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/402

Transmitting a first fine timing measurement (FTM) request message
requesting one or more bursts of FTM messages from a responding
STA, the first FTM request message comprising at least one field
specifying a minimum time offset between transmission of an initial
FTM message from the responding STA and transmission of a second
FTM request message from the initiating STA preceding at least an
initial burst of the requested one or more bursts of FTM messages

404

Receiving the initial FTM message transmitted by the responding
STA in response to the first FTM request message

FIG. 4

P
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Receiving a fine timing measurement (FTM) request message from an
initiating STA, the first FTM request message requesting one or more
bursts of FTM messages and comprising one or more fields specifying a
minimum time offset between transmission of an initial FTM message
from the responding STA and transmission of a subsequent FTM
request message from the initiating STA preceding at least an initial
burst of the requested one or more bursts of FTM messages

304

Transmitting the initial FTM message in response to
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FIG. 5
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1
METHODS AND SYSTEMS FOR RANGING
PROTOCOL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 62/117,407, entitled “Methods and Systems
for Ranging Protocol,” filed Feb. 17, 2015, which is
assigned to the assignee hereof and which is expressly
incorporated herein by reference.

BACKGROUND

Field

Embodiments described herein are directed to obtaining
measurements of signals acquired from a mobile transmitter.

Information

Satellite positioning systems (SPSs), such as the global
positioning system (GPS), have enabled navigation services
for mobile handsets in outdoor environments. Likewise,
particular techniques for obtaining estimates of positions of
mobile device in indoor environments may enable enhanced
location based services in particular indoor venues such as
residential, governmental or commercial venues. For
example, a range between a mobile device and a transceiver
positioned at fixed location may be measured based, at least
in part, on a measurement of a round trip time (RTT)
measured between transmission of a first message from a
first device to a second device and receipt of a second
message at the first device transmitted in response to the first
message.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive aspects are described
with reference to the following figures, wherein like refer-
ence numerals refer to like parts throughout the various
figures unless otherwise specified.

FIG. 1 is a system diagram illustrating certain features of
a system containing a mobile device, in accordance with an
implementation.

FIGS. 2 and 3 are diagrams illustrating message flows
between wireless stations (STAs) according to particular
embodiments.

FIGS. 4 and 5 are flow diagrams of processes performed
by STAs in connection with an exchange of messages
according to particular embodiments.

FIG. 6 is a diagram showing fields in a fine timing
measurement (FTM) request message according to an
embodiment.

FIG. 7 is a diagram showing fields in an FTM request
message according to an embodiment.

FIG. 8 is a schematic block diagram illustrating an
exemplary device, in accordance with an implementation.

FIG. 9 is a schematic block diagram of an example
computing system in accordance with an implementation.

SUMMARY

Briefly, particular implementations are directed to a
method at an initiating wireless station (STA) comprising:
transmitting a first fine timing measurement (FTM) request
message requesting one or more bursts of FTM messages
from a responding STA, the first FTM request message
comprising at least one field specifying a minimum time
offset between transmission of an initial FTM message from
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the responding STA and transmission of a second FTM
request message from the initiating STA preceding at least
an initial burst of the requested one or more bursts of FTM
messages; and receiving the initial FTM message transmit-
ted by the responding STA in response to the first FTM
request message.

Another particular implementation is directed to an initi-
ating wireless station (STA), comprising: a receiver to
receive messages from a wireless communication network;
a transmitter to transmit messages to the wireless commu-
nication network; and one or more processors configured to:
initiate transmission of a first fine timing measurement
(FTM) request message through the transmitter requesting
one or more bursts of FTM messages from a responding
STA, the first FTM request message comprising at least one
field specifying a minimum time offset between transmis-
sion of an initial FTM message from the responding STA
and transmission of a second FTM request message from the
initiating STA preceding at least an initial burst of the
requested one or more bursts of FTM messages; and obtain
the initial FTM message transmitted by the responding STA
in response to the first FTM request message received at the
receiver.

Another particular implementation is directed to a method
comprising, at a responding wireless station (STA): receiv-
ing a first fine timing measurement (FTM) request message
from an initiating STA, the first FTM request message
requesting one or more bursts of FTM messages and com-
prising one or more fields specifying a minimum time offset
between transmission of an initial FTM message from the
responding STA and transmission of a subsequent FTM
request message from the initiating STA preceding at least
an initial burst of the requested one or more bursts of FTM
messages; and transmitting the initial FTM message in
response to the first FTM request message.

Another particular implementation is directed to a
responding wireless station (STA), comprising: a receiver to
receive messages from a wireless communication network;
a transmitter to transmit messages to the wireless commu-
nication network; and one or more processors configured to:
obtain a first fine timing measurement (FTM) request mes-
sage received at the receiver from an initiating STA, the first
FTM request message requesting one or more bursts of FTM
messages and comprising one or more fields specifying a
minimum time offset between transmission of an initial
FTM message from the responding STA and transmission of
a subsequent FTM request message from the initiating STA
preceding at least an initial burst of the requested one or
more bursts of FTM messages; and initiate transmission of
the initial FTM message through the transmitter in response
to the first FTM request message.

Another particular implementation is directed to a non-
transitory storage medium comprising computer readable
instructions stored thereon which are executable by one or
more processors of an initiating wireless station (STA) to:
initiate transmission of a first fine timing measurement
(FTM) request message requesting one or more bursts of
FTM messages from a responding STA, the first FITM
request message comprising at least one field specifying a
minimum time offset between transmission of an initial
FTM message from the responding STA and transmission of
a second FTM request message from the initiating STA
preceding at least an initial burst of the requested one or
more bursts of FTM messages; and obtaining the initial
FTM message received at the initiating STA and transmitted
by the responding STA in response to the first FTM request
message.
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Another particular implementation is directed to an initi-
ating wireless station (STA) comprising: means for trans-
mitting a first fine timing measurement (FTM) request
message requesting one or more bursts of FTM messages
from a responding STA, the first FTM request message
comprising at least one field specifying a minimum time
offset between transmission of an initial FTM message from
the responding STA and transmission of a second FTM
request message from the initiating STA preceding at least
an initial burst of the requested one or more bursts of FTM
messages; and means for receiving the initial FTM message
transmitted by the responding STA in response to the first
FTM request message.

Another particular implementation is directed to a non-
transitory storage medium comprising computer readable
instructions stored thereon which are executable by one or
more processors at a responding wireless station (STA) to:
obtain a first fine timing measurement (FTM) request mes-
sage received from an initiating STA, the first FTM request
message requesting one or more bursts of FTM messages
and comprising one or more fields specitfying a minimum
time offset between transmission of an initial FTM message
from the responding STA and transmission of a subsequent
FTM request message from the initiating STA preceding at
least an initial burst of the requested one or more bursts of
FTM messages; and initiate transmission of the initial FTM
message in response to the first FTM request message.

Another particular implementation is directed to a
responding wireless station (STA), comprising: means for
receiving a first fine timing measurement (FTM) request
message from an initiating STA, the first FTM request
message requesting one or more bursts of FTM messages
and comprising one or more fields specitfying a minimum
time offset between transmission of an initial FTM message
from the responding STA and transmission of a subsequent
FTM request message from the initiating STA preceding at
least an initial burst of the requested one or more bursts of
FTM messages; and means for transmitting the initial FTM
message in response to the first FTM request message.

It should be understood that the aforementioned imple-
mentations are merely example implementations, and that
claimed subject matter is not necessarily limited to any
particular aspect of these example implementations.

DETAILED DESCRIPTION

As discussed below, particular message flows may enable
effective and efficient measurements of a round trip time
(RTT) in connection with a transmission of messages
between wireless stations (STAs). In a particular example, a
STA may comprise any one of several types of transceiver
devices such as, for example, a mobile user station (e.g.,
smartphone, notebook computer, tablet computer, etc.) or
wireless service access device (e.g., wireless local area
network (WLAN) access point, personal area network
(PAN) or femto cell). Particular message flows and fields in
message frames may enable obtaining RTT measurements
with sufficient accuracy for measuring a range between the
wireless STAs using fewer messages, for example. Such a
measured range may be used in any one of several applica-
tions including positioning operations, for example.

As discussed below, a first STA may transmit a fine timing
measurement (FTM) request message to a second STA to
initiate a process for an exchange of messages or frames
enabling the first STA to obtain an RTT measurement. In a
particular implementation, the fine timing measurement
request message may include an indication as to whether the
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first STA is capable of sharing ranging measurements or
other parameters indicative of range. In a particular imple-
mentation, subsequent to computation of an RTT measure-
ment, the first STA may transmit one or more messages to
the second STA comprising a computed range or RTT
measurement or other parameter indicative of range. It
should be understood that this is merely an example imple-
mentation and that claimed subject matter is not limited in
this respect.

