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(57) Abstract: A system and method for estimating a location of a wireless device receiving signals from plural nodes of a World-
wide Interoperability for Microwave Access ("WiMAX") communication system. Downlink signal measurements are determined,
the measurements including a range of the wireless device from a serving node, an observed time difference of arrival ("OTDOA")
measurement of a signal from one or more neighboring nodes, and a transmission time of the signal from the one or more neigh-
boring nodes. Uplink signal measurements are determined, the measurements including a time of arrival ("TOA") measurement of
a ranging signal from the wireless device and a timing adjust parameter of the wireless device. A location of the wireless device
may then be estimated as a function of the determined downlink and uplink signal measurements.
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SYSTEM AND METHOD FOR HYBRID LLOCATION IN A WIMAX NETWORK

Related Applications

[0001]  The instant application is related to and co-pending with International Patent
Application No. PCT/US2009/052876, entitled, “System and Method for Hybrid Location
in a UMTS Network,” filed August 5, 2009, the entirety of which is incorporated herein by
reference. The instant application is related to and co-pending with International Patent
Application No. PCT/US2009/052879, entitled, “System and Method for Hybrid Location
in a CDMA2000 Network,” filed August S, 2009, the entirety of which is incorporated
herein by reference. The instant application is related to and co-pending with International
Patent Application No. PCT/US2009/052884, entitled, “System and Method for Hybrid
Location in an LTE Network,” filed August 5, 2009, the entirety of which is incorporated
herein by reference. The instant application is related to and co-pending with International
Patent Application No. [ANDO1 130 PCT], entitled, “System and Method for Locating a
Wireless Device in a WiMAX Network Using Uplink Signals,” filed 2009, the

entirety of which is incorporated herein by reference.

Background

[0002] The location of a mobile, wireless or wired device is a useful and sometimes
necessary part of many services. The precise methods used to determine location are
generally dependent on the type of access network and the information that can be obtained
from the device. For example, in wireless networks, a range of technologies may be
applied for location determination, the most basic of which uses the location of the radio
transmitter as an approximation. The Internet Engineering Task Force (“IETF”) and other
standards forums have defined various architectures and protocols for acquiring location
information for location determination. In one exemplary network, e.g., a Voice over
Internet Protocol (“VoIP”) network, a location server (“LS”) may be automatically

discovered and location information retrieved using network specific protocols.
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[0003] Other exemplary wireless networks are a World Interoperability for
Microwave Access (“WiMAX”) network and a Long Term Evolution (“LTE”) network.
Generally, WiMAX is intended to reduce the barriers to widespread broadband access
deployment with standards-compliant wireless solutions engineered to deliver ubiquitous
fixed and mobile services such as VoIP, messaging, video, streaming media, and other IP
traffic. WiMAX enables delivery of last-mile broadband access without the need for direct
line of sight. Ease of installation, wide coverage, and flexibility makes WiMAX suitable
for a range of deployments over long-distance and regional networks, in addition to rural or
underdeveloped areas where wired and other wireless solutions are not easily deployed and

line of sight coverage is not possible.

[0004] LTE is generally a 4G wireless technology and is considered the next in line
in the GSM evolution path after UMTS/HSPDA 3G technologies. LTE builds on the 3GPP
family including GSM, GPRS, EDGE, WCDMA, HSPA, ectc., and is an all-IP standard like
WiMAX. LTE is based on orthogonal frequency division multiplexing (“OFDM”) Radio
Access technology and multiple input multiple output (“MIMO”) antenna technology. LTE
provides higher data transmission rates while efficiently utilizing the spectrum thereby
supporting a multitude of subscribers than is possible with pre-4G spectral frequencies.
LTE is all-IP permitting applications such as real time voice, video, gaming, social
networking and location-based services. LTE networks may also co-operate with circuit-
switched legacy networks and result in a seamless network environment and signals may be

exchanged between traditional networks, the new 4G network and the Internet seamlessly.

[0005] The original version of the standard on which WiMAX is based (IEEE
802.16) specified a physical layer operating in the 10 to 66 GHz range. 802.16a, updated in
2004 to 802.16-2004, added specifications for the 2 to 11 GHz range. 802.16-2004 was
updated by 802.16e-2005 in 2005 and uses scalable orthogonal frequency division multiple
access (“SOFDMA”) as opposed to the OFDM version with 256 sub-carricrs (of which 200
are used) in 802.16d. More advanced versions, including 802.16e, also bring Multiple
Antenna Support through MIMO functionality. This brings potential benefits in terms of
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coverage, self installation, power consumption, frequency re-use and bandwidth efficiency.
Furthermore, 802.16¢ also adds a capability for full mobility support. Most commercial
interest is in the 802.16d and 802.16e standards, since the lower frequencies used in these
variants suffer less from inherent signal attenuation and therefore gives improved range and
in-building penetration. Already today, a number of networks throughout the world are in

commercial operation using WiMAX equipment compliant with the 802.16d standard.

[0006] The WiMAX Forum has provided an architecture defining how a WiMAX
network connects with other networks, and a variety of other aspects of operating such a
network, including address allocation, authentication, etc. It is important to note that a
functional architecture may be designed into various hardware configurations rather than
fixed configurations. For example, WiMAX architectures according to embodiments of the
present subject matter are flexible enough to allow remote/mobile stations of varying scale
and functionality and base stations of varying size. There is, however, a need in the art to
overcome the limitations of the prior art and provide a novel system and method for
locating WiMAX and LTE subscriber stations. While LTE protocol is being defined in the
3GPP standards as the next generation mobile broadband technology, there is also a need
for mobile subscriber or user equipment (“UE”) location in LTE networks for compliance

with the FCC E-911 requirements and for other location based services.

[0007] A number of applications currently exist within conventional communication
systems, such as those supporting Global System for Mobile Communication (“GSM™),
Time Division Multiple Access (“TDMA™), Code Division Multiple Access (“CDMA”),
Orthogonal Frequency Division Multiple Access (“OFDMA”) and Universal Mobile
Telecommunications System (“UMTS”) technologies, for which location solutions are
needed by mobile units, mobile stations, UE or other devices and by other entities in a
wireless network. Examples of such applications may include, but are not limited to, GSM
positioning and assisted global position system (“A-GPS”) positioning. A-GPS adaptable
UE may acquire and measure signals from a number of satellites to obtain an accurate

estimate of the UE’s current geographic position. GPS-based solutions may offer excellent
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accuracy, but GPS-based solutions generally suffer from yield issues in indoor
environments or in environments that provide a poor line of sight to the open sky in which
to best receive GPS satellite transmissions. Furthermore, embedding GPS chipsets into UE
may also add an associated cost to the manufacturing of the UE and an associated cost to A-
GPS functionality in the respective communications network. Further, some organizations
are hesitant to offer a positioning method solely based upon the availability of a satellite

network controlled by the United States government.

[0008] There, however, exists a need in the art to locate UMTS, OFDMA or W-
CDMA mobile devices to satisfy FCC E-911 regulations as well as to provide Location
Based Services for mobile phone users. The 3GPP UMTS standard outlines several
methods for locaﬁon including Cell-ID, A-GPS, Observed Time Difference of Arrival
(“OTDOA”), and Uplink Time Difference of Arrival (“U—TDOA”). Cell-ID generally is the
simplest method which provides coarse positioning of mobile devices based on a known
location of the coverage area centroid of each base station sector. Additionally, A-GPS is a
straightforward implementation for network and handset manufacturers due to their legacy
in CDMA2000 networks. Likewise, U-TDOA is also a straightforward technique for those
skilled in the art and has been widely deployed for other air standards. OTDOA, on the
other hand, is confronted with significant implementation challenges for network carriers,
due to the fact that the base station timing relationships must be known, or measured, for
this technique to be viable. For unsynchronized UMTS networks, where the base station
timing is not locked to a common timing source, the 3GPP standard offers the suggestion
that base station Location Measurement Units (“LMUSs”) or Network Synchronization Units
(“NSUs”) may be utilized to recover this timing information. Once the base station timing
relationships are measured, the handset measurements of Observed Time Difference
(“OTD”) between various base stations may be translated into absolute ranges and range
differences from which position can be calculated (e.g., through UE-based or UE-assisted

methods).
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[0009] Network carriers, however, appear to have little interest in implementing the
OTDOA solution. This may be due to a general lack of cost-effective solutions for
practical implementations of OTDOA in unsynchronized UMTS networks, significant
hardware, installation, testing, and associated maintenance costs, and/or a lack of available
LMU or NSU vendors. Further, the lack of interest by network carriers in implementing the
OTDOA solution may also be due to a lack of handset manufacturers implementing
OTDOA measurements into the associated firmware, negative perception of OTDOA due
to the potential network capacity impacts if Idle Period Downlink (“IPDL”) is enabled by
carriers, and/or carrier perception that A-GPS handsets will meet all the location needs of

its users.

[0010] The UMTS standard offers alternative location solutions for UE location.
OTDOA technologies, with or without IPDL, have been developed and integrated into the
UMTS standard as optional features to enable location of UEs. However, UMTS carriers
have been reluctant to adopt these technologies because carriers had not initially requested
these optional features in most UE devices. Additionally, concern may exist regarding the
impact OTDOA may have on the operation of a communications network including call
quality and network capacity. Because widespread adoption of OTDOA may require
modifications in both the base stations and mobile stations, network providers are generally

more interested in a solution that operates with existing mobile devices and base stations.

[0011] In a network-based geolocation system, the mobile appliance to be located is
typically identified and radio channel assignments determined by, for example, monitoring
the control information transmitted on a radio channel for telephone calls being placed by
the mobile appliance to detect calls of interest, e.g., 911 calls, or a location request provided
by a non-mobile appliance source, i.e., an enhanced services provider. Once a mobile
appliance to be located has been identified and radio channel assignments determined, the
location determining system is tasked to determine the geolocation of the mobile appliance,
and report the determined position to an appropriate entity, such as a mobile call center or

enhanced services provider.
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[0012] Some prior art systems are mobile appliance-based and determine the position
of the mobile appliance by receiving multiple dedicated location signals either from
components outside the mobile appliance’s communication system, such as satellites and
GPS systems or from a network of dedicated land-based antennas. Other prior art
geolocation systems that are network overlay, or infrastructure-based, systems use
combinations of specific, as opposed to ambiguous, measurements generally from multiple
base stations, such as AOA, TOA and TDOA. These specific measurement values may be
utilized to solve a set of mathematical equations to determine the location of the mobile

appliance.

