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(57) Abstract: Embodiments disclosed herein relate to methods and systems for providing improved position-location (e.g., time-of-
& arrival) measurement and enhanced position location in wireless communication systems. In an embodiment, an access point may
e\ replace information (e.g., data) transmission by a "known" transmission (or "reference transmission") at a predetermined time known
to access terminals in the corresponding sectors. The access terminals may use the received reference transmission to perform a po-
sition-location measurement, and report back the measured information. The access point may also send a reference transmission
on demand, e.g., in response to a request from an access terminal in need for a location-based service.
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METHODS AND SYSTEMS FOR PROVIDING ENHANCED
POSITION LOCUCATION IN WIRELESS COMMUNICATIONS

BACKGROUND
Thas disclosure relates generaliy to wireless communications. More specifically.
embodiments disclosed therem  relate 0 providing wmyproved tume-of-artival

measurement and enhanced postion location m wireless commmcation systems.

Background

Wireless communication svstems are widely deploved 1o provide various types
of conununications (such as voice and data) to multiple users. Such svsiems may be
based on code division multiple access (CDMA). time division multiple access
(TDMA), ifrequency division muliiple access (FDMA), or other multiple access
techniques. A wireless comnuncation svstem may be designed o implement one o
mote standards, sach as IS-95, cdma2G0, 18856, W.ODMA, TD-SCDMA, and other
standards.

Presence defection and location~based services have long been soueht after in
wireless communications.  In addition to supporting emergency servigces {e.g. BE911
calls), wireless operators are striving to provide a wide range of new applications
targeted for the evervday consumer and enterpnise user, such as cluld ocators, tum-by-
tumn navigation, direciory serviges, voice conclerge, rogadside assistance, and many
others. A challenge hence lies in providing accurate and rehiable position location {o

enable such applications.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 idlugirates an embodiment of a wirgless conununication svstem:
FIG. 2 dlustrates an embodiment of forward link slot structure iy an IS-836 type
Svsieny
F1(Gs. 3A-3B illustrate embodiments of forward bhink slot structure for reference

transmission;
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[0007] F1G. 4A illustrates an embodiment of forward link structure in an 1S-95
type system,
[0008] FIG. 4B illustrates an embodiment of forward link structure for reference
transmission; '
[0009] FIG. 5 illustrates a flow diagram of a process, which may be used to
implement some disclosed embodiments;
[0010] FIG. 6 illustrates a flow diagram of a process, which may be used to
implement some disclosed embodiments;
[0011] FIG. 7 illustratés a flow diagram of a process, which may be used to
implement some disclosed embodiments;
[0012] FIG. 8 illustrates a flow diagram of a process, which may be used to
implement some disclosed embodiments;
[0013] FIG. 9 illustrates a block diagram of an apparatus, in which some

disclosed embodiments may be implemented; and

[0014] EIG. 10 illustrates a block diagram of an apparatus, in which some

disclosed embodiments may be implemented.
DETAILED DESCRIPTION

[0015] Embodiments disclosed herein relate to methods and systems for

providing enhanced position location in wireless communication systems.

According to one aspect of the present invention, there is provided a
method for wireless communications, comprising: generating a pilot signal and a
reference signal, the reference signal comprising a sequence of symbols known {0 an

access terminal: and transmitting the pilot signal and the reference signal in a time slot.
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According to another aspect of the present invention, there is provided
2 machine-readable medium storing processor-executable instructions that, when
executed by at least one processor of a wireless communications apparatus, cause
the wireless communications apparatus to perform steps, comprising: generating a
pilot signal and a reference signal, the reference signal comprising a sequence of

symbols known to an access terminal; and transmitting the pilot signal and the

reference signal in a time slot.

According to still another aspect of the present invention, there is
provided an apparatus adapted for wireless communications, comprising: means for
generating a pilot signal and a reference signal, the reference signal comprising a
sequence of symbols known to an access terminal: and means for transmitting the

pilot signal and the reference signal in a time slot.

According to yet another aspect of the present invention, there is
provided an apparatus adapted for wireless communications, comprising: a
reference-generating unit to generate a pilot signal and a reference signal, the
reference signal comprising a sequence of symbols known to an access terminal; and

a transmitting unit to transmit the pilot signal and the reference signal in a time slot.

According to a further aspect of the present invention, there is provided

2 method for wireless communications, comprising: receiving a pilot signal and a
reference signal in a time slot, wherein the reference signal is received in lieu of at
least a portion of traffic data over a traffic channel, the reference signal comprising a
sequence of symbols known to a receiver; and performing a position-location

measurement based on the pilot signal and the reference signal.

According to yet a further aspect of the present invention, there is provided
an apparatus for wireless communications, comprising: means for receiving a time slot
having a pilot signal and a reference signal, wherein the reference signal is received In

lieu of at least a portion of traffic data over a traffic channel; and means for performing a

position-location measurement based on the pilot signal and the reference signal.
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According to still a further aspect of the present invention, there Is
provided a method for wireless communications, comprising: receiving a pilot signal
and a portion of a control channel, wherein information received over the portion of
the control channel is known at a receiver prior to being received; and performing a

position-location measurement based on the pilot signal and the portion of the control

channel.