Transmissions of messages between STAs for the mea-
surement of RTT typically occurs in addition to other
message traffic supporting other applications such as voice,
video, HTTP, data, just to provide a few examples. Accord-
ingly, in dense operating environments, messaging between
STAs for the measurement of RT'T may increase congestion
and contention for wireless link resources. In particular
implementations discussed below, particular positioning
techniques may be supported by measuring a time of flight
(TOF) for the transmission of a message between STAs
using fewer messages than typical techniques used for
measuring RTT. According to an embodiment, TOF may be
measured for individual messages in a “burst” of messages
transmitted close in a sequence. Combining multiple TOF
measurements from a burst of received messages may
enable reduction in measurement errors, for example.

In particular implementations, a time stamp in a message
transmitted from a first STA to a second STA may enable the
second STA to measure TOF of the message if the first and
second STAs maintain synchronized clocks. In one example,
a Timing Synchronization Function (TSF) specified in IEEE
std. 802.11 wireless local area network (WLAN) may enable
timing synchronization among devices in a wireless com-
munication network. A TSF may keep timers for multiple
devices in the same Basic Service Set (BSS) synchronized.
STAs may maintain a local TSF timer. In one implementa-
tion, timing synchronization may be achieved by STAs
periodically exchanging timing information through beacon
frames. A STA in an Independent Basic Service Set (IBSS)
may adopt a received timing if it is later than the STA’s own
TSF timer. In another implementation, STAs may perform a
probe request/probe response transaction to exchange TSF
timer values. These techniques to synchronize STAs by an
exchange TSF timer values, however, contributes to power
consumption and latency in obtaining a TOF measurement.

According to an embodiment, as shown in FIG. 1, mobiles
device 100a or 1005 may transmit radio signals to, and
receive radio signals from, a wireless communication net-
work. In one example, a mobile device 100 may commu-
nicate with a communication network by transmitting wire-
less signals to, or receiving wireless signals from, a local
transceiver 115 over a wireless communication link 125.

In a particular implementation, a local transceiver 115
may be positioned in an indoor environment. A local trans-
ceiver 115 may provide access to a wireless local area
network (WLAN, e.g., IEEE Std. 802.11 network) or wire-
less personal area network (WPAN, e.g., Bluetooth net-
work). In another example implementation, a local trans-
ceiver 115 may comprise a femto cell transceiver capable of
facilitating communication on wireless communication link
125 according to a cellular communication protocol. Of
course it should be understood that these are merely
examples of networks that may communicate with a mobile
device over a wireless link, and claimed subject matter is not
limited in this respect.

In a particular implementation, local transceiver 115a or
1156 may communicate with servers 140, 150 and/or 155
over a network 130 through links 145. Here, network 130
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may comprise any combination of wired or wireless links. In
a particular implementation, network 130 may comprise
Internet Protocol (IP) infrastructure capable of facilitating
communication between a mobile device 100 and servers
140, 150 or 155 through a local transceiver 115. In another
implementation, network 130 may comprise wired or wire-
less communication network infrastructure to facilitate
mobile cellular communication with mobile device 100.

In a particular implementation, a mobile device 100 or
local transceiver 115 may be capable of computing a posi-
tion fix based, at least in part, on signals acquired from local
transmitters (e.g., WLAN access points positioned at known
locations). For example, a receiver device (e.g., a mobile
device 100 or local transceiver 115) may obtain a position fix
by measuring ranges to three or more indoor terrestrial
wireless access points which are positioned at known loca-
tions. Such ranges may be measured, for example, by
obtaining a MAC ID address from signals received from
such access points and obtaining range measurements to the
access points by measuring one or more characteristics of
signals received from such access points such as, for
example, received signal strength (RSSI) or RTT. In alter-
native implementations, a mobile device 100 may obtain an
indoor position fix by applying characteristics of acquired
signals to a radio heatmap indicating expected RSSI and/or
RTT signatures at particular locations in an indoor area. In
particular implementations, a radio heatmap may associate
identities of local transmitters (e.g., a MAC address which
is discernible from a signal acquired from a local transmit-
ter), expected RSSI from signals transmitted by the identi-
fied local transmitters, an expected RTT from the identified
transmitters, and possibly standard deviations from these
expected RSSI or RTT. It should be understood, however,
that these are merely examples of values that may be stored
in a radio heatmap, and that claimed subject matter is not
limited in this respect.

In particular implementations, a mobile device 100 or a
local transceiver 115 may receive positioning assistance data
for indoor positioning operations from servers 140, 150 or
155. For example, such positioning assistance data may
include locations and identities of transmitters positioned at
known locations to enable measuring ranges to these trans-
mitters based, at least in part, on a measured RSSI and/or
RTT, for example. Other positioning assistance data to aid
indoor positioning operations may include radio heatmaps,
magnetic heatmaps, locations and identities of transmitters,
routeability graphs, just to name a few examples.

In a particular implementation, particular messages flows
between wireless STAs may be implemented for obtaining a
measurement of RTT from an exchange of messages
between the STAs for use in positioning operations as
discussed above. In particular implementations, as described
below, any STA may comprise a mobile device (e.g., mobile
device 100) or a stationary transceiver (e.g., IEEE std.
802.11 access point, stationary Bluetooth device, local trans-
ceiver 115, etc.). As such, an exchange of messages between
wireless STAs may comprise an exchange of messages
between a mobile device and a stationary transceiver,
between two peer mobile devices, or between two stationary
transceivers, just to provide a few examples. In particular
implementations, various techniques described herein may
incorporate some, but not necessarily all, aspects or features
of IEEE P802.11-REVmc™/D4.0 Draft Standard 802.11 for
Information technology—Telecommunications and infor-
mation exchange between systems, Local and metropolitan
area networks—Specific requirements Part 11: Wireless
LAN Medium Access Control (MAC) and Physical Layer
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(PHY), January 2015, section 10.24.6 (hereinafter “IEEE
std. 802.11”). Indeed, it should be understood that some
features described herein are not shown, described or taught
in the IEEE std. 802.11.

FIG. 2 is a diagram illustrating a message flow between
wireless stations STAs including a “responding” STA and an
“initiating” STA according to an embodiment. In this con-
text, a responding STA or initiating STA may comprise any
one of several transceiver devices including a mobile device
(e.g., mobile device 100) or stationary access transceiver
device (e.g., local transceiver 115). It should be understood,
however, that these are merely examples of an initiating STA
or a responding STA, and claimed subject matter is not
limited in this respect. An initiating STA may obtain or
compute one or more measurements of RTT based, at least
in part, on timing of messages or frames transmitted between
the initiating STA and a responding STA. As used herein, the
terms “message” and “frame” are used interchangeably. The
initiating STA may transmit a fine timing measurement
request message or frame (“Request”) 202 to the responding
STA and receive a fine timing request message acknowl-
edgement message or frame (“Ack™) 204 transmitted in
response. In a particular implementation, while not limiting
claimed subject matter in this respect, contents of such a fine
timing measurement request message 202 may be as shown
in the IEEE std. 802.11 at section 8.6.8.25. In particular
implementations, such an Ack frame 204 may merely pro-
vide an indication of receipt of a previously transmitted
message. The initiating STA may then obtain or compute an
RTT measurement based, at least in part, on time stamp
values (11, t4) provided in fine timing measurement mes-
sages or frames (“M”) 206 received from the responding
STA (and transmitted in response to receipt of a fine timing
measurement request message). In a particular implementa-
tion, as shown in the message flow diagram, a sequence of
multiple exchanges of alternating fine timing measurement
messages 206 followed by fine timing measurement
acknowledgement messages 208 may create additional time
stamp values (t1, t2, t3 and t4).

According to an embodiment, a fine timing measurement
(FTM) request message transmitted by an initiating STA
may include fields, parameters, etc. characterizing a desired
exchange of messages with a responding STA to provide fine
timing measurements to the initiating STA enabling the
initiating STA to compute an RTT measurement. In response
to receipt of a FTM request message, a responding STA may
transmit to the initiating STA one or more FIM messages
including measurements or parameters enabling the initiat-
ing STA to compute RTT or other parameters indicative of
range.