[0013] Some prior art systems may rely on determining a channel assignment by
monitoring the control information transmitted on a radio channel for telephone calls being
placed by the mobile appliance to thereby detect calls of interest or a location request
provided by a non-mobile appliance source, e.g., an enhanced services provider. In either
case, the identification of the mobile user and its channel assignment necessitate retrieval of
information bits from the mobile appliance, through control signals or call setup
information. However with the advent of the third generation CDMA specification known
in the art as CDMA2000, a new system and method can be used to determine the location
of a mobile appliance independent of the information data bits transmitted by the mobile
appliance. In a system operating under the IS-95 standard, the forward link uses the pilot,
paging, and sync control channels to maintain the link while the forward traffic channel is
used for data and voice communication. On the reverse link, the mobile access channel is
used to gain access to the system and the traffic channel is used for data and voice transfer.
In a system operating under the CDMA2000 IS-2000 standard, the IS-95 forward link
channels are used in addition to a dedicated reverse pilot channel from the mobile appliance
to the base station. The reverse pilot signal is unique for each mobile appliance and is
typically a function of the Electronic Serial Number (“ESN”). The reverse pilot signal
generally identifies the mobile appliance and typically incorporates a time reference so

subsequent data sent by the mobile appliance may be decoded at the base station. The
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reverse pilot channel typically is used, for example, for coherent demodulation, multi-
source combining, and identification of a mobile appliance. For IS-95 systems, a network
overlay geolocation system for geolocating a mobile appliance typically entails transferring
a large amount of information through the geolocation system in order to geolocate a
mobile appliance. As is known in the art, the ESN of a mobile appliance may typically be
determined from a location requesting entity, from control channels, from certain signaling
present in the wired portion of the wireless communication system, or other such methods.
Details of the reverse pilot signal in a CDMA2000 wireless communication system are
established by the Telecommunications Industry Association (“TIA”), and the existence of
the reverse pilot channel in IS-2000 communication systems presents a resource for

efficiently geolocating a mobile appliance.

[0014] Therefore, there is a need in the art to utilize the characteristics of the reverse
pilot channel in creating a system and method for geolocating a mobile appliance operating
in a wireless communication system under the CDMA2000 specifications. To obviate the
deficiencies in the prior art one embodiment of the present subject matter provides a hybrid
mobile location method that uses both uplink and downlink signal measurements in an
exemplary communications network, such as, but not limited to, a WiMAX, UMTS,

CDMAZ2000, and/or LTE network.

[0015] One embodiment of the present subject matter provides a method for
estimating a location of a wireless device receiving signals from plural nodes of a WiMAX
communication system. The method may comprise determining downlink signal
measurements including a range of the wireless device from a serving node, an OTDOA
measurement of a signal from one or more neighboring nodes, and a transmission time of
the signal from the one or more neighboring nodes. The method may further include
determining uplink signal measurements including a TOA measurement of a ranging signal
from the wireless device, and a timing adjust parameter of the wireless device. A location
of the wireless device may then be estimated as a function of the determined downlink and

uplink signal measurements.



WO 2011/019357 PCT/US2009/053919

[0016] Another embodiment of the present subject matter may provide a method for
estimating a location of a wireless device receiving signals from plural nodes of a WiMAX
communication system. The method may comprise determining downlink signal
measurements of first signals received by the wireless device from the plural nodes, and
transmitting a second signal from at least one of the plural nodes to the wireless device. A
third signal may be transmitted from the wireless device in response to the second signal,
and uplink signal measurements determined as a function of the third signal. A location of
the wireless device may then be estimated as a function of the determined downlink and

uplink measurements.

[0017] A further embodiment of the present subjectinatter provides a system for
estimating a location of a wireless device receiving signals from a plurality of nodes of a
communication system. The system may include circuitry for determining downlink signal
measurements of first signals received by the wireless device from the plural nodes and a
transmitter for transmitting a second signal from at least one of the plural nodes to the
wireless device. The system may also include a receiver for receiving a third signal
transmitted from the wireless device in response to the second signal and circuitry for
determining uplink signal measurements as a function of the third signal. The system may
include circuitry for estimating a location of the wireless device as a function of the

determined downlink and uplink measurements.

[0018] One embodiment of the present subject matter provides a method for
estimating a location of a wireless device receiving signals from plural nodes ofa
communications network. The method comprises directing a wireless device to transmit a
first signal having one or more predetermined parameters, transmitting the first signal by
the wireless device, and determining at one or more LMUs an uplink TOA measurement
between the wireless device and one or more of the plural nodes or LMUSs as a function of
the transmitted first signal. Downlink signal measurements of signals received by the
wireless device may be collected and a location of the wireless device determined as a

function of the uplink TOA measurements and the collected downlink signal measurements.
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[0019] Another embodiment of the present subject matter provides a method for
estimating a location of a wireless device receiving signals from plural nodes of a
communications network. The method comprises directing a wireless device to transmit a
sounding reference signal (“SRS”) or demodulation reference signal (“DMRS”) with one or
more predetermined parameters, and transmitting the SRS or DMRS signal by the wireless
device. An uplink TOA measurement between the wireless device and one or more of the
plural nodes or LMUs may be determining at the LMUSs as a function of the transmitted
signal, and a location of the wireless device determined as a function of the uplink TOA

measurement.

[0020] A further embodiment of the present subject matter provides a method for
estimating a location of a wireless device receiving signals from plural nodes of an LTE
communications network. The method comprises directing a wireless device to transmit a
first signal having one or more predetermined parameters and transmitting the first signal
by the wireless device. A range of the wireless device from a node serving the wireless
device may be determined as a function of information in the transmitted first signal. This
determinaﬁon may comprise determining a timing adjustment from signals transmitted by
said serving node, receiving the transmitted first signal transmitted by the wir¢less device at
a reference station, correlating the received first signal with a reference signal, determining
time of arrival information from the correlated signal, and determining a range of the
wireless device from one or more of the plural nodes as a function of one or more of the
time of arrival and timing adjustment information. A location of the wireless device may

then be determined as a function of the determined range.

[0021] One embodiment of the present subject matter provides a method for
estimating a location of a wireless device receiving signals from plural nodes of a UMTS
network. The method comprises collecting OTDOA measurements of signals received by
the wireless device, and transmitting a message to a standalone serving mobile location
center (“SAS”), the message including round trip time information, tipping information,

and the collected OTDOA measurements. One or more LMUs may be tasked to determine
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uplink and downlink signal measurements between the wireless device and ones of the
plural nodes as a function of the transmitted message. Range measurements from the
wireless device to ones of the plural nodes, uplink TOA measurements, and downlink TOA
measurements may then be determined at one or more LMUS, a location of the wireless
device estimated as a function of the uplink and downlink TOA measurements, OTDOA

measurements, round trip time information, and range measurements.

[0022] An additional embodiment of the present subject matter provides a system for
estimating a location of a wireless device. The system may include circuitry for collecting
OTDOA measurements of signals received by the wireless device, a transmitter for
transmitting a message including round trip time information, tipping information, and the
collected OTDOA measurements, and circuitry for tasking one or more LMUs to perform
uplink and downlink signal measurements between the wireless device and ones of plural
nodes as a function of the transmitted message. The system may also include circuitry at
the one or more LMUSs for performing range measurements from the wireless device to
ones of the plural nodes, uplink TOA measurements, and downlink TOA measurements,
and circuitry for estimating a location of the wireless device as a function of the uplink and
downlink TOA measurements, OTDOA measurements, round trip time information, and

range measurements.

[0023] Another embodiment of the present subject matter provides a system and
method for estimating a location of a wireless device receiving signals from plural nodes of
a Code Division Multiple Access 2000 communications system. One or more ranges of a
wireless device from one or more of the plural nodes may be determined as a function of
signals received at the wireless device from the respective one or more plural nodes and as a
function of information in an uplink pilot signal. From one or more location measurement
units (“LMU”) measurements an uplink time of arrival (“TOA”) measurement from the
device may be determined and then an estimation of the location of the wireless device

‘determined as a function of the uplink TOA and determined one or more ranges.

10



WO 2011/019357 PCT/US2009/053919

[0024] These embodiments and many other objects and advantages thereof will be
readily apparent to one skilled in the art to which the invention pertains from a perusal of
the claims, the appended drawings, and the following detailed description of the

embodiments.

Brief Description of the Drawings

[0025] Various aspects of the present disclosure will be or become apparent to one
with skill in the art by reference to the following detailed description when considered in

connection with the accompanying exemplary non-limiting embodiments.

[0026] Figure 1 is a diagram of an exemplary access network model.

[0027] Figure 2 is a high level diagram of one embodiment of the present subject
matter.

[0028] Figure 3 is a more detailed diagram of an exemplary WiMAX Location Based

Service network architecture.

[0029] Figure 4 is a diagram illustrating one method for hybrid signal based location
in a WiMAX network.

[0030] Figure 5 is a diagram of another embodiment of the present subject matter.
[0031] Figure 6 is a diagram of one embodiment of the present subject matter.
[0032] Figure 7 is a diagram illustrating one method for hybrid signal based location

in a Universal Mobile Telecommunications System (“UMTS”) network.

[0033] Figure 8 is a diagram illustrating another method for uplink and downlink

signal based location in a network employing UMTS technologies.

[0034] Figure 9 is a sequence diagram of one embodiment of the present subject

matter.

11
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[0035] Figure 10 is a sequence diagram of another embodiment of the present subject
matter.

[0036] Figure 11 is a diagram of another embodiment of the present subject matter.
[0037] Figure 12 is a diagram of a further embodiment of the present subject matter.
[0038] Figure 13 is a diagram of one embodiment of the presenf subject matter.
[0039] Figure 14 is an illustration of one embodiment of the present subject matter.
[0040] Figure 15 is a diagram of another embodiment of the present subject matter.
[0041] Figure 16 is an illustration of an exemplary hybrid location technique

according to one embodiment of the present subject matter.

Detailed Description

[0042] With reference to the figures where like elements have been given like
numerical designations to facilitate an understanding of the present subject matter, the
various embodiments of a system and method for hybrid location in a WiMAX network are

herein described.

[0043] Embodiments of the present subject matter may provide handsets capable of
OTDOA measurements, network support of OTDOA measurements, GPS trained LMUs
deployed in the network, network support of providing uplink tipping information and

OTDOA measurements to a serving mobile location center (“SMLC”).