According to another aspect of the present invention, there is provided
a wireless device comprising: at least one receiver, at least one transmitter; and at
least one controller coupled to the at least one receiver and to the at least one
transmitter, wherein the at least one controller is configured to perform steps
comprising: receiving a time slot comprising a pilot channel and at least one other
channel wherein the pilot channel comprises a pilot signal, and the at least one other
channel comprises a reference signal having information which is known at the
receiver prior to being received; and performing a position-location measurement

based at least on the reference signal.

Accdrding to yet another aspect of the present invention, there IS
provided a machine-readable medium storing processor-executable instructions that,
when executed by at least one processor of a wireless communications apparatus,
cause the wireless communications apparatus to perform steps, the steps
comprising: receiving a time slot comprising a pilot channel and at least one other
channel wherein the pilot channel comprises a pilot signal, and the at least one other
channel comprises a reference signal having information which is known at a receiver
orior to being received; and performing a position-location measurement based at

least on the reference signal.

According to still another aspect of the present invention, there Is
provided a wireless device comprising: means for receiving; means for transmitting;
and means for processing coupled to the means for receiving and to the means for

transmitting, wherein the means for processing Is configured to perform steps
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comprising: receiving a time slot comprising a pilot channel and at least one other
channel wherein the pilot channel comprises a pilot signal, and the at least one other
channel comprises a reference signal having information which is known at a receiver
prior to being received; and performing a position-location measurement based at

least on the reference signali.

[0016] An access point (AP) disclosed herein may include and/or implement
functions of a base-station transceiver system (BTS), an access network transceiver
(ANT), a modem pool transceiver (MPT), or a Node B (e.g., in a W-CDMA type system),
etc. A cell may refer to a coverage area serviced by an AP. A cell may further include
one or more sectors. For simplicity and clarity, the term “sector” may be used herein to
refer a cell. or a section of a cell, serviced by an AP. Further, an access network
controller (ANC) may refer to the portion of a communication system configured to
interface with a core network (e.g., a packet data network) and route data packets
between access terminals (ATs) and the core network, perform various radio access and
link maintenance functions (such as soft handoff), control radio transmitters and receivers,

and so on. An ANC may include and/or implement the functions of a base station
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ANC and one or more APs mav constifute part of an access network {AN).

An access ternunal {AT) deseribed herein may reter to vanous tvpes of devices,
including (but not linuied to) & wirveless phone, a cellular phone, a laptop computer, a
muitimedia wireless device, a wireless comnumicaiion personal computer {(PC) card, a
personal digital assistant (PDA), an external or intemal modem, eitc. An AT may be any
data device thal commumcales through a wireless channel andfor through a wired
channel (e.g.. by way of fiber oplic or coaxsal cables). An AT may have vanious names
such as access umii, access node, subscrnber wmit, mobile staion, mebile device, mobile
umif, mobile phone, mobile, remote stanion, remote termunal, remote unit, user device,
user equipment, handheld device, etc.  Dhtferent ATs mav be mcorporated mio a
svstem.  ATs may be moble or stationary, and may be digpersed throughoul a
conynunication svstem. An AT mav communicate with one or more APs on a forward
link and/or a reverse Hnk at a given moment. The fornward iink {or downlink} refers {o
transnussion from an AP to an AT, The reverse link (or uphink) refers (0 transimission
from the AT to the AP,

Locating a person or an object wirglesshy mav be achieved wm a number of wavs.
Time-of-arnval (TOA) measurement, which uses fume 11 takes for a signal to {ravel as an
wndirect method of calculating distance, 18 commonly wvolved i a number of network-
based methods. For example. in some wireless networks, postion location services

equire TOA measurement of the pilot signal {e.g | the earliest path of the mlot)

FIG, 1 dlustrates a wireless communication system {00 conligured to support a
nomber of users. m which vanous disclosed embodiments and aspects may be
implemented, as further described below, By wav of example. svstem 100 provides
communication for a number of cells 102, mcluding cells 102a-102¢, with each cell
beme serviced by a corresponding AP 104 (such as APs 104a-104g). Each cell may be
turther divided mto one or more sectoss. Vanous ATs 106, mcluding ATs 106a- 106k,
are dispersed througboul the system. Each AT 106 may comnunicate with one or more
APs 104 on a forward hnk andior a reverse link at a given moment, depending upon
whether the AT 15 active and whather 1 13 1 soft handoil, for example.

In FiG 1, a sobid line with an arrovw may indicate mdormation (2., data)

transpussion from an AP to an AT, A broken bine with an arrow may mdicate that the
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AT 15 recerving the pilot and other signaling/reference signals, but no datg transmission,
from the AP, as further described below. For clanty and simplicity, the reverse link
coftanunication 1s not exphicttly shown in FIG. 1

In a hugh rate packetl data (HRPD) svstem {e.g., as spealied m “cdma3(0 High
Rate Packet Data Aw Interface Speaification,” 3GPP2 (. 50024-A, Version 2, July 2005,
referred to as “IXEV-DO” {or “I8-8567} herein), for example, transmussion on forward
hink 15 partittoned nio a sequence of {rames; gach frame 18 further divided mio time
slots {e.g., 16 slots each with a durabon ol 1.667 msec); and each slot mcludes a
pluraiity ol ime-~division-nwltiplexed channels.

