US 20230099551A1
a9y United States
12y Patent Application Publication o) Pub. No.: US 2023/0099551 Al
GUPTA et al. 43) Pub. Date: Mar. 30, 2023
(54) METHOD AND APPARATUS FOR RELATIVE (52) U.S. CL
POSITIONING OF A USER EQUIPMENT IN A CPC ....... B6OW 50/12 (2013.01); HO4M 1/72463
VEHICLE (2021.01); HO4W 4/48 (2018.02); HO4W
64/003 (2013.01); B6OW 2540/01 (2020.02);
(71)  Applicant: QUALCOMM Incorporated, San B6OW 2540/227 (2020.02); B60OW 2540/26
Diego, CA (US) (2013.01)
(72) Inventors: Santosh Kumar GUPTA, San Jose,
CA (US); Shishir GUPTA, San Jose, (57) ABSTRACT
CA (US); Constantinos Steven BEKIS,
Aliso Viejo, CA (US); Liang ZHAO, The relative position of a user equipment (UE) within a
Saratoga, CA (US); Le Nguyen vehicle 1s determined using angular measurements, such as
LUONG, San Diego, CA (US); angle of arrival (AOA), and optionally ranging measure-
Cheng-Han WANG, San Jose, CA ments, with respect to a number of wireless transceivers
(US) within the vehicle using wideband signals. The relative
position ol the UE with respect to a personal zone or the
(21)  Appl. No.: 17/491,506 steering wheel may be determined based on known positions
_ of the wireless transceivers. If the UE 1s determined to be
(22)  Filed: Sep. 30, 2021 within the personal zone, at least one functionality of the UE
Publication Classification 1s restricted to avoid driver distraction and, optionally, the
operation autonomous driving of the vehicle adjusted. If the
(51) Int. CIL. UE 1s worn on the driver’s wrist the relative position of the
B6OW 50/12 (2006.01) UE with respect to the steering wheel may be similarly
HO4IM 1/72463 (2006.01) determined and operation of the vehicle modified 1f the UE
HO4W 4/48 (2006.01) 1s determined to be outside a threshold distance from the
HO4W 64/00 (2006.01) steering wheel.

1100ﬂ‘

Determine a relative position of the UE with respect to at Ieast one
wireless transceiver in the wireless positiomng network 1n the vehicle
based at least on angular measurements of positioning signals having a _/_ 102

bandwidth of at least S00MHz, the at least one wireless transceiver
having a known position relative to a personal zone that 1s defined 1n

the vehicle

Determine if the UE 1s located inside the personal zone of a driver of /f-l 104

the vehicle based on the relative position of the UE with respect to the

at least one wireless transceiver

'

Determine whether to permit at least one functionality ot the UE based Jl 106

on whether the UE 1s determined to be located 1n the personal zone of

the driver of the vehicle




Patent Application Publication  Mar. 30, 2023 Sheet 1 of 10 US 2023/0099551 Al

To/trom

network 130
To/trom

network 130

AENE  EEmEN  ERERE AN AR SRR, SR e e e e e e e e o

143 —L Server
(e.g., LMF)

SMF { AMF

j" 150

External
client

Core network

I

|

I
1427 1417 | :L<~>

:

I

I

I

|

|

I

l !

l

:

I

FI1G. 1



US 2023/0099551 Al

- - a2 2 a2 = & = - - - - - a
a & & b & & 2 b &8 b adadadadadkadada

r

- - - - - a - -
b a b a2 b & b a b ok adadadayd

Mar. 30, 2023 Sheet 2 of 10

Patent Application Publication

G

Fl



Patent Application Publication  Mar. 30, 2023 Sheet 3 of 10 US 2023/0099551 A1l

FIG. 4



Patent Application Publication  Mar. 30, 2023 Sheet 4 of 10

US 2023/0099551 A1l
500 N
222 ~212
: Pistance D 4
TX time tg v '
Propagation Delay

RX ti.?__l@ __E"i - | P mpagation Delﬂ}f

RIT ={t3 -t~ [b - §;] —504
~ 2 X distance/c

L
‘.
-3
L
'
»
L)
s
' A
64 :
%
'
%
|
|
)
¥
b
.‘.
l.
.l.
»
’
s
|
i
1
'
t
v ’
’ P
: ¢
¢ ’
' F
t.
A ;
L B g
* ’
b "
K
Y
%
%
L
»
L
.
*
»

h" 'p
- -
e s”
-
o -.i
o Y - - M
.-*ﬁq‘v#-ﬂ*"



Patent Application Publication  Mar. 30, 2023 Sheet 5 of 10 US 2023/0099551 A1l

FIG. 7



Patent Application Publication  Mar. 30, 2023 Sheet 6 of 10 US 2023/0099551 A1l

214

I
I
[~
b2
5

UE | | Ant

Server |

2. Trigger Message
‘_* :.i.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.
3. Activate UWB Positiomng Signals

.

4B. DL UWB Positioning Signals

- >
S VY SN O S —— ’.’*
| JA. Measurement Report

: | SR S
>B. Measurement Report
fr e e e N : h |

6B. Measurements O6A. Measurements
(Angular/Range) (Angular/Range)

- od

78. Relative Position ; i 7A. Relative Position
Determination ! { PDetermination :

1
1
Aiarart  Barrle  oferfes l:ﬁ'hﬁ Purfurly

&B. Position wrt
Driver Zorne

“m“w,“ﬂ#lﬂ#*m““mu}

L
1
L

3 ? e
; SA. Position wrt
* | Driver Zone

1
OA. Message (Restrict C_){»eration of UE)
' AR
9B. Message (Restrict Operation of Vehicle)

1

%

L
1

| 10. Restrict Operation | | 11. Restrict Operation
L of UE_____| | of Vehicle

b e e i e e i s i s sl e i s ) b e o s i s s s e s s i i s i i ni sl s s sl i e sl sl i alen sl i s sl sl i i sl sl mie ple p s ui o)

.
W T o W T o W T o W T o W T o W T o W T o W T o W T o W

FIG. 8



Patent Application Publication  Mar. 30, 2023 Sheet 7 of 10 US 2023/0099551 A1l

911

WWAN Transceiver 910 WL AN Transceiver 912

Connections(s) 906

Sensors
Medium 213
020
008

SPS

Recelver
915

Relative Position
0272

Driver Zone
024

Memory

04

Operation
926

Processor(s)
902

Change
928

Trigger
930

A
I~J
b

FIG. 9



Patent Application Publication  Mar. 30, 2023 Sheet 8 of 10 US 2023/0099551 A1l

2123\% 212b\__4|: 212nk__l__

Transcelver Transceiver Transceiver
212a 212b 212n

External
Connections(s) 1006 Interface
1010

Medium
1020

Memory
1004

Relative Position
1022

Processor(s)
1002

Driver Zone
1024

Operation
1026

FIG. 10



Patent Application Publication  Mar. 30, 2023 Sheet 9 of 10 US 2023/0099551 A1l

llOOﬂ‘

Determine a relative position of the UE with respect to at least one
wireless transceiver 1n the wireless positioning network in the vehicle
based at least on angular measurements of positioning signals having a
bandwidth of at least S00MHz, the at least one wireless transceiver
having a known position relative to a personal zone that is defined in

the vehicle

J’llOZ

'

Determine if the UE 1s located inside the personal zone of a driver of
the vehicle based on the relative position of the UE with respect to the

at least one wireless transcetiver

jl 104

;

Determine whether to permit at least one functionality of the UE based
on whether the UE 1s determined to be located in the personal zone of

the driver of the vehicle

J_1106

FIG. 11



Patent Application Publication Mar. 30, 2023 Sheet 10 of 10  US 2023/0099551 Al

1200 N

Determine a relative position of the UE worn by the driver of the
vehicle with respect to one or more wireless transceivers in the wireless
positioning network in the vehicle based at least on round trip time IIZOZ
(RTT) ranging or angular measurements ot positioning signals having a
bandwidth of at least S0O0MHz, the one or more wireless transceivers

having a known position relative to a steering wheel 1n the vehicle

'

Determine if the UE worn by the driver 1s located within a threshold
distance to the steering wheel based on the relative position of the UE J1204
with respect to the one or more wireless transceivers and the known
position ot the one or more wireless transceivers relative to the steering
wheel

y

Determine whether to restrict autonomous operation of the vehicle if Jl 206
the UE 1s determined to be outside the threshold distance to the
steering wheel

FIG. 12



US 2023/0099551 Al

METHOD AND APPARATUS FOR RELATIVE
POSITIONING OF A USER EQUIPMENT IN A
VEHICLE

BACKGROUND

Background Field

[0001] The subject matter disclosed herein relates to wire-
less communications systems, and more particularly to
methods and apparatuses for positioning of mobile devices
in a wireless communications system within a vehicle.

Relevant Background

[0002] Distracted driving 1s a major problem today, and
user equipment (UE) such as smartphones are a leading
cause ol distractions. Distracted driving includes any activ-
ity that diverts the driver’s attention from driving, including
talking or texting on a smartphone. Driver distraction may
be selt-induced. For example, texting 1s a key distraction,
with a large percentage of accidents linked to texting and
driving. Drniver distraction may also be induced by passen-
ger’s 1n the vehicle, e.g., by displaying or sharing a smart
phone 1n the passenger’s possession with the driver, e.g., by
placing the smart phone 1n the vicimity of the driver so that
the driver can see the smart phone display.

[0003] Current approaches to limit distracted driving often
requires user intervention. For example, while some UEs
support “driver” modes that allow drivers to opt-into a safer
experience, the user still needs to manually enable the driver
mode. One barrier to automatically setting the smartphone’s
mode 1s being able to automatically detect whether a phone
(or other client device) 1s being operated by the driver. For
example, a UE can be registered to a driver, but despite this
registration, the UE could be safely operated by a passenger
instead of the driver. Alternatively, a UE that may be
registered to a passenger and accordingly may not be
restricted during vehicle use, but the UE may be operated,
displayed or otherwise presented to the driver 1n a manner
that may distract the driver.

[0004] Accordingly, 1t 1s desirable to accurately detect the
presence of a UE 1n the driver’s vicinity or 1n other desig-
nated areas of the vehicle so that appropnate restrictions of

the UE and/or restrictions/actions of the vehicle may be
taken.

SUMMARY

[0005] The relative position of a user equipment (UE)
within a vehicle 1s determined using angular measurements,
such as angle of arrival (AOA), and optionally ranging
measurements, with respect to a number of wireless trans-
ceiver within the vehicle using wideband signals, e.g., with
a bandwidth of at least 500 MHz. The relative position of the
UE with respect to a personal zone or the steering wheel may
be determined based on known positions of the wireless
transcervers. If the UE 1s determined to be within the
personal zone, at least one functionality of the UE 1s
restricted to avoid driver distraction and, optionally, the
operation of autonomous driving of the vehicle adjusted. If
the UE 1s worn on the driver’s wrist the relative position of
the UE with respect to the steering wheel may be similarly
determined and operation of the vehicle modified 1f the UE
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1s determined to be outside a threshold distance from the
steering wheel, indicating that the driver’s hand 1s not on the
steering wheel.

[0006] In one implementation, a method performed by a
positioning enftity 1n a wireless network mn a vehicle for
relative positiomng a user equipment (UE) within the
vehicle, the method comprising: determining a relative
position of the UE with respect to at least one wireless
transceiver 1n the wireless network based at least on angular
measurements of signals having a bandwidth of at least 500
MHz, the at least one wireless transceiver having a known
position relative to a personal zone that 1s defined in the
vehicle; determining 1f the UE 1s located inside the personal
zone of a driver of the vehicle based on the relative position
of the UE with respect to the at least one wireless trans-
ceiver; and determining whether to permit at least one
functionality of the UE based on whether the UE is deter-
mined to be located 1n the personal zone of the driver of the
vehicle.

[0007] In one implementation, a positioning entity 1n a
wireless network in a vehicle configured for relative posi-
tioning a user equipment (UE) within the vehicle, compris-
ing: at least one wireless transceiver configured to commus-
nicate with entities in the wireless network; at least one
memory; and at least one processor coupled to the at least
one wireless transceiver and the at least one memory,
wherein the at least one processor 1s configured to: deter-
mine a relative position of the UE with respect to at least one
wireless transceiver 1n the wireless network based at least on
angular measurements of signals having a bandwidth of at
least 500 MHz, the at least one wireless transcerver having
a known position relative to a personal zone that 1s defined
in the vehicle; determine 1f the UE 1s located inside the
personal zone of a driver of the vehicle based on the relative
position of the UE with respect to the at least one wireless
transceiver; and determine whether to permit at least one
functionality of the UE based on whether the UE 1s deter-
mined to be located 1n the personal zone of the driver of the
vehicle.