In a particular implementation, while not limiting claimed
subject matter in this respect, contents of such a fine timing
measurement message or frame may be as shown in the
IEEE std. 802.11 at section 8.6.8.33. In one example imple-
mentation, an initiating STA may compute an RTT measure-
ment as (t14-11)-(t3-t2), where t2 and t3 are the time of
receipt of a previous fine timing measurement message or
frame and transmission of a preceding acknowledgement
message or frame, respectively. The initiating STA may
transmit a series of fine timing measurement request mes-
sages in a burst to obtain a corresponding number of RTT
measurements which may be combined for cancellation of
unbiased measurement noise in computing a range between
the receiving and responding STAs.

FTM request messages and FTM messages may trans-
mitted by STAs in addition to frames or messages for other
services (e.g., for Internet Protocol messaging). In dense
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wireless traffic scenarios such as airport terminals or stadium
events, transmission of FTM request messages and FTM
messages for the computation of RTT may stress available
messaging capacity at a STA. Particular implementations
discussed herein may be directed to an exchange of mes-
sages for obtaining measurements for computation of range
between STAs using the transmission of fewer messages by
a STA.

As discussed below, an initiating STA and a responding
STA may be synchronized to enable the initiating STA to
accurately measure of a time of flight (TOF) of an FITM
measurement message transmitted from the responding STT
to the initiating STA. In a particular implementation, the
initiating STA and responding STA may maintain clock
signals that are synchronized to one another. For example,
the initiating and/or responding STA may be capable of
converting between time as maintained at the initiating STA
and time as maintained at the responding STA. Clocks
maintained at the initiating and responding STAs may be
synchronized using any of one of several techniques such as
those provided or suggested by IEEE std. 802.11 REVmc
Draft 4.0, section 10.24.5 or IEEE std. 802.11 REVmc Draft
3.0, section 10.24.6. It should be understood, however, that
this is merely an example of techniques that may be applied
in synchronizing an initiating STA with a responding STA,
and claimed subject matter is not limited in this respect.

According to an embodiment, a TOF of a message wire-
lessly transmitted from a transmitting device and acquired at
a receiving device may be measured if the transmitted
message includes a time stamp value indicating a transmis-
sion time. In a particular implementation, the transmitted
message may comprise fields (e.g., preamble, header and
payload) containing encoded symbols that are detectable at
the receiving device. To acquire the transmitted message and
determine a time of arrival, the receiving device may detect
or decode a particular symbol or symbols in a sequence of
symbols being transmitted by the message. If the particular
symbol is referenced to the time stamp value also included
in the transmitted message, the receiving device may mea-
sure TOF based on a different between the time stamp value
and an instance that the particular symbol is decoded or
detected.

FIG. 3 is a message flow diagram illustrating a technique
for measuring a TOF of FTM messages transmitted by a
responding STA and received at a receiving STA. Initially,
an initiating STA may transmit a first FTM request message
302 to a responding STA including several fields to, among
other things, request transmission of one or more subsequent
FTM messages from the responding STA. In the particular
illustrated example, an initial FTM request message 302
may request a burst of subsequent FTM messages 304
following a time period. An initial FTM message FTM_1
306 (e.g., as set forth in IEEE std. 802.11 REVmc Draft 4.0
at sections 10.24.6.4 or 8.6.6.33) following the initial FTM
request message 302 may specify particular actions sched-
uled by the responding STA to meet a request in the initial
FTM request message 302. For example, initial FTM mes-
sage FTM_1 306 may specify alternative action if the
responding STA is not capable of fulfilling the entirety of
what the initiating STA requests in the initial FTM request
message 302.

According to an embodiment, a responding STA may
retransmit an initial FTM message FTM_1 306 in the
absence of receiving an acknowledgement message from a
recipient initiating STA (e.g., an initiating STA transmitting
an initial FTM request message). For example, following
transmission of an initial FTM message FTM_1 306, a
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responding STA may wait a set timeout period for receipt of
an acknowledgement message 308 from an initiating STA.
In in the absence of receipt of such an acknowledgement
message 308 from an initiating STA, the responding STA
may retransmit the initial FTM message FTM_1 306. This
may continue until the responding STA receives an acknowl-
edgement message 308 transmitted from an initiating STA in
response to an initial FTM message FTM_1 306 or until a set
number (e.g., sixteen) of retransmissions of the initial FTM
message FTM_1 306. Following transmission of FTM mes-
sages 304 and/or transmission of FTM messages in subse-
quent bursts of FTM messages, an initiating STA may
compute TOF, for example.

FIGS. 4 and 5 are flow diagrams illustrating processes that
may be executed at an initiating STA or responding STA,
respectively. At block 402, an initiating STA may transmit a
first FTM request message, such as FTM request message
302, requesting one or more bursts of FTM messages from
a responding STA. The first FTM request message transmit-
ted at block 402 may comprise at least one field specifying
a minimum time offset between transmission of an initial
FTM message from the responding STA and transmission of
a second FTM request message, such as FTM request
message 310, from the initiating STA preceding at least an
initial burst of the requested one or more bursts of FITM
messages, such as FTM messages 304. At block 404, the
initiating STA may receive an initial FTM message, such as
FTM message FTM_1 306, in response to the first FTM
request message

A minimum time offset in block 402 may be illustrated by
non-limiting example in FIG. 3 as a duration “Burst Offset”
between time of transmission of FTM message FTM_1 306
and time of transmission of FTM request message 310. In
this context, a “minimum time offset” is a duration of time
that does not have a predetermined beginning or end.
Minimum time offset defines a minimum time following a
particular referenced event, such as a time of transmission of
FTM message FTM_1 306 in the example of FIG. 3. This
minimum time offset specified in the first FITM request
message transmitted at block 402 is in contrast to providing
a specific time (e.g., TSF timer value) after which transmis-
sion of the second FTM request message (e.g., FTM mes-
sage FTM_1 306) may occur. As discussed below, this may
reduce or eliminate a need for synchronizing clocks main-
tained at the initiating STA and the responding STA (e.g., to
calibrate a partial TSF timer value provided in a first FTM
request message).

At block 502, a responding STA may receive an FTM
request message transmitted by an initiating STA at block
402 such as FTM request message 302. At block 504, the
responding STA may transmit an initial FTM message, such
as FTM message FTM_1 306, in response to receipt of the
FTM message.

FIG. 6 illustrates an example of fields for a FTM request
message according to an embodiment. Among other fields,
FIG. 6 shows an FTM parameters field in an FTM request
message (e.g., FTM request message 302 in FIG. 3) which
may allow an initiating STA to specify one or more aspects
of subsequent FTM message transmissions to be requested
of a responding STA. For example, FIG. 7 illustrates an
example of fields within an FTM parameters field in a FTM
request message (e.g., FTM request message 302 in FIG. 3)
according to a particular implementation. For example,
fields shown in FIG. 7 may allow an initiating STA to
specify aspects of a burst of FTM messages including, for
example, a number of bursts, burst duration, burst offset, just
to provide a few examples. As pointed out above, an initial
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FTM message FTM_1 (e.g., initial FTM message FTM_1
306 shown in FIG. 3) may specify alternative action if, for
example, a responding STA is not capable of fulfilling the
entirety of what the initiating STA requests in the initial
FTM request message. In one particular implementation,
initial FTM message FITM_1 may specify fields similar to
those shown in FIG. 7 to indicate particular parameters
under which the responding STA is to schedule actions for
satisfying a FTM request message.

As pointed out above, value specified in field Burst Offset
in an initial FTM request message transmitted from an
initiating STA (as shown in FIG. 7) may specify a minimum
time offset between transmission of an initial FTM response
message from a responding STA and transmission of a
second FTM request message from the initiating STA. As
pointed out in the particular embodiment of FIG. 3 above, a
responding STA may retransmit initial FTM message
FTM_1 until the responding STA receives an acknowledge-
ment of receipt of a last retransmission of the initial FTM
message FTM_1. Here, in the particular embodiment of
FIG. 3, for example, a value specified in field Burst Offset
may indicate a minimum time between transmission of a last
transmission of an initial FTM request message FTM_1 for
which an acknowledgement message is received at the
responding STA. In one example implementation, a period
specified by a value in a Burst Offset field may enable the
responding STA to allocate resources to tasks in preparation
for providing FTM messages in bursts that follow.

In particular implementations, use of the aforementioned
Burst Offset field in a FTM request message as illustrated in
FIG. 7 may reduce or eliminate any need use of a partial TSF
Timer to indicate a particular time that a burst is to com-
mence. Accordingly, there may be no need to provide a value
in the Burst Offset field that is synchronized to any particular
clock (e.g., synchronized to either a clock at an initiating
STA or a clock at a responding STA). In one particular
implementation, a value in field Burst Offset may be speci-
fied in units of 1.0 ms or TUs (1024 ps).