By way of example, FHG. 2 lustrates an embodiment of a forward link slot
structure 204, such as emploved i a IxEV-DO tvpe svstem. Time slot 200 13 divided
into two half-slots, with each hali-slot having the followmg channel assignments: pilot
channel 214, forward medium access control {(MAC) channel 220, and forward trafiic
{or controd) chamnel 230, Pilot channel 210 carnes the pilot signal {also conunondy
termed as the pdot) used by an AT (such as AT 106 1 FlIG 1) tor mutial acquisifion,
phase recovery, tming recovery, radio combimng, as well as estimating the channel
condiions on forward hink (2.2, by way of the signal<to~-notseg-and-interierence {(SINR)
measwament). MAC channel 220 seis {orth the procedures used {0 recerve and transmil
over the phyvsical laver (swwhich provides the channel structure, Irequency, power outpui.
modulation. encoding specifications for forward and reverse binks). Trathic channel 230
may carny ainformiation or data (e 2., by wav of phvsical laver packets), e g, unicast data
specific to a pariicular AT {or user), or broadceast/multicast data 10 a group of users (e.g.,

as speciied m “cdmaz00 High Rate Broadeast-Muoluicast Packet Data A Interiace

- =

wdie stot mcluding pilot channel 210 and MAC channel 220 mav be sent. Transmission
of 1dle slots serves to decrease iterference to other cells on forward hnk,
As iHustrated in FIG. 2, pilot channal 210 18 transnutted in discrete bursts (as

opposed to bemng continuous i time). hence having humled power.  In some svstems,

for example, piiot channel 210 may compnse 96 chips of a parbicular digiial patlern
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(g, all zerog), MAC channel 220 mav comprise 64 chps, and each half-slot may
comprise 1024 chips. Thus, onlv a small fraction (e.g., 96/1024) of the available
torward hnk power 18 allotted to the piot chaonnel i such systemns. As a resait, TOA
measurament based on such pilot channel may be susceptible to ervors {e.g., particuiarly
when the forward tink channel conditions are poor), hence, compronusing the accuracy
ard reliability of associated position location. A need therefore exists {or a strong and
clear stgnal 1o agsist position location

Embodiments disclosed herem relate 1o methods and systems for providing
improved TOA measwement and enthanced postiion tocation m wirgless conununication
sysigms,

In an embodiment, an AP mav replace nommal miormaton {eg.. data)
transmussion by a “known” fransmission {termed “reference fransnussion” heremn) at a
predetermined iine known (o A'Ts i sectors serviced by the AP, The ATs may use the
received relerence transmission (o assist of [aciflate posittion location {e.¢.. TOA andfor
other poston-tocation measurements ). The AP mav also send a reference transnussion
on demand, e.g.. i response o a request from an AT {which may be 1 need for a
location-bhased service).

In some embodiments, the reference transnussion may mclude a time slot having
a puot signal and a reference signal m a ime-diviston~-nuitiplexed format.  In other

embodiments, the reference transnussion may include a time slot having a priol signal

stmtbar or substantially identical to the pilot, such that the entire time siof 13 nearlv filled
wiih the piol, thereby providimg a strong signal for TOA and other postion-location
measurements.  The reference signal way also be different rom the pilol. eg.,

configured 1o assist the miot m position location. The ensuing description provides

unmodulated (e g.. carrving no mlormation or data) and konown to a recerving AT, For
exampie. the reference signal may conwprise a digital pattern {e.g., & sequence of
symbols) that 1s “known™ in advance to the receiving AT, whereby the AT does not

nead to decode the reference signal. The relerence may carry a wique secior 1D {e.¢

A
oot

spread with a pseadorandom (PN} code with a wnigue offset specific to the secior). The
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reference signal mav be transmutted at substantigtly the maxsmum power available 1o the
sector {or “full sector power™) In some embodiments, the reference sienal mav be a
spread-specinum or other wideband signal (e.g., to occupy the enlire trathic channel). A
“reference transpmssion” disciosed herem may reler 0 g forward hink (ransmission
including g reference signal.  Further, the term “positon-location measwement” may
broadly refer {0 a measwrement associgled with position location, including (but not
hated o) TOA, time diflerence of ammival {TDOA), angle of armival {AOQA), advanced
others.

Vanous aspects, {eatures. and embodiments are described i hurther detail
below,

FIG. 3A dllustrates an embodiment of a reference transmission mcluding a time
stot 300, which may be used to implement some disclosed embodiments. Time slot 300
18 shown m two hati=slots, each having miot channel 310, MAC channel 320, and traflic
channel 330 1 a ttime-division~-muliiplexad format. Pilotl channel 310 camies the pilot,
Pilot channel 310 and MAC channel 320 may for example be substantiallv as described
above with respect to the embodiment of FIG. 2. Trathc channel 330 carnies a reference
stgnal, m ey of data.