[0008] In one implementation, a positioning entity 1n a
wireless network in a vehicle configured for relative posi-
tioning a user equipment (UE) within the vehicle, compris-
ing: means for determining a relative position of the UE with
respect to at least one wireless transceiver 1 the wireless
network based at least on angular measurements of signals
having a bandwidth of at least 500 MHz, the at least one
wireless transcerver having a known position relative to a
personal zone that 1s defined 1n the vehicle; means for
determining 1f the UE 1s located inside the personal zone of
a driver of the vehicle based on the relative position of the
UE with respect to the at least one wireless transceiver; and
means for determining whether to permit at least one func-
tionality of the UE based on whether the UE 1s determined
to be located 1n the personal zone of the driver of the vehicle.

[0009] In one implementation, a non-transitory storage
medium 1ncluding program code stored thereon, the pro-
gram code 1s operable to configure at least one processor 1n
a positioning entity in a wireless network 1n a vehicle for
relative positiomng a user equipment (UE) within the
vehicle, the program code comprising instructions to: deter-
mine a relative position of the UE with respect to at least one
wireless transcerver 1n the wireless network based at least on
angular measurements of signals having a bandwidth of at
least 500 MHz, the at least one wireless transcerver having
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a known position relative to a personal zone that 1s defined
in the vehicle; determine 1f the UE 1s located inside the
personal zone of a driver of the vehicle based on the relative
position of the UE with respect to the at least one wireless
transceiver; and determine whether to permit at least one
functionality of the UE based on whether the UE 1s deter-
mined to be located 1n the personal zone of the driver of the
vehicle.

[0010] In one implementation, a method performed by a
positioning enfity 1n a wireless network 1 a vehicle for
relative positioning a user equipment (UE) worn by a driver
of the vehicle, the method comprising: determining a rela-
tive position of the UE worn by the driver of the vehicle with
respect to one or more wireless transceivers 1n the wireless
network based at least on round trip time (RTT) ranging or
angular measurements of signals having a bandwidth of at
least 500 MHz, the one or more wireless transceivers having
a known position relative to a steering wheel 1n the vehicle;
determining 1f the UE worn by the drniver 1s located within
a threshold distance to the steering wheel based on the
relative position of the UE with respect to the one or more
wireless transceivers and the known position of the one or
more wireless transcervers relative to the steering wheel; and
determining whether to restrict autonomous operation of the
vehicle 1f the UE 1s determined to be outside the threshold
distance to the steering wheel.

[0011] In one implementation, a positioning entity 1n a
wireless network in a vehicle configured for relative posi-
tioming a user equipment (UE) worn by a driver of the
vehicle, comprising: at least one wireless transceiver con-
figured to communicate with entities in the wireless net-
work; at least one memory; and at least one processor
coupled to the at least one wireless transceiver and the at
least one memory, wherein the at least one processor 1s
configured to: determine a relative position of the UE worn
by the driver of the vehicle with respect to one or more
wireless transceivers 1n the wireless network based at least
on round trip time (RT'T) ranging or angular measurements
of signals having a bandwidth of at least 500 MHz, the one
or more wireless transceivers having a known position
relative to a steering wheel 1n the vehicle; determine if the
UE worn by the driver 1s located within a threshold distance
to the steering wheel based on the relative position of the UE
with respect to the one or more wireless transceivers and the
known position of the one or more wireless transceivers
relative to the steering wheel; and determine whether to
restrict autonomous operation of the vehicle if the UE 1s
determined to be outside the threshold distance to the
steering wheel.

[0012] In one implementation, a positioning entity 1n a
wireless network 1n a vehicle configured for relative posi-
tioming a user equipment (UE) worn by a driver of the
vehicle, comprising: means for determining a relative posi-
tion of the UE worn by the driver of the vehicle with respect
to one or more wireless transceivers 1n the wireless network
based at least on round trip time (R1T) ranging or angular
measurements of signals having a bandwidth of at least 500
MHz, the one or more wireless transceivers having a known
position relative to a steering wheel 1n the vehicle; means for
determining 1f the UE worn by the drniver 1s located within
a threshold distance to the steering wheel based on the
relative position of the UE with respect to the one or more
wireless transceivers and the known position of the one or
more wireless transcervers relative to the steering wheel; and
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means for determiming whether to restrict autonomous
operation of the vehicle 11 the UE 1s determined to be outside
the threshold distance to the steering wheel.

[0013] In one implementation, a non-transitory storage
medium 1ncluding program code stored thereon, the pro-
gram code 1s operable to configure at least one processor 1n
a positioning entity i a wireless network in a vehicle for
relative positioning a user equipment (UE) worn by a driver
of the vehicle, the program code comprising instructions to:
determine a relative position of the UE womn by the driver
of the vehicle with respect to one or more wireless trans-
ceivers 1n the wireless network based at least on round trip
time (R1T) ranging or angular measurements ol signals
having a bandwidth of at least 500 MHz, the one or more
wireless transceivers having a known position relative to a
steering wheel 1n the vehicle; determine 11 the UE worn by
the drniver 1s located within a threshold distance to the
steering wheel based on the relative position of the UE with
respect to the one or more wireless transceivers and the
known position of the one or more wireless transceivers
relative to the steering wheel; and determine whether to
restrict autonomous operation of the vehicle if the UE 1s
determined to be outside the threshold distance to the
steering wheel.

BRIEF DESCRIPTION OF THE DRAWING

[0014] Non-limiting and non-exhaustive aspects are
described with reference to the following figures, wherein
like reference numerals refer to like parts throughout the
various figures unless otherwise specified.

[0015] FIG. 1 illustrates a wireless communication envi-
ronment illustrating wireless communications between vari-
ous devices includes UEs and base stations.

[0016] FIG. 2 illustrates a vehicle with a wireless posi-
tioning system in which the relative position of a UE 1s

determined with respect to defined areas within the vehicle
using Ultra WideBand (UWB) signals.

[0017] FIG. 3 shows a diagram illustrating a principle of
angle of arrival determination for a number of wireless
transceivers.

[0018] FIG. 4 shows a diagram illustrating a principle of
angle of departure determination.

[0019] FIG. 5 shows a diagram illustrates a round trip time
ranging procedure.

[0020] FIG. 6 illustrates relative position determination of
a UE with respect to a number of wireless transceivers using
angular measurements and a ranging measurement.

[0021] FIG. 7 illustrates a wireless positioning system 1n
which the relative position of a UE on a driver’s wrist 1s
determined with respect to the steering wheel using UWB
signals.

[0022] FIG. 8 shows a signal flow 1llustrating an example
of determining a relative position of a UE within a vehicle
using UWB signaling.

[0023] FIG. 9 shows a schematic block diagram illustrat-
ing certain exemplary features of a UE that 1s configured to

support relative position determination of the UE within a
vehicle.

[0024] FIG. 10 shows a schematic block diagram 1llus-

trating certain exemplary features of a server that 1s config-
ured to support relative position determination of the UE
within a vehicle.
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[0025] FIG. 11 1s a flow chart illustrating a process of
relative positioning a UE within the vehicle performed by a
positioning entity 1n a wireless network 1n a vehicle.
[0026] FIG. 12 1s a tflow chart illustrating a process of
relative positioning a UE within the vehicle performed by a
positioning entity in a wireless network in a vehicle.

DETAILED DESCRIPTION

[0027] Aspects of the disclosure are provided in the fol-
lowing description and related drawings directed to various
examples provided {for illustration purposes. Alternate
aspects may be devised without departing from the scope of
the disclosure. Additionally, well-known elements of the
disclosure will not be described 1n detail or will be omitted
so as not to obscure the relevant details of the disclosure.
[0028] The words “exemplary” and/or “example” are used
herein to mean “serving as an example, 1nstance, or illus-
tration.” Any aspect described herein as “exemplary” and/or
“example” 1s not necessarily to be construed as preferred or
advantageous over other aspects. Likewise, the term
“aspects of the disclosure” does not require that all aspects
ol the disclosure include the discussed feature, advantage or
mode of operation.

[0029] Those of skill in the art will appreciate that the
information and signals described below may be represented
using any ol a variety of different technologies and tech-
niques. For example, data, instructions, commands, infor-
mation, signals, bits, symbols, and chips that may be refer-
enced throughout the description below may be represented
by voltages, currents, electromagnetic waves, magnetic
fields or particles, optical fields or particles, or any combi-
nation thereotf, depending 1n part on the particular applica-
tion, 1n part on the desired design, 1n part on the correspond-
ing technology, eftc.

[0030] Further, many aspects are described in terms of
sequences ol actions to be performed by, for example,
clements of a computing device. It will be recognized that
various actions described herein can be performed by spe-
cific circuits (e.g., application specific integrated circuits

(ASICs)), by program 1nstructions being executed by one or
more processors, or by a combination of both. Additionally,
the sequence(s) of actions described herein can be consid-
cred to be embodied entirely within any form ol non-
transitory computer-readable storage medium having stored
therein a corresponding set of computer instructions that,
upon execution, would cause or instruct an associated pro-
cessor of a device to perform the functionality described
herein. Thus, the various aspects of the disclosure may be
embodied in a number of diflerent forms, all of which have
been contemplated to be within the scope of the claimed
subject matter. In addition, for each of the aspects described
herein, the corresponding form of any such aspects may be
described herein as, for example, “logic configured to”
perform the described action.

[0031] As used herein, the terms “UE” and “base station”,
are not mtended to be specific or otherwise limited to any
particular radio access technology (RAT), unless otherwise
noted. In general, a UE (sometimes referred to as a UE) may
be any wireless communication device (e.g., a mobile
phone, router, tablet computer, laptop computer, consumer
asset locating device, wearable (e.g., smartwatch, glasses,
augmented reality (AR)/virtual reality (VR) headset, etc.),
vehicle (e.g., automobile, motorcycle, bicycle, etc.), Internet
of Things (IoT) device, etc.) used by a user to communicate
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over a wireless communications network. A UE may be
mobile or may (e.g., at certain times) be stationary, and may
communicate with a radio access network (RAN). As used
herein, the term “UE” may be referred to interchangeably as
an “access terminal” or “Al.,” a “client device,” a “wireless
device,” a “subscriber device,” a ‘“‘subscriber terminal,” a
“subscriber station,” a “user termunal” or “UT,” a “mobile
device,” a “mobile terminal,” a “mobile station,” or varia-
tions thereof. Generally, UEs can communicate with a core
network via a RAN, and through the core network the UEs
can be connected with external networks such as the Internet
and with other UEs. Of course, other mechanisms of con-
necting to the core network and/or the Internet are also
possible for the UEs, such as over wired access networks,
wireless local area network (WLAN) networks (e.g., based
on the Institute of Flectrical and Electronics Engineers

(IEEE) 802.11 specification, etc.) and so on.

[0032] Asnoted above, distracted driving 1s a problem that
results 1n a many accidents, which result 1n injuries and
death. A significant source of distracted driving 1s due to the
use of UEs, such as smartphones, by the driver. Various
approaches to reduce driver distractions from smartphones
have been proposed. For example, in some approaches
positioning of the smartphone within the vehicle has been
attempted using positioning based on relatively low band-
width signals, such as ultrasonic signals or Bluetooth sig-
nals. Position accuracy i1s limited with conventional posi-
tioning approaches, which leads to an imprecise personal
zone. Other approaches include, e.g., relying on on-board
sensors to detect motion patterns of a smartphone for
in-vehicle scenarios, which again 1s relatively inaccurate and
may not be desirable to rely on for safety related applica-
tions.

[0033] Accordingly, devices and techmiques described
herein are related to accurately and precisely determining a
position of a user equipment (UE) within a vehicle and
specifically determining when the UE 1s within a specific
area 1n the vehicle, such as 1n the vicinity of a driver of the
vehicle or near the steering wheel. Accurate positioning of
the UE within the vehicle may be performed using wideband
(e.g., a bandwidth of at least 500 MHz) radio frequency (RF)
signaling between the UE and at least one wireless trans-
ceiver 1 the vehicle, which has a known position to a
defined personal zone. Fach wireless transceiver may
include multiple recerve antennas for performing the angular
measurements of the signals. An angular measurement, such
as angle of arrival (AOA) or angle of departure (AOD), of
the wideband signals may be used to determine an accurate
position of the UE with respect to the wireless transceivers,
which may be used to determine whether the UE 1s 1n the
personal zone. Additional measurements of the wideband
signals, such as ranging measurements, may be performed to
further enhance the relative position determination of the
UE. It the UE 1s determined to be within the personal zone,
appropriate action on the UE may be performed, such as
restricting one or more functionalities of the UE, e.g.,
disabling one or more aspects of the UE, turning off appli-
cations, etc. Additionally, 1f the UE 1s determined to be
within the personal zone, operation of the vehicle may be
altered, such as enabling one or more aspects of driver
assistance operations. The use of wideband RF signaling,
such as Ultra Wideband (UWB) signaling, 1s advantageous
as 1t permits highly accurate positioning of the UE within the
vehicle, e.g., with an accuracy of 5-7 cm or better, thereby
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decreasing uncertainty of whether the UE 1s within a par-
ticular personal zone within the vehicle. Moreover, with the
use of wideband RF signaling, fewer measurements are
required, thereby improving efliciency and power optimiza-
tion.

