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IMPROVED LOCATION REPORTING OF A WIRELESS DEVICE

CROSS-REFERENCE TO RELATED APPLICATION(S)

10601} This application claims the benefit of U.S. Provisional Application Serial No.
62/102,577, fied January 12, 2015, and U.S. Application No. 14/992.924, filed January

11, 2016, both of which are hereby expressly incorporated by reference herein,
BACKGROUND
Field of the Disclosure

[0002] Certain aspects of the present disclosure generally relate to wircless
communications and, more particularly, to determining and reporting the location of

devices in a wireless communication system.

Bescription of Related Art

10603]  The 60GHz band is an unlicensed band which features a large amount of
bandwidth and a large worldwide overlap. The large bandwidth means that a very high
volume of mformation can be transmitted wirelessly. As a result, multiple applications,
cach requiring transmission of large amounts of data, can be developed to allow wireless
communication around the 60GHz band. Examples for such applications include, but are
not limited to, game controllers, mobile interactive devices, wireless high definttion TV

(HDTV), wireless docking stations, wireless Gigabit Ethernet, and many others.

[8604] In order to facilitate such applications there 1s a need to develop integrated
circuits {ICs) such as amplifiers, mixers, radio frequency (RF) analog circuits, and active
antennas that operate m the 60GHz frequency range. An RF system typically comprises
active and passive modules. The active modules {e.g., a phased arrav antenna) require
control and power signals for their operation, which are not required by passive modules
{e.g., filiers). The vanious modules are fabricated and packaged as radio frequency
integrated circuits {RFICs) that can be assembled on a printed circuit board (PUB). The

size of the RFIC package may range from several to a fow hundred square nmullumeters.

{860%]  In the consumer electronics market, the design of electronic devices, and thus

the design of RF modules integrated therein, should meet the constraints of mmimum
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cost, size, power consumption, and weight. The design of the RF modules should also
take nto consideration the current assembled configuration of e¢lectromic devices, and
particudarly handheld devices, such as laptop and tablet computers, in order to enable
efficient transmission and reception of millimeter wave signals. Furthermore, the design
of the RF module should account for minimal power loss of receive and transmu RF

signals and for maximum radio coverage.

[0006]  Operations in the 60GHz band aliow the use of smaller antennas as compared
to operations in lower frequencies. However, as compared to operating in lower
frequencies, radic waves around the 60GHz band have high atmospheric attenuation and
are subject to higher levels of absorption by atmospheric gases, rain, objects, cfc,
resulting in higher free space loss. The higher free space loss can be compensated for by

using many small antennas, for example, arranged n a phased arrav.

{8607}  Devices may utilize one or more antennas to determine the direction of signals
received from devices operating in the 60 GHz band. However, the determination of the
direction of the signals may be subject to different atmospheric phenomenon that may

affect the accuracy of the determined direction of the received signals.

SUMBMARY

[0008]  The systems, methods, and devices of the disclosure each have several aspects,
no single one of which is solely responsible for its desirable attributes. Without limiting
the scope of this disclosure as expressed by the claims which follow, some features will
now be discussed briefly. Afier considerning this discussion, and particularly after reading
the section entitled “Detailed Pescription” one will understand how the features of this
disclosure provide advantages that inclode improved communications in a wireless

network,

[0009]  Certain aspects of the present disclosure provide an apparatus for wireless
communications. The apparatus generally includes a receive interface configured to
obtain, via at least one receive anfenna, a signal transmitted from another apparatus. The
apparatus also includes a processing system configured to determine one or more values
indicative of an onentation of the apparatos relative to the other apparatus, based on at
least one paramcter of the signal as received at the at least one receive amtenna, and

generate at least one frame comprising an indication of a degree of accuracy in the
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determined one or more values indicative of the relative orientation. The apparatus
further includes a transmit mterface configured to output the at least one frame for

transmission to the other apparatus.

[0610]  Certain aspects of the present disclosure provide an apparatus for wircless
communications. The apparatus generally includes a transmit nterface configured to
cutput a signal for transmission to another apparatus. The apparatus also includes a
receiver mterface configured to obtain at least one frame including one or more values
mdicative of an orientation of the other apparatus relative to the apparatus. The apparatus
further mclades a processing system configured to determine, based on an indication
received from the other apparatus, a degree of accuracy in the one or more valueg
mdicative of the relative orentation, and determine a location of the apparatus relative to

the other apparatus based on at least one of the one or more values.

[B811]  Certain aspects of the present disclosure provide a method for wireless
commumnications. The method may be performed by an apparatus. The method generally
includes obtaining, via at least one receive antenna, a signal transmitied from another
apparatus. The method also includes determining one or more values indicative of an
orientation of the apparatus relative to the other apparatus, based on at least one
parameter of the signal as received at the at least one recetve antenna. The method further
nchudes generating at least one frame comprising an mdication of a degree of accuracy 1
the determined one or more values indicative of the relative orientation. The method
further vet includes outputting the at least one frame for transmission to the other

apparatus.

[8612] Certain aspects of the present disclosure provide a method for wireless
communications. The method may be performed by an apparatus. The method generally
inchides outputiing a signal for transmission {o another apparatus, and obtaining at least
one frame mcluding one or more values indicative of an onicntation of the other apparatus
relative to the apparatus. The method also includes determining, based on an mdication
received from the other apparatus, a degree of accuracy in the one or more values
mdicative of the relative onentation. The method further includes determuining a location
of the apparatus relative to the other apparatus based on at least one of the one or more

values.



WO 2016/115084 PCT/US2016/012972

[0013]  Certain aspecis of the present disclosure provide an apparatus for wireless
communications. The apparatus generally includes means for obtaining, via at least one
receive antenna, a signal transmitted from another apparatus. The apparatus also inclades
means for determining one or more values indicative of an orientation of the apparatus
relative to the other apparatus, based on at least one parameter of the signal as received at
the at least one receive antenna. The apparatus further includes means for generating at
lcast one frame comprising an indication of a degree of accuracy in the determined one or
more values indicative of the relative orientation.  The apparatus further yet inchudes
means for outputting the at least one trame for transmission to the other apparatus.

10014]  Certain aspects of the present disclosure provide an apparatus for wireless
communications. The apparatus geverallv includes means for outputting a signal for
transmission o another apparatus, and means for obtaning at least one frame including
one or more values indicative of an orientation of the other apparatus relative to the
apparatus. The apparatus also includes means for determining, based on an indication
received from the other apparatus, a degree of accuracy in the one or more values
indicative of the relative orientation.  The apparatus further includes means for
determining a location of the apparatus relative to the other apparatus based on at least

one of the one or more values.

[8615]  Certain aspects of the present disclosure provide a computer-readable medium.
The computer-readable medium generally has instructions stored thercon for obtaining,
bv an apparatus, via at lcast two receive antennas, a signal transmitted from another
apparatus.  The computer-readable medium also has instructions stored thereon for
determining, by the apparatus, one or more values indicative of an onentation of the
apparatus relative to the other apparatus, based on at least one parameter of the signal as
received at the at least one receive antenna, and generating, by the apparatus, at least one
frame comprising an ndication of a degree of accuracy in the determined one or more
values indicative of the relative orientation. The computer-readable medium also has
mstructions stored thercon for outputting, by the apparatus, the at least one frame for

transmission to the other apparatus.
10616]  Certain aspects of the present disclosure provide a computer-readable medium.
The computer-readable medium generally bas instructions stored thercon for outputting,

by an apparatus, a signal for transmission to another apparatus, and obtaining, by the
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apparatus, at least one frame including one or more values indicative of an orientation of
the apparatus relative to the other apparatus. The computer-readable medium also has
mstructions stored thereon for determining, by the apparatos, based on an indication
received from the other apparatus, a degree of accuracy in the one or more valueg
mdicative of the relative orientation, and deternuning, by the apparatus, a location of the

apparatus relative to the other apparatus based on at least one of the one or more values..

[B617]  Certain aspects of the present disclosure provide a wireless station. The station
generally inchudes at least one antenna, and a receiver configured to obtamn, via the at
least one antenna, a signal transmitted from another station. The station also includes a
processing svstem configured to determine onc or more values indicative of an
orientation of the station relative to the other station, based on at least one parameter of
the signal as received at the at least one antenna, and generate at least onc frame
comprising an indication of a degree of accuracy in the determined one or more valoes
ndicative of the relative onentation. The station further includes a transmutter configured

to output the at feast one frame for transmission to the other station.