[0044] Generally, a WiMAX or LTE subscriber or mobile station may provide to a
communications network round trip delay (“RTD’”) information of an anchor base station’s
downlink and uplink signals and the observed relative delays of the neighboring base
stations’ downlink and uplink signals. The phrases subscriber station, mobile station,

mobile appliance, wireless device, and user equipment (“UE”) are used interchangeably

12
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throughout this document and such should not limit the scope of the claims appended
herewith. Further, the terms station and device are also used interchangeably throughout
this document and such should not limit the scope of the claims appénded herewith. The
respective WiMAX or LTE network may utilize this data for hand-off operations; however,
embodiments of present subject matter may determine from this data a range ring from the
anchor or serving base station (“BS”) or node and location hyperbolas between the reported

BSs, if the BS timings are known.

[0045] In one embodiment of the present subject matter, an exemplary system may
include a location server (“LS”), such as a Location Information Server (“LIS”), which is
generally a network server that provides devices with information about their location.
Devices that require location information may be able to request their location from the LS.
In the architectures developed by the IETF, NENA and other standards forums, the LS may
be made available in an IP access network connecting one or more target devices to the
Internet. In other modes of operation, the LS may also provide location information to

other requesters relating to a target device.

[0046] To determine location information for a target device, an exemplary LS may
utilize a range of methods. The LS may use knowledge of network topology, private
interfaces to networking devices like routers, switches and base stations, and location
determination algorithms. Exemplary algorithms may include known algorithms to
determine the location of a mobile device as a function of satellite information, satellite
assistance data, various downlink or uplink algorithms such as, but not limited to, time
difference of arrival (“TDOA”), time of arrival (“TOA”), angle of arrival (*“AOA”), round
trip delay (“RTD"), signal strength, advanced forward link trilateration (“*AFLT™),
enhanced observed time difference (‘EOTD”), observed time difference of arrival
(“OTDOA”), uplink-TOA and uplink-TDOA, enhanced cell/sector and cell-ID, etc., and

hybrid combinations thereof.

13
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[0047] Figure 1 is a diagram of an exemplary access network model. With reference
to Figure 1, an exemplary access network model 100 may iﬁclude one or more LSs 102
connected to one or more access networks, 110-170. An access network refers to a network
that provides a connection between a device and the Internet. This may include the
physical infrastructure, cabling, radio transmitters, switching and routing nodes and servers.
The access network may also cover services required to enable IP communication including
servers that provide addressing and configuration information such as DHCP and DNS
servers. Examples of different types of access networks include, but are not limited to,
DSL 110, cable 120, WiFi, wired Ethernet 130, WiMAX 140, cellular packet services 150,
and 802.11 wireless 160, LTE 170, among others. An exemplary LS 102 may be
implemented on multiple processing units, any one of which may provide location
information for a target device from a first site, a second site and/or additional sites.
Therefore, an exemplary LS 102 may provide high availability by having more than one
processing unit at a first site and by having multiple processing units at a second site for

copying or backup purposes in the event a site or a processing unit fails.

[0048] Figure 2 is a high level diagram of one embodiment of the present subject
matter. With reference to Figure 2, an exemplary wireless network or system 200 may
include an LS 202 in communication with one or more base stations (“BS”) 222, a
positioning determining entity (“PDE”) 232, one or more network synchronization units
(“NSU”) 242 and one or more location measurement units (LMUs) (not shown). One or
more mobile or subscriber stations or devices 210 may be in communication with the LS
202 via the one or more BSs 222. A recipient or user 212 of location information may
request the LS 202 to locate a subscriber station 210. The LS 202 may then request the
serving BS 222 to provide network measurement information. The BS 222 receives the
data from the target subscriber station 210 and provides the data to the LS 202. The LIS
202 may, in one embodiment, send the data to the PDE 232 to compute the location of the
target station or device 210. Once the location is computed, the LS 202 may provide the

location information to the requesting user 212.

14
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[0049] Figure 3 is a more detailed diagram of an exemplary WiMAX Location Based
Service (“LLBS”) network architecture 300. With reference to Figure 3, the WIMAX forum
defines a number of functional entities and interfaces between those entities. An exemplary
network architecture 300 includes one or more access service networks (“ASN™) 320, each
having one or more base stations (“BS”) 322, 323 and one or more ASN gateways (“ASN-
GW?) 324 forming the radio access network at the edge thereof. One or more mobile
stations or devices 310, such as a WiMAX device, having a location requester 312 may be
in communication with the ASN 320 via one or more BSs 322, 323 over an R1 interface
301. BSs 322, 323 are responsible for providing the air interface to the device 310.
Additional functions may, of course, be part of BSs 322, 323, such as micromobility
management functions, handoff triggering, tunnel establishment, radio resource
management, QoS policy enforcement, traffic classification, Dynamic Host Control
Protocol (“DHCP”) proxy, key management, session management, and multicast group
management, to name a few. BSs 322, 323 communicate with one another via resident
location agents (“LA”) 325 over an R8 interface 308. LAs 325 are generally responsible
for measurements and reporting and may communicate with the device 310 to collect
measurements. BSs 322, 323 also communicate with the ASN-GWs 324 via a location
controller (“LC”) 326 in the ASN-GW 324 over an R6 interface 306. LCs 326 generally
trigger and collect location measurements and forward these measurements to an LS in a

selected connectivity service network (“CSN”) 330.

[0050] The ASN-GW 324 generally acts as a layer 2 traffic aggregation point within
an ASN 320. Additional functions that may be part of the ASN-GW 324 include, but are
not limited to, intra-ASN location management and paging, radio resource management and
admission control, caching of subscriber profiles and encryption keys, AAA client
functionality, establishment and management of mobility tunnel with BSs, QoS and policy
enforcement, foreign agent functionality for mobile IP and routing to a selected CSN.
Communication between ASNs 320 occurs over an R4 interface 304. It should also be

noted that a Public Safety Answering Point (“PSAP”) or an Internet Application Service
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Provider (“1ASP”) 340 may also include a location requester 342 and may be in
communication with a home CSN 334 over a Ul ihtérface 344. The Ul interface 344 may
also be in communication with a visited CSN (“V-CSN”) 332 and hence the visited location
server and communication from the applications (PSAPs included) may be to either the

visited or the home location servers.

[0051] A third portion of the network includes the CSN 330. The CSN may be a
visited network having a V-CSN 332 or a home network having a home-CSN (“H-CSN”")
334, collectively CSNs 330. These CSNs 330 provide IP connectivity and generally all the
IP core network functions in the network 300. For example, the CSN 330 provides
connectivity to the Internet, ASP, other public networks and corporate networks. The CSN
330 is owned by a network service provider (“NSP”) and includes Authentication
Authorization Access (“AAA™) servers (home-AAA 338 and visited-AAA 339 servers) that
support authentication for the devices, users, and specific services. The CSN 330 also
provides per user policy management of QoS and security. The CSN 330 is also
responsible for IP address management, support for roaming between different NSPs,
location management between ASNs 320, and mobility and roaming between ASNs 320, to
name a few. Communication between the ASN 320 and a CSN 330 occurs via the

respective ASN-GW 324 over an R3 interface 303.

[0052] One entity within a CSN 330 is an LS. Depending upon whether the device
310 is roaming and in direct communication with a remote network or in direct
communication with a home network, the LS may be a visited-LS (“V-LS”) 336 or a home-
LS (“H-LS™) 337. The role of the LS is to provide location information about a WiMAX
device 310 in the network 300. Communication between the WiMAX device 310 and the
LS 336, 337 is performed over an R2 interface 302.

[0053] It should be noted that there are several location determination methods
supported by the above-described network architecture 300. For example, a location server

may utilize 802.16m MAC and PHY features to estimate a location of a mobile appliance
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when GPS is not available via an R2 interface, e.g., indoors, or be able to faster and more
accurately acquire GPS signals for location determination. The network 300 may make the
GPS assistance data, including GPS Almanac data and Ephemeris data, available to the

device 310 using the R2 interface and HELD or SUPL.

[0054] Non-GPS-Based supported methods may rely on the role of the serving and
neighboring BSs or other components. For example, in a downlink (“DL”) scenario, a
device 310 may receive existing signals (e.g., preamble sequence) or new signals designed
specifically for the LBS measurements, if it is needed to meet the requirement from the
serving/attached BS and multiple neighboring BSs 322, 323. The BSs 322, 323 are able to
coordinate transmission of their sequences using different time slots or different OFDM
subcarriers. The device 310 may accurately determine the required measurements, even in
the presence of multipath channel and heavy interference environment, and then estimate its
location accordingly. In an uplink (“UL”) scenario, various approaches may be utilized at
the BSs 322, 323 to locate the device. Exemplary measurements are generally supported
via existing UL transmissions (e.g., ranging sequence) or new signals designed specifically
for the LBS measurements. Exemplary methods may include but are not limited to, TDOA,
TOA, RTD, AOA, RSSI, Advanced forward link trilateration (“A-FLT”), Enhanced
observed time difference (“EOTD”), Observed time difference of arrival (“OTDOA”), time
of arrival (“TOA”), uplink-TOA and uplink-TDOA, Enhanced cell/sector and cell-ID, etc.,

and hybrid combinations thereof.

[0055] For example, in one embodiment of the present subject matter, a BS 322, 323
may transmit a signal, such as a Fast Ranging_IE signal, to a mobile device or station 310
and the mobile station 310 may transmit another signal, such as a ranging signal, in
response thereto. If the characteristics of the ranging signal are known to components of
the network, such as an LMU, then the uplink signal TOA may be determined. Therefore,
as the serving BS receives the ranging signal, the serving BS may measure the uplink
transmission timing adjustment that providés the range of the mobile station 310 from the

respective BS. While uplink measurements are being performed, an exemplary downlink
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OTDOA location method may also be invoked, and therefore, both uplink and downlink

measurements may be utilized to determine a location of the mobile station 310.

[0056] Figure 4 is a diagram illustrating one method for hybrid signal based location
in a WiMAX network. With reference to Figure 4, a location server (“ LS”) 450 may at
step 401 transmit a request for network assistance to a BS 452. At step 402, the mobile
station 454 may perform OTDOA measurements and send such measurements to the BS
452 or other network components. These OTDOA measurements may then be provided to
the LS at step 403. One exemplary downlink OTDOA location technique is described in
further detail in co-pending U.S. Application Nos. 61/055,658 and 12/104,250, the entirety
of each are incorporated herein by reference. These OTDOA measurements may be

performed independently of any of the identified steps in Figure 4.