In some embodimenis, the reference signal may be simiar or substantially
identical to the pilot, as time slot 350 of FIG. 3B dlustrates.  As a result, the entire slot
3530 1s nearly filled wath the pilot, as graphicallv itlustrated by the hatched area in the
fisure, and the full power of the entire secior mayv be substaniially devoted {0 the pilot
fransmussion durmy this ttime penod. This strong miot aliows the recerving ATs Lo carry
out more accurate and reliable TOA and other position-location measurements.  The
tinung and signaling for such “pilot slof” mav for example be according to the

broadcast/multicast channel structure m a IXEV-DO type svstem {e.g., as specilied m

4 o

the BOMCOCS specihication).  Further, mmplemerdation of suach “pdot stot™ imposes
nummal changes to the existing network mirastructures and devices.

In other embodiments, the reference signal may be different {rony the pilot. The
tuning and signaling for the reference transnussion may for example be according to the
broadcast/muliicast channel structure m a IxEV-DO type system {e.g., ag specified

the BOMOS specification).  In one embodiment, for example, the pilot mav comprise a
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sequence ol symbols having all zeros (s}, whereas the reference signal mav comprise
a sequence of symbeols having all ones (1's).  In another embodiment, the pilot may
comprise the piot symbols used m a IxEV-DO type system, whereas the reference
signal may comprise the pilot symbeds vsed m an 18-95 {vpe svstem.  In vet another
embodiment, the miot mav comprise a particuiar sequence of symbols, while the
reference signal may comprise the sequence configured i reverse. In an agliernative
embodiment, a known data packel may be fransmitied as the reterence signal, 2., using
the broadcastmudiicast channel struclure and signaling m a 1REV-DO tyvpe svstem (e.g.,
as specified m the BCMOS specification). A recaiving AT mayv use this reference
signal {0 search for the (weaken) pilot, estimate TOA {andfor perform other posifion-
location measurements), and report back the measared mformation.

In an embodiment. the reference transnussion may be carried oul by an AP
according to a predeternnned schedule {e.g., on a regular or penodic basis), so that at
known tintes, ATs i the corresponding seclors mayv be prepared (o pertorm TOA andfor
other posiion-location measurements, and report back the measured miormation.

Iy an embodiment, an AP may carry out the reference transmission on demand,
@2, upon recetving a request from an AT Gwhich mav be it need for a location-based
Service).

In an embodiment., an AP mayv make use ol idle slols for relerence {ransmission
(e.g., Diling an idle slot substantially with the mlot, such as desertbed above with respect
to the embodiment of FIG. 3B), so as to make efhicient use of the network resources.
For example, the signaling associated with such time siol may imndicate 1o a recaving
AT the reterence signal carmed by the traltic channel, so that the AT may accordingly
perform TOA and/or other position-location measurements.

FiGs. 3A-3B provide some examples of transmitting a reference signal along the
pot in a time-division-multipiexed format.  In other svstems {e.g.. as specihied in
“Physical Laver Standard for cdma2Oii} Spectrum Svstems.” 3GPP2 C.SO0G62-D,

Verston 2.0, Seplember 2003, referred to as “CDMAZ000 Ix7 herewn, or as specified i

Cellular Systems,” ANSITIAEIA-93-B-99, referred to as “1S-957 herein}, a relerence

signal mayv be transmuitted atong wilh the pdot n a code~division-mulliplexed format,

such as descrrbad balow
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FIG, 4A iliusirates an embodiment of forward Iink structure in the form of sector
power usage vs. {ime, such as m an 15935 or CDMAZ4G00 Ix type svstem. Forward hink
channels, mcluding pilot channel 410, sync channel 424, paging channel 434, and traliic
channels 444, are transmitied in a code~-division-multiplexed format, each with a certain
fraction ol the total sector power. For example, puot channel 410 may be allotted

approxmmately  15-20% of the maximum sector power, denoted as Pyv{nmiaxd.  To
augment the pdot (e.g., for position location purposeas), some or atl of the power allotted
to traflic channels 440 mav be used to transnui a reference signat (n ieu of mformation
transoussion) in a speclic period of time, such as tliusirated in FIG. 48 below.

For tllustration and clarity, FIG. 48 depicls an embodiment i which the power
atloltad to traffic channels 444 may be substantially devoted 1o transmit a reference
signal 460 1w a time slot 430, For example. such may occur 1y situations where an AP
sends a reference transnussion 10 the corresponding A'Ts according 1o a predeternuned
schedule {e.g., on a regular of pertodical basis}), so that at known fumes, the ATs may be
prepared to perform posthon-location measurements and report back the measured
mformation. In some embodiments, the reference signal may be sinular or substantially
identical to the pilot; as @ result, the entire time stot 450 mayv be nearly filled with the
miot, thereby providing a strong signat for postiion-focation measurements. In other
embodiments, the reference may also be dilferent from the puot. such as descnibed
abhove.