[8618]  Certain aspects of the present disclosure provide a wireless station. The station
generally meludes at least one antenna, a transmuitter configured to output, via the at least
one antenna, a signal for transmission to another station, and a receiver configured to
obtain at least one frame including one or more values indicative of an onientation of the
other station relative to the station. The station also inclades a processing system
configured to determine, based on an indication received from the other station, a degree
of accuracy m the one or more values indicative of the relative orientation, and determine
a location of the station relative to the other station based on at least one of the one or

more values.
BRIEF DESCRIPTION OF THE DRAWINGS

[8019]  FIG. 1 illustrates a diagram of an example wucless communications network,

in accordance with certain aspects of the present disclosure.

[B820] FIG. 2 illustrates a block diagram of an example access point and user

terminals, in accordance with certain aspects of the present disclosure.
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[6021]  FIG. 3 illustrates a block diagram of an example wireless device, in accordance

with certain aspects of the present disclosure.

{0022]  FIG. 4 illustrates an example dual polanized patch clement, in accordance with

certain aspects of the present disclosure.

4023 FIG. 5 18 a diagram Hlustrating signal propagation in an implementation of
] g g s1g propag P

phased-array antennas, in accordance with certain aspects of the present disclosure.

[8624] FIG. 6 ilustrates an example of the number of possible ambiguities that may
be present in one value indicative of the direction of a received signal, in accordance with

certain aspects of the present disclosure.

10625)  FIG. 7 illustrates an example wircless device capable of performing the
operations shown m FIG. 8 and 11, m accordance with certain aspects of the prosent

disclosure.

[3026] FIG. 8 15 a flow diagram of example operations for wircless conumunications,

in accordance with certain aspects of the present disclosure.

{8627}  FIG. BA illustrates example componenis capable of performing the operations

shown in FIG. &,

[00628]  FIG. 9 illustrates an example frame format, in accordance with certain aspects

of the present disclosure.

[8629] FIG. 10 illastrates example fields of the frame format shown m FIG. 9, i

accordance with certain aspects of the present disclosure.

[0630]  FIG. 11 15 a flow diagram of example operations for wireless communications,

it accordance with certain aspects of the present disclosure.

{8631} FIG. 11A iHustrates example components capable of performing the operations

shown in FIG. it.

10632 To facilitate understanding, identical reference numerals have been used,

where possible, to designate identical clements that are common to the figures. It is
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contemplated that elements disclosed m one embodiment may be beneficially utilized on

other embodiments without specific recitation.
DETAILED DESCRIPTION

[8633]  Aspects of the present disclosure provide technigues and apparatus for
mmproved location reporting of wireless devices in a communication system. As will be
described in more detail below, the technigues described herein may allow a wireless
device to determing a degree of accuracy {¢.g., one or more ambiguities) in a location
measurement of another device based on a signal received from the other device.
Technigues described herein may also allow the wireless device to generate a report that
inchides an indication of the degree of accuracy in the location measurement and transmit
the report to the other device. As used herein, the location of a wircless deviee may refer
to an origntation {¢.g., direction, such as azimuth, elevation, etc., roll, distance, and the
like) at which a signal (transmitted from the wireless device) was received (e.g., by

another wireless device).

[8634] Various aspects of the disclosure are described more fully heremafter with
reference 1o the accompanying drawings. This disclosure may, however, be embodied 1n
many different forms and should not be construed as limited to any specific structure or
function presented throughout this disclosure. Rather, these aspects are provided so that
this disclosure will be thorough and complete, and will fildly convey the scope of the
disclosure to those skilled in the art. Based on the tcachings herein one skilled i the art
should appreciate that the scope of the disclosure is intended to cover any aspect of the
disclosure disclosed herein, whether implemented independently of or combined with any
other aspect of the disclosure. For example, an apparatus may be mmplemented or a
method may be practiced using any number of the aspects set forth herein. In addition,
the scope of the disclosure 1s intended to cover such an apparatus or method which is
practiced using other structure, fimetionality, or structure and fonctionality in addition to
or other than the vanous aspects of the disclosure sct forth bercin. It should be
understood that any aspect of the disclosure disclosed herein may be embodied by one or

more elements of a claim.

[0035]  Although particular aspects are described herein, many vanations and

permutations of these aspects fall within the scope of the disclosure.  Although some
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benefits and advantages of the preferred aspects arc mentioned, the scope of the
disclosure 1s not miended to be Iimited to particular benefits, uses, or objectives. Rather,
aspects of the disclosure are imtended to be broadly applicable to different wireless
technologics, system configurations, networks, and transmission protocols, some of
which are illustrated by way of example 1o the figures and in the following description of
the preferred aspects. The detaled description and drawings are merely illustrative of the
disclosure rather than Bmiting, the scope of the disclosure being defined by the appended

claims and equivalents thercof,

10636]  The techniques described herein may be used for various broadband wireless
communication systoms, including communication svstems that are based on an
orthogonal multiplexing scheme. Examples of such commumication systems include
Spatial Dnvision Muldtiple Access (SDMA), Time Dhvision Multiple Access (TDMA),
Orthogonal Frequency Division Multiple Access (OFDMA) systems, Single-Carrier
Frequency Division Multiple Access (SC-FDMA) systems, and so forth, An SDMA
system may utthze sufficiently different directions to simultaneocusly transmit data
belonging to multiple user tcrminals. A TDMA system may allow multiple user
terminals to share the same frequency channel by dividing the transmuission signal into
different time slots, each time slot being assigned o ditferent user termunal. An OFDMA
system utilizes orthogonal frequency division multiplexing (OFDM), which is a
modulation techmigue that partitions the overall system bandwidth into multiple
orthogonal sub-carricrs. These sub-carricrs may also be called tones, bins, cic. With
OFDM, cach sub-cammer may be independently modulated with data.  An 5C-FDMA
system may utilize interleaved FDMA (IFDMA) to transmit on sub-carriers that are
distributed across the system bandwidth, localized FDMA (LFDMA) to transmit on a
block of adjacent sub-camers, or enhanced FDMA (EFDMA) to transmit on multiple
blocks of adjacent sub-carriers. In general, modalation symbols are sent in the frequeney

domain with OFDM and in the time domain with SC-FDMA.

[8837]  The teachings hercin may be incorporated into (e.g.

=

implemented within or
performed by} a variety of wired or wireless apparatuses {¢.g.. nodes). In some aspects, a
wireless node implemented in accordance with the teachings herein may comprise an

access point or an access terminal,
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{0038]  An access point ("AP”) may comprise, be implemented as, or known as a
Node B, Radio Network Controller ("RNC™), evolved Node B (Ye¢eNB”), Base Station
Controller ("BSCT), Base Transceiver Statton (“BTS”), Base Station (“BS™), Transceiver
Function (“TF™), Radio Router, Radio Transceiver, Basic Service Set (“BSS”), Extended

Service Set ("ESS™), Radio Base Station (“"RBS”), or some other terminology.

[8639]  An access termunal ("AT”) may comprise, be implemented as, or known as a
subscriber station, a subscriber uni, a mobile station (MS), a remote station, a remote
terminal, a user terminal (UT), a user agent, a user device, user equipment (UE), a user
station, or some other terminology. In some implementations, an access terminal may
comprise a cellular telephone, a cordless telephone, a Session Initiation Protocol (FSIP”)
phone, a wireless local foop ("WLL”) station, a personal digital assistant (‘PDA™), a
handheld device having wireless connection capability, a Station {“STA”}, or some other
suitable processing device connected to a wircless modem.  Accordingly, one or more
aspects taught herein may be incorporated into a phone (¢.g., a cellular phone or smart
phone), a computer {¢.g., a laptop), a tablet, a portable communication device, a portable
computing device {e.g., a personal data assistant}, an entertainment device {2.g., a music
or video device, or a satellite radio), a global positioning system (GPS) device, or any
other suitable device that 1s configured to communicate via a wireless or wired medium.
In some aspects, the node is a wireless node.  Such wireless node may provide, for
example, connectivity for or to a network {e.g., a wide arca network such as the Intemet

or a cellular network} via a wired or wircless communication link.
AN EXAMPLE WIRELESS COMMUNICATION SYSTEM

{0640] FHG. 1 idlustrates a system 100 in which aspects of the disclosure may be
performed. For example, user teominals (UTs) {(commonly referred to as stations or
STAs) 120 may be configured to report the location of AP 110 and/or other user
terminals 120 in the system 100, Similarly, AP 110 may be configured to report the

location of one or more user terminals 120 and/or other APs in the system 100,

{0641} In some aspects, the techniques described hercin may allow for wmaproved
location reporting of AP 110 and/or user termunals 120 1n the systerm 100, In some cases,
AP 110 may be able to determine a degree of accuracy in a location measurement of one

or more user terminals 120 (e.g., UT 120a, 120b, etc)) and/or other APs (not shown)
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based on a signal received from the one or more user ternunals 120 and/or other APs.
Additionally or altematively, in some cases, each of the user terminals 120 may be able
to determine a degree of accuracy m a location measurement of the AP 110 and/or other
user termnals 120 based on a signal received from the AP 110 and/or user terminals 120,
Each of the user ternunals 120 and AP 110 may then generate and transmit {to cach
other) a report with an indication of the degree of accuracy in the location measurement,
The degree of accuracy in the location measurement may inclode an mdication of one or

maore possible ambiguities 1n the location measurcnent.