[0034] In some implementations, the relative position of
the UE may be determined with respect to specific zones that
are associated with components of the vehicle, such as the
steering wheel. For example, the relative position of the UE,
which may be a smart watch or other wearable on the
driver’s wrist, may be used to determine 1f the UE 1s within
a threshold distance from the steering wheel, e.g., to verily
that the driver remains engaged 1n driving while the vehicle
1s 1n autonomous driving mode. If the UE 1s determined to
be outside a threshold distance from the steering wheel,
appropriate action may be performed, such as warning the
driver, restricting autonomous operation of the vehicle, etc.

[0035] FIG. 1 illustrates an example wireless communi-
cations environment 100 that includes a wireless commu-

nication system 110, including a number of user equipment
(UEs) 112, 113, 114, 115, 116, base transceiver stations
(BTSs) 120, 121, 122, 123, a network 130, a core network
140, and an external client 150. The core network 140 (e.g.,
a 5G core network (5GC)) may include back-end devices
including, among other things, an Access and Mobility
Management Function (AMF) 141, a Session Management
Function (SMF) 142, a server 143, and a Gateway Mobile
Location Center (GMLC) 144. The AMF 141, the SMF 142,
the server 143, and the GMLC 144 are commumnicatively
coupled to each other. The server 143 may be, for example,
a Location Management Function (LMF) that supports posi-
tioming of the UEs 112-116 (e.g., using techmiques such as
Assisted Global Navigation Satellite System (A-GNSS),
OTDOA (Observed Time Diflerence of Arrival, e.g., Down-
link (DL) OTDOA and/or Uplink (UL) OTDOA), Round
Trip Time (RTT), Mult1-Cell RTT, RTK (Real Time Kine-
matic), PPP (Precise Point Positioning), DGNSS (Difleren-
tial GNSS), E-CID (Enhanced Cell 1ID), AocA (Angle of
Arnival), AoD (Angle of Departure), etc.). The wireless
communication system 110 may include additional or alter-
native components.

[0036] An LMF may also be referred to as a Location
Manager (LM), a Location Function (LF), a commercial
LMF (CLMF), or a value-added LMF (VLMF). The server
143 (e.g., an LMF) and/or one or more other devices of the
wireless communication system 110 (e.g., one or more of the
UEs 112-116) may be configured to determine locations of
the UEs 112-116. The server 143 may communicate directly
with the BTS 121 (e.g., a gNB) and/or one or more other
BTSs, and may be integrated with the BTS 121 and/or one
or more other BTSs. The SMF 142 may serve as an 1nitial
contact point of a Service Control Function (SCF) (not
shown) to create, control, and delete media sessions. The
server 143 (e.g., an LMF) may be co-located or integrated
with a gNB or a TRP (Transmission/Reception Point), or
may be disposed remote from the gNB and/or TRP and
configured to communicate directly or indirectly with the

oNB and/or the TRP.

[0037] The AMF 141 may serve as a control node that

processes signaling between the UEs 112-116 and the core
network 140 and provides QoS (Quality of Service) tlow and
session management. The AMF 141 may support mobility of
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the UEs 112-116 including cell change and handover and
may participate in supporting signaling connection to the
UEs 112-116.

[0038] The wireless communication system 110 1s capable
of wireless communication in that components of the wire-
less communication system 110 can communicate with one
another (at least sometimes using wireless connections)
directly or indirectly, e.g., via the BTSs 120-123 and/or the
network 130 (and/or one or more other devices not shown,
such as one or more other base transceiver stations). For
indirect communications, the communications may be
altered during transmaission from one entity to another, e.g.,
to alter header information of data packets, to change
format, etc. The UEs 112-116 shown are a smart device, such
as a smartphone or smartwatch, a tablet computer, and a
vehicle-based device, but these are examples only as the
UEs 112-116 are not required to be any of these configura-
tions, and other configurations of UEs may be used. A smart
device, for example, may be any electronic device that 1s can
be generally connected to other devices or networks via
different wireless protocols such as Bluetooth, Zigbee, NFC,
Wi-F1, LiFi, 3G, etc., that can operate to some extent
interactively and autonomously. The UEs 112, 113 shown
are mobile wireless communication devices (although they
may communicate wirelessly and via wired connections)
including mobile phones (including smartphones) and a
tablet computer. The UEs 114 and 115 shown are a vehicle-
based mobile wireless communication device (although the
UE 114 may communicate wirelessly and via wired con-
nections). The UE 116 1s shown as a generic UE and may be
one or more types of UEs, whether mobile or not, whether
of a type shown or not. For example, the UE 116 may
include one or more UEs that are, or may be associated with
an entity that 1s, a typically-static or static device such as a
roadside unit (RSU), cash register, an automatic teller
machine (ATM), a restaurant or other building, etc. Other
types of UEs may include wearable devices (e.g., smart
watches, smart jewelry, smart glasses or headsets, etc.). Still
other UEs may be used, whether currently existing or
developed in the future. Further, other wireless devices
(whether mobile or not) may be implemented within the

wireless communication system 110 and may communicate
with each other and/or with the UEs 112-116, the BTSs

120-123, the network 130, the core network 140, and/or the
external client 150. For example, such other devices may
include internet of thing (Iol) devices, medical devices,
home entertainment and/or automation devices, etc. The
core network 140 may communicate with the external client
150 (e.g., a computer system), e.g., to allow the external
client 150 to request and/or receive location information

regarding the UEs 112-116 (e.g., via the GMLC 144).

[0039] The UEs 112-116 or other devices may be config-
ured to communicate 1n various networks and/or for various
purposes and/or using various technologies (e.g., 5G, ultra-
wideband (UWB), mmWave, Wi-F1 communication, mul-
tiple frequencies of Wi-F1 communication), satellite posi-

tioning, one or more types ol communications (e.g., GSM
(Global System for Mobiles), CDMA (Code Division Mul-

tiple Access), LTE (Long-Term Evolution), V2X (Vehicle-
to-everything e.g., V2P (Vehicle-to-Pedestrian), V21 (Ve-
hicle-to-Infrastructure), V2V (Vehicle-to-Vehicle), etc.),
IEEE 802.11p, etc.). V2X communications may be cellular
(Cellular-V2X (C-V2X)) and/or WiF1 (e.g., DSRC (Dedi-

cated Short-Range Connection)). The wireless communica-
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tion system 110 may support operation on multiple carriers
(wavelorm signals of different frequencies). Multi-carrier
transmitters can transmit modulated signals simultaneously
on the multiple carriers. Each modulated signal may be a
Code Daivision Multiple Access (CDMA) signal, a Time
Division Multiple Access (TDMA) signal, an Orthogonal
Frequency Division Multiple Access (OFDMA) signal, a
Single-Carrier Frequency Division Multiple Access (SC-
FDMA) signal, etc. Each modulated signal may be sent on
a different carrier and may carry pilot, overhead information,
data, etc. The communication links shown in FIG. 1 are
examples and not limiting of the disclosure. The UEs
112-116 may communicate with base stations, with other
UEs, etc.

[0040] The BTSs 120-123 may wirelessly communicate
with the UEs 112-116 1n the wireless communication system
110 via one or more antennas. A BTS may also be referred

to as a base station, an access point, a gNode B (gNB), an
access node (AN), a Node B, an evolved Node B (eNB), etc.

For example, each of the BTSs 120, 121 may be a gNB or
a transmission point gNB, the BTS 122 may be a macro cell
(e.g., a igh-power cellular base station) and/or a small cell
(e.g., a low-power cellular base station), and the BTS 123
may be an access point (e.g., a short-range base station
configured to communicate with short-range technology
such as WiF1, WiFi1-Direct (WiFi1-D), Bluetooth®, Blu-
ctooth®-low energy (BLE), Zigbee, etc. One or more of the
BTSs 120-123 may be Conﬁgured to communicate with the
UEs 112-116 via multiple carriers. Each of the BTSs 120,
121 may provide communication coverage for a respective
geographic region, ¢.g. a cell. Each cell may be partitioned
into multiple sectors as a function of the base station
antennas. A BTS may be any of a variety of forms such as
a desktop device, a roadside unit (RSU), efc.

[0041] The BTSs 120-123 each comprise one or more
Transmission/Reception Points (TRPs). For example, each
sector within a cell of a BTS may comprise a TRP, although
multiple TRPs may share one or more components (e.g.,
share a processor but have separate antennas). The wireless
communication system 110 may include only macro TRPs
or the wireless communication system 110 may have TRPs
of different types, €.g., macro, pico, and/or femto TRPs, etc.
A macro TRP may cover a relatively large geographic area
(e.g., several kilometers in radius) and may allow unre-
stricted access by terminals with service subscription. A pico
TRP may cover a relatively small geographic area (e.g., a
pico cell) and may allow unrestricted access by terminals
with service subscription. A femto or home TRP may cover
a relatively small geographic area (e.g., a femto cell) and
may allow restricted access by terminals having association
with the femto cell (e.g., terminals for users in a home).

[0042] The UEs 112-116 may be referred to as terminals,
access terminals (Als), mobile stations, mobile devices,
subscriber units, etc. The UEs 112-116 may include various
devices as listed above and/or other devices. The UEs
112-116 may be configured to connect indirectly to one or
more communication networks via one or more device-to-
device (D2D) peer-to-peer (P2P) links. The D2D P2P links
may be supported with any appropriate D2D radio access
technology (RAT), such as LTE Direct (LTE-D), WiF1 Direct
(WiF1-D), Bluetooth®, and so on. One or more of a group
of the UEs 112-116 utilizing D2D commumnications may be
within a geographic coverage area of a TRP such as one or
more of the BTSs 120-123. Other UEs 1n such a group may
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be outside such geographic coverage areas, or be otherwise
unable to receive transmissions from a base station. Groups
of the UEs 112-116 communicating via D2D communica-
tions may utilize a one-to-many (1 M) system 1n which each
UE may transmit to other UEs 1n the group. A TRP of the
BTSs 120-123 may {facilitate scheduling of resources for
D2D commumnications. In other cases, D2D communications

may be carried out between UEs without the involvement of
a TRP.

[0043] The UEs 112-116, such as V-UEs 114 and 115, may
use the V2X communication standard, in which information
1s passed between a vehicle and other entities within the
wireless communication network, such RSU 116. The V2X
standard aims to develop autonomous or semi-autonomous
driving systems, such as Advanced Driver Assistance Sys-
tem (ADAS), which helps drivers with decisions, such as
lane changes, speed changes, overtaking speeds, and may be
used to assist 1 parking as discussed herein. The UEs
112-116 may communicate directly, e.g., peer-to-peer mes-
saging, or via one or more intermediate entities, such as via
RSU 116 or BTSs 120-123 or network 130 1n an infrastruc-

ture-based messaging.

[0044] In general, there are two modes of operation for
V2X services, as defined in Third Generation Partnership
Project (3GPP) TS 23.285. One mode of operation uses
direct wireless communications between V2X entities when
the V2X entities, which may sometimes be referred to as
sidelink commumnication. The other mode of operation uses
network based wireless communication between entities.
The two modes of operation may be combined, or other
modes of operation may be used 11 desired.

[0045] Entities using V2X communications, such as UEs
114 and 115 may operate using direct or indirect wireless
communications. For example, the wireless communication
may be over, e.g., Proximity-based Services (ProSe) Direc-
tion Communication (PC5) reference point as defined in
3GPP TS 23.303, and may use wireless communications
under IEEE 1609, Wireless Access 1n Vehicular Environ-
ments (WAVE), Intelligent Transport Systems (ITS), and

IEEE 802.11p, on the I'TS band of 5.9 GHz, or other wireless
connections directly between entities.

[0046] Thus, as illustrated, UEs 114 and 115 may directly
communicate using with a Vehicle-to-Vehicle (V2V) com-
munication link. UEs 114 and 115 may similarly directly
communicate with a roadside unit (RSU), e.g., UE 116, via
Vehicle-to-Infrastructure (V2I) communication links. The
RSU 116, for example, may be a stationary infrastructure
entity, that may support V2X applications and that can
exchange messages with other enftities supporting V2X
applications. An RSU may be a logical entity that may
combine V2X application logic with the functionality of
base stations 1n a RAN, such as an eNB, ng-eNB, or eL'TE
(referred to as eNB-type RSU) or a gNB, or UE (referred to
as UE-type RSU). The UEs 114, 115, and 116 may com-
municate with additional entities, such as additional
vehicles, RSUs or with a UE 113, e.g., held by pedestrian
using direct communication links.

[0047] During direct communications with one or more
entities 1n the V2X wireless communication system 100,
cach entity may provide V2X information, such as an
identifier for the V2X entity, as well as other information 1n
messages such as Common Awareness Messages (CAM)
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and Decentralized Notification Messages (DENM) or Basic
Safety Message (BSM), which may be used for, e.g., ADAS

or safety use cases.

[0048] In other implementations, UEs 114 and 115 may
indirectly communicate with each other, e.g., through the
RSU 116 via the V21 communication links, respectively or
through other network infrastructure such as BTSs 120-123
and network 130, e.g., using cellular vehicle-to-everything
(C-V2X). For example, vehicles may communicate via a
base station 1n a Radio Access Network (RAN), such as an
evolved Node B (eNB) or next generation evolved Node B

[ 1

(ng-eNB) 1 LTE wireless access and/or evolved LTE
(ecLTE) wireless access or a NR Node B (gNB) in Fifth
Generation (3G) wireless access.