In aliernative embodimentds, a fraction of the power allotied to trailic channels
444 mayv be used to transnut reference signal 460 m time slot 430, For example, such
may occur in situgbons where an AP camnes out a reference transnmussion on demand,
e.8.. 10 response o request{s) Irom one or more ATs in the corresponding sectors
{which mav be in need {or positton-location services).

In addition 1o replacing miormation fransmission b a reference lransnussion
according 10 a predetermined schedule or on demand {(such as descobed above), a
portion of the control channel (e g.. the preamble), or other existing {m' known) signals,
may be used to assist the ptlot 1n position location. For example, m some systems, the
control channel mav be transnuited on a recular or periodic basis. The preamble of the

control channel may be known {o a recerving AT {e.g. alter the wmubial set-up), and
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therefore, used to assist the puot mn position location (such as in g manner described
above with respect {0 the reference signal}.

FIG. 5 allustrates a Oow diagram ol a process 306, which may be used {o
impiement some disclosed embodiments (such as described above). Step 310 generates
a puiot signal and a reference signal, the reference signal comprising a sequence of
symbols known {0 an aecess termunal.  Step 320 fransmils the pilot signal and the
reference stonal wn a time slot.

Iy process SO0, the pilot signal and the reference signal may be ransmitted in a
tme-division-nuultiplexed  format or code-division-multipiexed format, such  as
desceribed above. In some embodiments, the reference signal may be similar or
substantially 1dentical 1o the pdot signal.  In other embodiments, the relerence signal
mav be differenl from the piot signal. eg, configured to assist the piiol signal
posttion location {eg¢.. TOA and other posmhon-tocation measurements). such ag
described above. Further, in a multi-carrier wirgless communication syslem, the time
stot mav be transnutied on a subset {e.g . some, all, or any combination) of carrers.
nnplement some disclosed embodiments (such as described above). Process 600 starts

at step 610, Step 620 deternunes {e.¢.. based on a predetermimed schedule) whether 1118

tme for camving out a reference transmussion 0 ATS i sectors serviced by an AP, 1Y

reference signal. Step 640 transnuts the pilot signal and the reference signal in a tine
sfof (2., 1 a me-division-muttiplexed or code-division-muliiplexed format, such as
described above) Subsequently, process 600 returns {o step 620

In process 604, if the oulcome of step 620 15 "NO.” step 650 follows and
determines il there 15 a request for a location-based service from an AT, I the outcome
af step 630 15 "YES,” process 61} retumns to step 630, H the oufcome of step 654 18
"INQLT step 660 follows and proceads with miormation {e.g. data) transmussion.
Process 600 subsequently returns (o step 620,

FIG. 7 illustrates a Hlow diagram of a process 700, which may be used {o
implement some disclosed embodiments.  Step 710 recaives a pilot signal and a

reference stenal w a time slot {eg., m a tme-division-multiplexed or code-division~
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multtiplexed tormat, such as described above). Step 730 performs a position-location
measuremant based on the pilot signal and the relerence signal.

Process 700 mav lurther include searching for the pilot signal.  In some
instances, the reference signal may be similar or substantially dentical 1o the pilot
signal, eltectively providing a strong piot for positon-location megsuremenis. In other
instanceas, a receiving AT may use the reference sipnal 1o search for the (weaker) pilot,
estimate TOA (and/or perform other posttion-location measuwraments). and report back
the measured infornmabion.

FiG, 8 tllustrates g fow diagram ol a process S04, which mav be used io
umpiement some disclosed embodiments (such as descnibed above). Process 800 starts
at step 810, Step 820 receives a time slot having a pilot channel and a reference channel
(e.g., in a ume-division-nudbplexed format. such as described above), the pilol channel
carrving a pilot signal.  Step 830 determines 1if the trallic channel carnes a reference
sipnal. 1t the outcome of step 830 15 "YES,” step 840 {ollows and performs a position-
location {e.g.. TOA) measurement hased on the pilot signal and the reference signal.
Process 8300 subsequently returns to slep 820, 1 the outcome ol step 830 15 "NO,” slep
R3¢ foliows and proceeds with the traffic channel {e.2., decode the data packets carried
by the trafiic channel). Process 800 subsequently retums 1o step K21,

FIG. 8 shows a block diagram of an apparatus 900, which mav be used {o

implermient some  disclosed embodiments (such as described above). By way of

contfigured {0 generate a pilot stgnal and a reference signal, wheremn the reference signal
comprsimg a sequence of known symbols (g, 10 one or more recetving ATs) and a
transoutbng wat 930 configured 1o transmi the puot signal and the reference signal in a
time slot. I a mulii-carnter svsteny, transnatiing wut 930 may be further configured to
transnui the tume siot on a subset of camers.

Apparatus 9040 mayv also mcloade a multiplexing amt 924 configured o mualtiplex
the pilot signal and the relerence signal mto the time slot {eg., m a me-division-
multiplexed or code-division~-muttiplexed format, such as descnibed above)  Apparaius
Q00 mav further include a processing unit {or controlier) 940 configured o control

and/or coordinate the operations of various units.
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Apparatus 200 may be umplemenied m an AP (e.g.. AP 106 m FIG. 1), or other
network infrastructure elements.