100642]  The systern 100 may be, for example a multiple access multiple-input multiple-
output (MIMO) systern 100 with APs and UTs. For simplicity, only one AP 110 is
shown m FIG. 1. An AP 1s generally a fixed station that commumcates with the user
terminals and may also be referred to as a base station or some other terminology. A user
terminal may be fixed or mobile and may also be referred to as a mobile station, a
wireless deviee, a station (STA}), or some other terminology. AP 110 may communicate
with one or more user terminals 120 at any given moment on the downlink and eplink.
The downlink {i.c., forward link} is the communication link from the AP to the user
terminals, and the uplink {i.c, reverse link} is the communication link from the user
termmals to the AP. A user terminal mav also communicate peer-to-pecr with another
pser terminal. A system controlier 130 couples to and provides coordination and control

for the access points.

10643]  While portions of the following disclosure will describe user terminals 120
capable of communicating via Spatial Division Multiple Access (SDMA), for certain
aspects, the user terminals 120 may also include some user termunals that do not support
SDMA. Thus, for such aspects, an AP 110 may be configured to commumnicate with both
SBMA and non-SDMA user terminals.  This approach mav conveniently allow older
versions of user ternunals (Mlegacy” stations} to romain deploved in an enterprise,
extending their useful Difetime, while allowing newer SDMA user terminals to be

introduced as deemed appropnate.

{8044]  The system 100 employs nuldtiple transmit and multiple receive antennas for

data transmission on the downlink and uplink. The AP 110 is equipped with N,

antennas and represents the multiple-input (Mi) for downlink transmissions and the
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multiple-output (MO} for uplink transmissions. A set of X selected user terminals 120
collectively represents the multiple~-output for downlink transmussions and the multiple-
input for uplink transmissions. For pure SDMA, it is desired to have J rczp > K >1 ifthe
data symbol streams for the K user terounals are not nultiplexed in code, frequency or
time by some means. X may be greater than Nap if the data symbol strecams can be

multiplexed using TDMA technique, different code channels with CDMA, disjoint sets of
subbands with OFDM, and so on. Each selected user terminal transmits user-specific
data to and/or receives user-specific data from the AP, In general, each selected user
terminal may be equipped with one or nuultiple antennas (e, Ny =1). The & sclected

UTs can have the same or different number of antennas.

[B045] The SDMA sysiem may be a time division duplex (TDD) system or a
frequency division duplex (FDD) system. For a TDD system, the downlink and uplink
share the same frequency band. For an FDD svstem, the downlink and uplink use
different frequency bands. MIMO systen 100 may also utilize a single camicr or
multiple carmers for transmission. Each UT may be equipped with a single antenna {e.g.,
in order to keep costs down) or multiple antennas (¢.g., where the additional cost can be
supported}. The system 100 may also be a TDMA system if the user terminals 120 share
the same frequency channel by dividing transpussion/reception into different time slots,

cach time slot being assigned to ditferent user terminal 120,

{0046]  FIG. 2 illustrates example components of the AP 110 and UT 120 illustrated in
FIG. 1, which may be used to mmplement aspects of the present disclosure. One or more
components of the AP 110 and UT 120 may be used to practice aspects of the present
disclosure. For example, antenna(s) 224, TX/RX(s) 222, processors 260, 270, 288 and
290 and/or controller 280 may be used to perform the operations described herein and

Wlustrated with reference to FiGs. &and 11,

{8647} FIG. 2 ddlustrates a block diagram of an example AP 110 and two user
terminals 120m and 120x in MIMO system 100. The AP 110 is equipped with

antennas 224a through 224ap. UT 120m is equipped with N, antennas 252ma

through 252mu, and UT 120x is equipped with &, . antennas 252xa through 252xu.
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The AP 110 is a transnutting entity for the downlink and a receiving entity for the uplink.
Each user teroinal 120 1s a transmutting entity for the uplink and a receiving entity for the
downlink. Asused herein, a “transmitting entity” 1s an independently operated apparatus
or device capable of transmitting data via a wircless channel, and a “receiving entity” is
an independently operated apparatus or device capable of receiving data via a wircless
channel. In the following description, the subscript “dn” denotes the downlink, the
subscript “up” denotes the uplink, Ny, user terminals are selected for simultaneous
transmission on the uplink, Ng, user terminals are selected for simultancous transmission
on the downlink, Ny, may or may not be equal to Ny, and Ny, and Ng, may be static
values or can change for cach scheduling mterval. The beam-steering or some other

spatial processing technique may be used at the AP and aser termunal.

[8648] On the uplink, at each user terminal 120 selected for uplink transmission, a
transmit {TX) data processor 288 receives traffic data from a data source 286 and countrol
data from a controller 280. TX data processor 288 processes {¢.g., encodes, interleaves,
and modulates) the traffic data for the user terminal based on the coding and modulation
schemes associated with the rate selected for the user terminal and provides a data
symbol stream. A TX spatial processor 290 performs spatial processing on the data
symbol stream and provides N, transmit symbol streams for the N, antennas,
Fach transmottter unit (TMTR) 254 receives and processes {e.g., converts to analog,
amplifies, filters, and frequency upconverts) a respective itransmit symbol stream to
generate an uplink signal. N, ,, transmitter units 254 provide N, ,, uplink signals for

transmission from N, antennas 252 to the AP,

{0649] N, user termunals may be scheduled for simultancous transmission on the
uplink. Each of these UTs performs spatial processing on its data symbol stream and

transmts its set of transmit symbol streams on the uplink to the AP,

[8038] At AP 110, Nap antennas 224a through 224ap receive the uplink signals from

all &, UTs transmitting on the uplink. Each antenna 224 provides a received signal to a
respective receiver unit {(RCVR) 222 Each receiver unit 227 performs processing
complementary to that performed by transmitier unit 254 and provides a received symbol

stream. An RX spatial processor 240 performs recetver spatial processing on the N,
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received symbol streams from N, receiver units 222 and provides N, recovered uplink

data symbol streams. The receiver spatial processing is performed in accordance with the
channel correlation matrix wversion (CCME, mimimum mean square error (MMSE), soft
mierference cancellation (SIC), or some other technique. Each recovered uplink data
symbol stream is an estimate of a data symbol stream transmutted by a respective user
terminal. An RX data processor 242 processes {(e.g., demodulates, deinterleaves, and
decodes) ¢ach recovered uplink data symbol stream 1n accordance with the rate used for
that stream to obtain decoded data. The decoded data for each user terminal may be

provided to a data sink 244 for storage and/or a controller 230 for further processing.

[B651]  On the downhink, at AP 110, a TX data processor 210 receives trattic data
from a data source 208 for Ny, user terminals scheduled for downlink transmission,
control data from a controller 230, and possibly other data from a scheduler 234, The
various tyvpes of data mayv be sent on different transport channels. TX data processor 210
processes {c.g., encodes, nterleaves, and modulates) the traffic data for cach user
ternuinal based on the rate selected for that user terminal.  TX data processor 210
provides Nz downlink data symbol streams for the Ng user terminals. A TX spatial
processor 220 performs spafial processing {such as a precoding or beamforming, as

described in the present disclosure) on the Ny downlink data symbol streams, and

provides N, ap transmit symbol streams for the Nap antennas. Each transmitter unit 222
receives and processes a respective transmit symbol stream to generate a downlink signal.
Ngp transmitter units 222 provide N, downlink signals for transmission from N,
antennas 224 to the user terminals. The decoded data for cach user terminal may be

provided to a data sink 272 for storage and/or a controller 280 for further processing.

[0052] At cach user terminal 120, N, ,

antennas 232 receive the N, downlink
signals from AP 110. FEach receiver unit 254 processes a received signal from an
associated antenna 252 and provides a received svmbol stream. An RX spatial processor
260 performs receiver spatial processing on N, received symbol streams from N,
receiver units 254 and provides a recovered downlink data symbol stream for the user
termimal. The receiver spatial processing is performed in accordance with the CCMI,

MMSE or some other technigue. An RX data processor 270 processes {eg.,
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demodulates, de-interleaves and decodes) the recovered downlink data svmbol stream fo

obtam decoded data for the user ternunal.