[0049] In some instances, a UE may be present within a
vehicle, and may present a distraction to the driver of the
vehicle. Accordingly, it 1s desirable to know the relative
position of the UE within the vehicle to determine whether
the UE 1s within a personal zone in which the UE may
distract the driver.

[0050] FIG. 2, by way of example, illustrates a vehicle 200
with a wireless system 210 1n which the relative position of
a UE with respect to defined areas or zones within the
vehicle may be determined using wideband RF signals.
Vehicle 200 1s illustrated as including, among other things,
a driver’s seat 202, multiple passenger seats 204a, 2045,
204¢ (collectively referred to as passenger seats 204), a
dashboard 206, and steering wheel 208. A number of UEs
222a, 2225, and 222¢ (sometimes referred to collectively as
UEs 222 or 111d1v1dually as UE 222) are shown as present in
the vehicle 1 various locations, such as the driver’s seat 202,
and passenger seats 204a and 204c¢. It should be understood
that the UEs 222 may be moved within the vehicle 200. FIG.
2 1llustrates a base station 120, which i1s external to the
vehicle 200, which may be commumicatively linked to one
or more UEs 222.

[0051] The wireless system 210 in the vehicle 200 1s
illustrated as including a plurality of wireless transceivers
212a, 2126, 212c¢, 212d, 212¢, and 212f (collectively
referred to as wireless transceivers 212) that may be coupled
to the wvehicle 200. The wireless transceivers 212, for
example, may be 1n the vehicle 200, inside the passenger
compartment of the vehicle 200, outside the passenger
compartment of the vehicle 200, outside the vehicle 200, on
the vehicle body 200, etc. In some implementations, one or
more of the wireless transceivers 212 may be other UEs,
e.g., such as a 3G sidelink transceiver. Additionally, the
wireless system 210 includes a positioning server 214 that
may be connected to the wireless transcervers 212. The
wireless transceivers 212 may be configured to receive
and/or transmit high bandwidth (e.g., bandwidth of at least
500 MHz) RF signals from and/or to UEs 222. By way of
example, the RF signals may be ultra-wideband (UWB)
signals, Wi-F1, cellular signals, mmWave, 60 GHz signals,
or any other RF signals that transmit information across a
wide bandwidth (e.g., at least 500 MHz). In some 1mple-
mentations, Bluetooth signals may be used, e.g., for High
Accuracy Distance Measurement (HADM), e.g., 1n 1n addi-
tion to or conjunction with the high bandwidth (e.g., UWB)
signals or another Radio Access T

Technology. For sake of
convenience, the high bandwidth RF signals may sometimes
be referred t herein as UWB signals, but it should be
understood that, unless otherwise indicated, the present
disclosure 1s not limited to UWB signals.
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[0052] The wireless transceivers 212 may be distributed 1n
various locations 1n the vehicle 200, e.g., 1n the corners (as
illustrated by wireless transceivers 212a, 212¢, 2124, and
212¢) and 1n the center (as 1llustrated by wireless transceiv-
ers 2126 and 212f). The placement of the wireless trans-
ceivers 212 may be based on a personal zone 2350 for the
driver defined in the vehicle 200, which may be altered
based on the driver’s seat 202 position. While FIG. 2
illustrates all of the wireless transceivers 212 inside the
cabin of the vehicle 200, 1n some 1implementations, one or
more wireless transceivers 212 may be located outside the
cabin of the vehicle 200, e.g., near the bumpers or in the
trunk. The wireless transceivers 212 may be dedicated for
the wireless system 210 or may be some or all of the wireless
transceivers 212 may be used for V2X or other communi-
cations with devices external to the vehicle 200.

[0053] Fach wireless transceivers 212 may one or more
antennas. For example, 1n some implementations, e.g.,
where the wireless transceivers 212 detect angular measure-
ments, the wireless transcervers 212 include multiple receive
antennas and may further include a transmit antenna, e.g.,
1x2 antenna array (1 transmit and 2 receive antennas). In an
implementation where the wireless transceiver 212 does not
detect angular measurements, the wireless transceiver 212
may include a single receive antenna, e.g., a 1x1 antenna
array (1 transmit and 1 receive antenna). The use of multiple
antennas for receiving RF signals permits an angular mea-
surement (e.g., angle of arrival (AOA) or angle of departure
(AOD)) of a recetved wideband signal transmitted by each
UE 222 1n the vehicle 200. In some implementations, the
UEs 222 may include multiple receive antennas, which may
be used to determine the AOA of wideband signals trans-
mitted by each wireless transceiver 212. In some implemen-
tations, one or both of the wireless transceivers and the UE
222 may use multiple transmit antennas, e.g., for beam
steering.

[0054] Additionally, in some implementations, a range
between each wireless transceiver 212 and each UE 222 may
be determined. The multiple determined angular measure-
ments (and 1n some 1mmplementations, the ranges) for each
wireless transceiver 212 and each UE 222 may be used by
a positioning entity to determine the relative position of each
UE 222 with respect to the wireless transceivers 212. The
positioning entity, for example, may be the server 214 1n the
wireless system 210 or in the UEs 222.

[0055] A personal zone 250 may be defined 1n the vehicle

200 with respect to the known positions of the wireless
transceivers 212. The personal zone 250 1s a virtual area
within the vehicle 200 that identifies the vicinity of a driver
or passenger within the vehicle 200. For example, the
personal zone 250 of the driver may be defined as an area
where a driver may access, see, or otherwise engage a UE
222 in a manner that may be a distraction from driving. For
example, the presence of a UE (e.g., UE 222a) in the
personal zone 250, for example, may result 1n distraction of
the driver due to the proximity of the UE 222 to the dniver,
whereas UEs (e.g., UEs 2225 and 222c¢) that are outside the
personal zone 250, are unlikely to be a distraction to the
driver. The personal zone 250 may be defined or calibrated
based on vehicle type (sedan, SUV, commercial), make,
model, etc. Moreover, the personal zone 250 may be deter-
mined, e.g., based on the position of the driver seat position.
For example, the personal zone 250 may be dynamically
adjusted based on sensor data for the position of the driver’s
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seat 202. By dynamically adjusting the personal zone 250
based on the position of the driver’s seat 202, the personal
zone 250 may be controlled to include the driver’s seat 202,
while maximizing the passenger area outside of the personal
zone 250. In some implementations, a personal zone 250
may be defined for the driver with the remaining areas
outside the personal zone 250 defined as a passenger zone,
while 1n other implementations, separate personal zones
may be defined for each separate passenger.

[0056] With the personal zone 250 defined relative to the
locations of the wireless transceivers 212, by determining a
position of a UE 222 relative to the wireless transceivers 212
based on angular measurements (and 1n some 1mplementa-
tfions, ranging), 1t can be determined whether a UE 222 1s
within the personal zone 250 of the driver. Moreover, the use
of wideband signals for relative position determination 1s
advantageous for as the large amount of signal energy over
a wideband permits a positioning accuracy of a few centi-
meters, €.g., 3-7 cm or better accuracy (90% of time 1s
correct within 7 cm). Accordingly, it 1s possible to determine
whether the UE 222 1s located within a defined personal
zone 250 with a high degree of accuracy, thus, the personal
zone 250 may be defined with a high precision. With use of
a precise personal zone 250 and highly accurate positioning,
it 1s possible to avoid improperly permitting the driver to use
or access (e.g., view) the UE 222, while permitting contin-
ned use of a UE 222 by a passenger, thereby both improving
safety and user experience. Moreover, with the use of
wideband si gnalmg, fewer measurements are required
thereby 1mproving efficiency and power optimization.

[0057] FIG. 3, for example, shows a diagram 300 1llus-
trating a principle of AOA determination using phase dii-
ference of arrival (PDOA) for a number of antennas (Antl,
Ant2, Ant3 . . . AntM), which may be a sub-array 302 of
recelve antennas within a wireless transceiver 212 (or within
a UE 222) shown 1n FIG. 2. The AOA 1s 0 and the distance
between pairs of adjacent antennas Ant 1s d. An mcoming
signal 304 from a UE 222 (or from an antenna 212) must
travel farther to reach each subsequent antenna, and conse-
quently, a phase shift A¢ 1s introduced. The phase shift A¢
between two adjacent antennas may be determined as:

dsin(6) eq. 1
A

Ap = —2nm

[0058] In equation 1, A is the wavelength of the signal.
Accordingly, the AOA 9 may be simply determined as:

- { AdOA eq. 2
g = arcgm[ )

—2nd

[0059] Each wireless transceiver 212 (or a UE 222) may
thereby measure the phase shift A¢ between adjacent pairs
of antennas 1n a sub-array of antennas to obtain the AQOA O
using eq. 2. Equation 2 applies 1 two dimensions which
may be sufficient when the UEs 222 and wireless transce1v-
ers 212 are in the same plane (e.g. a horizontal plane). In
three dimensions, another set of antennas spaced apart 1n a
second plane perpendicular to the antennas shown 1n FIG. 3
and may employ equations similar to eq. 2 that also include
an AOA 1n the second plane.
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[0060] In some implementations, the position of the UE
222 may be additionally or alternatively determined using
time difference of arrival (TDOA) for multiple pa.lrs of
wireless transceivers 212. Based on TDOA, the difference
between the time of arrival (TOA) of the signal transmitted
the UE 222 at a reference wireless transceiver 312 and a
neighbor wireless transceiver 212 and the range difference
between the UE 222 and each of the wireless transceivers
212 defines a hyperbola. By generating hyperbolas for
multiple wireless transceiver pairs, the position of the UE
222 relative to the wireless transceiver 212 may be deter-
mined based on the itersection of the hyperbolas.

[0061] In some implementations, the angular measure-
ment performed by a wireless transceiver 212 or UE 222
may be measurement of a beam sweep performed by the
transmitting device, e.g., such as an angle of departure
(AOD) measurement. For example, a wireless transceiver
212 may perform a beam sweep of the vehicle, which 1s
recerved and measured by the UE 222 (e.g., AOD measure-
ment) to determine whether the UE 222 1s 1n the personal
zone of the driver or passenger. Alternatively, the UE 222
may perform a beam sweep of the vehicle, which 1s received
and measured by the wireless transceiver 212 (e.g., AOD
measurement) to determine whether the UE 222 1s 1n the
personal zone of the driver or passenger.

[0062] FIG. 4, for example, shows a diagram 400 illus-

trating a principle of AOD determination by a UE 222 for
wideband signals 402 transmitted by a wireless transceiver
212, but 1t should be understood that the wireless transceiver
212 may measure AOD for wideband signals transmitted by
the UE 222. The transmitting enfity, e.g., the wireless
transceiver 212 or the UE 222, includes multiple transmut
antennas for beamforming the transmitted signals. As 1llus-
trated, the wireless transceiver 212 transmits a number of
beams 402 using transmit beamforming. In transmit beam-
forming, the transmitting node, e.g., the wireless transceiver
212 or the UE 222, uses multiple transmit antennas to
change the directionality of each beam by controlling the
phase and relative amplitude by each antenna to create a
beam of radio frequency waves that can be “steered” to point
1n different directions, without actually moving the antennas.
Specifically, with the correct phase relationship the radio
waves from the separate antennas add together to increase
the radiation 1 a desired direction, while cancelling to
suppress radiation in undesired directions. The receiving
node, e.g., UE 222 or wireless transceiver 212, does not need
an array of receive antennas to detect the transmitted beams.

[0063] Each signal beam may be encoded with an 1denti-
fier, which 1s correlated with the AOD of the signal beam.
The UE 222 measures, e.g., the signal strength of each
received beam to i1denfify the signal beam that 1s best
directed towards the UE 222. Based on the 1dentification of
the best signal beam by the UE 222 and the beam 1dentifier,
the AOD may be measured. For example, the correlation of
beam directions (angles) and beam 1dentifiers may be known
by the positioming enfity, and the UE 222 may provide the
beam 1dentifier for the AOD measurement, which the posi-
fioning entity may correlate with beam direction transmitted
by the wireless transceiver 212.

[0064] Additionally, in some implementations, a range
between each UE 222 and each wireless transceiver 212 may
be determined. The range between each UE 222 and each
wireless transceiver 212 may be determined based on a
round trip time (RTT) measurement.
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[0065] FIG. 5, by way of example, illustrates an RTT
process 500 between a UE 222 and wireless transceiver 212,
which are separated by a distance D. As 1llustrated, the UE
222 may transmit a wideband signal 502 to the wireless
transceiver 212 at with a transmission Tx time t,;, which 1s
received by the wireless transceiver 212 at receive Rx time
t,. The propagation delay (e.g., time of tlight) of the wide-
band signal 502 between the UE 222 and the wireless
transceiver 212 1s the difference between the reception time
and the transmission time (t;—t,). After a processing delay,
the wireless transceiver 212 transmits a return wideband
signal 504 to the UE 222 with a TX time t,, which 1s received
by the UE 222 at Rx time t,. The propagation delay (e.g.,
time of flight) of the w1deband signal 504 between the
wireless transceiver 212 and the UE 222 1s the difference
between the reception time and the transmission time (t,—t,).
The wireless transceiver 212 may measure and report the
Rx-Tx time difference between receiving signal 502 and
transmitting signal 504, 1.e., t,—t,, while the UE 222 may
measure and report the Rx Tx time difference between
transmitting signal 502 and receiving signal 504, 1.e., t;—t,.
The RTT 1s determined based on the difference between the
Rx-Tx time differences (1.e., RT'T=[t;—-t,]-[t,—t,]), and the
distance (range) between U_ 222 and wireless transceiver
212 1s RTT*c/2 (where ¢ 1s the speed of the signal propa-
gation, €.g., speed of light). It should be understood that

other types of RTT procedures may be used if desired.