FIG. 10 dlustrates a bloek diagram of an apparatus 1004, which may also be
used 1o implements some disclosed embodiments (such as desenbed above). By way of
example, apparatus 1060 may mclude a recerving unit 1018 configured to regetve g pilot
signal and a reference signal in a time siot {e.g.. n a time-division-multiplexed or code-
division-nudtiplexed formal, such as descnibed above), and 3 measurement unit 1430
configured to perform a position-location (e.g., TOA) measurement based on the pilot
signal and the reference signal. Apparatus 1000 may {urther melude a searching unit
120, conligured 0 search for the pdot sipnagl.  Apparatus 1008 may also mclude a
processing  unit {or controdlary 1040, configwed o control and/or coordinate the
Operations of vartous uniis

Apparatus 1000 may be implemetted in an AT, or other communication devices.,

Embodiments disclosed heremn {(such as described above) provide some
embodiments for enhancing posibion location m wirgless conmmunications.  There are
other embodiments and implementations.

Embodiments disclosed hergin may be apphed to a mulli-carnier wiretess
communication svstem. For example, a reference fransmission mav be sent on some,
all, or any combination of carriers.

Varous units/modules i FIGs, 9-10 and other embodiments may  be
implementation, vartous units may be 1 mpiemented within one of more apphication
speciic mtegrated cucwls (ASIC), digital signal processors {DSP), digital signal
processing devices (DSPDs), field prograsmuable gate arravs (FPGA), processors,
mucroprocessors, controtlers, microcontroliers, programmabie logic devices (PLD),
gther electromic unds, or arwy combunation thereof  In a sofbware implementation,
vasous units may be mmplemented with moduales {e.g.. procedures, functions, and so on)
that perform the functions described berein. The software codes may be stored in a
memory unit and executed by a processor {or a processiitg unit). The memory wuf may
be implemented within the processor or external to the processor, in which case it can

be commumcatively coupled to the processor via various means known in the art.
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Those of skill 1 the art would understand that information and signals mav be
represented wusing any of a varetv of different technolowmes and technigues. For
example, data, structions, commands, mformation, signals, bits, svmbols, and chips
that wayv be referenced throughout the above description may be represented by
voliages, currents, electromagnetic waves, magnetic Lields or particles, opnical fields or
pariicles, or anv combination thereof.

Those of skl would turther appreciate that the varnous ilustrabive logical
blocks. meodules. cirauls, and algonthm steps described m connechion with  the
embodiments disclosed herein mav be mplemented gs electronic bardware, computer
software, or cominnations of both.  To clearly illustrate this interchangealndity of
hardware and softwarg, vartous illastrative components, blocks, modules, circuits, and

generallyv in terms of thewr funchionalily. Whether such

\"a

steps have been described above
functionality 15 mplemented as hardware or software depends upon the particular
application and design constramits umposed on the overall svstem, Skilied arfisans mav
implement the desernbed functionality m o varving ways for each particular application,
but such vuplemertation decisions should not be mterpreted as causing a departure from
the scope of the present invention.

The vartous iHlustrative logical blocks, modules, and c¢ircuits described in
connection with the embodiments disclosed herem may be implemaented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specitfic mlegrated circwit {(ASIC), a field prograromable gate array (FPGA) or other
programmabie logic device, discrete pate or transistor logie, discrete hardware
components, of any combination thereof designed {0 perform the funchons descrbed
herem. A general purpose processor may be a microprocessor, but 1o the altemative. the
processor mav be any conventional processor, controller, nucroconirodler, or state
machine. A processor mayv also be implemented as a combination of computing
devices, e.g. & combination of a DSP and a3 microprocessor, a plurality  of
DUCTOPrOCESSOTS, ONe OF MOre MICTOProcessors i conjunction with a PSP core, or any

The steps of a method or algorithm descnibed in connection with the

embodiments disclosed heremn may be embodied directly w hardware, w a soltware

module execuled by a processor, or m a combination ol the two. A soffware module
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may reside in random access memory (RAM), flash memory, read only memory
(ROM). electrically programumable ROM (EPROM), electrically erasable programmable
ROM (EEPROM), registers, hard disk, a removable disk, a CD-ROM, or anyv other form
of storage medium known in the art. An exemplary storage medium 1s coupled Lo the
processor such the processor can read information from. and write information to, the
storage medium. 1n the altemative, the storage medium may be integral (o the
processor. The processor and the storage medium may reside 1 an ASIC. The ANIC
may reside ip an AT, In the alternalive, the processor and the storage medium may
reside as discrete componemis in an At

The previous description of the disclosed embodiments 1s provided to enable any
person skilled in the art to make or use the present invention, Various modifications 10
these embodiments will be readily apparent to (hose skitled in the art, and the genenc
principles defined herein may be applied to other embodiments without departing from
the scope of the invention. Thus, the present invention is not intended (o be
limited to the embodiments shown herein but is to be accorded the widest scope
consistent with the principles and novel features disclosed herein.