[0057] In step 404, the BS 452 may transmit ranging related parameters to a mobile
station 454. For example, the BS 452 may transmit allocations for non-contention based
ranging to the MS 454. This may be performed utilizing a UL-MAP IE signal and/or UCD.
The parameters of a UL-MAP IE signal are described in section 8.4.5.4, table 287 of IEEE
Std. 802.16¢-2005 and the parameters of UCD are described in section 11.3.1, table 353 of
the same, the entirety of each are incorporated herein by reference. In one embodiment, the
BS 452 may allocate the ranging opportunity sufficiently ahead of actual transmission time
so that LMUs 456 in the respective network may possess adequate time to tune to the
uplink signal and collect samples prior to transmission of a ranging signal from the MS 454.
If, however, sufficient allocation of a ranging opportunity is not possible, the LMUs 456
may continuously collect and save baseband samples in a circular buffer. Tipping
information may be transmitted from the BS 452 to the LS 450 and then to the LMUs 456
in steps 405 and 406. Once tipping information arrives at the LMU 456, the LMUs 456

may search for the TOA of a rangihg signal in previously stored data.

[0058] LMU tipping information is generally a set of parameters that defines a
ranging signal transmitted by an MS 454. An LMU 456 may utilize tipping information to
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recreate the transmitted signal by the MS 454. Table 1 below provides a non-exhaustive list

of exemplary tipping information for uplink measurement based location.

Table 1

Parameter Name

Comment

Subchannel offsct

No. OFDMA symbols

No. subchannels

Ranging method

Dedicated ranging indicator

CID UL-MAP IFE, section 8.4.5.4, table 287 of IEEE Std.
802.16e-2005.

Serving BSID Identifier for the serving BS

OFDMA symbol offset UL-MAP IE, section 8.4.5.4, table 287 of IEEE Std.

802.16e-2005.
UIUC, section 8.4.5.4.3 of IEEE Std. 802.16e-2005.

CDMA_Allocation IE

UL-MAP IE, section 8.4.5.4, table 287 of IEEE Std.
802.16e-2005. :
UIUC = 12, section 8.4.5.4.3 of IEEE Std. 802.16e-2005.

Fast Ranging IE

UL-MAP IE, UIUC = 15, Section 8.4.5.4.21 of IEEE Std.
802.16e-2005.

Permutation base
(UL PermBase)

Section 11.3.1, Table 353 of IEEE Std. 802.16e-2005.

Action time

Section 6.3.2.3.52, Table 109 of IEEE Std. 802.16e-2005.

Approximate ranging signal
transmission time

This parameter may be derived from other parameters
such as, but not limited to, approximate clock of the base
station, allocation start time, duration of the allocation,
etc. Section 10.3.4.1 and table 342 of IEEE Std. 802.16e-
2005.

[0059]

The parameters listed above in Table 1 are generally dynamic; however,

LMUs 456 may also utilize any one or combination of the following semi-static parameters:

the BS identity of the base stations, the location of any one of the BSs, the azimuth of the

base station sector antennas, downlink preamble sequence of each BS, system bandwidth,

sampling frequency, FFT size, etc. These semi-static parameters may be periodically

passed to an LS as system log files.

[0060]

With continued reference to Figure 4, at step 407, a BS 452 such as a serving

BS may transmit a signal, such as but not limited to a Fast Ranging_IE signal, to the MS
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454 to trigger the transmission of the ranging signal. In response, at step 408 the MS 454
may transmit a ranging signal. The ranging signal may be received by any of the BSs 452,
serving or neighboring base stations and/or the LMUs 456. The serving BS 452 may then
transmit at step 409 another message or signal, such as a MOB_ASC-REP message,
including timing adjust parameters for the BSs 452 that detected the ranging signal. The
MOB_ASC-REP message may be transmitted with the ranging results from the serving BS
452. The LMUs 456 may then determine the uplink TOAs of the ranging signal and send
the TOA values to the LS at step 410. At step 411, the location of the MS 454 may then be
determined utilizing any one or combination of an OTDOA of a neighboring BS’s downlink
signal, a range of the MS from the serving BS (e.g., from OTDOA measurements), a
downlink transmission time of the neighboring BSs as measured by the LMU, the uplink

TOA of the ranging signal as measured by the LMU, and/or timing adjust of the MS.

[0061] Figure 5 is a diagram of another embodiment of the present subject matter.
With reference to Figure 5, a method 500 is provided for estimating a location of a wireless
device receiving signals from plural nodes of a WiMAX communication system. These
nodes may be base stations, base station sectors, and combinations thereof. At step 510,
downlink signal measurements may be determined which include a range of the wireless
device from a serving node, an OTDOA measurement of a signal from one or more
neighboring nodes, and a transmission time of the signal from the one or more neighboring
nodes. At step 520, uplink signal measurements may be determined which include a TOA
measurement of a ranging signal from the wireless device, and a timing adjust parameter of
the wireless device. Of course, the downlink signal measurements may be determined
independently of the uplink signal measurements in one embodiment. At step 530, a
location of the wireless device may then be estimated as a function of the determined

downlink and uplink signal measurements.

[0062] Figure 6 is a diagram of another embodiment of the present subject matter.
With reference to Figure 6, a method 600 is provided for estimating a location of a wireless

device receiving signals from plural nodes of a WiMAX communication system. These
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nodes may be base stations, base station sectors, and combinations thereof. Exemplary
wireless devices may be, but are not limited to, a cellular device, text messaging device,
computer, portable computer, vehicle locating device, vehicle security device,
communication device, and wireless transceiver. The method may include, at step 610,
determining downlink signal measurements of first signals received by the wireless device
from the plural nodes, and at step 620 transmitting a second signal from at least one of the
plural nodes to the wireless device. Exemplary downlink signal measurements may include
one or more of a range of the wireless device from a serving node, an OTDOA
measurement of a signal from one or more neighboring nodes, a transmission time of the
signal from the one or more neighboring nodes, and combinations thereof. An exemplary
second signal may be, but is not limited to, a Fast Ranging_IE signal. In one embodiment,
step 610 may include determining an OTDOA hyperbola using information received from a

network measurement report (“NMR”).

[0063] At step 630, a third signal may be transmitted from the wireless device in
response to the second signal, and uplink signal measurements determined as a function of
the third signal at step 640. Exemplary uplink signal measurements may include one or
more of a TOA measurement of a ranging signal from the wireless device, a timing adjust
parameter of the wireless device, and combinations thereof. Further, the downlink signal
measurements may be determined independently of the uplink signal measurements in one
embodiment. At step 650, a location of the wireless device may be determined as a
function of the determined downlink and uplink measurements. In one embodiment, the
method 600 may further include the steps of transmitting allocations for non-contention
based ranging to the wireless device and transmitting tipping information to one or more
[LMUs. This transmission of tipping information may include recreating signals transmitted
by the wireless device as a function of information selected from the group consisting of:
connection identifier (“CID”), base station identifier (“BSID”), azimuth of base station
sector antennas, downlink preamble sequence of base stations, system bandwidth, sampling

frequency, fast-Fourier transformation size, orthogonal frequency division multiple access
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(“OFDMA”) symbol offset, sub-channel offset, number of OFDMA symbols, number of
sub-channels, ranging method, dedicated ranging indicator, CDMA_Allocation_IE
parameter, Fast Ranging IE parameter, Permutation base, action time, approximate
ranging signal transmission time, and combinations thereof. Another embodiment may also
include the step of transmitting a request for network assistance to locate the wireless

device to at least one of the plural nodes.

[0064] Figure 7 is a diagram illustrating one method for hybrid signal based location
in a Universal Mobile Telecommunications System (“UMTS”) network. With reference to
Figure 7, a Serving Radio Network Controller (*SRNC”) 710 may receive a request for
network assistance to locate a wireless device or UE 720 at step 701. This request may be
provided by a Stand Alone SMLC (“SAS”) 730 or other entity. The SRNC 710 may collect
the UE’s OTDOA measurements at step 702 and transmit these measurements, for example,
as a POSITION CALCULATION REQUEST message, to the SAS at step 703. A
POSITION CALCULATION REQUEST message may contain round trip time
information, OTDOA measurements, and uplink tipping information. See sections 9.2.2.31,
9.2.2.32.9.2.2.33,9.2.2.34 and 9.2.2.74 of 3GPP TS 25.453 V7.6.0 (2007-03) the entirety
of which are incorporated herein by reference. After the SAS 730 receives the transmitted
message or POSITION CALCULATION REQUEST message, the SAS 730 may task
L.MUs 740 in the system to make the uplink and downlink measurements at step 704 as a
function of tipping information. The LMUs 740 may then provide uplink TOAs, downlink
TOAs, and UE range estimates to the SAS 730 at step 705. The SAS or any position
determination equipment (“PDE”) thereof may then determine the location of the UE 720
using any one or combination of these downlink TOAs, downlink OTDOAs, uplink TOAs,

and range estimates at step 706.

[0065] Figure 8 is a diagram illustrating another method for uplink and downlink
signal based location in a network employing UMTS technologies. With reference to
Figure 8, at step 810 OTDOA measurements of signals received by a wireless device may

be collected and at step 820, a message including round trip time information, tipping
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information, and the collected OTDOA measurements may be transmitted to a SAS. The
wireless device may be, but is not limited to, but are not limited to, a cellular device, text
messaging device, computer, portable computer, vehicle locating device, vehicle security
device, communication device, and wireless transceiver. In one embodiment, step 810 may
further include determining an OTDOA hyperbola using information received from an
NMR. In another embodiment, step 810 may include determining ranges from serving
and/or neighboring base stations. At step 830 one or more LMUs may be tasked to
determine uplink and downlink signal measurements between the wireless device and ones
of plural nodes in the network as a function of the transmitted message. These nodes may
be, but are not limited to, base stations, base station sectors, radio network controllers,
serving radio network controllers, and combinations thereof. At the one or more LMUS,
range measurements from the wireless device to ones of the plural nodes, uplink TOA
measurements, and downlink TOA measurements may be determined at step 840. In one
embodiment of the present subject matter, the range measurements may be determined as a

function of a UE Rx-Tx time difference.