In a particular implementation, and as shown in the
implementation of FIG. 7, an initial FTM request message
may comprise a Burst Offset Enable field. Here, the Burst
Offset enable field may comprise a single bit and specifying
a value in a Burst Offset Enable field may enable flexibility
to indicate whether or not a field at Bits 24-39 is specifies a
value for Burst Offset (e.g., instead of a Partial TSF timer
value). In one particular implementation, Bit 7 may specify
whether the field Burst Offset is enabled or disabled. For
example, if Bit 7 (Burst Offset Enable)=TRUE, Bits 24-39
may specify a value for Burst Offset. On the other hand, if
Bit 7=FALSE, Bits 24-39 may specify a value for a Partial
TSF Timer.

As pointed out above, an initial FTM message FTM_1
transmitted from a responding STA (e.g., as shown in FIG.
3) may specity fields similar to those shown in FIG. 7 to
indicate particular requested parameters under which the
responding STA is to schedule actions for satisfying an
initial FTM request message. According to an embodiment,
an initiating STA may compare alternative parameters (e.g.,
in an embodiment, parameters may comprise Burst Duration
or Min Delta FTM or combination thereof. In an embodi-
ment, other parameters may be compared.) in an initial FTM
message FTM_1 with requested parameters provided in a
most recently transmitted FTM request message (e.g., with
a most recently transmitted initial FTM request message).
Here, if the compared parameters match or are acceptable to
the initiating STA, the initiating STA may wait until the
specified period for Burst Offset expires and transmit an
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FTM request message to initiate transmission of FIM
messages in a burst. Otherwise, if the compared requested
and alternative parameters do not match and are not accept-
able to the initiating STA, the initiating STA may transmit an
FTM message with a trigger field (e.g., initial FTM message
FTM_1 306 shown in FIG. 6) set to cancel the initial FTM
request message. The initiating STA may then transmit a
new initial FTM request message to the responding STA
with different FTM parameters.

According an embodiment, a responding STA may reject
all incoming initial FTM request messages with a trigger
field set to true until an existing current initial FTM request
message negotiation is complete or has failed/been can-
celled. Here, negotiation of an existing current initial FTM
request message may be deemed complete when an initiat-
ing STA responds with an ACK message to an initial FTM
message FTM_1. In the absence of receipt of an ACK
message to an initial FTM message FTM_1, a responding
STA. If an initial FTM message FTM_1 is not subsequently
acknowledged, then the initial FTM message FTM_1 may
be retransmitted with a different dialogue token to indicate
negotiation failure via the Status Indication field (b0-b1) in
the FTM Parameters IE. This is repeated a finite number of
times after which the responding STA deems it a failure and
stops.

In another particular embodiment, following transmission
of an acknowledgement message by an initiating STA in
response to receipt of an initial FTM message FTM_1, the
initiating STA may transition to a reduced power state (e.g.,
sleep state). The initiating STA may then transition from the
reduced power state to a full power state prior to end of a
minimum time offset specified in a Burst Offset field.

FIG. 8 is a schematic diagram of a mobile device accord-
ing to an embodiment. Mobile device 100 (FIG. 1) may
comprise one or more features of mobile device 1100 shown
in FIG. 8. In certain embodiments, mobile device 1100 may
also comprise a wireless transceiver 1121 which is capable
of transmitting and receiving wireless signals 1123 via
wireless antenna 1122 over a wireless communication net-
work. Wireless transceiver 1121 may be connected to bus
1101 by a wireless transceiver bus interface 1120. Wireless
transceiver bus interface 1120 may, in some embodiments be
at least partially integrated with wireless transceiver 1121.
Some embodiments may include multiple wireless trans-
ceivers 1121 and wireless antennas 1122 to enable transmit-
ting and/or receiving signals according to a corresponding
multiple wireless communication standards such as, for
example, versions of IEEE Std. 802.11, CDMA, WCDMA,
LTE, UMTS, GSM, AMPS, Zigbee and Bluetooth, just to
name a few examples.

Mobile device 1100 may also comprise SPS receiver 1155
capable of receiving and acquiring SPS signals 1159 via SPS
antenna 1158. SPS receiver 1155 may also process, in whole
or in part, acquired SPS signals 1159 for estimating a
location of mobile device 1000. In some embodiments,
general-purpose processor(s) 1111, memory 1140, DSP(s)
1112 and/or specialized processors (not shown) may also be
utilized to process acquired SPS signals, in whole or in part,
and/or calculate an estimated location of mobile device
1100, in conjunction with SPS receiver 1155. Storage of SPS
or other signals for use in performing positioning operations
may be performed in memory 1140 or registers (not shown).

Also shown in FIG. 9, mobile device 1100 may comprise
digital signal processor(s) (DSP(s)) 1112 connected to the
bus 1101 by a bus interface 1110, general-purpose
processor(s) 1111 connected to the bus 1101 by a bus
interface 1110 and memory 1140. Bus interface 1110 may be
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integrated with the DSP(s) 1112, general-purpose
processor(s) 1111 and memory 1140. In various embodi-
ments, functions may be performed in response execution of
one or more machine-readable instructions stored in
memory 1140 such as on a computer-readable storage
medium, such as RAM, ROM, FLASH, or disc drive, just to
name a few example. The one or more instructions may be
executable by general-purpose processor(s) 1111, special-
ized processors, or DSP(s) 1112. Memory 1140 may com-
prise a non-transitory processor-readable memory and/or a
computer-readable memory that stores software code (pro-
gramming code, instructions, etc.) that are executable by
processor(s) 1111 and/or DSP(s) 1112 to perform functions
described herein. In a particular implementation, wireless
transceiver 1121 may communicate with general-purpose
processor(s) 1111 and/or DSP(s) 1112 through bus 1101 to
enable mobile device 1100 to be configured as a wireless
STA as discussed above. General-purpose processor(s) 1111
and/or DSP(s) 1112 may execute instructions to execute one
or more aspects of processes discussed above in connection
with FIGS. 3, and 4, or actions depicted in FIG. 5.

In one particular implementation, transmission of an ACK
message in response to a FTM measurement request mes-
sage may be performed by wireless transceiver device 1121
without instruction or initiation from general-purpose pro-
cessor(s) 1111 or DSP(s) 1112. On the other hand, an FTM
range report message may be formed at a programmable
device such as general-purpose processor(s) 1111 and/or
DSP(s) 1112 (e.g., from execution of one or more machine-
readable instructions stored in memory 1140). In an embodi-
ment, the messaging in FIGS. 2 and 3 and the methods of
FIGS. 4 and 5 may be performed by the apparatus of FIG.
8.

Also shown in FIG. 8, a user interface 1135 may comprise
any one of several devices such as, for example, a speaker,
microphone, display device, vibration device, keyboard,
touch screen, just to name a few examples. In a particular
implementation, user interface 1135 may enable a user to
interact with one or more applications hosted on mobile
device 1100. For example, devices of user interface 1135
may store analog or digital signals on memory 1140 to be
further processed by DSP(s) 1112 or general purpose/appli-
cation processor 1111 in response to action from a user.
Similarly, applications hosted on mobile device 1100 may
store analog or digital signals on memory 1140 to present an
output signal to a user. In another implementation, mobile
device 1100 may optionally include a dedicated audio input/
output (I/O) device 1170 comprising, for example, a dedi-
cated speaker, microphone, digital to analog circuitry, ana-
log to digital circuitry, amplifiers and/or gain control. It
should be understood, however, that this is merely an
example of how an audio [/O may be implemented in a
mobile device, and that claimed subject matter is not limited
in this respect. In another implementation, mobile device
1100 may comprise touch sensors 1162 responsive to touch-
ing or pressure on a keyboard or touch screen device.

Mobile device 1100 may also comprise a dedicated cam-
era device 1164 for capturing still or moving imagery.
Dedicated camera device 1164 may comprise, for example
an imaging sensor (e.g., charge coupled device or CMOS
imager), lens, analog to digital circuitry, frame buffers, just
to name a few examples. In one implementation, additional
processing, conditioning, encoding or compression of sig-
nals representing captured images may be performed at
general purpose/application processor 1111 or DSP(s) 1112.
Alternatively, a dedicated video processor 1168 may per-
form conditioning, encoding, compression or manipulation
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of signals representing captured images. Additionally, dedi-
cated video processor 1168 may decode/decompress stored
image data for presentation on a display device (not shown)
on mobile device 1100.

