address as described with respect to
FIG. 12. The mapping circuit 1710 may include one or more
of a receiver, an antenna, a signal processor, and a memory.
For example, the mapping circuit 1710 may include the
receiver 212 of FIG. 2. In some implementations, the means
for determining a mapping may include the mapping circuit
1710. In an embodiment, the mapping circuit 1710 may be
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configured to perform one or more of the "mapping func
tions described above with respect to blocks in the foregoing
figures (e.g., block 1205).
0146. As used herein, the term “determining encom
passes a wide variety of actions. For example, “determining
may include calculating, computing, processing, deriving,
investigating, looking up (e.g., looking up in a table, a data
base 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. Further, a
“channel width' as used herein may encompass or may also
be referred to as a bandwidth in certain aspects.
0147 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.

0.148. The various operations of methods described above
may be performed by any Suitable means capable of perform
ing the operations, such as various hardware and/or software
component(s), circuits, and/or module(s). Generally, any
operations illustrated in the Figures may be performed by
corresponding functional means capable of performing the
operations.
014.9 The various illustrative logical blocks, modules and
circuits described in connection with the present disclosure
may be implemented or performed with a general purpose
processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate
array signal (FPGA) or other programmable logic device
(PLD), discrete gate or transistor logic, discrete hardware
components or any combination thereof designed to perform
the functions described herein. A general purpose processor
may be a microprocessor, but in the alternative, the processor
may be any commercially available processor, controller,
microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunc
tion with a DSP core, or any other such configuration.
0150. In one or more aspects, the functions described may
be implemented inhardware, software, firmware, or any com
bination thereof. If implemented in software, the functions
may be stored on or transmitted over as one or more instruc
tions or code on a computer-readable medium. Computer
readable media includes both computer storage media and
communication media including any medium that facilitates
transfer of a computer program from one place to another. A
storage media may be any available media that can be
accessed by a computer. By way of example, and not limita
tion, such computer-readable media 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 other remote source using a coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or wireless tech
nologies such as infrared, radio, and microwave, then the
coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies Such as infrared, radio, and microwave are
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included in the definition of medium. Disk and disc, as used

herein, includes 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 medium may comprise non-transitory
computer readable medium (e.g., tangible media). In addi
tion, in some aspects computer readable medium may com
prise transitory computer readable medium (e.g., a signal).
Combinations of the above should also be included within the

Scope of computer-readable media.
0151. The methods disclosed herein comprise one or more
steps or actions for achieving the described method. The
method steps and/or actions may be interchanged 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 without departing from the scope of the
claims.

0152 The functions described may be implemented in
hardware, software, firmware, or any combination thereof. If
implemented in Software, the functions may be stored as one
or more instructions on a computer-readable medium. A Stor
age media may be any available media that can be accessed by
a computer. By way of example, and not limitation, Such
computer-readable media 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. Disk and disc, as used herein,
include compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk, and Blu-ray(R) disc where
disks usually reproduce data magnetically, while discs repro
duce data optically with lasers.
0153. Thus, certain aspects may comprise a computer pro
gram product for performing the operations presented herein.
For example, Such a computer program product may com
prise 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.
0154 Software or instructions may also be transmitted
over a transmission medium. For example, if the software is

other suitable technique for providing the methods and tech
niques described herein to a device can be utilized.
0156. It is to be understood that the claims are not limited
to the precise configuration and components illustrated
above. Various modifications, changes, and variations may be
made in the arrangement, operation, and details of the meth
ods and apparatus described above without departing from
the scope of the claims.
0157. While the foregoing is directed to aspects of the
present disclosure, other and further aspects of the disclosure
may be devised without departing from the basic scope
thereof, and the scope thereof is determined by the claims that
follow.

0158. The following are various embodiments of the
present disclosure:
0159. In one innovative aspect, a system and method for
reducing latency in establishing wireless communication is
disclosed. This aspect includes transmitting, by a station, an
association request to an access point, receiving an associa
tion response from the access point, the association response
indicating an interface identifier assigned to the station by the
access point, determining a network address based on the
interface identifier; and transmitting a message on the wire
less network, the message utilizing the determined network
address. In some embodiments, the association request indi
cates a number of interface identifiers requested by the sta
tion. This aspect also includes a computer readable medium
configured to implement the method.
0160 Another aspect disclosed is a system and method of
reducing latency in establishing wireless communication.
The method includes receiving by an access point, an asso
ciation request from a station, assigning an interface identifier
to the station, and transmitting an association response indi
cating the assigned interface identifier. In some aspects, the
association request indicates a number of interface identifiers
requested by the station.
0.161 Another aspect disclosed is a system and method of
reducing latency in establishing wireless communication.
The method includes transmitting, by a station, an association
request to an access point; and receiving, by a station, an
association response from the access point, the association
response indicating a network address of a DNS server. In
Some aspects, the association response further indicates a
MAC address of the DNS server.

infrared, radio, and microwave are included in the definition

0162 Another aspect disclosed is a system and method of
reducing latency in establishing wireless communication.
The method includes receiving, by an access point, an asso
ciation request from a station, and transmitting, by the access
point, an association response to the station, the association
response indicating a network address of a DNS server. In
Some aspects, the association response further indicates a

of transmission medium.