[0066] FIG. 6 illustrates relative position determination of
a UE 222 with respect to a number of wireless transceivers,
¢.g., wireless transcervers 212a, 2124, and 212¢ using an
angular measurement and a ranging measurement. As 1llus-
trated, an angular measurement, such as AOA or AOD, by
wireless transceiver 212a may determine that the UE 222 1s
at an angle Oa with respect to a reference direction, and
wireless transceiver 2124 may determine that the UE 222 1s
at an angle 0d with respect to a reference direction. The UE
222 1s at an intersection of the lines 602 and 604 defined by
angles Oa and 0d, respectively. Additionally, as 1llustrated,
wireless transceiver 212¢ may determine that the UE 222 1s
at a distance De with respect to the position of wireless
transceiver 212, which defines a circle 606, which intersects
lines 602 and 604. The use of multiple measurements, e.g.,
angular measurements from at least one wireless transceiver
212, and optionally range measurements with respect to one
or more of the same or different wireless transcervers 212

increases the accuracy of position of the UE 222.

[0067] In some implementations, the UE 222 may be
determined to be 1nside or outside a defined personal zone
250 based on the relative position of the UE 222 with respect
to the wireless transceivers 212. For example, the relative
position of the UE 222 within the vehicle may be determined
based on the multiple angular measurements (and range
measurements), and then 1t may be determined whether the
relative position of the UE 222 1s within the defined personal
zone 250. In other implementations, the personal zone 250
may be defined based on a range of angles for each wireless
transceiver 212, and the UE 222 may be determined to be
within the personal zone 2350 1if the UE 222 1s within the
defined range of angles for each wireless transceiver 212.

[0068] In some implementations, state information or
positional/orientation data provided by sensors may be used
to determine whether the UE 222 should be considered
within the personal zone 250. For example, 11 the UE 222 1s
in an off or standby state while 1n the vicinity of the driver,
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the UE 222 may not be considered to be located within the
personal zone 250. In another example, 11 the UE 222 1s
oriented face down, or located within a pocket or purse, or
otherwise 1n a position where the driver cannot access the
UE 222 or be distracted by the UE 222, the UE 222 may not
be considered to be located within the personal zone 250.
Sensor data, such as ambient light sensor, camera, or 1nertial
sensors, such as accelerometers or gyroscopes may be used
to determine the position and/or orientation of the UE 222.

[0069] In operation, the relative position of the UE 222
may be triggered when a change 1n position, orientation or
state 1s detected by the UE 222. For example, when the UE
222 detects movement, e.g., change in physical orientation
or position, via on board sensors, such as accelerometers,
gyroscopes, camera, etc., the determination of the relative
position of the UE 222, and whether the UE 222 1s located
in the personal zone 250, may be triggered. In another
example, 11 the UE 222 changes state, e.g., 1s unlocked,
turned on, unpaused, etc., the determination of the relative
position of the UE 222, and whether the UE 222 1s located
in the personal zone 250, may be triggered. The determina-
tion of the relative position of the UE 222 and whether it 1s
in the personal zone 250 may continue for a predetermined
amount of time after physical movement of the UE 222 1s no
longer detected or until the UE 222 1s turned off, locked, etc.

[0070] If the UE 222 1s determined to not be 1 the
personal zone 250, 1.e., the UE 222 1s outside the personal
zone 250, operation of the UE 222 and the vehicle 200 may
not be altered. If, however, the UE 222 1s determined to be
within the personal zone 250, operation of the UE 222
and/or the vehicle 200 may be adjusted. For example, when
the UE 222 i1s detected within the personal zone 250, one or
more functionalities of the UE 222 may be restricted, e.g.,
the UE 222 may be locked, placed in a sleep mode, the
displayed turned ofl, touchscreen controls disabled, apph-
cations (such as Vldeos) paused, applications turned oil, an
active call converted to speaker mode, transfer any actions
through a vehicle mterface, etc. Additionally, when the UE
222 15 detected within the personal zone 250, the UE 222
additional functionality may be enabled, such as providing
warning indicators, e.g. audible alarms, flashing screen,
vibration, etc., to indicate to the driver that the UE 222
should be placed outside the personal zone 250. Addition-
ally, when the UE 222 1s detected within the personal zone
2350 various actions may be taken with respect to the vehicle.
For example, various driver assistance operations of the
vehicle may be activated. In one example, a warning, such
as an alarm or prompt to alert the driver and passengers may
sound. In one example, one or more advanced driver-
assistance systems (ADAS) may be automatically engaged,
such as one or more of adaptive cruise control, lane depar-
ture warning, lane-keeping assistance, lane-centering assis-
tance, forward collision warning, trathic signal recognition,
or a combination thereof. In one example, autonomous
driving of the vehicle may be automatically engaged. The
autonomous driving of the vehicle, for example, may auto-
matically slow the vehicle and drive the vehicle to a safe
location where the vehicle can be stopped until the UE 222
1s removed from the personal zone and the driver 1s no
longer distracted.

[0071] In some implementations, it may be desirable to
determine whether the driver’s hand is 1n proximity to the
steering wheel, e.g., for some ADAS applications, such as
autonomous driving, lane-keeping assistance, or lane-cen-
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tering assistance. Currently, for example, piezo sensors
within the steering wheel may be used to detect the presence
of the driver’s hand on the steering wheel. The use of
positioning of a UE 222 using wideband signals as described
herein may also or alternatively be used to detect the
presence of the driver’s hand on or near the steering wheel.

[0072] FIG. 7, by way of example, illustrates a driver’s
hands 702L, 702R (collectively sometimes referred to as
hands 702) engaged with a steering wheel 208. A UE 222,
¢.g., 1 the form of a smart watch, 1s illustrated as worn on
the wrist of the dniver’s hand 702L. The UE 222 may be any
wearable that 1s located near the driver’s hand 702L or 702R.
A wireless transcerver 212s that 1s positioned on the steering
wheel 710 may be used to receive wideband signals trans-
mitted by the UE 222, or vice versa, the UE 222 may receive
wideband signals transmitted by the wireless transceiver
212s. A range between the UE 222 and the wireless trans-
ceiver 212s may be determined, e.g., using R1TT, discussed
above, to determine whether the UE 222 1s within a thresh-
old distance from the wireless transceiver 212s, and thus, the
steering wheel 710. With the UE 222 worn on a driver’s
wrist, the threshold distance to the steering wheel may be
selected to provide an indication that the hand 702L of the
driver 1s on or near the steering wheel, e.g., to verily that the
driver remains engaged in driving while the vehicle 1s 1n
autonomous driving mode. For example, 1f the UE 1s outside
the threshold distance from the steering wheel for more than
a threshold amount of time, 1t may be an indication that the
driver 1s not focused on drniving. In some implementation,
additional or other wireless transceivers, illustrated as wire-
less transceiver 212a, located 1n other locations within the
vehicle with known positional relationships to the steering
wheel 208, may be used to determine the relative position of
the UE 222 with respect to the wireless transceivers and
thus, the steering wheel, e.g., using angular measurements
(AOAor AOD) and/or range measurements, and whether the
UE 222 1s within a threshold distance from the steering
wheel 710.

[0073] If the UE 222 1s within a threshold distance from

the steering wheel 710, the continued operation of the
vehicle, including any ADAS applications, 1s permitted. If,
however, the UE 222 1s detected outside the threshold
distance from the steering wheel 710, e.g. for longer than a
threshold amount of time, 1t may be determined whether the
operation of the vehicle, and in particular ADAS applica-
tions should be altered. For example, in some implementa-
tions, additional conditions may be checked to determine 1t
the driver 1s focused on driving, before altermg operation of
the vehicle. For example, 1f the driver i1s detected to be
controlling the gas pedal or brake, or controlling the steering
wheel with a different hand, then operation of the vehicle
may not be altered. In some implementations, alteration of
the operation of the vehicle may include, e.g., a warning,
such as an alarm or prompt to alert the driver to place hands
on the steering wheel may sound. In another example, the
level of the ADAS applications may be increased. For
example, if lane departure warning 1s engaged, the ADAS
may increase to lane-keeping assistance or lane-centering
assistance 1f the UE 222 1s detected outside the threshold
distance from the steering wheel 710. In some 1mplemen-
tations, the ADAS application may 1ncrease to autonomous
driving. Moreover, with autonomous driving of the vehicle
engaged, the vehicle may be automatically controlled to
slow the vehicle and drive the vehicle to a safe location
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where the vehicle can be stopped until or unless the driver
holds the steering wheel, 1.e., the UE 222 i1s within a
threshold distance from the steering wheel 710.

[0074] FIG. 8 shows a signal flow 800 illustrating an
example of determining a relative position of a UE within a
vehicle using wideband signaling, as discussed herein. FIG.
8 1llustrates wideband signaling transmitted between a UE
222 and a wireless system including at least one wireless
transceirver 212 and server 214. FIG. 8, by way of example,
illustrates multiple wireless transceivers 212, but 1t should
be understood that one or more wireless transceivers 212

may be used. It should be understood that FIG. 8 illustrates
an example of various signals and processes that may be
performed during the relative positioning of the UE 222
within a vehicle. Is some implementations, additional sig-
nals, messages or processes may be used, while i other
implementations, fewer signals, messages or processes may
be used. Moreover, FIG. 8 1s generally described 1n terms of
determining whether the UE 222 1s within a personal zone
in the vehicle, but the signal flow shown i FIG. 8, or a
similar signal flow may be used to determine whether the UE
222 is proximate to the steering wheel, as discussed in FIG.

7.

[0075] At stage 1, an mitiation process between the UE
222, wireless transceivers 212, and the server 214 1s per-
formed. The initiation process, for example, may be per-
formed with introduction of a UE 222 to the vehicle, e.g.,
being physically moved into the vehicle or turned on while
in the vehicle. The imitiation process, for example, may
include an 1nitial pairing or handshake between the UE 222
and server 214 for positioning. The nitiation process may
include defining the personal zone, €.g., based on the type of
vehicle, the make and model of the vehicle, etc. The personal
zone may be dynamically adjusted based on the driver seat
position. The personal zone may be pre-calibrated and stored
in server 214. During the initiation process, the server 214
may provide assistance data to the UE 222 11 the UE 222 1s
to determine 1ts relative position 1n the vehicle. For example,
the assistance data may include data providing a relative
positional relationship between each wireless transceiver
212 and the defined personal zone (and/or steering wheel).
For example, the relative position relationship may include
a range ol angles, range of distances, or a combination
thereol between the wireless transceiver and the personal
zone (and/or steering wheel). In some implementations, the
relative positions of each wireless transceiver within the
vehicle may be provided along with the relative area (e.g.,
polygon) that defines the personal zone. In some 1mplemen-
tations, the initiation process, including the transfer of
assistance data including the relative positions of the wire-
less transceivers 212 with respect to the personal zone may
be performed using wideband signaling or using another
wireless systems, such as Bluetooth. In some implementa-
tions, the 1nmitiation process, including the transfer of assis-
tance data including the relative positions of the wireless
transceivers 212 with respect to the personal zone may be
performed using wired connections, e.g., via a USB (Uni-
versal Serial Bus) connection for CarPlay or Android Auto.
In some implementations, the assistance data including the
relative positions of the wireless transceivers 212 with
respect to the personal zone may be stored in UE 222 so that
the assistance data need not be transferred each time the UE
222 is 1n the vehicle.
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[0076] Block 802 illustrates a relative positioning process
of the UE 222 within the vehicle. The determination of the
relative position of the UE 222 and whether 1t i1s in the
personal zone 250 may be performed 1n a positioning entity,
such as the server 214 or in the UE 222.

[0077] At stage 2, the UE 222 may provide a trigger
message to the server 214, via wideband signaling or other
types of signaling, such as Bluetooth. The trigger message,
for example, may provide an indication of change 1n position
or state change to the server 214 to initiate a positioning
sessions, whether the positioning entity 1s the server 214 or
the UE 222. In some implementations, the trigger may be the
iitiation process, illustrated 1n stage 1, and thus a separate
trigger message may not be necessary for an initial deter-
mination of the relative position of the UE 222.