Mobile device 1100 may also comprise sensors 1160
coupled to bus 1101 which may include, for example,
inertial sensors and environment sensors. Inertial sensors of
sensors 1160 may comprise, for example accelerometers
(e.g., collectively responding to acceleration of mobile
device 1100 in three dimensions), one or more gyroscopes or
one or more magnetometers (e.g., to support one or more
compass applications). Environment sensors of mobile
device 1100 may comprise, for example, temperature sen-
sors, barometric pressure sensors, ambient light sensors,
camera imagers, microphones, just to name few examples.
Sensors 1160 may generate analog or digital signals that
may be stored in memory 1140 and processed by DPS(s) or
general purpose/application processor 1111 in support of one
or more applications such as, for example, applications
directed to positioning or navigation operations.

In a particular implementation, mobile device 1100 may
comprise a dedicated modem processor 1166 capable of
performing baseband processing of signals received and
downconverted at wireless transceiver 1121 or SPS receiver
1155. Similarly, dedicated modem processor 1166 may
perform baseband processing of signals to be upconverted
for transmission by wireless transceiver 1121. In alternative
implementations, instead of having a dedicated modem
processor, baseband processing may be performed by a
general purpose processor or DSP (e.g., general purpose/
application processor 1111 or DSP(s) 1112). It should be
understood, however, that these are merely examples of
structures that may perform baseband processing, and that
claimed subject matter is not limited in this respect.

FIG. 9 is a schematic diagram illustrating an example
system 1800 that may include one or more devices configu-
rable to implement techniques or processes described above,
for example, in connection with FIG. 1. System 1800 may
include, for example, a first device 1802, a second device
1804, and a third device 1806, which may be operatively
coupled together through a wireless communications net-
work. In an aspect, first device 1802 may comprise an access
point as shown, for example. Second device 1804 may
comprise an access point (e.g., local transceiver 115 or base
station transceiver 110) and third device 1806 may comprise
a mobile station or mobile device, in an aspect. Also, in an
aspect, devices 1802, 1804 and 1802 may be included in a
wireless communications network may comprise one or
more wireless access points, for example. However, claimed
subject matter is not limited in scope in these respects.

First device 1802, second device 1804 and third device
1806, as shown in FIG. 8, may be representative of any
device, appliance or machine that may be configurable to
exchange data over a wireless communications network. By
way of example but not limitation, any of first device 1802,
second device 1804, or third device 1806 may include: one
or more computing devices or platforms, such as, e.g., a
desktop computer, a laptop computer, a workstation, a server
device, or the like; one or more personal computing or
communication devices or appliances, such as, e.g., a per-
sonal digital assistant, mobile communication device, or the
like; a computing system or associated service provider
capability, such as, e.g., a database or data storage service
provider/system, a network service provider/system, an
Internet or intranet service provider/system, a portal or
search engine service provider/system, a wireless commu-
nication service provider/system; or any combination
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thereof. Any of the first, second, and third devices 1802,
1804, and 1806, respectively, may comprise one or more of
an access point or a mobile device in accordance with the
examples described herein.

Similarly, a wireless communications network, as shown
in FIG. 8, is representative of one or more communication
links, processes, or resources configurable to support the
exchange of data between at least two of first device 1802,
second device 1804, and third device 1806. By way of
example but not limitation, a wireless communications
network may include wireless or wired communication
links, telephone or telecommunications systems, data buses
or channels, optical fibers, terrestrial or space vehicle
resources, local area networks, wide area networks, intra-
nets, the Internet, routers or switches, and the like, or any
combination thereof. As illustrated, for example, by the
dashed lined box illustrated as being partially obscured of
third device 1806, there may be additional like devices
operatively coupled to wireless communications network
1808.

It is recognized that all or part of the various devices and
networks shown in FIG. 8, and the processes and methods as
further described herein, may be implemented using or
otherwise including hardware, firmware, software, or any
combination thereof.

Thus, by way of example but not limitation, second
device 1804 may include at least one processing unit 1820
that is operatively coupled to a memory 1822 through a bus
1828.

Processing unit 1820 is representative of one or more
circuits configurable to perform at least a portion of a data
computing procedure or process. By way of example but not
limitation, processing unit 1820 may include one or more
processors, controllers, microprocessors, microcontrollers,
application specific integrated circuits, digital signal proces-
sors, programmable logic devices, field programmable gate
arrays, and the like, or any combination thereof.

Memory 1822 is representative of any data storage
mechanism. Memory 1822 may include, for example, a
primary memory 1824 or a secondary memory 1826. Pri-
mary memory 1824 may include, for example, a random
access memory, read only memory, etc. While illustrated in
this example as being separate from processing unit 1820, it
should be understood that all or part of primary memory
1824 may be provided within or otherwise co-located/
coupled with processing unit 1820. In a particular imple-
mentation, memory 1822 and processing unit 1820 may be
configured to execute one or more aspects of process dis-
cussed above in connection with FIGS. 4 and 5.

Secondary memory 1826 may include, for example, the
same or similar type of memory as primary memory or one
or more data storage devices or systems, such as, for
example, a disk drive, an optical disc drive, a tape drive, a
solid state memory drive, etc. In certain implementations,
secondary memory 1826 may be operatively receptive of, or
otherwise configurable to couple to, a computer-readable
medium 1840. Computer-readable medium 1840 may
include, for example, any non-transitory medium that can
carry or make accessible data, code or instructions for one
or more of the devices in system 1800. Computer-readable
medium 1840 may also be referred to as a storage medium.

Second device 1804 may include, for example, a com-
munication interface 1830 that provides for or otherwise
supports the operative coupling of second device 1804 to a
wireless communications network at least through an
antenna 1808. By way of example but not limitation, com-
munication interface 1830 may include a network interface
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device or card, a modem, a router, a switch, a transceiver,
and the like or combinations thereof. In other alternative
implementations, communication interface 1830 may com-
prise a wired/LAN interface, wireless LAN interface (e.g.,
IEEE std. 802.11 wireless interface) and/or a wide area
network (WAN) air interface. In a particular implementa-
tion, antenna 1808 in combination with communication
interface 1830 may be used to implement transmission and
reception of signals as illustrated in FIG. 2, and FIG. 3, or
actions performed in connection with FIGS. 4 and 5.

In one particular implementation, transmission of an ACK
message in response to a FTM measurement request mes-
sage may be performed at communication interface 1830
without instruction or initiation from processing unit 1830.
On the other hand, an FTM range report message may be
formed at a programmable device such as processing unit
1820 (e.g., from execution of one or more machine-readable
instructions stored in memory 1820). In an embodiment, the
messaging in FIGS. 2 and 3 and the methods of FIGS. 4 and
5 may be performed by the apparatus of FIG. 9, for example,
by the access point 1804.

As used herein, the term “access point” is meant to
include any wireless communication station and/or device
used to facilitate communication in a wireless communica-
tions system, such as, for example, a wireless local area
network, although the scope of claimed subject matter is not
limited in this respect. In another aspect, an access point may
comprise a wireless local area network (WLAN) access
point, for example. Such a WLAN may comprise a network
compatible and/or compliant with one or more versions of
IEEE standard 802.11 in an aspect, although the scope of
claimed subject matter is not limited in this respect. A
WLAN access point may provide communication between
one or more mobile devices and a network such as the
Internet, for example.

As used herein, the term “mobile device” refers to a
device that may from time to time have a position location
that changes. The changes in position location may comprise
changes to direction, distance, orientation, etc., as a few
examples. In particular examples, a mobile device may
comprise a cellular telephone, wireless communication
device, user equipment, laptop computer, other personal
communication system (PCS) device, personal digital assis-
tant (PDA), personal audio device (PAD), portable naviga-
tional device, and/or other portable communication devices.
A mobile device may also comprise a processor and/or
computing platform adapted to perform functions controlled
by machine-readable instructions.

The methodologies described herein may be implemented
by various means depending upon applications according to
particular examples. For example, such methodologies may
be implemented in hardware, firmware, software, or com-
binations thereof. In a hardware implementation, for
example, a processing unit may be implemented within one
or more application specific integrated circuits (“ASICs”),
digital signal processors (“DSPs”), digital signal processing
devices (“DSPDs”), programmable logic devices (“PLDs”),
field programmable gate arrays (“FPGAs”), processors, con-
trollers, micro-controllers, microprocessors, electronic
devices, other devices units designed to perform the func-
tions described herein, or combinations thereof.