MAC address of the DNS server.

0155. Further, it should be appreciated that modules and/
or other appropriate means for performing the methods and
techniques described herein can be downloaded and/or oth
erwise 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 medium 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 storage means to the device. Moreover, any

0163 Another aspect disclosed is a system and method of
reducing latency in wireless communication. The method
includes receiving, by a station, a mapping of a second sta

transmitted from a website, server, or other remote source

using a coaxial cable, fiber optic cable, twisted pair, digital
subscriber line (DSL), or wireless technologies such as infra
red, radio, and microwave, then the coaxial cable, fiber optic
cable, twisted pair, DSL, or wireless technologies such as

tion's network address to the second station's MAC address

from an access point; and transmitting a message to the sec
ond station based on the MAC address. In some aspects, the
mapping is included in an address resolution protocol mes
sage. In some aspects, the network address is an IPv4 address.
In some aspects, the mapping is included in a NDP message.
In some aspects, the network address is an IPv6 address.
0164. Another aspect disclosed is a system and method of
reducing latency in wireless communication. The method
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includes determining, by an access point, a mapping of a
station's network address to the station's MAC address,

transmitting, by the access point, the mapping to at least a
second station. In some aspects, the method further includes
assigning the network address to the station, wherein the
determining is in response to the assigning. In some aspects,
the mapping is transmitted in an address resolution protocol
message. In some aspects, the network address is an IPv4
address. In some aspects, the mapping is transmitted in a NDP
message. In some aspects, the network address is an IPv6
address.

0.165 Another aspect disclosed is a method of reducing
latency in wireless communication. The method includes
transmitting, by a station, an association request to an access
point, and receiving, by the station, an association response
from the access point, the association response indicating an
assigned network address. In some aspects, the association
request indicates a type of network address requested by the
station.

0166 Another aspect disclosed is a method of reducing
latency in wireless communication. The method includes
receiving, by an access point, an authentication request frame
from a station, transmitting a request for a network address
for the station to a network address assignment server in
response to the authentication request frame, and receiving an
association request from the station after the request for the
network address has been transmitted. In some aspects, the
method also includes receiving a response to the request for a
network address, the response indicating a network address
assigned to the station, and transmitting an association
response to the station, the association response indicating the
assigned network address.
0167 Another aspect disclosed is a system and method of
reducing latency in wireless communication. The method
includes transmitting, by a station, an association request to
an access point, the association request indicating a requested
network address, and receiving, by the station, an association
response from the access point, the association response indi
cating a network address assigned to the station. In some
aspects, the method also includes transmitting a message
using the requested network address prior to the transmission
of the association request.
0168 Another aspect disclosed is a system and method of
reducing latency on a wireless communication network. The
method includes receiving, from a network address assign
ment server, a mapping of assigned network addresses to
corresponding network access identifiers, wherein each net
work access identifier identifies a user with access to the

wireless communication network, receiving, from a station,
an association request indicating a requested network address
to be assigned to the station, assigning a network address to
the station based on the requested network address and the
mapping, and transmitting an association response to the
station indicating the assigned network address. In some
aspects, the method also includes requesting that an IP
address be assigned to the station by the network address
assignment server if the requested network address is not
mapped to a network access identifier of the station by the
mapping. In some aspects, the assigned network address is the
requested network address if the mapping maps the requested

What is claimed is:

1. A method of reducing latency in wireless communica
tion, comprising:
receiving, by a first station, a mapping of a network address
of a second station to a corresponding medium access
control address of the second station; and

transmitting a message to the second station based on the
medium access control address.

2. The method of claim 1, wherein the mapping is included
in an address resolution protocol message.
3. The method of claim 2, wherein the network address is

an internet protocol version-4 address.
4. The method of claim 1, wherein the mapping is included
in a neighbor discovery protocol message.
5. The method of claim 4, wherein the network address is

an internet protocol version-6 address.
6. An apparatus implemented at a first station for reducing
latency in wireless communication, comprising:
a receiver configured to receive at least one mapping of a
network address of a second station to a corresponding
medium access control address of the second station;
and

a transmitter configured to transmit a message to the sec
ond station based on the medium access control address.