[0066] A location of the wireless device may then be estimated at step 850 as a
function of the uplink and downlink TOA measurements, OTDOA measurements, round
trip time information, and range measurements. In one embodiment of the present subject
matter, the step of collecting OTDOA measurements and the determination of uplink TOA
measurements may be conducted substantially simultaneously. For example, the SRNC
may transmit uplink tipping information to the SAS as the SRNC collects downlink
OTDOA measurements from the UE. The PDE may then determine a location for the UE
when both uplink and downlink measurements are available. Therefore, in one
embodiment of the present subject matter, an exemplary GCS may have the following
measurements for location computation: relative time difference of arrival of neighboring
base stations’ downlink signal, range of the UE from the serving BS (from round trip time
information), uplink TOA as measured by the LMU, downlink TOA as measured by the
LMU, and/or range of the UE from the serving site as measured by the LMU. In another
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embodiment of the present subject matter, the method may include transmitting a request

for network assistance to at least one of the plural nodes to locate the wireless device.

[0067] Embodiments of the present subject matter may also be utilized in networks
employing LTE technologies. As discussed above, LTE is generally directed toward a
packet-optimized IP centric framework and is expected that voice calls will be transported
through VoIP and location requests, e.g., E-911, etc., will also be serviced through VoIP.
In LTE networks, mobile appliances or devices may be transmitting to an e-NodeB or other
access node or femtocell through various physical channels. Uplink timing measurements
may be conducted as a function of Sounding Reference Signal (“SRS™) or Demodulation
Reference Signal (“DMRS”) sequences. Generally, the SRS is transmitted by a UE for
channel quality assessment and the DMRS is transmitted with and covers the same
frequency allocation as the corrésponding physical channel. If any one or several LMUs in
a respective network is tipped with proper characteristics of these signal sequences, an
uplink signal TOA may be determined. Further, the serving node may acquire the timing
adjustment of the UE which may thus provide a range of the UE from the e-NodeB. A
location of the UE may then be determined as a function of the TOA information from the
LMUs and range information from the serving e-NodeB. In another embodiment of the
present subject matter, OTDOA measurements may be performed by the UE during LMU
uplink TOA measurement performance. Thus, uplink and downlink measurements may

then be combined to increase the yield and accuracy of a location determination of the UE.

[0068] Figure 9 is a sequence diagram of one embodiment of the present subject
matter. With reference to Figure 9, in response to a location service request, a UE 960 may
be directed to generate SRS signals with specific periodicity, power, bandwidth and
frequency position. LMUs 920 in the network may be tipped with any or all the
characteristic tipping information of the SRS as provided in Table 2 below from an e-
SMLC 930 or GCS. The LMU 920 may thus determine uplink TOA information by
detecting the SRS signal at the LMU 920. It should be noted that Figure 9 assumes that
there is no direct interface between an e-NodeB 950 and the e-SMLC/SMLC 930. Data
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may be passed through a Mobility Management Entity (“MME”) 940 thereby using the

MME 940 as a proxy server. Of course, the MME 940 provides additional functionality as

a control-node for an LTE network. Generally, the MME 940 may be responsible for idle

mode UE tracking and paging procedure including retransmissions as well as bearer

activation/deactivation process among other functions. For example, the MME 940 may

verify authorization of the UE 960 to camp on a service provider’s Public Land Mobile

Network (“PLMN”), may enforce UE roaming restrictions, provide control plane function

for mobility between LTE and 2G/3G access networks, etc. Of course, as the SAE network

architecture is not finalized yet, variations of the system embodied in Figure 9 are

envisioned and any claims appended herewith should not be so limited.

Table 2

Parameter Range/Type | Comment

Uplink E-UTRA Absolute Radio 0 - 65535 Section 5.7.3 of 3GPP TS

Frequency Channel Number (EARFCN), 36.101 V8.5.1.

NuL Can be derived from Np,

Downlink E-UTRA Absolute Radio 0 - 65535 Section 5.7.3 of 3GPP TS

Frequency Channel Number (EARFCN), 36.101 V8.5.1.

Npp

ul-Bandwidth Broadcast in System

' Information Block(SIB)

Section 6.3.1. of 3GPP TS
36.331 V8.4.1.

Cell Identity 0-503 SIB2 section 6.2.2. of 3GPP
TS 36.331 V8.4.1.

UL-CyclicPrefixlength Enumerated | RadioResourceConfigCommon
message, section 6.3.2 of
3GPP TS 36.331 V84.1.

srsBandwidth Configuration 0-7 SoundingRsUl-Config
message, section 6.3.2 of

srsSubframeConfiguration 0-15 3GPP TS 36.331 V8.4.1.

0-3

srsBandwidth, b
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- frequencyDomainPosition, Parameter: . | 0-23
srsHoppingBandwidth, Parameter: by, 0-3
duration Boolean
cyclicShift, Parameter: ngrg 0-7
transmissionComb, Parameter: £, 0-1
srs-ConfigurationIndex, Parameter: Iggs 0-1023 SoundingRsUl-Config
message, section 6.3.2 of
3GPP TS 36.331 V84.1.
Defined in Section 8.2 of
3GPP TS 36.213 V8.4.0.
[0069] With continued reference to Figure 9, a location service request may be

initiated from the UE 960 at step 901 which may then be provided to the e-SMLC/SMLC
930. In the event that a location service request is initiated from the e-SMLC/SMLC 930 or
other entity, a similar procedure may be followed to obtain a location for the UE 960. For
example, when a location request service is initiated from an SMLC/e-SMLC 930, the
entity may request the serving e-NodeB 950 to send a command to the UE 960 at step 903.
The command may be utilized to configure or may directly configure the UE’s SRS
transmission pattern at step 904. The SRS transmitted (step 917) from the UE 960 may be
transmitted at specific or predetermined sub frames and/or with specific or predetermined
characteristics as a function of the configuration message or command and may be
transmitted until the e-NodeB 950 transmits another command to the UE 960 to cease

transmissions or reset transmissions to an original state (step 916).

[0070] The e-NodeB 950 may collect the UE’s OTDOA and timing advance
measurements at step 908 and may transmit these measurements to the e-SMLC/SMLC at
step 909. The e-NodeB 950 may also task the LMUs 920 in the system, directly or via the
MME 940 and/or e-SMLC/SMLC 930 (steps 905-906) to perform or make uplink and/or

downlink measurements at step 907 as a function of tipping information. The LMUs 920
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may then measure and/or provide uplink TOA measurements to the e-SMLC/SMLC 930 at
steps 911 and 912. The e-SMLC/SMLC 930 or any position determination equipment
(“PDE”) thereof may then determine the location of the UE 960 using any on¢ or
combination of these uplink TOAs, downlink OTDOAs, and timing advances at step 913.
The uplink TOA values may be independently used for UE location determination or may
be used with the other measurements, e.g., OTDOA of neighboring base stations downlink

signals, timing advance of the UE, etc.

[0071] The e-SMLC/SMLC 930 may then transmit a signal or message to the MME
940 that the location request is complete and may transmit the UE position to the UE 960 or
requesting entity via the MME 940 and/or e-NodeB 950 as appropriate (steps 914-915). In
one embodiment, the LMU 920 may acquire downlink frame synchronization and/or sub
frame synchronization (step 910) to minimize a search window for SRS sequences
transmitted from the UE 960. The LMUs 920 may decode the System Frame Number
(“SFN”) from the downlink Master Information Block and determine the precise sub frames
that the SRS sequences are transmitted from the UE 960 based on srs-ConfigurationIndex
Isgs and SRS sub frame offset Togre;. These parameters are defined in section 8.2 of 3GPP

TS 36.101 V.8.5.1 the entirety of which is incorporated herein by reference.

[0072] A minimum selectable bandwidth for SRS transmission may generally be 48
subcarriers (720 kHz) and the periodicity of SRS may be configured to be approximately 2
ms or more. Embodiments of the present subject matter may also provide a capability to
control periodicity thus allowing a service provider with greater flexibility to gather several
measurements based on the nature of location request. The minimum bandwidth of the SRS
should provide correlation lobes for proper timing detection with accuracies within the
required boundaries. Enhanced accuracy may also be obtained as a function of higher
bandwidths. The setting of the UE Transmit power Pggg for the SRS transmitted on sub
frames may be altered by the e-NodeB 950 during a location service request, if necessary,

for improved detection at the LMU 920.
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[0073] The SRS may utilize a frequency-domain reference signal sequence derived
as a cyclic extension of prime length Zadoff-Chu sequence. Different phase rotations may
be employed to generate different SRS orthogonal to each other. By assigning a different
phase shift to a different terminal, multiple SRS can thus be transmitted in parallel in the-
same sub frame. Hénce, several UEs 960 initiating E-911 calls may utilize the same time-
frequency resource grid for location purposes. This is yet another advantage provided by
embodiments of the present subject matter to wireless service providers in the efficient
utilization of radio resources for location services without impacting the capacity of main

traffic bandwidth.

[0074] As discussed above, uplink measurements may also be made using DMRS
sequences. DMRS sequences are generally transmitted for coherent modulation of the
Physical Uplink Shared Channel (“PUSCH”) which carries traffic data. Using a model or
exemplary transmission as a VoIP call, one VoIP packet may be transmitted with one or
more Resource Blocks (“RB”) within one transmission timer interval (“TTI”). In LTE, a1
ms TTI generally provides two 0.5 ms slots. The DMRS may be transmitted on each slot
over the 1 ms sub frame. Typically for active users, a VoIP packet may be received from
speech CODEC every 20 ms; thus, a new VoIP transmission may occur at every 20 TTIs.
During inactive periods, a Silence Insertion Descriptor (“SID”) packet may arrive every 160
ms. Uplink TOA measurement, during an E-911 call or other location based service
request, may require configuration of a VoIP transmission such that signals may be
properly acquired at an LMU. According to the LTE specifications, the bandwidth of the
DMRS signal is generally equal to the bandwidth allocated for the PUSCH. A typical VoIP
call having 12.2 kbps AMR CODEC may require at least 2-3 RB (360 KHz — 540 KHz) to
transmit speech packets. Hence, the span of the DMRS in the frequency domain may be
approximately 360 KHz to 540 KHz. This amount df resource allocation, however, may be
insufficient to obtain high accuracy uplink timing from the DMRS. Embodiments of the
present subject matter may employ a DMRS bandwidth of approximately 1 MHz, more or

less, and may occupy 72 subcarriers and/or 6 RBs in the frequency domain for greater
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accuracy. In areas having a constrained bandwidth or having limited power, a DMRS with
a bandwidth smaller that 1 MHz may be utilized for location measurements but with less

accurate results.