Algorithmic descriptions and/or symbolic representations
are examples of techniques used by those of ordinary skill in
the signal processing and/or related arts to convey the
substance of their work to others skilled in the art. An
algorithm is here, and generally, is considered to be a
self-consistent sequence of operations and/or similar signal
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processing leading to a desired result. In this context,
operations and/or processing involve physical manipulation
of physical quantities. Typically, although not necessarily,
such quantities may take the form of electrical and/or
magnetic signals and/or states capable of being stored,
transferred, combined, compared, processed or otherwise
manipulated as electronic signals and/or states representing
various forms of content, such as signal measurements, text,
images, video, audio, etc. It has proven convenient at times,
principally for reasons of common usage, to refer to such
physical signals and/or physical states as bits, values, ele-
ments, symbols, characters, terms, numbers, numerals, mes-
sages, frames, measurements, content and/or the like. It
should be understood, however, that all of these and/or
similar terms are to be associated with appropriate physical
quantities and are merely convenient labels. Unless specifi-
cally stated otherwise, as apparent from the preceding dis-
cussion, it is appreciated that throughout this specification
discussions utilizing terms such as “processing,” “comput-
ing,” “calculating,” “determining”, “establishing”, “obtain-
ing”, “identifying”, “selecting”, “generating”, and/or the
like may refer to actions and/or processes of a specific
apparatus, such as a special purpose computer and/or a
similar special purpose computing and/or network device. In
the context of this specification, therefore, a special purpose
computer and/or a similar special purpose computing and/or
network device is capable of processing, manipulating and/
or transforming signals and/or states, typically represented
as physical electronic and/or magnetic quantities within
memories, registers, and/or other storage devices, transmis-
sion devices, and/or display devices of the special purpose
computer and/or similar special purpose computing and/or
network device. In the context of this particular patent
application, as mentioned, the term “specific apparatus” may
include a general purpose computing and/or network device,
such as a general purpose computer, once it is programmed
to perform particular functions pursuant to instructions from
program software.

In some circumstances, operation of a memory device,
such as a change in state from a binary one to a binary zero
or vice-versa, for example, may comprise a transformation,
such as a physical transformation. With particular types of
memory devices, such a physical transformation may com-
prise a physical transformation of an article to a different
state or thing. For example, but without limitation, for some
types of memory devices, a change in state may involve an
accumulation and/or storage of charge or a release of stored
charge. Likewise, in other memory devices, a change of state
may comprise a physical change, such as a transformation in
magnetic orientation and/or a physical change and/or trans-
formation in molecular structure, such as from crystalline to
amorphous or vice-versa. In still other memory devices, a
change in physical state may involve quantum mechanical
phenomena, such as, superposition, entanglement, and/or
the like, which may involve quantum bits (qubits), for
example. The foregoing is not intended to be an exhaustive
list of all examples in which a change in state form a binary
one to a binary zero or vice-versa in a memory device may
comprise a transformation, such as a physical transforma-
tion. Rather, the foregoing is intended as illustrative
examples.

Wireless communication techniques described herein
may be in connection with various wireless communications
networks such as a wireless wide area network (“WWAN”),
a wireless local area network (“WLAN™), a wireless per-
sonal area network (WPAN), and so on. In this context, a
“wireless communication network” comprises multiple
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devices or nodes capable of communicating with one
another through one or more wireless communication links.
As shown in FIG. 1, for example, a wireless communication
network may comprise two or more devices from mobile
devices 100a, 1005, 1154 and 1155. The term “network™ and
“system” may be used interchangeably herein. A WWAN
may be a Code Division Multiple Access (“CDMA”) net-
work, a Time Division Multiple Access (“TDMA”) network,
a Frequency Division Multiple Access (“FDMA™) network,
an Orthogonal Frequency Division Multiple Access
(“OFDMA”) network, a Single-Carrier Frequency Division
Multiple Access (“SC-FDMA”) network, or any combina-
tion of the above networks, and so on. A CDMA network
may implement one or more radio access technologies
(“RATs”) such as cdma2000, Wideband-CDMA (“W-
CDMA”), to name just a few radio technologies. Here,
c¢dma2000 may include technologies implemented accord-
ing to IS-95, IS-2000, and IS-856 standards. A TDMA
network may implement Global System for Mobile Com-
munications (“GSM”), Digital Advanced Mobile Phone
System (“D-AMPS”), or some other RAT. GSM and
W-CDMA are described in documents from a consortium
named ‘“3rd Generation Partnership Project” (“3GPP”).
Cdma2000 is described in documents from a consortium
named “3rd Generation Partnership Project 2” (“3GPP2”).
3GPP and 3GPP2 documents are publicly available. 4G
Long Term Evolution (“LTE”) communications networks
may also be implemented in accordance with claimed sub-
ject matter, in an aspect. A WLAN may comprise an IEEE
802.11x network, and a WPAN may comprise a Bluetooth
network, an IEEE 802.15x, for example. Wireless commu-
nication implementations described herein may also be used
in connection with any combination of WWAN, WLAN or
WPAN.

In another aspect, as previously mentioned, a wireless
transmitter or access point may comprise a femtocell, uti-
lized to extend cellular telephone service into a business or
home. In such an implementation, one or more mobile
devices may communicate with a femtocell via a code
division multiple access (“CDMA”) cellular communication
protocol, for example, and the femtocell may provide the
mobile device access to a larger cellular telecommunication
network by way of another broadband network such as the
Internet.

Techniques described herein may be used with an SPS
that includes any one of several GNSS and/or combinations
of GNSS. Furthermore, such techniques may be used with
positioning systems that utilize terrestrial transmitters acting
as “pseudolites”, or a combination of SVs and such terres-
trial transmitters. Terrestrial transmitters may, for example,
include ground-based transmitters that broadcast a PN code
or other ranging code (e.g., similar to a GPS or CDMA
cellular signal). Such a transmitter may be assigned a unique
PN code so as to permit identification by a remote receiver.
Terrestrial transmitters may be useful, for example, to aug-
ment an SPS in situations where SPS signals from an
orbiting SV might be unavailable, such as in tunnels, mines,
buildings, urban canyons or other enclosed areas. Another
implementation of pseudolites is known as radio-beacons.
The term “SV”, as used herein, is intended to include
terrestrial transmitters acting as pseudolites, equivalents of
pseudolites, and possibly others. The terms “SPS signals”
and/or “SV signals”, as used herein, is intended to include
SPS-like signals from terrestrial transmitters, including ter-
restrial transmitters acting as pseudolites or equivalents of
pseudolites.



US 9,935,756 B2

17

Likewise, in this context, the terms “coupled”, “con-
nected,” and/or similar terms are used generically. It should
be understood that these terms are not intended as syn-
onyms. Rather, “connected” is used generically to indicate
that two or more components, for example, are in direct
physical, including electrical, contact; while, “coupled” is
used generically to mean that two or more components are
potentially in direct physical, including electrical, contact;
however, “coupled” is also used generically to also mean
that two or more components are not necessarily in direct
contact, but nonetheless are able to co-operate and/or inter-
act. The term coupled is also understood generically to mean
indirectly connected, for example, in an appropriate context.

The terms, “and”, “or”, “and/or” and/or similar terms, as
used herein, include a variety of meanings that also are
expected to depend at least in part upon the particular
context in which such terms are used. Typically, “or” if used
to associate a list, such as A, B or C, is intended to mean A,
B, and C, here used in the inclusive sense, as well as A, B
or C, here used in the exclusive sense. In addition, the term
“one or more” and/or similar terms is used to describe any
feature, structure, and/or characteristic in the singular and/or
is also used to describe a plurality and/or some other
combination of features, structures and/or characteristics.
Likewise, the term “based on” and/or similar terms are
understood as not necessarily intending to convey an exclu-
sive set of factors, but to allow for existence of additional
factors not necessarily expressly described. Of course, for all
of the foregoing, particular context of description and/or
usage provides helpful guidance regarding inferences to be
drawn. It should be noted that the following description
merely provides one or more illustrative examples and
claimed subject matter is not limited to these one or more
examples; however, again, particular context of description
and/or usage provides helpful guidance regarding inferences
to be drawn.