[0078] At stage 3, the server 214 may be an activate
wideband signals 1n the UE 222, the wireless transceivers
212, or both. The determination of the relative position of
the UE 222 may be based on uplink (UL) wideband signals
transmitted by the UE 222 and received by the wireless
transceivers 212 or based on downlink (DL) wideband
signals transmitted by the wireless transceivers 212 and
received by the UE 222, and 1n some implementations based
on both. The server 214, for example, may provide an
indication to the UE 222 to begin transmission of UL
wideband signals and prepare the wireless transceivers 212
to being measuring, e.g., angular measurements (and in
some 1mplementations, ranging measurements) of the UL
wideband signals. In another example, the server 214 may
provide an indication to the wireless transceivers 212 to
begin transmission of DL wideband signals and prepare the
UE 222 to being measuring, €.g., angular measurements
(and 1n some 1mplementations, ranging measurements) of
the DL wideband signals.

[0079] At stage 4A, the UE 222 may transmit UL wide-
band signals and the wireless transceivers 212 receive the
UL wideband signals for relative positioning of the UE 222
within the vehicle, as discussed herein. The UL wideband
signals, for example, may be reference signals or may
include known reference signal patterns, such as uplink
positioning reference signals (PRS) or sounding reference
signals for positioning (SRS-Pos). In some implementations,
the UE 222 may begin transmitting wideband signals
unprompted from the server 214, e.g., when the UE 222
transmits an idication of a trigger to the server 214.

[0080] At stage 4B, the wireless transceivers 212 may
transmit DL wideband signals and the UE 222 receives the
DL wideband signals for relative positioning of the UE 222
within the vehicle, as discussed herein. The DL wideband
signals, for example, may be reference signals or may
include known reference signal patterns, such as DL posi-
tioming reference signals (PRS). It should be understood that
in some 1mplementations, on the UL wideband signals may
be transmitted by UE 222 in stage 4A or the DL wideband
signals may be transmitted by the wireless transceivers 212
in stage 4B. In some implementations, both the UL wide-
band signals and the DL wideband signals may be transmit-
ted, e.g., for angular measurements from both the wireless
transceiver 212 and the UE 222 respectively, and 1n some
implementations for ranging measurements, e.g., with the
UL wideband signals from the UE 222 inmitiating the ranging,
procedure. In some implementations, 11 both the UL wide-
band signals and the DL wideband signals are transmitted,
the order of stages 4A and 4B may be switched. For
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example, the DL wideband signals from the wireless trans-
ceivers 212 in stage 4B may be sent before stage 4A and may
initiate the ranging procedure (if used).

[0081] At stage SA, the wireless transceivers 212 may
provide the measurements of the wideband signaling (e.g.,
angular related measurement data for UL wideband signals
from stage 4 A and optionally ranging data) to the server 214,
assuming the server 214 is the positioning entity. In 1mple-
mentations, where the UE 222 1s the positioning entity, the
wireless transceivers 212 (or server 214) may provide the
measurements of the wideband signaling to the UE 222.

[0082] At stage 5B, the UE 222 may provide the mea-
surements of the wideband signaling (e.g., angular related
measurement data for DL wideband signals from stage 4B
and optionally ranging data) to the server 214, assuming the
server 214 1s the positioning entity. In implementations,
where the UE 222 1s the positioning entity, the UE 222 need
not provide the measurements of the wideband signaling to
the UE 222 and stage 3B need not be performed.

[0083] At stage 6A, the server 214 may generate the
measurements for the UE 222 and each of the wireless
transceivers 212 based on the data received in stage SA and
optional stage 5B, e¢.g., if the server 214 1s the positioning
entity. The server 214, for example, may generate angular
measurements, such as AOA or AOD, as discussed 1n FIGS.
3 and 4. The server 214 may additionally generate range
determination, e.g., using RT'T, for the UE 222 and one or
more wireless transceivers 212. For example, for determin-
ing proximity of the UE 222 to a steering wheel, the server
214 may rely on a range determination with respect to a
single wireless transceiver 212 on the steering wheel or
multiple wireless transceivers, and may additionally use
angular measurements.

[0084] At stage 6B, the UE 222 may generate the mea-
surements for the UE 222 and each of the wireless trans-
ceivers 212 based on the measurements from the DL wide-
band signals in stage 4B and data received from 1n stage SA,
e.g., 1f the UE 222 i1s the positioning entity. The UE 222, for
example, may generate angular measurements, such as AOA
or AOD, as discussed 1n FIGS. 3 and 4. The UE 222 may
additionally generate range determination, e.g., using R1T,
for the UE 222 and one or more wireless transceivers 212.
For example, for determining proximity of the UE 222 to a
steering wheel, the UE 222 may rely on a range determina-
tion with respect to a single wireless transceirver 212 on the
steering wheel or multiple wireless transceivers, and may
additionally use angular measurements.

[0085] At stage 7A, the server 214 may determine a
relative position of the UE 222 within the vehicle based on
the measurements from stage 6A, e.g., 11 the server 214 1s the
positioning entity. The relative position of the UE 222, for
example, may be determined based on multi-angulation
based on the angular measurements generated in stage 6 A.
The relative position of the UE 222 may additionally or
alternatively (e.g., for proximity to steering wheel determi-
nation) based on multilateration based on the range mea-
surements generated 1n stage 6A.

[0086] At stage 7B, the UE 222 may determine a relative
position of the UE 222 within the vehicle based on the
measurements from stage 6B, e.g., i the UE 222 1s the
positioning enftity. As discussed above, the relative position
of the UE 222, for example, may be determined based on
multi-angulation based on the angular measurements gen-
erated 1n stage 6A. The relative position of the UE 222 may
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additionally or alternatively (e.g., for proximity to steering
wheel determination) based on multilateration based on the
range measurements generated in stage 6B.

[0087] At stage 8A, the server 214 may determine the
position of the UE 222 with respect to the personal zone
based on the determined relative position of the UE 222
from stage 7B, and a known positional relationship between
the wireless transceivers and the personal zone, e.g., 1f the
server 214 1s the positioning entity. In some implementa-
tions, as discussed above, the relationship between the
wireless transceivers and personal zone may be defined as a
range of angles and/or ranges with respect to each wireless
transceiver 212, and the position of the UE 222 with respect
to the personal zone based may be determined based on the
UE 222 falling within the range of angles and/or ranges with
respect to each wireless transceiver 212. In such an imple-
mentation, the relative position of the UE 222 within the
vehicle may not need be determined in stage 7A. The
position of the UE 222 with respect to the steering wheel,
¢.g., whether the UE 222 1s within a threshold distance from
the steering wheel, may be similarly determined based
known known positional relationship between the wireless
transceivers and the steering wheel. For example, the server
214 may determine whether the UE 222 1s within a threshold

distance to the steering wheel based on a range to a wireless
transceiver or based on a defined relative position of the UE
with respect to a number of wireless transceivers and known
position of the steering wheel, or based on a defined range
of angles and/or ranges from one or more wireless trans-
ceivers 212 that define a threshold area around the steering

wheel.

[0088] At stage 8B, the UE 222 may determine the posi-
tion of the UE 222 with respect to the personal zone based
on the determined relative position of the UE 222 from stage
7B, and a known positional relationship between the wire-
less transceivers and the personal zone, e.g., 1f the UE 222
1s the positioning entity. In some implementations, as dis-
cussed above, the relationship between the wireless trans-
ceivers and personal zone may be defined as a range of
angles and/or ranges with respect to each wireless trans-
ceiver 212, and the position of the UE 222 with respect to
the personal zone based may be determined based on the UE
222 falling within the range of angles and/or ranges with
respect to each wireless transceiver 212. In such an 1mple-
mentation, the relative position of the UE 222 within the
vehicle may not need be determined in stage 7A. The
position of the UE 222 with respect to the steering wheel,
¢.g., whether the UE 222 1s within a threshold distance from
the steering wheel, may be similarly determined based
known known positional relationship between the wireless
transceivers and the steering wheel. For example, the server
214 may determine whether the UE 222 1s within a threshold
distance to the steering wheel based on a range to a wireless
transceiver or based on a defined relative position of the UE
with respect to a number of wireless transceivers and known
position of the steering wheel, or based on a defined range
of angles and/or ranges from one or more wireless trans-
ceivers 212 that define a threshold area around the steering

wheel.

[0089] At stage 9A, the server 214 may send a message to
the UE 222 to restrict operation of the UE 222, e.g., based
on a determination that the UE 222 1s within the personal
zone or outside a threshold distance from the steering wheel,
as determined in stage 8A, e.g., 1f the server 214 1s the
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positioning entity. In some implementations, the message to
restrict operation may be sent to the UE 222 using wideband
signaling or using another wireless systems, such as Blu-
ctooth, or using wired connections, e¢.g., via a USB (Uni-
versal Serial Bus) connection for CarPlay or Android Auto.
The server 214 need not send a message to the UE 222 to
restriction operation of the UE 222 1f the UE 222 i1s not
within the personal zone or 1s within a threshold distance
from the steering wheel, as determined 1n stage 8A.

[0090] At stage 9B, the UE 222 may send a message to the
server 214 to restrict operation of the vehicle, e.g., based on
a determination that the UE 222 1s within the personal zone
or outside a threshold distance from the steering wheel, as
determined in stage 8B, e.g., 11 the UE 222 is the positioning
entity. In some implementations, the message to restrict
operation may be sent to the server 214 using wideband
signaling or using another wireless systems, such as Blu-
ctooth, or using wired connections, e.g., via a USB (Uni-
versal Serial Bus) connection for CarPlay or Android Auto.
The UE 222 need not send a message to the server 214 to
restriction operation of the vehicle i1if the UE 222 1s not
within the personal zone or 1s within a threshold distance
from the steering wheel, as determined 1n stage 8B.

[0091] At stage 10, the UE 222 may restrict operation 1n
response to the message received at stage 9A (if the server
214 1s the positioning entity) or 1n response to a determi-
nation that the UE 222 1s within the personal zone or outside
a threshold distance from the steering wheel, as determined
in stage 8B, e.g., 11 the UE 222 1s the positioming entity. For
example, 1n response to a determination that the UE 222 1s
within the personal zone, the UE 222 may be locked, placed
in a sleep mode, the displayed turned off, touchscreen
controls disabled, apphcatlons (such as wvideos) paused,
applications turned off, an active call converted to speaker
mode, transfer any actlons through a vehicle interface, etc.
If the UE 222 1s detected outside the threshold distance from
the steering wheel 710, the UE 222 may be caused to sound
an alarm or warning, vibrate, or provide with driver with
other indication to place a hand on the steering wheel.

[0092] At stage 11, the server 214 may interface with the
vehicle and cause adjust or alter operation of the vehicle
response to the message received at stage 9B (i1 the UE 222
1s the positioning entity) or in response to a determination
that the UE 222 1s within the personal zone or outside a
threshold distance from the steering wheel, as determined in
stage 8A, e.g., 1l the server 214 1s the positioming entity. For
example, 1n response to a determination that the UE 222 1s
within the personal zone, various driver assistance opera-
tions of the vehicle may be activated or altered. For example,
an alarm or prompt to alert the driver and passengers may
sound, one or more ADAS may be automatically engaged or
altered (e.g., ADAS level increased), such as one or more of
adaptive cruise control, lane departure warning, lane-keep-
ing assistance, lane-centering assistance, forward collision
warning, traflic signal recognition, or a combination thereof,
or autonomous driving may be automatically engaged. The
autonomous driving of the vehicle, for example, may auto-
matically slow the vehicle and drive the vehicle to a safe
location where the vehicle can be stopped until the UE 222
1s removed from the personal zone and the driver 1s no
longer distracted.

[0093] At stage 12, the UE 222 may monitor for changes
n 1n position or orientation, e€.g., based on sensor data, and
monitor for changes in state. For example, the relative
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positioning process of the UE 222 within the vehicle illus-
trated 1 block 802 may continue until the UE 222 1s
determined to be stationary relative to the vehicle or 1 a
state where the UE 222 will not distract the dniver, e.g., off
or in standby. In some 1implementations, the relative posi-
tioming process of block 802 may continue for a predeter-
mined amount of time after the position or orientation of the
UE 222 1s determined to be stationary. Once the UE 222 1s
stationary relative to the vehicle, the UE 222 may monitor
for changes 1n 1n position or orientation, €.g., via on board
sensors, such as accelerometers, gyroscopes, camera, efc.,
and monitor for changes in state, e.g., unlocked, turned on,
unpaused, etc. Upon detecting a change in position, orien-
tation, or state, block 802 may be repeated.