[0075] When an E-911 call originates, embodiments of the present subject matter
may allocate a UE with a persistent time-frequency resource so that the UE may transmit
DMRS having a predetermined bandwidth and/or TTI for the duration of the respective
location measurement process. For persistent scheduling, the characteristics for the DMRS,
defined in section 5.5.2.1 of 3GPP TS 36.212 V8.4.0 the entirety of which is incorporated
herein by reference, may be made constant over the duration of the measurement as well.
Persistent scheduling may be simpler to implement for E-911 calls and may also require

less signaling overhead between network entities.

[0076] Figure 10 is a sequence diagram of another embodiment of the present subject
matter. With reference to Figure 10, when a location service request is made (step 1001),
an e-NodeB 1050 may adopt any one or combination of the following for uplink scheduling
grant assignment: allocation of approximately 6 or more RB when an E-911 or location
request is made; schedule the RB under persistent allocation, a scheduling provision within
the LTE protocol; grant uplink resource under persistent scheduling for a predetermined
number of sub-frames required to determine location measurements of the target UE.

While Figure 10 provides a general illustration of the call flow for a location service request
initiated from the UE 1060 which may then be provided to the e-SMLC/SMLC 1030 via an
MME 1040, a location service request may be initiated from the e-SMLC/SMLC 1030 or

other entity and a similar procedure may be followed to obtain a location for the UE 1060.

[0077] Upon receipt or initiation of a location request service, the SMLC/e-SMLC
1030 or other entity may request the serving e-NodeB 1050 to send a command or request
to the UE 1060 at step 1003. This request or command may be utilized to configure or may
directly configure the UE’s DMRS transmission pattern at step 1004 and/or may assign a
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PUSCH for location purposes. The DMRS transmitted (step 1017) from the UE 1060 may

be transmitted with specific or predetermined characteristics discussed above.

[0078] The e-NodeB 1050 may collect the UE’s OTDOA and timing advance (“TA”)
measurements at step 1008 and may transmit these measurements to the e-SMLC/SMLC
1030 at step 1009. The e-NodeB 1050 may also task the LMUs 1020 in the system, directly
or via the MME 1040 and/or e-SMLC/SMLC 1030 (steps 1005-1006) to perform or make
uplink and/or downlink measurements at step 1007 as a function of tipping information.
The LMUs 1020 may be tipped with any one or combination of the characteristic
information provided in Table 3 below from the e-SMLC/SMLC 1030 or GCS. The LMUs
1020 may then measure and/or provide uplink TOA measurements to the e-SMLC/SMLC
930 at steps 1011 and 1012. The e-SMLC/SMLC 1030 or any position determination
equipment (“PDE”) thereof may then determine the location of the UE 1060 using any one
or combination of these uplink TOAs, downlink OTDOAs, and timing advances at step
1013. The uplink TOA values may be independently used for UE location determination or
may be used with the other measurements, e.g., OTDOA of neighboring base stations

downlink signals, TA of the UE, etc.

[0079] The e-SMLC/SMLC 1030 may then transmit a signal or message to the MME
1040 that the location request is complete and may transmit the UE position to the UE 1060
or requesting entity via the MME 1040 and/or e-NodeB 1050 as appropriate (steps 1014-
1015). The LMU 1020 may thus determine uplink TOA information by detecting the
DMRS signal at the LMU 1020. It should be noted, however, that Figure 10 assumes that
there is no direct interface between an e-NodeB 1050 and the e-SMLC/SMLC 1030. Data
may be passed through an MME 1040 thereby using the MME 1040 as a proxy server. Of
* course, the MME 1040 provides additional functionality for an LTE network as previously
mentioned. As the SAE network architecture is not finalized yet, variations of the system
embodied in Figure 10 are envisioned and any claims appended herewith should not be so

limited.
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Table 3

Parameter Range/Type Bits

Uplink E-UTRA Absolute | 0 - 65535 Section 5.7.3 of 3GPP TS

Radio Frequency Channel 36.101 V8.5.1.

Number (EARFCN), Ny, Can be derived from Np,

Downlink E-UTRA 0- 65535 Section 5.7.3 of 3GPP TS

Absolute Radio Frequency 36.101 V8.5.1.

Channel Number

(EARFCN), Npp

ul-Bandwidth - Broadcast in System
Information Block(SIB)
Section 6.3.1. of 3GPP TS
36.331 V8.4.1.

Cell Identity 0-503 SIB2 section 6.2.2. of 3GPP
TS 36.331 V8.4.1.

UL-CyclicPrefixLength Enumerated RadioResourceConfigCommon
message, section 6.3.2 of
3GPP TS 36.331 V84.1.

groupHoppingEnabled Boolean UL-ReferenceSignalsPUSCH
message, section 6.3.2 of

groupAssignmentPUSCH | 0-29 3GPP TS 36.331 V8.4.1.

sequenceHoppingEnabled | Boolean

CyclicShift 0-7

Cyclic shift for DMRS | 0-7 Cycle shift in DCI format 0
passed to UE at uplink grant,
section 5.3.3.1.1 of 3GPP TS
36.212 V8.4.0.

Resource Block Combination DCI format 0 passed to UE at

Assignment Structure uplink grant, section 5.3.3.1.1
of 3GPP TS 36.212 V8.4.0.

[0080] In one embodiment, the LMU 1020 may acquire downlink frame

synchronization and/or sub frame synchronization (step 1010) to minimize a search window

for DMRS sequences transmitted from the UE 1060. The LMUs 1020 may decode the
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SEN from the downlink Master Information Block and estimate a search window for the

DMRS as a function of the uplink grant of the radio resource assigned to the UE 1060.

[0081] Thus, embodiments of the present subject matter may utilize time-domain
correlation and/or frequency domain correlation of the Zadoff-Chu Reference Sequence
(used in SRS and DMRS) at the LMU for detection of the SRS or DMRS to obtain uplink
TOA measurements. A time domain pilot replica of the appropriate reference sequence
may be generated at the LMU to correlate with the received time domain signal. Once
coarse timing is obtained, the respective signals may be provided to an FFT channelizer
block for fine timing acquisition. Both coherent and non coherent integration may be
applied in both time and frequency domains to improve detection in sites having a low

signal to noise ratio.

[0082] Figure 11 is a diagram of another embodiment of the present subject matter.
With reference to Figure 11, a method 1100 is provided for estimating a location of a
wireless device receiving signals from plural nodes of a communications network, such as
an LTE network. The plural nodes may or may not be synchronized as a function of
information received from a satellite signal or from a component of the communications

network.

[0083] The method 1100 may include directing a wireless device to transmit a first
signal having one or more predetermined parameters at step 1110, and transmitting the first
signal by the wireless device at step 1120. The first signal may be an SRS or DMRS, and
the predetermined parameters may be periodicity, frequency bandwidth, power bandwidth,
phase rotation, phase, shift, TTI, and combinations thereof. Another embodiment may
include the step of acquiring downlink frame or sub-frame synchronization to estimate a
search window for the first signal. In a further embodiment, step 1110 may further
comprise transmitting a request to one or more of the plural nodes to configure the
transmission pattern of the wireless device, and transmitting a second signal from one or

more of the plural nodes to the wireless device in response to the transmitted request.
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[0084] At step 1130, an uplink TOA measurement may be determined at one or more
LMUs, the measurement being between the wireless device and one or more of the plural
nodes or LMUs as a function of the transmitted first signal. Any of the LMUs may or may
not be co-located with a node. Downlink signal measurements of signals received by the
wireless device may also be collected at step 1140, and a location of the wireless device
determined as a function of the uplink TOA measurements and the collected downlink
signal measurements at step 1150. Collected downlink signal measurements may be, but
are not limited to, a range of the wireless device from a serving node, an OTDOA
measurement of a signal from one or more of the plural nodes, a transmission time of a
signal from one or more of the plural nodes, a timing advance, a timing adjustment, and
combinations thereof. Additional steps may include receiving a location service request for
a wireless device and transmitting a request to an SMLC for network assistance to locate

the wireless device.

[0085] Figure 12 is a diagram of a further embodiment of the present subject matter.
With reference to Figure 12, a method 1200 is provided for estimating a location of a
wireless device receiving signals from plural nodes of a communications network, such as
an LTE network. The plural nodes may or may not be synchronized as a function of
information received from a satellite signal or from a component of the communications
network. The method 1200 may include directing a wireless device to transmit an SRS or
DMRS with one or more predetermined parameters at step 1210, and transmitting the SRS
or DMRS by the wireless device at step 1220. The predetermined parameters may be
periodicity, frequency bandwidth, power bandwidth, phase rotation, phase, shift, TTI, and
combinations thereof. Another embodiment may include the step of acquiring downlink
frame or sub-frame synchronization to estimate a search window for the SRS or DMRS. In
a further embodiment, step 1210 may further comprise transmitting a request to one or more
of the plural nodes to configure the transmission pattern of the wireless device, and
transmitting another signal from one or more of the plural nodes to the wireless device in

response to the transmitted request.
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[0086] At step 1230, an uplink TOA measurement may be determined at one or more
LMUSs, the measurement being between the wireless device and one or more of the plural
nodes or LMUSs as a function of the transmitted SRS or DMRS. Any of the LMUs may or
may not be co-located with a node. A location of the wireless device may then be
determined as a function of the uplink TOA measurements at step 1240. Additional steps
may include receiving a location service request for a wireless device and transmitting a

request to an SMLC for network assistance to locate the wireless device.

[0087] Figure 13 is a diagram of one embodiment of the present subject matter. With
reference to Figure 13, a method 1300 is provided for estimating a location of a wireless
device receiving signals from plural nodes of an LTE communications network. The plural
nodes may or may not be synchronized as a function of information received from a
satellite signal or from a component of the communications network. The method 1300
may comprise at step 1310 directing a wireless device to transmit a first signal having one
or more predetermined parameters and at step 1320, transmitting the first signal by the
wireless device. The first signal may be an uplink pilot signal, SRS or DMRS, and the
predetermined parameters may be periodicity, frequency bandwidth, power bandwidth,
phase rotation, phase, shift, TTI, and combinations thereof. Step 1310 may further
comprise transmitting a request to one or more of the plural nodes to configure the
transmission patter of the wireless device and transmitting a second signal from one or

more of the plural nodes to the wireless device in response to the transmitted request.