In this context, the term network device refers to any
device capable of communicating via and/or as part of a
network and may comprise a computing device. While
network devices may be capable of sending and/or receiving
signals (e.g., signal packets and/or frames), such as via a
wired and/or wireless network, they may also be capable of
performing arithmetic and/or logic operations, processing
and/or storing signals, such as in memory as physical
memory states, and/or may, for example, operate as a server
in various embodiments. Network devices capable of oper-
ating as a server, or otherwise, may include, as examples,
dedicated rack-mounted servers, desktop computers, laptop
computers, set top boxes, tablets, netbooks, smart phones,
wearable devices, integrated devices combining two or more
features of the foregoing devices, the like or any combina-
tion thereof. Signal packets and/or frames, for example, may
be exchanged, such as between a server and a client device
and/or other types of network devices, including between
wireless devices coupled via a wireless network, for
example. It is noted that the terms, server, server device,
server computing device, server computing platform and/or
similar terms are used interchangeably. Similarly, the terms
client, client device, client computing device, client com-
puting platform and/or similar terms are also used inter-
changeably. While in some instances, for ease of description,
these terms may be used in the singular, such as by referring
to a “client device” or a “server device,” the description is
intended to encompass one or more client devices and/or one
or more server devices, as appropriate. Along similar lines,
references to a “database” are understood to mean, one or
more databases and/or portions thereof, as appropriate.
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It should be understood that for ease of description a
network device (also referred to as a networking device)
may be embodied and/or described in terms of a computing
device. However, it should further be understood that this
description should in no way be construed that claimed
subject matter is limited to one embodiment, such as a
computing device and/or a network device, and, instead,
may be embodied as a variety of devices or combinations
thereof, including, for example, one or more illustrative
examples.
References throughout this specification to one imple-
mentation, an implementation, one embodiment, an embodi-
ment and/or the like means that a particular feature, struc-
ture, and/or characteristic described in connection with a
particular implementation and/or embodiment is included in
at least one implementation and/or embodiment of claimed
subject matter. Thus, appearances of such phrases, for
example, in various places throughout this specification are
not necessarily intended to refer to the same implementation
or to any one particular implementation described. Further-
more, it is to be understood that particular features, struc-
tures, and/or characteristics described are capable of being
combined in various ways in one or more implementations
and, therefore, are within intended claim scope, for example.
In general, of course, these and other issues vary with
context. Therefore, particular context of description and/or
usage provides helpful guidance regarding inferences to be
drawn.
While there has been illustrated and described what are
presently considered to be example features, it will be
understood by those skilled in the art that various other
modifications may be made, and equivalents may be sub-
stituted, without departing from claimed subject matter.
Additionally, many modifications may be made to adapt a
particular situation to the teachings of claimed subject
matter without departing from the central concept described
herein. Therefore, it is intended that claimed subject matter
not be limited to the particular examples disclosed, but that
such claimed subject matter may also include all aspects
falling within the scope of the appended claims, and equiva-
lents thereof.
What is claimed is:
1. At an initiating wireless station (STA), a method
comprising:
transmitting a first fine timing measurement (FTM)
request message requesting one or more bursts of FTM
messages from a responding STA, the first FTM request
message comprising at least one field specifying a
minimum time offset between transmission of an initial
FTM message from the responding STA and transmis-
sion of a second FTM request message from the
initiating STA preceding at least an initial burst of the
requested one or more bursts of FTM messages;

receiving the initial FTM message transmitted by the
responding STA in response to the first FTM request
message; and

transmitting the second FTM request message, the second

FTM request message comprising a value in a trigger
field to cancel the first FTM request message based, at
least in part, on a comparison of one or more first
requested parameters in the first FTM request message
with one or more alternative parameters in the received
initial FTM message.

2. The method of claim 1, and further comprising

transmitting an acknowledgement message to the

responding STA in response to receipt of the initial
FTM message; and
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transitioning to a reduced power state following transmis-
sion of the acknowledgement message; and

transitioning from the reduced power state to a full power
state prior to end of a duration defined, at least in part,
by the minimum time offset.

3. The method of claim 1, and further comprising:

computing a time of flight of at least one of FTM message

transmitted in the one or more bursts of FTM messages;
and

measuring a distance between the initiating STA and the

responding STA based, at least in part, on the computed
time of flight.

4. The method of claim 1, and further comprising:

transmitting the second FTM request message following

the minimum time offset based, at least in part, on a
comparison of one or more requested parameters in the
first FTM request message with one or more alternative
parameters in the initial FTM message.

5. The method of claim 1, and further comprising trans-
mitting a third FTM request message to the responding STA
comprising one or more second requested parameters.

6. The method of claim 1, wherein the first FTM request
message further comprises one or more bits indicating that
the at least one field contains the minimum time offset
instead of a partial Timing Synchronization Function (TSF)
timer indication.

7. An initiating wireless station (STA), comprising:

a receiver to receive messages from a wireless commu-

nication network;

a transmitter to transmit messages to the wireless com-

munication network; and

one or more processors configured to:

initiate transmission of a first fine timing measurement

(FTM) request message through the transmitter
requesting one or more bursts of FTM messages from
a responding STA, the first FTM request message
comprising at least one field specifying a minimum
time offset between transmission of an initial FTM
message from the responding STA and transmission of
a second FTM request message from the initiating STA
preceding at least an initial burst of the requested one
or more bursts of FTM messages;

obtain the initial FTM message transmitted by the

responding STA in response to the first FTM request
message received at the receiver; and
initiate transmission of the second FTM request message
through the transmitter, the second FTM request mes-
sage comprising a value in a trigger field to cancel the
first FTM request message based, at least in part, on a
comparison of one or more first requested parameters in
the first FTM request message with one or more
alternative parameters in the received initial FTM mes-
sage.
8. The initiating STA of claim 7, where the one or more
processors are further configured to:
initiate transmission of an acknowledgement message
through the transmitter to the responding STA in
response to receipt of the initial FTM message; and

initiate transition of the initiating STA to a reduced power
state following transmission of the acknowledgement
message; and

initiate transition of the initiating STA from the reduced

power state to a full power state prior to end of a
duration defined, at least in part, by the minimum time
offset.

9. The initiating STA of claim 7, wherein the one or more
processors are further configured to:

20

compute a time of flight of at least one FTM message
transmitted in the one or more bursts of FTM messages;
and

measure a distance between the initiating STA and the

5 responding STA based, at least in part, on the computed
time of flight.

10. The initiating STA of claim 7, wherein the one or more
processors are further configured to:

initiate transmission of the second FTM request message

10 through the transmitter following a duration defined, at
least in part, by the minimum time offset based, at least
in part, on a comparison of one or more requested
parameters in the first FTM request message with one
or more alternative parameters in the initial FTM

15 message.

11. The initiating STA of claim 7, wherein the one or more
processors are further configured to initiate transmission of
a third FTM request message through the transmitter to the
responding STA, the third FTM request message comprising

20 one or more second requested parameters.

12. The initiating STA of claim 7, wherein the first FTM
request message further comprises one or more bits indicat-
ing that the at least one field contains the minimum time
offset instead of a partial Timing Synchronization Function

25 (TSF) timer indication.

13. A method comprising, at a responding wireless station
(STA):

receiving a first fine timing measurement (FTM) request

message from an initiating STA, the first FTM request

30 message requesting one or more bursts of FTM mes-
sages and comprising one or more fields specifying a
minimum time offset between transmission of an initial
FTM message from the responding STA and transmis-
sion of a subsequent FTM request message from the

35 initiating STA preceding at least an initial burst of the
requested one or more bursts of FTM messages;

transmitting the initial FTM message in response to the
first FTM request message;

in response to receipt of an acknowledgement message

40 transmitted by the initiating STA in response to receipt
of the initial FTM message, allocating at least one
resource to provide the requested one or more bursts of
FTM messages following expiration of a duration
defined, at least in part, by the minimum time offset;

45  re-transmitting the initial FTM message a set number of
times responsive to an absence of receipt of the
acknowledgement message transmitted by the initiating
STA; and

in response to receipt of the acknowledgement message

50 transmitted by the initiating STA in response to receipt
of a re-transmission of the initial FTM message, allo-
cating at least one resource to provide the requested one
or more bursts of FTM messages following expiration
of the duration defined, at least in part, by the minimum

55 time offset.

14. The method of claim 13, and further comprising:

receive the subsequent FTM request message, the subse-

quent FTM request message comprising a value in a
trigger field to cancel the first FTM request message

60 based, at least in part, on a comparison of one or more
first requested parameters in the first FTM request
message with one or more alternative parameters in the
received initial FTM message.