7. The apparatus of claim 6, wherein the mapping is
included in an address resolution protocol message.
8. The apparatus of claim 7, wherein the network address is
an internet protocol version-4address.
9. The apparatus of claim 6, wherein the mapping is
included in a neighbor discovery protocol message.
10. The apparatus of claim 9, wherein the network address
is an internet protocol version-6address.
11. An apparatus for reducing latency implemented at a
first station in wireless communication, comprising:
means for receiving a mapping of a network address of a
second station to a corresponding medium access con
trol address of the second station; and

means for transmitting a message to the second station
based on the medium access control address.

12. The apparatus of claim 11, wherein the mapping is
included in an address resolution protocol message.
13. The apparatus of claim 12, wherein the network address
is an internet protocol version-4address.
14. The apparatus of claim 11, wherein the mapping is
included in a neighbor discovery protocol message.
15. The apparatus of claim 14, wherein the network address
is an internet protocol version-6address.
16. A computer readable storage medium storing instruc
tions that when executed cause a processor to perform a
method of reducing latency in establishing wireless commu
nication, the method comprising:
receiving, by a first station, a mapping of a network address
of a second station to a corresponding medium access
control address of the second station; and

transmitting a message to the second station based on the
medium access control address.

In some aspects, the network access identifier of the station is
indicated by an authentication request frame received from

17. The computer readable storage medium of claim 16,
wherein the mapping is included in an address resolution
protocol message.
18. The computer readable storage medium of claim 17,
wherein the network address is an internet protocol version

the station.

4address.
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19. The computer readable storage medium of claim 16,
wherein the mapping is included in a neighbor discovery
protocol message.
20. The computer readable storage medium of claim 19,
wherein the network address is an internet protocol version
6address.

21. A method of reducing latency in wireless communica
tion, comprising:
determining, by an access point, a mapping of a network
address of a first station to a corresponding medium
access control address of the first station; and

transmitting, by the access point, the mapping to at least a
second station.

22. The method of claim 21, further comprising assigning
the network address to the first station, wherein the determin

ing is in response to the assigning.
23. The method of claim 21, wherein the mapping is trans
mitted in an address resolution protocol message.

24. The method of claim 23, wherein the network address

is an internet protocol version-4address.
25. The method of claim 21, wherein the mapping is trans
mitted in a neighbor discovery protocol message.
26. The method of claim 25, wherein the network address

is an internet protocol version-6address.
27. An apparatus for reducing latency in wireless commu
nication, comprising:
a processor configured to determine a mapping of a net
work address of a first station to a corresponding
medium access control address of the first station; and

a transmitter configured to transmit the mapping to at least
a second station.

28. The apparatus of claim 27, further comprising an
assignment circuit configured to assign the network address
to the first station, wherein the determining is in response to
the assigning.
29. The apparatus of claim 27, wherein the transmitter is
configured to transmit the mapping in an address resolution
protocol message.
30. The apparatus of claim 29, wherein the network address
is an internet protocol version four address.
31. The apparatus of claim 27, wherein the transmitter is
configured to transmit the mapping in a neighbor discovery
protocol message.
32. The apparatus of claim 31, wherein the network address
is an internet protocol version six address.

33. An apparatus for reducing latency in wireless commu
nication, comprising:
means for determining a mapping of a network address of
a first station to a corresponding medium access control
address of the first station; and

means for transmitting the mapping to at least a second
station.

34. The apparatus of claim 33, further comprising means
for assigning the network address to the first station, wherein
the determining is in response to the assigning.
35. The apparatus of claim 33, wherein the mapping is
transmitted in an address resolution protocol message.
36. The apparatus of claim35, wherein the network address
is an internet protocol version four address.
37. The apparatus of claim 33, wherein the mapping is
transmitted in a neighbor discovery protocol message.
38. The apparatus of claim 37, wherein the network address
is an internet protocol version six address.
39. A computer readable storage medium storing instruc
tions that when executed cause a processor to perform a
method of reducing latency in establishing wireless commu
nication, the method comprising:
determining, by an access point, a mapping of network
address of a first station to a corresponding medium
access control address of the first station; and

transmitting, by the access point, the mapping to at least a
second station.

40. The computer readable storage medium of claim39, the
method further comprising assigning the network address to
the first station, wherein the determining is in response to the
assigning.
41. The computer readable storage medium of claim 39,
wherein the mapping is transmitted in an address resolution
protocol message.
42. The computer readable storage medium of claim 41,
wherein the network address is an internet protocol version
4address.

43. The computer readable storage medium of claim 39,
wherein the mapping is transmitted in a neighbor discovery
protocol message.
44. The computer readable storage medium of claim 43,
wherein the network address is an internet protocol version
6address.