[0094] FIG. 9 shows a schematic block diagram illustrat-
ing certain exemplary features of a UE 222, e.g., which may
be the UE illustrated 1mn FIGS. 2 and 4-8 that 1s configured
to support relative position determination of the UE within
a vehicle, and in particular whether the UE 1s within a
particular area in the vehicle, such as a personal zone or
proximate to the steering wheel, as discussed herein. The UE
222, for example, may perform the signal flow 800 shown 1n
FIG. 8 and the process tlows 11 and 12 shown in FIGS. 11
and 12 and algorithms disclosed herein. The UE 222 may,
for example, include one or more processors 902, memory
904, an external interface such as at least one wireless
transceiver (e.g., wireless network interface) illustrated as
Wireless Wide Area Network (WWAN) transceiver 910 and
Wireless Local Area Network (WLAN) transceiver 912, a
satellite positioming system (SPS) recerver 913, and one or
more sensors 913, which may be operatively coupled with
one or more connections 906 (e.g., buses, lines, fibers, links,
etc.) to non-transitory computer readable medium 920 and
memory 904. The wireless transceiver (e.g. WWAN trans-
ceiver 910 and/or WLAN transceiver 912) may further
include transceivers for Wireless Personal Area Network
(WPAN), Wireless Metropolitan Area Network (WMAN),
etc. The SPS receiver 915, for example, may receive and
process SPS signals from satellite vehicles, such as in a
Global Navigation Satellite System (GNSS). The one or
more sensors 913, for example, may include a barometer
and/or an 1ertial measurement unit (IMU) that may 1nclude
one or more accelerometers, one or more gyroscopes, a
magnetometer, camera, light sensor, etc. The UE 222 may
further include additional items, which are not shown, such
as a user interface that may include e.g., a display, a keypad
or other input device, such as virtual keypad on the display,
through which a user may interface with the UE. In certain
example implementations, all or part of UE 222 may take the
form of a chipset, and/or the like.

[0095] The at least one wireless transceiver may be a
transceiver 910 for a WWAN communication system and a
transceiver 912 for a WLAN communication system, or may
be a combined transcerver for both WWAN and WLAN. The
WWAN ftransceiver 910 may include a transmitter 9107 and
receiver 9107 coupled to one or more antennas 911 for
transmitting (e.g., on one or more uplink channels and/or
one or more sidelink channels) and/or receiving (e.g., on one
or more downlink channels and/or one or more sidelink
channels) wireless signals and transducing signals from the
wireless signals to wired (e.g., electrical and/or optical)
signals and from wired (e.g., electrical and/or optical) sig-
nals to the wireless signals. The WLAN transceiver 912 may
include a transmitter 9127 and receiver 912# coupled to one
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or more antennas 911 or to separate antennas, for transmit-
ting (e.g., on one or more uplink channels and/or one or
more sidelink channels) and/or receiving (e.g., on one or
more downlink channels and/or one or more sidelink chan-
nels) wireless signals and transducing signals from the
wireless signals to wired (e.g., electrical and/or optical)
signals and from wired (e.g., electrical and/or optical) sig-
nals to the wireless signals. The transmitters 9107 and 912¢
may include multiple transmitters that may be discrete
components or combined/integrated components, and/or the
receivers 9107 and 912 may include multiple receivers that
may be discrete components or combined/integrated com-
ponents. The WWAN transceiver 910 may be configured to
communicate signals (e.g., with base stations and/or one or

more other devices) according to a variety of radio access
technologies (RATs) such as 5G New Radio (NR), GSM

(Global System for Mobiles), UMTS (Universal Mobile
Telecommunications System), AMPS (Advanced Mobile
Phone System), CDMA (Code Division Multiple Access),
WCDMA (Wideband CDMA), LTE (Long-Term Evolu-
tion), LTE Direct (LTE-D), 3GPP LTE-V2X (PC5), etc. New
Radio (NR) may use mm-wave frequencies and/or sub-6
GHz frequencies. The WLAN transceiver 912 may be
configured to communicate signals (e.g., with access points
and/or one or more other devices) according to a variety of
radio access technologies (RATs) such as 3GPP LTE-V2X
(PC5), IEEE 802.11 (including IEEE 802.11p), WiF1, Wik1
Direct (WiF1-D), Bluetooth®, Zigbee etc. The WWAN
transceiver 910 and/or the WLAN transceirver 912 may be
configured to transmit and receive wideband signals, e.g.,
with wireless transceivers 212. The wireless transceivers
910 and 912 may be communicatively coupled to a trans-
ceiver mterface, e.g., by optical and/or electrical connection,
which may be at least partially integrated with the wireless
transceivers 910 and 912.

[0096] In some embodiments, UE 222 may include
antenna 911, which may be internal or external. UE antenna
911 may be used to transmit and/or receive signals processed
by wireless transceivers 910 and 912. In some embodiments,

UE antenna 911 may be coupled to wireless transceivers 910
and 912. In some embodiments, measurements of signals
received (transmitted) by UE 222 may be performed at the
point of connection of the UE antenna 911 and wireless
transceivers 910 and 912. For example, the measurement
poimnt of reference for received (transmitted) RF signal
measurements may be an input (output) terminal of the
receiver 9107 (transmitter 910¢) and an output (input) ter-
minal of the UE antenna 911. In a UE 222 with multiple UE
antennas 911 or antenna arrays, the antenna connector may
be viewed as a virtual point representing the aggregate
output (input) of multiple UE antennas. With multiple anten-
nas 911 or an antenna array, angular measurements of
received beams may be performed, e.g., as discussed 1n FIG.
3, or directed beams may be transmitted, e.g., as discussed
in FIG. 4. In some embodiments, UE 222 may measure
received signals including signal strength and TOA mea-
surements and the raw measurements may be processed by
the one or more processors 902.

[0097] The one or more processors 902 may be imple-
mented using a combination of hardware, firmware, and
soltware. For example, the one or more processors 902 may
be configured to perform the functions discussed herein by
implementing one or more 1structions or program code 908
on a non-transitory computer readable medium, such as
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medium 920 and/or memory 904. In some embodiments, the
one or more processors 902 may represent one or more
circuits configurable to perform at least a portion of a data
signal computing procedure or process related to the opera-

tion of UE 222.

[0098] The medium 920 and/or memory 904 may store
instructions or program code 908 that contain executable
code or software instructions that when executed by the one
or more processors 902 cause the one or more processors
902 to operate as a special purpose computer programmed to
perform the techniques disclosed herein. As illustrated in UE
222, the medium 920 and/or memory 904 may include one
or more components or modules that may be implemented
by the one or more processors 902 to perform the method-
ologies described herein. While the components or modules
are 1llustrated as software 1n medium 920 that 1s executable
by the one or more processors 902, 1t should be understood
that the components or modules may be stored 1n memory
904 or may be dedicated hardware either 1n the one or more
processors 902 or off the processors.

[0099] A number of software modules and data tables may
reside 1n the medium 920 and/or memory 904 and be utilized
by the one or more processors 902 1n order to manage both
communications and the functionality described herein. It
should be appreciated that the organization of the contents of
the medium 920 and/or memory 904 as shown 1n UE 222 1s
merely exemplary, and as such the functionality of the
modules and/or data structures may be combined, separated,

and/or be structured in different ways depending upon the
implementation of the UE 222.

[0100] The medium 920 and/or memory 904 may 1nclude
a relative position module 922 that when implemented by
the one or more processors 902 configures the one or more
processors 902 to determine a relative position of the UE
222 with respect to multiple wireless transceivers in the
vehicle based at least on angle of arrival (AOA) of wideband
signals received via at least one of the transceivers 910 and
912. The one or more processors 902 may be configured to
determine 1f 1t 1s located inside the personal zone in the
vehicle based on the relative position of the UE with respect
to the multiple wireless transceivers. Additionally or alter-
natively, the one or more processors 902 may be configured
to determine a relative position of the UE 222 with respect
to one or more wireless transceivers in the vehicle based on
RTT ranging using the wideband signals. For example, the
one or more processors 902 may be configured to determine
a relative position of the UE worn by the driver of the
vehicle with respect to one or more wireless transcervers in
the wireless network, which may be coupled to the vehicle,
based at least on RTT and AOA of wideband signals, and to
determines 1f the UE 1s located within a threshold distance
to the steering wheel based on the relative position of the UE
with respect to the one or more wireless transceivers and the
known position of the one or more wireless transceivers
relative to the steering wheel.

[0101] The medium 920 and/or memory 904 may include
a personal zone module 924 that when implemented by the
one or more processors 902 configures the one or more
processors 902 to determine the personal zone in the vehicle
based on the relative position of the UE with respect to the
multiple wireless transceivers and/or the determine a thresh-
old distance to the steering wheel based on known positions
of the one or more wireless transceivers relative to the
steering wheel. For example, the one or more processors 902
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may be configured to receive personal zone position nfor-
mation and/or steering wheel position information and the
relative positions of the wireless transceivers from a server,
via at least one of the transceivers 910 and 912, e.g., in
assistance data, which may be transmitted with the wide-
band signals.

[0102] The medium 920 and/or memory 904 may include
an operation module 926 that when implemented by the one
or more processors 902 configures the one or more proces-
sors 902 to determine whether to permit at least one func-
tionality of the UE based on whether the UE 1s determined
to be located 1n the personal zone of the driver of the vehicle.
For example, the one or more processors 902 may be
conﬁgured to restrict at least one functionality of the UE if
the UE 1s determined to be located 1n the personal zone in
the vehicle or permit the operation of the UE 1f the UE 1s
determined to be not located 1n the personal zone in the
vehicle. The at least one functionality of the UE, {for
example, may be restricted by locking the UE; placing the
UE 1n sleep mode; turning off a display of the UE; disabling
touchscreen controls of the UE; pausing an application on
the UE; turning off the application on the UE; converting an
active call to a speaker mode, etc. The one or more proces-
sors 902 to may be configured to determine whether to
restrict autonomous operation of the vehicle if the UE 1s
determined to be outside the threshold distance to the
steering wheel. For example, the one or more processors 902
may be configured to enable or restrict or permit driver
assistance operations ol the vehicle based on the relative
position of the UE with respect to a personal zone or a
threshold distance to the steering wheel, e.g., by transmit-
ting, via at least one of the transceivers 910 and 912, a
message indicating that driver assistance operations should
be adjusted accordingly or not transmitting the message 11 no
adjustment 1s required. For example, enabling driver assis-
tance operations of the vehicle may include at least one of:
sounding a warning; automatically engaging one or more
advanced driver-assistance systems (ADAS) comprising at
least one of adaptive cruise control, lane departure warning,
forward collision warning, traflic signal recognition; and
automatically engaging autonomous driving.

[0103] The medium 920 and/or memory 904 may include
a change module 928 that that when implemented by the one
or more processors 902 configures the one or more proces-
sors 902 to detect a change in position or a change 1n state
of the UE, e.g., based on input from sensors 913. For
example, the one or more processors 902 may be configured
to determine an orientation of the UFE within the vehicle, and
may restrict the at least one functionality of the UE 1f the UE
1s determined to be located in the personal zone i the

T 1

vehicle turther based on the orientation of UE.

[0104] The medium 920 and/or memory 904 may include
a trigger module 930 that when implemented by the one or
more processors 902 configures the one or more processors
902 to trigger, for a predetermined period of time 1n response
to detecting the change 1n position or the change 1n state of
the UE, a determination of the relative position of the UE
with respect to the multiple wireless transceivers 1n the
wireless network, which may be coupled to the vehicle, and
a determination i1 the UE 1s located in the personal zone 1n
the vehicle.

[0105] The methodologies described herein may be imple-
mented by various means depending upon the application.
For example, these methodologies may be implemented 1n




US 2023/0099551 Al

hardware, firmware, software, or any combination thereof.
For a hardware implementation, the one or more processors
902 may be implemented within one or more application
specific integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs), pro-
grammable logic devices (PLDs), field programmable gate
arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, electronic devices, other electronic units
designed to perform the functions described herein, or a
combination thereof.

[0106] For a firmware and/or software implementation,
the methodologies may be implemented with modules (e.g.,
procedures, functions, and so on) that perform the functions
described herein. Any machine readable medium tangibly
embodying instructions may be used i implementing the
methodologies described heremn. For example, software
codes may be stored in a non-transitory computer readable
medium 920 or memory 904 that i1s connected to and
executed by the one or more processors 902. Memory may
be 1mplemented within the one or more processors or
external to the one or more processors. As used herein the
term “memory’” refers to any type of long term, short term,
volatile, nonvolatile, or other memory and 1s not to be
limited to any particular type of memory or number of
memories, or type of media upon which memory 1s stored.

[0107] If implemented in firmware and/or software, the
functions may be stored as one or more instructions or
program code 908 on a non-transitory computer readable
medium, such as medium 920 and/or memory 904.
Examples include computer readable media encoded with a
data structure and computer readable media encoded with a
computer program code 908. For example, the non-transi-
tory computer readable medium including program code 908
stored thereon may include program code 908 to support
relative position determination of the UE within a vehicle in
a manner consistent with disclosed embodiments. Non-
transitory computer readable medium 920 includes physical
computer storage media. A storage medium may be any
available medium that can be accessed by a computer. By
way ol example, and not limitation, such non-transitory
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 store desired program code 908
in the form of instructions or data structures and that can be
accessed by a computer; disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and Blu-ray disc where
disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the
above should also be included within the scope of computer
readable media.

[0108] In addition to storage on computer readable
medium 920, mstructions and/or data may be provided as
signals on transmission media included 1n a communication
apparatus. For example, a communication apparatus may
include a wireless transcerver 910 having signals indicative
of instructions and data. The instructions and data are
coniigured to cause one or more processors to implement the
functions outlined 1n the claims. That 1s, the communication
apparatus includes transmission media with signals 1ndica-
tive of information to perform disclosed functions.