[0653) At cach user terminal 120, a channel estimator 278 estimates the downlink
channel response and provides downlink channel estimates, which may include channel
gain gstimates, SNR estimates, noise vanance and so on. Simularly, a channel estimator
228 estimates the uplink channcl response and provides uplink channel estimates.
Controller 280 for each user termunal typically derives the spatial filter matrix for the user
terminal based on the downhink chamnel response matrix Hg,,, for that user terminal.
Controller 230 derives the spatial filter matax for the access point based on the effective
uplink chanoel response matrix H,, 0 Controller 280 for each user terminal may send
feedback information {e.g., the downlink and/or uplink eigenvectors, cigenvalues, SNR
cstimates, and so on) to the access point. Controllers 230 and 280 also control the
operation of various processing units at access point 110 and user terminal 120,

respectively.

[0654]  FIG. 3 illustrates vanous components that may be utilized in a wireless device
302 mn which aspects of the present disciosure may be practiced and that may be
emploved within the MIMO system 100, The wireless device 302 15 an example of a
device that may be configured to implement the various methods descrbed hergin. For
cxample, the wircless device 302 may tmplement operations 800 and 1100 iHlustrated in

FiGs. 8 and 11, respectively. The wireless device 302 may be an AP 110 ora UT 120,

[0055]  The wireless device 302 may nclude a processor 304 which controls operation
of the wireless device 302, The processor 304 may also be referred to as a central
processing unit (CPU)Y. Memory 306, which may mclude both read-only memory (ROM}
and random access memory {RAM), provides instructions and data to the processor 304,
A portion of the memory 306 may also include non-volatile random access memory
(NVRAM)}. The processor 304 typically performs logical and arithmetic operations
based on program instructions stored within the memory 306, The instructions in the

memory 306 may be executable to implement the methods described herein.

[0656]  The wireless device 302 may also mnclude a housing 308 that may include a
transmitter 310 and a receiver 312 to allow tranamission and reception of data between

the wireless device 302 and a remote location. The transmitter 310 and receiver 312 may
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be combined mto a transceiver 314, A single or a plurality of transmit antennas 316 may
be attached to the housing 308 and electrically coupled to the transceiver 314, The
wireless device 302 may also include (not shown) multiple transmitters, mudtiple

receivers, and multiple transceivers.

18657}  The wireless device 302 may also mchide a signal detector 318 that may be
used in an effort to detect and quantify the level of signals reccived by the transceiver
314, The signal detector 318 mav detect such signals as total energy, energy per
subcarrier per symbol, power spectral density and other signals. The wireless device 302

may also include a digital signal processor (DSP) 320 for use in processing signals.

{8658]  The various components of the wireless device 302 may be coupled together
bv a bus system 322, which may include a power bus, a control signal bus, and a status

signal bus in addition to a data bus.

[6659]  As mentioned above, in the system 100, device(s) may determine a location of
another device(s) based on a signal recetved from the other device(s). Referring to the
example in FIG. 1, a transmuitting device {c.g., AP 110, STA, ctc.} may transmit a signal
to a receiving device {e.g, ancther AP, STA, etc). The receiving device may determine
one or more values indicative of a relative orientation {¢.g., direction, roll, distance, etc.}

at which the signal {(transmitted from the transmitting device) was received.

{8666 In some cases, the signal(s) (transnutied by the transmithing device) may be
transmitted as part of a beamforming (BF) training process according to, for example, the
IEEE 802 .11ad standard. The BF process is typically emploved by a pair of millimeter-
wave stations, e.g., a receiver and transmitter. Each pairing of the stations achieves the
necessary link budget for subsequent communication among those network devices. As
such, the BF training process inchides a bidirectional sequence of BF traming frame
transmissions. The BF training processt uscs scctor sweep and provides the necessary
signals to allow each station to determine appropriate antenna svstem settings for both
transmisston and reception. After the successtal completion of BF training, a millimeter-

wave communication link is established.

[8661] The BF process solves one of the problems (e.g., ligh path loss) for

commumnication at the millimeter-wave spectrum. As such, as shown in FIG. 2, a large
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number of antennas may be placed at cach transceiver to exploit the beamforming gain
for extending communication range. That 1s, the same signal is sent from each antenna n

an array, but at shightly different times.

[0062]  According to an exemplary embodiment, the BF process mcludes a sector level
sweep {SLS) phase and a beam refinement stage. In the SLS phase, one of the STAs acts
as an inttiator by conducting an mitiator scctor sweep, which is followed by a transmit
sector sweep by the responding station (where the responding station conducts a
responder sector sweep). A sector is either a transmit anienna patfern or a receive
antenna pattern corresponding to a sector 1D, As mentioned above, a station may be a
transceiver that includes one or more active antennas in an antenna amray {(e.g., a phased

antenna array).

[B863] The SLS phase typicallv concludes afier an imitiating station receives sector
sweep feedback and sends a sector acknowledgement (ACK), thereby establishing BF.
Each transceiver of the initiator station and the responding station is configured to
conduct a receiver sector sweep (RXSS) reception of sector sweep (SSW) frames via
different sectors, in which a sweep is performed between consecutive receptions. In
addition, cach transceiver of the mitiator station and the responding station 1s configured
to conduct a transmission of multiple sector sweeps (S5W) (TX58) or directional Multi-
gigabit (DMG) beacon frames via different sectors, i which a sweep 13 performed

between consecutive transmissions.

[6664] During the beam refinement phase, each station can sweep a sequence of
transmuissions, separated by a short beamforming mterframe space (SBIFS) mterval, in
which the antenna configuration at the transmitter or receiver can be changed between
transmissions. In other words, beam refinement is a process where a station can improve
its antenna configuration (or antenna weight vector) both for transmission and reception.
That s, cach antenma includes an antenna weight vector (AWYVY), which further includes a
vector of weights describing the excitation {(amaplitude and phase) for cach element of an

antenna array.

[0065]  FIG. 4 illustrates an example dual polarized patch element 400 which may be
employed, 1n accordance with certain aspects of the present disclosure. For example,

patch element 400 may be included in AP 110, STA, wireless device 702 shown in FIG.
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7, ¢tc. As shown m FIG. 4, a single element of an anterma array may contain multiple
polarized antenmas. Multiple elements may be combined together to form an antenna
array. The polarized antennas may be radially spaced. For example, as shown i FIG. 4,
two polarized antennas {i.¢., dual polarized antenna} may be arranged perpendicularly,
corresponding o a horizontallv polarized antenna 410 and vertically polarized antenna
420.  Alternatively or in addition, anv number of polarized anteconas may be used.

Further, one or both antennas of an ¢lement may also be circularly polarized.

[8066]  FIG. 5§ 1s a diagram illustrating signal propagation 300 in an implementation of
phased-array antennas, in accordance with certain aspects of the present disclosure.
Phased array antconas use identical clements 510-1 through 310-4 (hereinafier referred 1o
mdividually as an element 510 or collectively as elements 510}, The direction in which
the signal is propagated vields approximately identical gain for cach element 510, while
the phases of the clements 510 are different.  Signals received by the clements are
combined into a coherent beam with the correct gain in the desired direction.  An
additional consideration of the antenna design is the expected direction of the electrical
field. In case the transmutter and/or receiver are rotated with respect to cach other, the
clectrical field is also rotated in addition to the change in direction. This requires that a
phased array be able to handle rotation of the electrical field by using antennas or anteona
feeds that match a certain polarity and capable of adapting to other polarity or combined

polarity in the event of polarity changes.

10667} Information about signal polarity can be used to determine aspects of the
transmitter of the signals. The power of a signal may be measured by different antennas
that are polanzed in different directions. The antennas may be arranged such that the
antennas are polarized in orthogonal directions. For example, a first antenna may be
arranged perpendicular to a sccond antenna where the first antenna represents a
horizontal axis and the second antenma represents a vertical axis such that the first
antenna 18 horizontally polanzed and the sccond vertically polarized.  Additional
antennas may also be included, spaced at various angles n relation 1o each other. Once
the receiver determines the polarity of the transmission the receiver may optimize

performance by using the reception by matching the antenna to the received signal.

EXAMPLE IMPROVED LOCATION REPORTING
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[0068]  In certain systems, such as IEEE 802 .11ad and/or IEEE 802.11mc¢, one or more
devices may be able to determine {estimate} the location of one or more other devices
the systems based on signals transmitted and received in the system. For example, in
some cases, after receiving a signal {ransmitted from a transmitting device, the receiving
device may be able to determune the location of the transmitting device based on the
recerved signal, and transmit a report with an indication of the transmitting device’s
focation fo the transmitting device. In this case, the location of the transmitting device
may refer to the relative orentation (¢.g., direction, roll, distance, etc.) with which the

receiving device receives the signal transmitied from the transmitting device.