[0088] At step 1330, a range of the wireless device from a node serving the wireless
device may be determined as a function of information in the transmitted first signal by
determining a timing adjustment from signals transmitted by the serving node, receiving the
transmitted first signal transmitted by the wireless device at a reference station, correlating
the received first signal with a reference signal, determining time of arrival information
from the correlated signal, and determining a range of the wireless device from one or more
of the plural nodes as a function of one or more of the time of arrival and timing adjustment

information. Any of the reference stations may or may not be co-located with a node. At
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step 1340, a location of the wireless device as a function of the determined range.
Additional steps may include receiving a location service request for a wireless device and

transmitting a request to an SMLC for network assistance to locate the wireless device.

[0089] In a system employing a CDMA2000 communications network, a location
solution may be similar to that of the UMTS solution described above. In such a network,
the CDMA base stations may be synchronized using signals from satellites or from a
component in the network. The mobile appliance may then utilize the serving cell’s signal
as its own timing reference (see section 1.3 of TIA/EIA 1S-2000.2-A-1 the entirety of which
is incorporated herein by reference). Since the uplink scrambling code is generally a
function of a mobile appliance’s ESN, any detected uplink signal may provide an
opportunity to determine an estimation of the signal propagation time from the serving site
to the mobile appliance and back to the LMU or base station. This information may then be

converted into range rings and hyperbolas.

[0090] In one embodiment of the present subject matter, a mobile appliance may
perform the necessary OTDOA measurements and report the measurements to one or more
base stations in an exemplary CDMA network, such as a CDMA2000 network. The
measurement report message is commonly known as the Provide Pilot Phase Measurement
(see section 3.2.4.2 of 3GPP2 C.S0020-0 v3.0 the entirety of which is incorporated herein
by reference). OTDOA measurements reported by the mobile appliance may provide, for
example, mobile appliance system time offset (MOB_SYS T OFFSET), measured pilot
phase (PILOT PN PHASE), and other useful parameters. The range, however, is unknown
to the mobile appliance at this stage. Once the one or more base stations receive the
OTDOA measurements from the mobile appliance, an estimate of the mobile appliance’s
range therefrom (e.g., a serving base station) may be determined utilizing UL TOA
information and/or MOB_SYS T OFFSET information, etc., if available. If the
neighboring base station’s timing, which can be expressed in PN offset, is known, the
mobile appliance’s ranges from the neighboring base stations may also be estimated at this

point.
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[0091] Although only MOB_SYS T OFFSET and PILOT_PN_PHASE parameters
of the Provide Pilot Phase Measurement message have been identified, such examples
should not limit the scope of the claims appended herewith as any number or combination
of the following parameters of the same Provide Pilot Phase Measurement message may
also be utilized for location computation: time of validity of the reported parameters
(TIME_REF MS), reference PN sequence offset (REF_PN), reference pilot signal strength
(REF_PILOT STRENGTH), number of pilots in measurement (NUM_PILOTS_P), pilot
signal strength (PILOT_STRENGTH), and RMS error in PN phase measurement
(RMS_ERR_PHASE).

[0092] Generally, the OTDOA technique in CDMA2000 is known as Advanced
Forward Link Trilateration (“AFLT”); however, there is an inherent problem with the
AFLT scheme: the forward link transmit time synchronization generally is not accurate
enough for good location estimation. According to sections 4.3.1.1 and 4.3.1.1.3 of 3GPP2
C.S0010-0, the downlink pilot time alignment error can be as high as 10 ps, which equates
to around +3 km error in range estimation. Although most base station equipment
synchronizes the downlink pilot timing within 3 ps, the 900 m range error still poses a
problem in location estimation. If, however, LMUs are deployed that measure timing
within 25 ns (7.5 m) (one per base station or sparsely deployed) in the system, the
information in the Provide Pilot Phase Measurement message may be utilized to derive
accurate range rings. Therefore, the LMUs may make uplink TOA measurements for a UL
measurement based location solution and may also collect downlink samples and perform

downlink pilot measurements.

[0093] In one embodiment of the present subject matter, the reference base station
may estimate the range to the mobile appliance accurately if the parameter
MOB_SYS T OFFSET is included in the measurement report. According to section 6.1.5
of ANSI/TIA/EIA-95-B, the entirety of which is incorporated herein by reference, this
offset may be up to £1 ps (£300 m) in steady state and may be up to 512 chips (+125 km),
in non-steady state. If MOB_SYS T OFFSET parameter is unavailable, this offset will
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introduce error in range estimation. This error in range estimation, however, may be
reduced or tracked out using the triangulation techniques described in co-pending

application number 12/292,821 the entirety of which is incorporated herein by reference.

[0094] Figure 14 is an illustration of one embodiment of the present subject matter.
With reference to Figure 14, an exemplary CDMA wireless communication system is
shown having three base stations 1400 and associated antennas 1401. Each base station
1400 may be connected to a mobile switching center 1430 which in turn is connected to a
PSTN 1440. One embodiment may include a network overlay having plural wireless
location sensors 1480 or LMUs with associated antennas 1481 connected to a geolocation
processor (or GCS) 1490. The network may collect OTDOA measurements from a mobile
appliance 1450 and send them to the GCS 1490 (or SMLC). The LMUs may or may not be
involved with this activity. The LMUs may also perform UL and DL measurements and
send them to the GCS/SMLC 1490. In this embodiment, the GCS/SMLC 1490 may
combine the results, apply LMU measured DL synchronization correction (if necessary),
convert the measurements into range rings, and compute a location of the mobile appliance
1450. In another embodiment, thé LMU at the serving site may estimate another range
using UL and DL measurements without using MOB_SYS_T_OFFSET, as described in co-
pending application number 11/984,207, the entirety of which is incorporated herein by
reference. The network overlay may be independent of the infrastructure or the wireless
communication system. Apriori known information such as the ESN for mobile appliances
of interest are generally known by the system. Integration into the base station

infrastructure is however not precluded for other practical purposes.

[0095] The wireless location sensors or LMUs may be at different locations as shown
in Figure 14 or co-located with the base stations utilizing common towers or other shared
components. In one embodiment of the present subject matter, a location of a mobile
appliance may be determined using a reverse pilot channel. The particulars of an
exemplary method are contained in commonly assigned U.S. Patent No. 7,429,914, the

entirety of which is incorporated herein by reference. For example, a target mobile
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appliance may transmit a reverse pilot signal over a reverse pilot channel. This reverse
pilot signal may be in accordance with IS2000 or may be any other type of coded signal
which represents a unique signature that can be discerned independent of traffic signals
(e.g., signals in which voice information is transferred). The reverse pilot signal may then
be received at one or more sensors and correlated with a reference signal (typically at a
GCS). The reference signal may be generated as described in U.S. Patent No. 7,429,914 or
other method known to one of skill in the art. The correlation provides a series of
correlation values which, if above a threshold, indicates detection of the target mobile
appliance’s reverse pilot signal. For example, detection of the reverse pilot signal may be
accomplished by complex correlating the received signal with an internally generated
reference signal of the pilot signal that has been complex scrambled by the target mobile
appliance’s unique long code sequence. The location of the peak of the correlation may
indicate a TOA of the signal at each sensor or receiver site. As is known in the art, complex
correlation, correlation and cross-correlation all generally refer to processes in the time
domain. One approach to detection is to process the reverse pilot signal using an ambiguity
function which jointly operates in the time and frequency domains. This approach may
allow detection and TOA estimation in the presence of a frequency difference between the
reverse pilot signal and the reference which can occur due to Doppler effects and
differences in local frequency references. In the event that the sensors or LMUs are
synchronized within the respective system, TDOAs may also be determined as appropriate.
Therefore, an embodiment of the present subject matter may determine an estimate of the
location of the target mobile appliance as a function of any one or combination of range
rings from the base stations determined from downlink OTDOA measurements, a range of
the mobile appliance from the serving BS from uplink measurements, uplink TOA from the
LMU measurements, and hyperbolas and range rings for neighboring base stations from

LMU measurements.

[0096] Figure 15 is a diagram of another embodiment of the present subject matter.

With reference to Figure 15, a method 1500 is illustrated for estimating a location of a
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wireless device receiving signals from plural nodes of a Code Division Multiple Access
2000 communications system. The plural nodes may be synchronized as a function of
information received from a satellite signal or may be synchronized as a function of
information received from a component of the system, such as, but not limited to an NSU
adaptable to apply a downlink synchronization correction in a respective system. At step
1510, the method may include determining one or more ranges of a wireless device from
one or more of the plural nodes as a function of signals received at the wireless device from
the respective one or more plural nodes and as a function of information in an uplink pilot
signal. In one embodiment, step 1510 may further include determining one or more ranges
of a wireless device from one or more of the plural nodes as a function of any one or
combination of the following parameters mobile appliance system time offset
(MOB_SYS_ T OFFSET), measured pilot phase (PILOT_PN_PHASE), time of validity of
the reported parameters (TIME_REF MS), reference PN sequence offset (REF_PN),
reference pilot signal strength (REF_PILOT_STRENGTH), number of pilots in
measurement (NUM_PILOTS_P), pilot signal strength (PILOT _STRENGTH), RMS error
in PN phase measurement (RMS_ERR_PHASE). In another embodiment, step 1510 may
also include receiving downlink signals from the one or more plural nodes at the wireless
device, reporting time and distance measurements to the system as a function of the
received downlink signals, and generating one or more range rings as a function of the

reported time and distance measurements and information in an uplink pilot signal.

[0097] Step 1510, in yet another embodiment, may include receiving an uplink pilot
signal transmitted by the wireless device, correlating the received uplink pilot signal with a
reference signal, determining time of arrival information from the correlated signal, and
determining the range of the wireless device from the serving node as a function of the time
of arrival information. A further embodiment of the present subject matter may incorporate
the steps of receiving an uplink pilot signal transmitted by the wireless device, correlating
the received uplink pilot signal with a reference signal, determining time of arrival

information from the correlated signal, performing a measurement of information in a
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downlink pilot signal, and determining the range of the wireless device from the serving
node as a function of the time of arrival information and the downlink pilot measurement
information in step 1510. Yet another embodiment of step 1510 may include the additional
step of compensating the determined range as a function of any one or combination of the
following parameters: mobile appliance system time offset (MOB_SYS_T_OFFSET),
measured pilot phase (PILOT PN _PHASE), time of validity of the reported pafameters
(TIME_REF_MS), reference PN sequence offset (REF_PN), reference pilot signal strength
(REF_PILOT_STRENGTH), number of pilots in measurement (NUM_PILOTS_P), pilot
signal strength (PILOT_STRENGTH), RMS error in PN phase measurement

(RMS_ERR _PHASE), and combinations thereof.