WHAT IS CLAIMED 1S
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CLAIMS:
1. A method for wireless communications, comprising:

generating a pilot signal and a reference signal, the reference signal

comprising a sequence of symbols known to an access terminal; and
transmitting the pilot signal and the reference signal in a time slot.

2. The method of claim 1. further comprising time-division-multiplexing the

pilot signal and the reference signal in the time slot.

3. The method of claim 2, wherein the time slot includes a pilot channel
time-division-multiplexed with a traffic channel, the pilot channel carrying the pilot

signal and the traffic channel carrying the reference signali.

4. The method of claim 3, wherein the reference signal occupies the traffic
channel.
D. The method of claim 2. further comprising transmitting the reference

signal at a maximum power.

0. The method of claim 1. further comprising code-division-multiplexing the

vilot signal and the reference signal in the time slot.

7. The method of claim 1, wherein the reference signal is identical to the
pilot signal.

8. The method of claim 1, wherein the reference signal includes a sector ID.
9. The method of claim 1, wherein the reference signal is transmitted in

accordance with a predetermined schedule.

10. The method of claim 1, wherein the reference signal is transmitted In

response to a request from the access terminal.
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11. . The method of claim 1, further comprising transmitting the time slot on a

subset of multiple carriers.

12. A machine-readable medium storing processor-executable instructions
that. when executed by at least one processor of a wireless communications

5 apparatus, cause the wireless communications apparatus to perform steps,

comprising:

generating a pilot signal and a reference signal, the reference signal

comprising a sequence of symbols known to an access terminal; ana

transmitting the pilot signal and the reference signal in a time slot.

10 13. The machine-readable medium of claim 12, wherein the steps further

comprise time-division multiplexing the pilot signal and the reference signall in the

time slot.

14. The machine-readable medium of claim 12, wherein the reference

signal is identical to the pilot signal.

15  15. The machine-readable medium of claim 12, wherein the*reference

signal includes a sector identifier.
16. An apparatus adapted for wireless communications, comprising:

means for generating a pilot signal and a reference signal, the

reference signal comprising a sequence of symbols known to an access terminal; and

20 means for transmitting the pilot signal and the reference signal in a time

slot.

17. The apparatus of claim 16, further comprising means for multiplexing
the pilot signal and the reference signal in the time slot in one of a time-division-

multiplexed format and a code-division-multiplexed format.
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18. The apparatus of claim 16, wherein the time slot includes a pilot

channel and a traffic channel, wherein the pilot channel carries the pilot signal and

the traffic channel carries the reference signal.

19. The apparatus of claim 16, wherein the reference signal is transmitted

in accordance with a predetermined schedule.

20. The apparatus of claim 16, wherein the reference signal is transmitted

in response to a request from the access terminal.

21. The apparatus of claim 16, wherein the means for transmitting is further

configured to transmit the time slot on a subset of multiple carriers.
22. An apparatus adapted for wireless communications, comprising:

a reference-generating unit to generate a pilot signal and a reference
signal, the reference signal comprising a sequence of symbols known to an access

terminal; and

a transmitting unit to transmit the pilot signal and the reference signal in

a time slot.

23. The apparatus of claim 22, further comprising a multiplexer to multiplex

the pilot signal and the reference signal in the time slot in one of a time-division-

multiplexed format and a code-division-multiplexed format.

24 . The apparatus of claim 22, wherein the time slot includes a pilot
channel and a traffic channel, wherein the pilot channel carries the pilot signal and

the traffic channel carries the reference signal.

295. The apparatus of claim 22, wherein the reference signal is transmitted

in accordance with a predetermined schedule.

26. The apparatus of claim 22, wherein the reference signal Is transmitted

in response to a request from the access terminal.
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27. The apparatus of claim 22, wherein the transmitting unit is further

configured to transmit the time slot on a subset of multiple carriers.
28. A method for wireless communications, comprising:

receiving a pilot signal and a reference signal in a time slot, wherein the
reference signal is received in lieu of at least a portion of traffic data over a traffic channel,

the reference signal comprising a sequence of symbols known to a receiver; and

performing a position-location measurement based on the pilot signal

and the reference signal.

29. The method of claim 28, wherein the time slot includes a pilot channel
time-division-multiplexed with the traffic channel, the pilot channel carrying the pilot

signal and the traffic channel carrying the reference signal.

30. The method of claim 28, further comprising identifying the reference

signal carried by the traffic channel.

31. The method of claim 28, wherein the pilot signhal and the reterence

signal are code-division-multiplexed in the time slot.
32. The method of claim 28, further comprising searching for the pilot signal.

33. The method of claim 32, wherein the searching for the pilot signal is

based on the received reference signal.

34. The method of claim 28, wherein the reference signal is identical to the
pilot signal. '
39. An apparatus for wireless communications, comprising:

means for receiving a time slot having a pilot signal and a reference

signal, wherein the reference signal is received in lieu of at least a portion of traffic

data over a traffic channel; and
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means for performing a position-location measurement based on the

pilot signal and the reference signal.