[0669]  Note that while much of the description below uses azimuth and elevation as
examples of directional parameters indicative of relative orientation between two devices,
any other type of parameters indicative of orientation {g.g., such as roll, distance,
polarization, gtc.} may also be used. Further, in general, such parameters indicative of
oricutation or dircction may be reported relative to two or more axes and, further, may
also be reported m other types of coordmate systems {e.g., other than x v, and =z

coordinates}, such as polar axes.

[8678]  The direction of any particular device in a wircless communication system
may be indicated by one or more valugs, such as azimuth, elevation, polarization, ¢ic. In
some cases, a measurement crror for cach of the one or more values may also be
mdicated. For example, once the receiving device reccives a signal from the transmitting
device, the recetving device may determine {or measure), based on the received signal,
one or more values, such as azimuth, elevation, polarization, roll, direction, along with an
measurement error for cach of azimuth, elevation, polarization, roll, direction, etc. The
recetving device may generate a report including the determined one or more values and
the determined measurement error for the one or more values. The receiving device may
transmit the report to the transmitting device. The measurement error for cach of the one
or more values may be modeled as additive random noise with some range around the
measured one or more valaes. For example, in one case, the error may be normal random

noise with some standard deviation measurement error.

{8671}  Once the transmtting device receives the report, the transmitfing device may

be able to determine its (the transmitting device’s) location relative to the receiving
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device. Note, “transmitting device” and “receiving deviee” are used berein for the sake
of convenience and are not intended 1o be limiting with respect to capability of a wireless
device. In other words, a “transmitting device” may also be configured to receive, and
vice versa. Thus, as used herein, “receiving device” may refer to any type of station,
such as an AP 110 or any of UTs 120 described above with reference to FlGs. 1-3, 7, ctc.
Similarly, “transmitting device” may also refer to any type of station described above

with reference to FlGs. 1-3, 7. cic.

{8872  As mentioned above, devices in the wireless commumication system {e.g.,
MIMO system 100 of FIG. 1) may include one or more receive and/or transmit antennas.
In addition, each of the antennas of the devices i the wircless communication systent
may be one of a plurality of different types of antennas and/or be arranged m a multitude
of different antenna configurations.  For example, the different antenna types may
nchude but not be limited to a patch ¢lement {e.g., shown in FIG 4}, phased array
antenna {(¢.g., shown in FiG. 3}, dipole antennas, directional antennas, omni-~directional

antennas, etc.

[8673] In such cases, however, the location report (¢.g., transmitted by one device)

may not be able to accurately mdicate the direction {e.g.

ot

location) of a signal received
from another device. For example, a transmitting device may include one or more
antenna arrays and may transmit a signal, via the one or more antenpa arrays, t© a
receiving device. In some cases (e.g., for smaller wavelengths}, however, the receiving
device may determine one or more ambiguities in one or more of the values (e.g., such
as azimuth, clevation, ctc.) wndicative of the direction of the received signal.  For
example, for smaller wavelengths, significant grating lobes within the pattern of the one
or more anfenna amrays of the transmitter may cause beams to radiate in unintended
directions. A grating lobe {or grating beam) generally refors to a radiated beam identical
to an intended main beam but in an undesired location. Thus, when a receiving device
receives a signal affected by one or more grating lobes, the receiving device may not be
able to accurately determine the direction of the signal because there may be a plurality

of different directions that the signal is received in.

{8674] FHG. 6 ilustrates an example of the number of possible ambiguities that may

be present in one value {¢.g., azimuth) indicative of the direction of a received signal. In
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particular, for FIG. 6, the azimuth of a transmitting device as function of the phase
difference between a signal as received at two receive antennas of a receiving device is
shown. The two receive antennas of the receiving device may be any of the type of
antennas described above and may be included in any device capable of communicating
m a wircless communication system {such as any of the wircless devices illustrated in

FIG. 2-3, 7, etc).

[B875]  As shown in FIG. 6, in one example, when the two receive anfennas {e.g., of a
wireless device) are separated by a distance of d=0.3%, the receiving device may
gxperience ambiguities, as # may determine two different values m the azimuth of the
transmitter, for a given phase difference (between a signal as received at the different
antennas). As also illustrated i FI(G. 6, when the two receive antennas are separated by a
distance of d=2), the receiving device may determine eight different values for a given

phase difference.

10076)  Accordingly, techmiques and apparatus for enabling improved location
reporting in the presence of the ambiguitics may be desirable. The techniques described
herein may be applied to any tvpe of wireless device, such as any of the wireless devices
shown in FIGs. 2-3, 7, etc., which may be a laptop computer, smartphone, or the bike. In
some cases, a receiving device may mdicate a possible ambiguity in a direction report
transmitied to the transmitting device, and the transmitting device may take one or more
actions to resolve such ambiguity. For example, upon receiving a report with multiple
reported values for a direction, a transmitting device may determine which value(s) of the
multiplc reported values for a direction should be used when an ambiguity is indicated.
In some cases, the transmitting device may climunate certamn values, for example, if
corresponding changes in direction exceeds an expected amount or correspond to an
unlikely abrupt change in direction (based on a previously reported direction or some
other reference point). In some cases, a graph such as that shown in FIG. 6 could be
generated based on a calibration procedure {¢.g., while a device is actually moved and/or
beam directions changed}. A lookup table could be generated based on the values,
allowing the corresponding values to be looked up for a given {(measured) phase

difference.
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{0077]  FIG. 8 illustrates cxample operations 800 for wircless communications, in
accordance with certain aspects of the present disclosure. The operations 800 may be
performed by a wireless device {e.g., AP 110, UTs/8TAs 120, ete.) for determining one
or more ambiguities 1 a location measurement of another device based on a signal
recetved from the other device and transmitting a report with an indication of the one or

more ambiguities in the location measurement to the other device.

[B078] The operations 800 begin at 802, by obtaming, via at least one receive
antennas, a signal transmitted from another apparatus. At 804, the wireless device
determines one or more vabues indicative of ornientation of the apparatus relative to the
other apparatus, based on at least one parameter of the signal as reccived at the at least
one rteceive antenna. At 806, the wireless devices generates at least one frame
comprising an imdication of a degree of accuracy {(e.g., one or more ambigoities} in the
determined one or more values indicative of the relative onentation. At 808, the wirgless

device outputs the first frame for transmission to the other apparatus.

{0679  According to cerfain aspects, the wireless device may include at least two
recerve antennas. In such cases, the at least one parameter mchudes a difference mn phase
of the signal as received at least two receive antennas of the wircless device. According
to certain aspects, the one or more values indicative of the direction at which the signal
was received may be based on the phase difference between the signal as received at the
at least two receive antennas. For example, the wireless device (e.g, AP 110, UT 120, or
wirgless device 702) may determine (via ong or more processors) at least one of an
azimuth {(as described with reference to FIG. 6) or clevation relative to the other
apparatus, based on the phase difference between the signal as received at the at least two

recerve antennas of the wireless device.

[6088] FIG. 9 illustrates an example frame 900 that the wireless device may use to
indicate a possible ambiguity in the determmed one or more values (¢.g., azimuth,
clevation, roll, etc.) indicative of the direction at which a signal 15 received from another
wireless device. Frame 900 may include at least an alignment field 902, propagation Ime
of sight {(PLOS) field 904, azimuth (AZ) field 908, minimum mean square error {MMSE)
AZ field 910, elevation (EL) field 912, MMSE EL ficld 914, roll ficld 916, and MMSE

roll field 918. According to cortan aspects, the frame 900 may also include an additional



WO 2016/115084 PCT/US2016/012972

22

ficld, such as an ambiguity field 906 that the wireless device may use to indicate the
possible ambigty in the determined one or more values mdicative of the direction in
which the signal was received. The contents of the different fields of frame 900 are

lustrated in FIG. 10,

{0681}  In an aspect, the wndication of g possible ambiguity in the determined direction
may be provided via an indication of the number of different values determined for the
direction based on a same value of the at least one parameter. For example, with
reference to FIGs, 6 and 9, the ambigwity ficld may be used to indicate the number of
different azimuth values (c.g., cight) determined for the direction of the received signal
based on one value of the phase difference (c.g., 150 degrees) between the signal as

recetved at the at least two receive antennas.