15. The method of claim 13, wherein the first FTM

65 request message further comprises one or more fields com-

prising one or more first parameters to specify one or more
requested aspects of the requested one or more bursts of
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FTM messages, and wherein the initial FTM message fur-
ther comprises one or more fields to specify one or more
alternative aspects for the requested one or more bursts of
FTM messages.

16. The method of claim 15, wherein the one or more
requested aspects comprise a number of bursts, burst dura-
tion or burst offset, or any combination thereof.

17. A responding wireless station (STA), comprising:

a receiver to receive messages from a wireless commu-

nication network;

a transmitter to transmit messages to the wireless com-

munication network; and

one or more processors configured to:

obtain a first fine timing measurement (FTM) request

message received at the receiver from an initiating
STA, the first FTM request message requesting one or
more bursts of FTM messages and comprising one or
more fields specifying a minimum time offset between
transmission of an initial FTM message from the
responding STA and transmission of a subsequent FTM
request message from the initiating STA preceding at
least an initial burst of the requested one or more bursts
of FTM messages;

initiate transmission of the initial FTM message through

the transmitter in response to the first FTM request
message;
in response to receipt of an acknowledgement message
transmitted by the initiating STA in response to receipt
of the initial FTM message, allocate at least one
resource to provide the requested one or more bursts of
FTM messages following expiration of a duration
defined, at least in part, by the minimum time offset;

initiate re-transmission of the initial FTM message a set
number of times responsive to an absence of receipt of
the acknowledgement message transmitted by the ini-
tiating STA; and

in response to receipt of the acknowledgement message

transmitted by the initiating STA in response to receipt
of a re-transmission of the initial FTM message, allo-
cate at least one resource to provide the requested one
or more bursts of FTM messages following expiration
of'the duration defined, at least in part, by the minimum
time offset.

18. The responding STA of claim 17, wherein the one or
more processors are further configured to, receive the sub-
sequent FTM request message from the initiating STA, the
subsequent FTM request message comprising a value in a
trigger field to cancel the first FTM request message based,
at least in part, on a comparison of one or more first
requested parameters in the first FTM request message with
one or more alternative parameters in the received initial
FTM message.

19. The responding STA of claim 17, wherein the first
FTM request message further comprises one or more fields
comprising one or more first parameters to specify one or
more requested aspects of the requested one or more bursts
of FTM messages, and wherein the initial FTM message
further comprises one or more fields to specify one or more
alternative aspects for the requested one or more bursts of
FTM messages.

20. The responding STA of claim 19, wherein the one or
more requested aspects comprise a number of bursts, burst
duration or burst offset, or any combination thereof.

21. A non-transitory storage medium comprising com-
puter readable instructions stored thereon which are execut-
able by one or more processors of an initiating wireless
station (STA) to:
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initiate transmission of a first fine timing measurement
(FTM) request message requesting one or more bursts
of FITM messages from a responding STA, the first
FTM request message comprising at least one field
specifying a minimum time offset between transmis-
sion of an initial FTM message from the responding
STA and transmission of a second FTM request mes-
sage from the initiating STA preceding at least an initial
burst of the requested one or more bursts of FTM
messages;
obtaining the initial FTM message received at the initi-
ating STA and transmitted by the responding STA in
response to the first FTM request message; and
transmit the second FTM request message, the second
FTM request message comprising a value in a trigger
field to cancel the first FTM request message based, at
least in part, on a comparison of one or more first
requested parameters in the first FTM request message
with one or more alternative parameters in the received
initial FTM message.
22. The storage medium of claim 21, wherein the instruc-
tions are further executable by the one or more processors to:
initiate transmission of an acknowledgement message to
the responding STA in response to receipt of the initial
FTM message;
initiate transition of the initiating STA to a reduced power
state following transmission of the acknowledgement
message; and
initiate transition of the initiating STA from the reduced
power state to a full power state prior to end of a
duration defined, at least in part, by the minimum time
offset.
23. The storage medium of claim 21, wherein the instruc-
tions are further executable by the one or more processors to:
compute a time of flight of at least one of FTM message
transmitted in the one or more bursts of FTM messages;
and
measure a distance between the initiating STA and the
responding STA based, at least in part, on the computed
time of flight.
24. An initiating wireless station (STA) comprising:
means for transmitting a first fine timing measurement
(FTM) request message requesting one or more bursts
of FITM messages from a responding STA, the first
FTM request message comprising at least one field
specifying a minimum time offset between transmis-
sion of an initial FTM message from the responding
STA and transmission of a second FTM request mes-
sage from the initiating STA preceding at least an initial
burst of the requested one or more bursts of FTM
messages;
means for receiving the initial FTM message transmitted
by the responding STA in response to the first FTM
request message; and
means for transmitting the second FTM request message,
the second FTM request message comprising a value in
a trigger field to cancel the first FTM request message
based, at least in part, on a comparison of one or more
first requested parameters in the first FTM request
message with one or more alternative parameters in the
received initial FTM message.
25. The initiating STA of claim 24, and further compris-
ing:
means for transmitting an acknowledgement message to
the responding STA in response to receipt of the initial
FTM message;
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means for transitioning to a reduced power state following

transmission of the acknowledgement message; and

means for transitioning from the reduced power state to a

full power state prior to end of a duration defined, at
least in part, by the minimum time offset.
26. The initiating STA of claim 24, and further compris-
ing:
means for computing a time of flight of at least one of
FTM message transmitted in the one or more bursts of
FTM messages; and

means for measuring a distance between the initiating
STA and the responding STA based, at least in part, on
the computed time of flight.

27. A non-transitory storage medium comprising com-
puter readable instructions stored thereon which are execut-
able by one or more processors at a responding wireless
station (STA) to:

obtain a first fine timing measurement (FTM) request

message received from an initiating STA, the first FTM
request message requesting one or more bursts of FTM
messages and comprising one or more fields specifying
a minimum time offset between transmission of an
initial FTM message from the responding STA and
transmission of a subsequent FTM request message
from the initiating STA preceding at least an initial
burst of the requested one or more bursts of FTM
messages;

initiate transmission of the initial FTM message in

response to the first FTM request message;
in response to receipt of an acknowledgement message
transmitted by the initiating STA in response to receipt
of the initial FTM message, allocate at least one
resource to provide the requested one or more bursts of
FTM messages following expiration of a duration
defined, at least in part, by the minimum time offset;

initiate re-transmission of the initial FTM message a set
number of times responsive to an absence of receipt of
the acknowledgement message transmitted by the ini-
tiating STA; and

in response to receipt of the acknowledgement message

transmitted by the initiating STA in response to receipt
of a re-transmission of the initial FTM message, allo-
cate at least one resource to provide the requested one
or more bursts of FTM messages following expiration
of'the duration defined, at least in part, by the minimum
time offset.

28. The storage medium of claim 27, wherein the instruc-
tions are further executable by the one or more processors to:
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receive the subsequent FTM request message, the subse-
quent FTM request message comprising a value in a
trigger field to cancel the first FTM request message
based, at least in part, on a comparison of one or more
first requested parameters in the first FTM request
message with one or more alternative parameters in the
received initial FTM message.

29. A responding wireless station (STA), comprising:

means for receiving a first fine timing measurement
(FTM) request message from an initiating STA, the first
FTM request message requesting one or more bursts of
FTM messages and comprising one or more fields
specifying a minimum time offset between transmis-
sion of an initial FTM message from the responding
STA and transmission of a subsequent FTM request
message from the initiating STA preceding at least an
initial burst of the requested one or more bursts of FTM
messages;

means for transmitting the initial FTM message in
response to the first FTM request message;

means, in response to receipt of an acknowledgement
message transmitted by the initiating STA in response
to receipt of the initial FTM message, for allocating at
least one resource to provide the requested one or more
bursts of FTM messages following expiration of a
duration defined, at least in part, by the minimum time
offset;

means for re-transmitting the initial FTM message a set
number of times responsive to an absence of receipt of
an acknowledgement message transmitted by the initi-
ating STA; and

means, in response to receipt of an acknowledgement
message transmitted by the initiating STA in response
to receipt of a re-transmission of the initial FTM
message, allocating at least one resource to provide the
requested one or more bursts of FTM messages fol-
lowing expiration of the duration defined, at least in
part, by the minimum time offset.

30. The responding STA of claim 29, and further com-

prising:

means for receiving the subsequent FTM request mes-
sage, the subsequent FTM request message comprising
avalue in a trigger field to cancel the first FTM request
message based, at least in part, on a comparison of one
or more first requested parameters in the first FTM
request message with one or more alternative param-
eters in the received initial FTM message.
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