36. The apparatus of claim 35, further comprising means for searching for

the pilot signal.
37. A method for wireless communications, comprising.

receiving a pilot signal and a portion of a control channel, wherein

information received over the portion of the control channel is known at a receiver

prior to being received; and

performing a position-location measurement based on the pilot signai

and the portion of the control channel.

38. The method of claim 37, wherein the portion of the control channel

includes a preambile.

39. A method for wireless communications, the method comprising steps of:

receiving a time slot comprising a pilot channel and at ieast one other

channel. wherein the pilot channel comprises a pilot signal, and the at least one other

channel comprises a reference signal having information which is known at a receiver

prior to being received; and

performing a position-location measurement based at least on the

reference signal.

40. The method of claim 39, wherein the step of performing comprises

carrying out a time-of-arrival (TOA) measurement based at least on the reference

signal.

41. The method of claim 40, wherein the step of carrying out is based In

part on the pilot signal.
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42. The method of claim 39, further comprising sending a request for the

reference signal.

43. , The method of claim 42, wherein:
the step of receiving is performed in response to the step of sending;

the steps of receiving, performing, and sending are performed at an

access terminal; and

the step of sending comprises transmitting to an access point.

44 The method of claim 43, wherein the step of transmitting is performed in

accordance with a code division multiple access (CDMA) standard.

45. The method of claim 43, wherein the access terminal is not configured

to.decode the reference signal.

46. The method of claim 39, wherein the at least one other channel
comprises a traffic channel, and the step of receiving comprises receiving the

reference signal on the traffic channel.

47. The method of claim 39, wherein the step of receiving is performea

according to a predetermined schedule.

48. The method of claim 39, wherein the step of receiving is performed on a

periodic basis.

49. The method of claim 39, wherein the at least one other channel

comprises a traffic channel, and the step of receiving comprises receiving the

reference signal on the traffic channel when the traffic channel is idle.

50. The method of claim 39, wherein the at least one other channel

comprises a control channel, and the step of receiving comprises receiving the

reference signal on the control channel.
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51. A wireless device comprising:
at least one receiver:
at least one transmitter: and

at least one controller coupled to the at least one receiver and to the at
least one transmitter, wherein the at least one controller is configured to perform

steps comprising:

receiving a time slot comprising a pilot channel and at least one other
channel, wherein the pilot channel comprises a pilot signal, and the at least one other
channel comprises a reference signal having information which is known at the

receiver prior to being received; and

performing a position-location measurement based at least on the

reference signal.

52. The wireless device of claim 51, wherein the controller is further
configured to execute the step of performing by carrying out a time-of-arrival (TOA)

measurement based at least on the reference signal.

53. The wireless device of claim 52, wherein the step of carrying out is

‘based in part on the pilot signal.

54 . The wireless device of claim 51, wherein the controller is further

configured to send a request for the reference signal.

55. The wireless device of claim 51, wherein the wireless device comprises

an access terminal. and the controller is further configured to send to an access point

a request for the reference signal.

56. The wireless device of claim 55, wherein the controller is further
configured to perform the step of sending in accordance with a code division multiple
access (CDMA) standard.
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57. The wireless device of claim 55, wherein the wireless device is not

configured to decode the reference signal.

58. The wireless device of claim 51, wherein the at least one other channel
comprises a traffic channel, and the step of receiving comprises receiving the

reference signal on the traffic channel.

59. The wireless device of claim 51, wherein the controlier is configured to

execute the step of receiving according to a predetermined schedule.

60. The wireless device of claim 51, wherein the controller is configured to

execute the step of receiving on a periodic basis.

61. The wireless device of claim 51, wherein the at least one other channel

comprises a traffic channel, and the step of receiving comprises receiving the

reference signal on the traffic channel when the traffic channel is idle.

62. The wireless device of claim 51, wherein the at least one other channel

comprises a control channel, and the step of receiving comprises receiving the

reference signal on the control channel.

63. A machine-readable medium storing processor-executable instructions

that, when executed by at least one processor of a wireless communications

apparatus, cause the wireless communications apparatus to perform steps, the steps

comprising:

receiving a time slot comprising a pilot channel and at least one other
channel, wherein the pilot channel comprises a pilot signal, and the at least one other

channel comprises a reference signal having information which is known at a receiver

prior to being received; and

performing a position-location measurement based at least on the

reference signal.
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64. The machine-readable medium of claim 63, wherein performing a
position-location measurement based at least on the reference signal comprises
carrying out a time-of-arrival (TOA) measurement based at least on the reference

signal.

65. A wireless device comprising:
means for receiving;
means for transmitting; and

means for processing coupled to the means for receiving and to the

means for transmitting, wherein the means for processing is configured to perform

steps comprising:

receiving a time slot comprising a pilot channel and at least one other
channel, wherein the pilot channel comprises a pilot signal, and the at least one other
channel comprises a reference signal having information which is known at a receiver

prior to being received; and

performing a position-location measurement based at least on the

reference signal.
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