[B082] In an aspect, the wireless device mayv also provide at least one of the one or
more valugs for the direction in the frame generated and transmitted to the other wircless
device. For example, the wireless device may indicate {e.g., within the frame 900} one or
more values for the direction such as alignment, azimuth, elevation, roll, distance, etc.,
along with an estimate of the error for each of the one or more values within the frame
900. In an aspect, the wireless device may choose to indicate any number of values for
the direction within the single frame 900, For example, in one case, the wircless device
may indicate onlv one value {e.g., azimuthy for the direction. In another case, the
wireless device may indicate two values (e.g., azimuth, elevation, ete ), three values, ete.

for the direction.

[8683] According to an aspect, in addition to indicating the number of additional
directions {¢.g., in the ambiguity field 506} due 1o a possible ambiguity in the determined
one or more valucs, the wircless device may generate a plurality of frames, cach
mncluding a different one of the one or more values. For example, with reference to FiGs.
6 and 9, after indicating the number of different azimuth values {e.g., cight} in the
ambiguity ficld, the wurcless device may generate a plurality of frames 900 {c.g., cight
frames), cach frame including a different determuned azimuth value. Further, although
not shown, the wirgless device may choose to indicate anv of the one or more values,

such as elevation, roll, etc. within each of the plurality of frames.
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{0084 FIG. 11 18 a flow diagram of cxample operations 1100 for wircless
communications, m accordance with certain aspects of the present disclosure. The
operations 1100 may be performed by a wireless device (e.g., AP 110, UTe/STAs 120,
etc.) for determining, based on an indication provided by ancther device, ong or more
possible ambiguities in one or more values indicative of the dircction of a signal
{transmitted by the wireless device) received by the other device. The operations 1100
are similar to operations 800 performed by a receiving wireless device but are from the

perspective of a transmitting wireless device.

{0085]  The operations 1100 begin at 1102, by outpuiting a signal for transmission to
another apparatus. At 1104, the wireless deviee obtains at least one frame including one
or more values indicative of an onentation of the other apparatus relative to the wireless
device. At 1106, the wircless device deternunes, based on an mndication received from
the other apparatus, a degree of accuracy in the one or more values indicative of the
relative orientation. At 1108, the wircless device takes one or more actions to resolve the
ambiguity. At 1110, the wireless device determines a location of the apparatus relative to

the other apparatus bascd on at ieast one of the one or more values.

[8686] In an aspect, as described above with reference to FIG. 7, the one or more
actions taken o resolve the ambiguity may include ehiminating some of the one or more
values from consideration and determining the location of the wireless devige relative to
the other apparatus based on at least a remaining one or more of the values. In an aspect,
the one or more actions taken to resolve the ambiguity may also include transmitting the
location report to a third station. According to an aspect, the third station may aid the
wirgless device in resolving the ambiguity {¢.g., by indicating one or more values
indicative of the location of the wirgless device from the perspective of the third station).
In another aspect. the “receiving” wireless device {e.g., described with reference to FIG.

8) may also transmit the location report to the third station.

{0087]  The varnious operations of methods described above may be performed by any
suitable means capable of performing the corresponding functions. The means may
mnclude various hardware and/or software component(s) and/or module(s), including, but
not himited to a circoit, an application specific integrated circuit {ASIC), or processor.

Generally, where there are operations illustrated in figures, those operations may have
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corresponding counterpart means-plus-function components with similar numbering. For
example, operations 900 illustrated v FIG. 9 correspond to means 900A illustrated
FIG. 9A. Similarly, operations 1100 illustrated m FIG. 11 correspond to means 1100A
tustrated in FIG. 11A

{0688}  For example. means for obtaining and means for receiving may comprise a
receiver (2.8, the receiver unit of transceiver 222} and/or an antenna(s) 224 of the access
point 110 iltustrated 1n FIG. 2, the receiver umit of fransceiver 254 and/or antennafs) 252
of the uvser terminal 120 illustrated in FIG. 2, or the receiver 312 and/or antenna(s) 316
depicted in FIG. 3. Means for cutputting and means for transmitting may be a transmitier
{c.g., the transmitter unit of transceiver 222) and/or antenna(s) 224 of the access pomnt
110 iHustrated o FIG. 2, the transnuiter unit of transceiver 254 and/or antenna(s) 252 of
the user terminal 120 illustrated in FIG. 2, or the transmitter 310 and/or antennads) 316

depicted in FIG. 3.

{0089]  Means for processing, means for generating, means for deternuning, means for
taking, means for climinating, means for indicating, or means for calculating comprise a
processing system, which may include onc or more processors, such as the RX data
processor 242, the TX data processor 210, and/or the controller 230 of the access point
110 iHustrated 1n FIG. 2, the RX data processor 270, the TX data processor 288, and/or
the controlier 280 of the user terounal 120 illustrated 10 FIG. 2, or the processor 304

and/or the DSP 320 portrayed in FIG. 3.

[86%0]  In some cases, rather than actually transmitting a frame a device may have an
mterface to output a frame for transnussion. For example, a processor may output a
frame, via a bus interface, to a radio frequency (RF) front end for transmission.
Simularly, rather than actually receiving a frame, a device may have an interface to obtain
a frame received from another device. For example, a processor may obtain {(or receive)

a frame, via a bus interface, from an RF front end for reception.

[8691]  According to certain aspects, such means may be implemented by processing
systems configured to perform the corresponding functions by implementing varicus
algorithms {¢.g., in hardware or by executing sofiware instructions} described above for

determining rotation.
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[0092]  As used herein, the term “determining” encompasses a wide variety of actions.
For example, “determining” may include calculating, computing, processing, deniving,

measuring

o myestigating, locking up {(e.g., looking up in a table, a database or another
data structure), ascertaiming and the like. Also, “determining” may include receiving
{c.g., receiving information), accessing (¢.g., accessing data in a memory) and the like.
Also, “determining” mayv mclude resolving, selecting, eliminating, choosing, establishing

and the like.

{8093]  As uscd herein, a phrase referring to “at least one of” a list of items refers to
any combination of those items, including single members. As an example, “at least one
of. a, b, or¢” s intended to cover a, b, ¢, a-b, a-¢, b-¢, and a-b-c, as well as any such list

mehuding multiples of the same members {¢.g., any lists that include aa, bb, or ec).

[0094] The vanous ilustrative logical blocks, modules and circuits described
connection with the present disclosure may be implemented or performed with a general
purpose processor, a digital signal processor (BSP). an application specific integrated
circuit (ASIC), a ficld prograromable gate amray (FPGA) or other programimable logic
device (PLD), discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A gencral-
purposs processor may be a microprocessor, but in the alternative, the processor may be
any commercially available processor, controller, microcontrolier, or state maching. A
processor may alse be implemented as a combination of computing devices, eg., a
combination of a DSP and a microprocessor, a phurality of microprocessors, one or mote

MICTOProcessors in conjunction with a DSP core, or any other such configuration.

{8695]  The steps of a method or algorithm described in connection with the present
disclosure may be embodied directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module may reside in any form of
storage medium that is known i the art. Some examples of storage media that may be
used include random access memory (RAM), read only memory (ROM), flash memory,
EPROM memory, EEPROM memory, registers, a hard disk, a removable disk, a CD-
ROM and so forth. A software module may comprise a single instruction, or many
mstructions, and may be distributed over several different code segments, among

different programs, and across multiple storage media. A storage medium may bhe
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coupled to a processor such that the processor can read information from, and write
mformation to, the storage medium. In the alternative, the storage medium may be

integral to the processor.

[8696] The methods disclosed herein comprise one or more sieps or actions for
achigving the described method. The method steps and/or actions may be interchanged
with one another without departing from the scope of the claims. In other words, unless a
specitic order of steps or actions is specified, the order and/or use of specific steps and/or

actions may be modified without departing from the scope of the claimms.

[8697]  The functions described may be implemented in hardware, software, firmware,
or any combination thereof. I implemented in hardware, an example hardware
configuration may comprise a processing system in a wireless node. The processing
system may be implemented with a bus architecture. The bus may include any number of
ntercommecting buses and bridges depending on the specific application of the processing
system and the overall design constraints. The bus may fink iogether various circuits
mchuding a processor, machinc-readable media, and a bus nterface. The bus interface
may be used to connect a network adapter, among other things, to the processing svstem
via the bus. The network adapter may be used to implement the signal processing
functions of the PHY layer. In the case of a UT 120 (see FIG. 1), a user mterface {cg.,
kevpad, display, mouse, jovstick, ¢tc.) may also be connected to the bus. The bus may
also hink varous other circuits such as timing sources, peripherals, voltage regulators,
power management circuits, and the like, which are well known in the art, and therefore,

will not be described any further.