[0098] At step 1520, from one or more LMU measurements an uplink time of arrival
(“TOA”) measurement from the device may be determined. These LMUs may or may not
be co-located with a node. At step 1530, a location of the wireless device may then be
estimated as a function of the uplink TOA and the determined one or more ranges. In one
embodiment, step 1520 may also include detecting a signal from the wireless device,
determining signal propagation time information from the serving node and the wireless
device and back to the serving node or an LMU, and determining range or time difference
of arrival measurements as a function of the determined information. In a further
embodiment of the present subject matter, step 1520 may include the additional step of
compensating the determined range or TDOA measurements as a function of any one or
combination of the following parameters: mobile appliance system time offset
(MOB_SYS T OFFSET), measured pilot phase (PILOT_PN_PHASE), time of Val‘idity of
the reported parameters (TIME_REF_MS), reference PN sequence offset (REF_PN),
reference pilot signal strength (REF_PILOT_STRENGTH), number of pilots in
measurement (NUM_PILOTS P), pilot signal strength (PILOT_STRENGTH), RMS error
in PN phase measurement (RMS_ERR_PHASE), and combinations thereof.

[0099] Figure 16 is an illustration of an exemplary hybrid location technique

according to one embodiment of the present subject matter. With reference to Figure 16, an
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exemplary communications system may include three BSs 1610, 1612, 1614. BS 1610 is
the base station serving a mobile appliance 1620 and BSs 1612, 1614 are the neighboring
base stations. In this example, at time t;, the mobile appliance 1620 may hear signals
transmitted from BSs 1610, 1612 and perform downlink OTDOA measurements on these
signals. Two range rings 1630, 1632 and a hyperbola 1640 may be derived from these
OTDOA measurements. Any two of these three curves or surfaces are independent and
may be utilized for location determination of the mobile appliance 1620. Similarly, at time
t, which may or may not be different than t;, any LMUs (co-located or otherwise) (not
shown) may have made uplink TOA measurements from signals transmitted by the mobile
appliance 1620. In this non-limiting example, it may be assumed that the range information
or the timing adjustment or advance may be available at or around time t,. The downlink
channel condition at time t, and uplink channel condition at time t, may be different due to
mobile movement, different operating frequency, and environmental variations. In this
non-limiting example, it may also assumed that the LMUs at BSs 1610, 1614 can detect the
uplink signal and make TOA measurements. Two range rings 1650, 1652 and a hyperbola
1660 may then be derived from these LMU measurements. Any two of these three curves
are independent and may then be utilized for location determination of the mobile appliance
1620. An exemplary method according to embodiments of the present subject matter may
utilize any combination of the four range rings and two hyperbolas to determine the mobile
appliance’s location. Thus, if the OTDOA measurements include a range of the mobile
appliance 1620 from the serving site 1610, range rings for all the neighboring sites 1612,
1614 may be computed. Similarly, if the mobile appliance’s transmit time, range from the
serving site 1610, or the timing advance (TA) parameter is known, uplink TOA
measurements made by the LMUs may also provide the range rings. Moreover, any TDOA
measurement, uplink or downlink, may generally provide a hyperbola; and thus, any
combination of range rings and hyperbolas may be utilized to determine the location of the

mobile appliance 1620 in embodiments of the present subject matter.
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[00100] It should be noted that the LMU measurements and the downlink OTDOA
measurements do not have to be performed simultaneously. For example, if the mobile
appliance is static or stationary, measurements made at different times may be as useful for

hybrid location technique as the measurements made at the same time.

[00101] In the event that a target mobile appliance does not support an OTDOA
feature or if the OTDOA measurements ére unavailable, the mobile appliance may be
located using the LMU measurements alone. Sector geometry is often helpful if the number
of participating sites is less than three. In the event that LMUs are not installed in the
network or the LMU measurements are unavailable, the mobile appliance may be located
using the OTDOA measurements alone. If both the OTDOA and LMU measurements are
available, an exemplary hybrid location method according to an embodiment of the present
subject matter may be exploited to improve the yield and accuracy of the determined -
location of the mobile appliance; therefore, in the above example, a hybrid approach may
provide three independent range rings which can unambiguously determine the location of

the MS.

[00102] As shown by the various configurations and embodiments illustrated in
Figures 1-16, a system and method for hybrid location in a WiMAX network have been
described.

[00103] While preferred embodiments of the present subject matter have been
described, it is to be understood that the embodiments described are illustrative only and
that the scope of the invention is to be defined solely by the appended claims when
accorded a full range of equivalence, many variations and modifications naturally occurring

to those of skill in the art from a perusal hereof.
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What we claim is:

1. A method for estimating a location of a wireless device receiving signals from
plural nodes of a Worldwide Interoperability for Microwave Access (“WiMAX?”)

communication system, the method comprising:
(a)  determining downlink signal measurements including:
(1) a range of the wireless device from a serving node,

(ii)  an observed time difference of arrival (“OTDOA”) measurement of a

signal from one or more neighboring nodes, and

(ili)  a transmission time of the signal from the one or more neighboring

nodes;
(b)  determining uplink signal measurements including:

(1) a time of arrival (“TOA”) measurement of a ranging signal from the

wireless device, and
(i)  atiming adjust parameter of the wireless device; and

(c)  estimating a location of the wireless device as a function of the determined

downlink and uplink signal measurements.

2. The method of Claim 1 wherein the one or more nodes are selected from the

group consisting of: base stations, base station sectors, and combinations thereof.

3. The method of Claim 1 wherein the downlink signal measurements are

determined independently of the uplink signal measurements.

4. The method of Claim 1 wherein the step of determining downlink signal

measurements further comprises:
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(1) receiving an uplink pilot signal transmitted by the wireless device;
(i)  correlating the received uplink pilot signal with a reference signal;
(iii)  determining time of arrival information from the correlated signal;
(iv)  performing a measurement of information in a downlink pilot signal; and

(v)  determining the range of the wireless device from the serving node as a

function of the time of arrival information and the downlink pilot measurement information.

5. A method for estimating a location of a wireless device receiving signals from
plural nodes of a Worldwide Interoperability for Microwave Access (“WiMAX™)

communication system, the method comprising:

(a)  determining downlink signal measurements of first signals received by the

wireless device from the plural nodes;

(b)  transmitting a second signal from at least one of the plural nodes to the

wireless device;

(c)  transmitting a third signal from the wireless device in response to the second

signal;
(d)  determining uplink signal measurements as a function of the third signal; and

(e)  estimating a location of the wireless device as a function of the determined

downlink and uplink measurements.

6. The method of Claim 5 wherein the determined downlink signal
measurements include one or more of: a range of the wireless device from a serving node, a
range of the wireless device from a neighboring node, an observed time difference of arrival
(“OTDOA™) measurement of a signal from one or more neighboring nodes, a transmission

time of the signal from the one or more neighboring nodes, and combinations thereof.
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7. The method of Claim 5 wherein the determined uplink signal measurements
include one or more of: a time of arrival (“TOA”) measurement of a ranging signal from
the wireless device, a timing adjust parameter of the wireless device, and combinations

thereof.

8. The method of Claim 5 wherein the downlink signal measurements are

determined independently of the uplink signal measurements.

9. The method of Claim 5 further comprising the steps of transmitting
allocations for non-contention based ranging to the wireless device and transmitting tipping

information to one or more location measurement units (“LMU”).

10.  The method of Claim 9 wherein transmitting tipping information further
comprises recreating signals transmitted by the wireless device as a function of information
selected from the group consisting of: connection identifier (“CID”), base station identifier
(“BSID”), azimuth of base station sector antennas, downlink preamble sequence of base
stations, system bandwidth, sampling frequency, fast-Fourier transformation size,
orthogonal frequency division multiple access (“OFDMA™) symbol offset, sub-channel
offset, number of OFDMA symbols, number of sub-channels, ranging method, dedicated
ranging indicator, CDMA_Allocation_IE parameter, Fast_Ranging_IE parameter,
Permutation base, action time, approximate ranging signal transmission time, and

combinations thereof.

11.  The method of Claim 5 wherein the second signal is a Fast Ranging_IE

signal.

12.  The method of Claim 5 wherein the step of determining downlink signal
measurements further comprises determining an OTDOA hyperbola using information

received from a network measurement report.
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13.  The method of Claim 5 wherein the step of determining downlink signal
measurements further comprises determining an OTDOA range using information received

from a network measurement report.

14.  The method of Claim 5 further comprising the step of transmitting a request

for network assistance to locate the wireless device to at least one of the plural nodes.

15. A system for estimating a location of a wireless device receiving signals from

a plurality of nodes of a communication system, comprising:

(a)  circuitry for determining downlink signal measurements of first signals

received by said wireless device from said plural nodes;

(b)  a transmitter for transmitting a second signal from at least one of said plural

nodes to said wireless device;

(¢)  areceiver for receiving a third signal transmitted from said wireless device in

response to said second signal;

(d) circuitry for determining uplink signal measurements as a function of said

third signal; and

(e)  circuitry for estimating a location of said wireless device as a function of said

determined downlink and uplink measurements.

16.  The system of Claim 15 wherein said determined downlink signal
measurements include one or more of: a range of said wireless device from a serving node,
an observed time difference of arrival (“OTDOA”) measurement of a signal from one or
more neighboring nodes, a transmission time of said signal from the one or more

neighboring nodes, and combinations thereof.

17.  The system of Claim 15 wherein said determined uplink signal measurements

include one or more of: a time of arrival (“TOA”) measurement of a ranging signal from

46



WO 2011/019357 PCT/US2009/053919

said wireless device, a timing adjust parameter of said wireless device, and combinations

thereof.

18.  The system of Claim 15 wherein said wireless device is selected from the
group consisting of: cellular device, text messaging device, computer, portable computer,
vehicle locating device, vehicle security device, communication device, and wireless

transceiver.

19.  The system of Claim 15 wherein said nodes are selected from the group

consisting of: base stations, base station sectors, and combinations thereof.

20.  The system of Claim 15 wherein the second signal is a Fast Ranging_IE

signal.
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