{0098] The processor may be responsible for managing the bus and general
processing, mehuding the execution of software stored on the machine-readable media.
The processor may be implemented with one or more general-purpose and/or special-
PUTPOSC  PrOCESsors. Examples include microprocessors, microcontrollers, DSP
processors, and other circuitry that can exccute software. Software shall be construed
broadly to mean instructions, data, or any combination thereof, whether referred 1o as
software, firmware, middleware, microcode, hardware description language, or
otherwise. Machine-readable media mav mclade, by way of example, RAM (Random

Access Memory), flash memory, ROM (Read Only Memory), PROM (Programmable
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Read-Only Memory), EPROM (Erasable Programmable Read-Only Memory), EEPROM
{Electrically Erasable Programmable Read-Onlv Memory}, registers, magnetic disks,
optical disks, hard drives, or any other suitable storage medium, or any combination
thereof. The machine-readable media may be embodiad in a computer-program product.

The computer-program product may comprise packaging matenals.

[0099]  In a hardware implementation, the machine-readable media may be part of the
processing system separate from the processor. However, as those skilled n the art will
readily appreciate, the machine-readable media, or any portion thereof, may be external
to the processing system. By way of example, the machine-readable media may include
a transmission ling, a carrier wave modulated by data, and/or a computer product separate
from the wireless node, all which may be accessed by the processor through the bus
mterface.  Altematively, or in addition, the machine-readable media, or any portion
thereof, may be mtegrated into the processor, such as the case may be with cache and/or

general register files.

[06106] The processing system may be configured as a gencral-purpose processing
system with one or more nucroprocessors providing the processor functionahity and
external memory providing at least a portion of the machine-readable media, all linked
together with other supporting circuitry through an extemal bus architectare.
Altematively, the processing svsiem may be uunplemented with an ASIC {Application
Specific Integrated Circuit) with the processor, the bus interface, the user interface in the
case of an access terminal), supporting circuitry, and at least a portion of the machine-
readable media integrated into a single chip, or with one or more FPGAs (Ficld
Programmable Gate Arrays), PLDs (Programmable Logic Devices), controllers, state
machines, gated logic, discrete hardware components, or any other sintable circuitry, or
any combination of circuits that can perform the various functionality described
throughout this disclosure. Those skilled in the art will recognize how best to implement
the descnbed functionality for the processing system depending on the particular

application and the overall design constraints imposed on the overall system.

[86161] The machine-readable media may comprise a number of software modules.
The software medules nclude mstructions that, when executed by the processor, cause

the processing system to perform various tunctions. The software modules may include a
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transmission module and a receiving module. Each software module may reside in a
single storage device or be distributed across multiple storage devices. By way of
example, a software module may be loaded mto RAM from a hard drive when a
triggering event occurs. During execution of the software module, the processor may
load some of the instructions into cache to increase access speed. One or more cache
Iimes may then be loaded nto a general register file for execution by the processor. When
referring to the functionality of a software module below, it will be understood that such
functionality 1s implomented by the processor when exccuting instructions from that

software module.

[061062] If implemented m software, the functions may be stored or transmitted over as
one or more nstructions or code on a computer-readable medivm.  Computer-readable
media inclode both computer storage mwedia and communication media including any
medium that facilitates transfer of a computer program from one place to another. A
storage medium may be any avauable medium that can be accessed by a computer. By
way of example, and not limitation, such computer-readable media can comprise RAM,
ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be used to carry or store desired
program code in the form of instructions or data structures and that can be accessed by a
computer. Also, any connection 8 properly termed a computer-readable medium. For
example, if the software is transmitted from a website, server, or cther remote source
using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared (IR}, radio, and microwave, then the coaxial cable,
fiber optic cable, twisted pair, BSL, or wireless technologies such as infrared, radio, and
microwave are included mn the defintion of medium. Disk and disc, as used herein,
mclude compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy
disk, and Blu-rav® disc where disks useally reproduce data magnetically, while discs
reproduce data optically with lasers. Thus, in some aspects computer-readable media
may comprise non-transitory computer-readable media (e.g., tangible media). In
addition, for other aspects computer-readable media may compnse transitory computer-
readable media (c.g., a signal). Combinations of the above should also be included

within the scope of computer-readable media.
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{06103}  Thus, certain aspects may comprise a computer program product for performing the
operations presented herein. For example, such a computer program product may comprise a
compuier-readable medium having instructions stored (and/or encoded) thercon, the
mstructions being executable by one or more processors to perform the operations
described berein.  For certain aspects, the computer program product may include

packaging matenal.

[06104] Furnher, it should be appreciated that modules and/or other appropniate means
for performing the methods and techmgues described herein can be downloaded and/or
otherwise obtained by a UT and/or base station as applicable. For example, such a device
can be coupled to a server to facilitate the transfer of means for performing the methods
described hercin.  Altematively, varous methods described herein can be provided via
storage means {¢.g., RAM, ROM, a physical storage medium such as a compact disc
(CB} or floppy disk, etc.), such that a UT and/or base station can obtain the varioas
methods upon coupling or providing the storage means to the device. Moreover, any
other suitable technmique for providing the methods and techniques deseribed herein o a

device can be utilized.

[B8105] It 1s to be understood that the clams are not limied to the precise
configuration and components illustrated above. Various modifications, changes and
variations may be made in the arrangement, operation and details of the methods and

apparatus described above without departing from the scope of the claims.
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CLAIMS
WHAT IS CLAIMED IS:
1. An apparatus for wircless communications, comprising:

a recerve interface configured to obtain, via at least one receive antenna, a signal
transmitted from another apparatus;

a processing system configured to:

deternune one or more values indicative of an origntation of the apparatus
relative to the other apparatus, based on at least one parameter of the signal as
received at the at least one receive antenna, and

gencrate at least one frame comprising an indication of a degree of
accuracy m the determined one or more values indicative of the relative
orientation; and
a transmit interface configured to output the at least one frame for transmission o

the other apparatus.

2. The apparatos of claim 1, wherein the at least one receive antenna compnses a
plurality of receive antennas, and the at least one parameter comprises a difference in

phase ot the signal as received at the plurality of receive antennas.

3. The apparatus of claim 1, wherein the one or more values indicative of the
origntation comprises at least one of an azimuth, elevation, roll, or distance of the

apparatus relative to the other apparatus.

4. The apparatus of claim 1, wherein the indication of the degree of accuracy of the
relative orientation is provided via an indication of a number of different values

determined based on a value of the at least one parameter.

5. The apparatus of claim 4, wherein the processing system is configured to provide

at least one of the different values m the at least one frame.
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6. The apparatus of claim 4, wherein the processing system is configured to generate
a plurality of additional frames, each of the plurality of additional frames including one

of the different values.

7. The apparatus of claim 4, wherein the processing system is configured to include

at least two of the different values in the at least one frame.

8. An apparatus for wireless communications, comprising:
a transmit interface configured to output a signal for transmission to another
apparatus;
a receive nterface configured to obtain at least one frame including one or more
values indicative of an orientation of the other apparatus relative to the apparatus; and
a processing system configured to:
determing, based on an ndication received from the other apparatus, a
degree of accuracy in the one or more values mdicative of the relative origntation;
and
determine a location of the apparatus relative to the other apparatus based

on at least one of the one or more values.

9. The apparatus of claim &, wherein the processing system is configured to
determine the degree of accuracy in the one or more values by determining a possible
ambiguity in the ong or more values, and whergin the one or more values are mdicative of
at least one of an azimuth, clevation, roll, or distance at which the signal was received by

the other apparatus.

10.  The apparatus of claim 9, whercin the processing system is further configured to
take one or more actions to resolve the ambiguity, wherein the one or more actions taken
to resolve the ambiguity comprise eliminating one or more of the one or more values
from consideration and determining the location of the apparatus relative to the other

apparatus based on a remaining one or more of the values.
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11, The apparatus of claim &, wherein the indication provided by the other apparatus
comprises an ndication of a number of different values determined for the orientation

based on at least one parameter for the signal as received at the other apparatus.

12, The apparatus of claim 11, wherem the at least one parameter comprises a
difference m phase of the signal as received at a plurality of receive antennas of the other

apparatus.

13, The apparatus of claim 11, wherein the at least one frame compnses the

indication.

14, The apparatus of claim 11, wherein the at least one frame comprises a plurality of

different frames, each including one of the ditferent values.

15, The apparatus of claim 11, wherein the at least one frame comprises a single

framae including at least two of the different values.

16, A method for wireless communications by an apparatus, comprising:

obtaining, via at least one receive antenna, a signal transmitted from another
apparatus;

determining one or more values indicative of an orientation of the apparatus
relative to the other apparatus, based on at least one parameter of the signal as received at
the at least one receive antenna;

gencrating at least one frame comprising an indication of a degree of accuracy in
the determined one or more values indicative of the relative orientation; and

outputiing the at least one frame for transmission to the other apparatus.

17. The method of claim 16, wherein the at least one receive antenna comprises a
plurality of receive antennas, and the at least one parameter comprises a difference in

phase of the signal as received at the plurality of reccive antennas.
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18. The method of claim 16, wherein the one or more values indicative of the
orientation comprises at least one of an azimuth, elevation, roll, or distance of the

apparatus relative to the other apparatus.

19, The method of claim 16, wherein generating the at least one frame comprises
providing the indication of the degree of accuracy of the relative onentation via an
indication of a number of different values determined based on a value of the at least one

parameter.

28, The method of claim 19, whereimn generating the at least one frame comprises

providing at least one of the different values in the at least one frame.

21, The method of claim 19, further comprising generating a plarality of additional

frames, each of the plurality of additional frames including one of the different values.

22, The method of claim 19, wherein generating the at least one frame comprises

mclading at least two of the different values in the at least one frame.

23. A method for wireless communications by an apparatus, comprising:

outputting a signal for transmission to another apparatus;

obtaning at least one frame including one or more values indicative of an
orientation of the other apparatus relative to the apparatus;

determining, based on an mdication received from the other apparatus, a degree of
accuracy in the one or more values mdicative of the relative orientation; and

deternmining a location of the apparatus relative to the other apparatus based on at

least one of the one or more values.

24, The method of claim 23, wherem determining the degree of accuracy in the ong or
more values comprises determining a possible ambiguity in the ong or more values, and
wheremn the one or more values are indicative of at feast one of an azimuth, ¢levation,

roll, or distance at which the signal was received by the other apparatus.

25. The method of claim 24, further comprising:
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taking one or more actions o resolve the ambiguity, wherein taking one or more
actions 1o resolve the ambiguity comprises:
chiminating one or more of the one or more values from consideration; and
determining the location of the apparatus relative to the other apparatus

based on a remaining one or mote of the values.

26, The method of claim 23, wheremn the indication provided by the other apparatus
comprises an mdication of a number of different values determined for the orientation

based on at least one parameter for the signal as received at the other apparatus.

27.  The method of claim 26, wherein the at least one parameter comprises a

difference in phase of the signal as received at a plurality of receive antennas of the other

apparatus.
28.  The method of claim 26, whereimn the at least one frame comprises the indication.
29, The method of claim 26, whercin the at least one frame comprises a phirality of

different frames, cach including one of the different values.

30.  The method of claim 26, wherein the at least one frame comprises a single frame

mechuding at least two of the different values.

31, An apparatus for wireless communications, comprising:

means for obtaiming, by an apparatus, via at least one receive antenna, a signal
transmitted from another apparatus;

means tor determining one or more values indicative of an oricntation of the
apparatus relative to the other apparatus, based on at least one parameter of the signal as
recetved at the at least one receive anienng;

means for generating at least one frame comprising an indication of a degree of
accuracy in the determined one or more values mdicative of the relative orientation; and

means for outputting the at least one frame for transmission to the other

apparatus.
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32, The apparatus of claim 31, wherein the at least one receive antenna comprises a
plurality of receive antennas, and the at least one parameter comprises a difference in

phase of the signal as received at the plurality of receive antennas.

33, 'The apparatus of claim 31, wherein the one or more values indicative of the
orientation comprises at least one of an azimuth, elevation, roll, or distance of the

apparatus relative to the other apparatus.

34, ¢ apparatus of claim 31, wherein the means for gencrating the at least one
frame comprises means for providing the indication of the degree of accuracy of the
relative orientation via an indication of a number of different values determined based on

a value of the at least one parameter.

35, The apparatus of claim 34, wherein the means for generating the at least one
frame comprises means for providing at least one of the different values in the at least

one frame.

36.  'The apparatus of claim 34, further comprising:
means tor gencrating a plurality of additional frames, cach of the plurality of

additional frames including one of the different values.

37.  The apparatus of claim 34, wherein the means for generating the at least one
framne comprises raeans for including at least two of the different values in the at least

one frame.

3% An apparatus for wircless communications, comprising:

means for outputting a signal for transmission to another apparatus;

means for obtaining at least one frame including one or more values indicative of
an ornientation of the other apparatus relative to the apparatus;

means for determining, based on an indication received from the other apparatus,
a degree of accuracy in the one or more values indicative of the relative onentation; and

means for determining a location of the apparatus relative to the other apparatus

based on at least one of the one or more values.
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39, The apparatus of claim 38, wheremn the means for determning the degree of
accaracy in the one or more vahues comprises means for determining a possible

ambiguity in the one or more values, and wherein the one or more values are mdicative of
at least one of an azimuth, clevation, roll, or distance at which the signal was received by

the other apparatus.

40.  The apparatus of claum 39, further comprising:

means for taking one or more actions to resolve the ambigwity, wherein the means
for taking one or actions comprises means for eliminating one or more of the one or more
values from consideration and means for determining the location of the apparatus

relative to the other apparatus based on a remaining one or more of the values.

41, The apparatus of claim 38, wherein the indication provided by the other apparatus
comprises an indication of a number of different values determined for the orientation

based on at least one paramcter for the signal as received at the other apparatus.

42.  The apparatus of claim 41, wherein the at least one parameter comprises a
difference in phase of the signal as received at a plurality of receive antennas of the other

apparatus.

43, The apparatus of claim 41, wherein the at least one frame comprnises the

indication.

44 The apparatus of claim 41, wherein the at least one frame comprises a plurality of

different frames, cach including one of the different values.

45.  The apparatus of claim 41, wherein the at least one frame comprises a single

frame including at least two of the different values.

46. A computer-readable medium having mstructions stored thereon for:

obtaining

o0

by an apparatus, via at least one recetve antenna, a signal transmitted

from ancther apparatus;
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determining, by the apparatus, based on at least one parameter of the signal as
received at the at least one receive anfenna, one or more values indicative of an
orientation of the apparatus relative to the other apparatus;

generating, by the apparatus, at least one frame comprising an indication of a
degree of accuracy m the determined one or more values indicative of the relative
orientation; and

outputting, by the apparatus, the at least one frame for transmission to the other

apparatus.

47 A computer-readable medium having instructions stored thereon for:
outputting, by an apparatus, a signal for transmission to ancther apparatus;
obtaining, by the apparatus, at least one frame ncluding one or more values

mdicative of an orientation of the other apparatus relative to the apparatus;
determining, by the apparatus, based on an indication received from the other

apparatus, a degree of accuracy in the one or more values indicative of the relative
origntation; and

determining

o0

by the apparatus, a location of the apparatus relative to the other

apparatus based on at keast one of the one or more values.

48. A wireless station, comprising:
at least one antenna;
a receiver configured o obtain, via the at least one antenna, a signal transmitted
from another station;
a processing system configured to:
determine, based on at least one parameter of the signal as recetved at the
at least one antenna, one or more values indicative of an orientation of the station
relative to the other station; and
generate at least one frame comprising an indication of a degree of
accuracy i the determined one or more values indicative of the relative
orientation; and
a tranamitter configured to output the at least one frame for transmission to the

other station.
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49, A wireless station, compuising:
at least one anfenng;
a transmutter configured o cuiput, via the at least one antenna, a signal for
transmission to another apparatus;
a receiver configured to obtain at least one frame including one or more values
mdicative of an orientation of the other station relative to the station; and
a processing system configured to:
determune, based on an indication received from the other station, a
possible ambiguity n the one or more values indicative of the relative onentation;
and
determine a location of the station relative to the other station based on at

least one of the one or more values.
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Azimuths of the transmitter as a function of
the recerved phase difference for two antennas

350 T
o“.P
. -
300 - oosaamem o -
< o’ —d=2x
e ;
[ X X J - % \
- _ i d=05u|
-
-, —
200 - . it T
D oy —,
150 Fonnansszzzzs-i- - TS
'»,‘*
100 .
4
[ 4
"
50 A ST
- ®
o=’ °
ok
G 50 100 150 200 250 300 350
AP

FIG. 6



WO 2016/115084 PCT/US2016/012972

7/13

702

FIG. 7



WO 2016/115084 PCT/US2016/012972
8/13

800

W

O
Vs 802
OBTAIN, VIA AT LEAST ONE RECEIVE ANTENNA, A SIGNAL
TRANSMITTED FROM ANOTHER APPARATUS
/804
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