[0109] Memory 904 may represent any data storage
mechanism. Memory 904 may include, for example, a
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primary memory and/or a secondary memory. Primary
memory may 1nclude, for example, a random access
memory, read only memory, etc. While 1llustrated 1n this
example as being separate from one or more processors 902,
it should be understood that all or part of a primary memory
may be provided within or otherwise co-located/coupled
with the one or more processors 902. Secondary memory
may 1include, for example, the same or similar type of
memory as primary memory and/or one or more data storage
devices or systems, such as, for example, a disk drive, an
optical disc drive, a tape drive, a solid state memory drive,
etc.

[0110] In certain implementations, secondary memory
may be operatively receptive of, or otherwise configurable to
couple to a non-transitory computer readable medium 920.
As such, 1n certain example implementations, the methods
and/or apparatuses presented herein may take the form 1n
whole or part of a computer readable medium 920 that may
include computer implementable program code 908 stored
thereon, which if executed by one or more processors 902
may be operatively enabled to perform all or portions of the
example operations as described herein. Computer readable
medium 920 may be a part of memory 904.

[0111] FIG. 10 shows a schematic block diagram illustrat-
ing certain exemplary features of server 214 coupled to at
least one wireless transceiver 212 (FIG. 10 illustrates a
number of transceivers with wireless transceivers 212a,
212b, . . . 212n), e.g., which may be the server and wireless
transceivers illustrated in FIGS. 2-8 that are configured to
support relative position determination of a UE within a
vehicle, and 1n particular whether the UE 1s within a
particular area 1n the vehicle, such as a personal zone or
proximate to the steering wheel, as discussed herein. The
server 214 may, for example, include one or more processors
1002, memory 1004, an external interface 1010 (e.g., wire-
line or wireless network interface to transceivers 1060 and
wireless transceivers 212 and/or other entities 1n a wireless
network, as well as a vehicle interface through which
commands are provided to the vehicle for automated driving
and sensory input may be provided from the vehicle), which
may be operatively coupled with one or more connections
1006 (e.g., buses, lines, fibers, links, etc.) to non-transitory
computer readable medium 1020 and memory 1004. In
certain example implementations, all or part of server 214
may take the form of a chipset, and/or the like. The one or
more processors 1002 in the server 214 may be implemented
using a combination of hardware, firmware, and software.
For example, the one or more processors 1002 may be
configured to perform the functions discussed herein by
implementing one or more instructions or program code
1008 on a non-transitory computer readable medium, such
as medium 1020 and/or memory 1004. In some embodi-
ments, the one or more processors 1002 may represent one
or more circuits configurable to perform at least a portion of
a data signal computing procedure or process related to the
operation of server 214.

[0112] As illustrated 1in FIG. 10, the server 214 1s coupled
to one or more wireless transceivers, €.g., transceivers 212a,
212b, . . ., 212n, with respective antennas 213a, 2135, . . .
, 213n, (collectively referred to as wireless transceivers 212
and antennas 213). The wireless transceivers 212 may be,
c.g., WWAN ftransceivers or WLAN transceivers. The wire-
less transceivers 212 may each include a transmitter and/or
receiver coupled to one or more wireless transceivers 212
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for transmitting (e.g., on one or more downlink channels) to
a UE and/or receiving (e.g., on one or more uplink channels)
wireless signals from a UE and transducing signals from the
wireless signals to wired (e.g., electrical and/or optical)
signals and from wired (e.g., electrical and/or optical) sig-
nals to the wireless signals. The wireless transceivers 212
may be configured to communicate signals (e.g., with UEs
in the vehicle, and optionally with base stations and/or one
or more other devices) according to a variety of radio access
technologies (RATs) such as 5G New Radio (NR), GSM
(Global System for Mobiles), UMTS (Universal Mobile
Telecommunications System), AMPS (Advanced Mobile
Phone System), CDMA (Code Division Multiple Access),
WCDMA (Wideband CDMA), LTE (Long-Term Evolu-
tion), LTE Direct (LTE-D), 3GPP LTE-V2X (PC5), etc. New
Radio (NR) may use mm-wave Irequencies and/or sub-6
GHz frequencies. The wireless transceivers 212 may addi-
tionally or alternatively be configured to communicate sig-
nals (e.g., with UEs 1n the vehicle and optionally with access
points and/or one or more other devices) according to a
variety of radio access technologies (RATs) such as 3GPP
LTE-V2X (PC5), IEEE 802.11 (including IEEE 802.11p),
WiF1, WiF1 Direct (WiF1-D), Bluetooth®, Zigbee etc. The
wireless transceivers 212 may be configured to transmit and
receive wideband signals, e.g., via antennas 213. The wire-
less wireless transceivers 212 may be communicatively
coupled to a transceiver interface, e.g., by optical and/or
clectrical connection, which may be at least partially inte-
grated with the wireless wireless transceivers 212.

[0113] The antennas 212 may be internal or external to
wireless transceivers 212 and are arranged 1n various posi-
tions 1n the vehicle. Antennas 212 may be used to transmit
and/or recetve signals processed by wireless wireless trans-
ceivers 212. In some embodiments, measurements of signals
received (transmitted) by wireless transceivers 212 may be
performed at the point of connection of the antennas 213 and
wireless wireless transceivers 212. For example, the mea-
surement point of reference for recerved (transmitted) RF
signal measurements may be an mput (output) terminal of
the receiver (transmitter) and an output (input) terminal of
the antennas 213. It should be understood that each illus-
trated antenna 212 may include a subset of multiple antennas
or an antenna array, e.g., as illustrated in FIG. 3, and the
antenna connector may be viewed as a virtual point repre-
senting the aggregate output (input) of multiple antennas.
With multiple antennas or an antenna array, angular mea-
surements of received beams may be performed, e.g., as
discussed 1n FIG. 3, or directed beams may be transmitted,
¢.g., as discussed 1n FIG. 4. In some embodiments, wireless
transceivers 212 may measure received signals including
signal strength and TOA measurements and the raw mea-
surements may be processed by the one or more processors

1002 1n the server 214.

[0114] The medium 1020 and/or memory 1004 may store
instructions or program code 1008 that contain executable
code or software instructions that when executed by the one
or more processors 1002 cause the one or more processors
1002 to operate as a special purpose computer programmed
to perform the techmques disclosed herein. As 1llustrated in
server 214, the medium 1020 and/or memory 1004 may
include one or more components or modules that may be
implemented by the one or more processors 1002 to perform
the methodologies described herein. While the components
or modules are illustrated as software in medium 1020 that
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1s executable by the one or more processors 1002, 1t should
be understood that the components or modules may be

stored 1n memory 1004 or may be dedicated hardware either
in the one or more processors 1002 or ofl the processors.

[0115] A number of software modules and data tables may
reside 1 the medium 1020 and/or memory 1004 and be
utilized by the one or more processors 1002 1n order to
manage both communications and the functionality
described herein. It should be appreciated that the organi-
zation of the contents of the medium 1020 and/or memory
1004 as shown 1n server 214 1s merely exemplary, and as
such the functionality of the modules and/or data structures
may be combined, separated, and/or be structured 1n differ-

ent ways depending upon the implementation of the server
214.

[0116] The medium 1020 and/or memory 1004 may
include a relative position module 1022 that when 1imple-
mented by the one or more processors 1002 configures the
one or more processors 1002 to determine a relative position
of the UE 222 with respect to multiple wireless transceivers
212 1n the vehicle based at least on angle of arrival (AOA)
of wideband signals recerved via the wireless transceivers
212. The one or more processors 1002 may be configured to
determine 11 the UE 222 1s located 1nside the personal zone
in the vehicle based on the relative position of the UE with
respect to the multiple wireless transceivers. Additionally or
alternatively, the one or more processors 1002 may be
configured to determine a relative position of the UE 222
with respect to one or more wireless transceivers in the
vehicle based on RTT ranging using the wideband signals.
For example, the one or more processors 1002 may be
configured to determine a relative position of the UE womn
by the dniver of the vehicle with respect to one or more
wireless transceivers in the wireless network, which may be
coupled to the vehicle, based at least on RTT and AOA of
wideband signals, and to determines if the UE 1s located
within a threshold distance to the steering wheel based on
the relative position of the UE with respect to the one or
more wireless transcervers and the known position of the
one or more wireless transceivers relative to the steering
wheel.

[0117] The medium 1020 and/or memory 1004 may
include a personal zone module 1024 that when 1mple-
mented by the one or more processors 1002 configures the
one or more processors 1002 to determine the personal zone
in the vehicle based on the relative position of the UE with
respect to the multiple wireless transceivers and/or the
determine a threshold distance to the steering wheel based
on known positions of the one or more wireless transceivers
relative to the steering wheel. For example, the one or more
processors 902 may be configured to configure the personal
zone and/or steering wheel position threshold based on
vehicle information, such as vehicle type or make and
model. The one or more processors 902 may be configured
to receive driver seat position data via the external interface
1010 and dynamically adjust the personal zone accordingly.
The one or more processors 902 may be configured to
provide position information and/or steering wheel position
information and the relative positions of the wireless trans-
ceivers 212 to a UE 222, via the external interface 1010, e.g.,
using one or more of the wireless transceivers 212, e.g., in
assistance data, which may be transmitted with the wide-
band signals.
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[0118] The medium 1020 and/or memory 1004 may
include an operation module 1026 that when implemented
by the one or more processors 1002 configures the one or
more processors 1002 to determine whether to permait at
least one functionality of the UE based on whether the UE
1s determined to be located 1n the personal zone of the driver
of the vehicle. For example, the one or more processors 1002
may be configured to restrict at least one functionality of the
UE 1f the UE 1s determined to be located 1n the personal zone
in the vehicle or permit the operation of the UE if the UE 1s
determined to be not located 1n the personal zone in the
vehicle. The one or more processors 1002, for example, may
be configured to send, via the external interface 1010 and at
least one of the wireless transceivers 212, a message indi-
cating that operation of the UE should be restricted or to not
send the message 11 no adjustment 1s required. The at least
one functionality of the UE, for example, may be restricted
by locking the UE; placing the UE 1n sleep mode; turning ofl
a display of the UE; disabling touchscreen controls of the
UE; pausing an application on the UE; turming off the
application on the UE; converting an active call to a speaker
mode, etc. The one or more processors 1002 to may be
configured to determine whether to restrict autonomous
operation of the vehicle 1f the UE 1s determined to be outside
the threshold distance to the steering wheel. For example,
the one or more processors 902 may be configured to enable
or restrict or permit driver assistance operations of the
vehicle based on the relative position of the UE with respect
to a personal zone or a threshold distance to the steering
wheel. For example, enabling driver assistance operations of
the vehicle may include at least one of: sounding a warning;
automatically engaging one or more advanced driver-assis-
tance systems (ADAS) comprising at least one of adaptive
cruise control, lane departure warning, forward collision
warning, traflic signal recognition; and automatically engag-
ing autonomous driving.

[0119] The methodologies described herein may be imple-
mented by various means depending upon the application.
For example, these methodologies may be implemented 1n
hardware, firmware, software, or any combination thereof.
For a hardware implementation, the one or more processors
1002 may be implemented within one or more application
specific integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs), pro-
grammable logic devices (PLDs), field programmable gate
arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, electronic devices, other electronic units

designed to perform the functions described herein, or a
combination thereof.

[0120] The methodologies described herein may be imple-
mented by various means depending upon the application.
For example, these methodologies may be implemented 1n
hardware, firmware, software, or any combination thereof.
For a hardware implementation, the one or more processors
1002 may be implemented within one or more application
specific integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs), pro-
grammable logic devices (PLDs), field programmable gate
arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, electronic devices, other electronic units
designed to perform the functions described herein, or a
combination thereof.

[0121] For a firmware and/or software implementation,
the methodologies may be implemented with modules (e.g.,

Mar. 30, 2023

procedures, functions, and so on) that perform the functions
described herein. Any machine readable medium tangibly
embodying instructions may be used in implementing the
methodologies described heremn. For example, software
codes may be stored in a non-transitory computer readable
medium 1020 or memory 1004 that 1s connected to and
executed by the one or more processors 1002. Memory may
be implemented within the one or more processors or
external to the one or more processors. As used herein the
term “memory’” refers to any type of long term, short term,
volatile, nonvolatile, or other memory and 1s not to be
limited to any particular type of memory or number of
memories, or type ol media upon which memory is stored.

[0122] If implemented in firmware and/or software, the
functions may be stored as one or more instructions or
program code 1008 on a non-transitory computer readable
medium, such as medium 1020 and/or memory 1004,
Examples include computer readable media encoded with a
data structure and computer readable media encoded with a
computer program code 1008. For example, the non-transi-
tory computer readable medium including program code
1008 stored thereon may include program code 1008 to
support relative position determination of the UE within a
vehicle 1n a manner consistent with disclosed embodiments.
Non-transitory computer readable medium 1020 includes
physical computer storage media. A storage medium may be
any available medium that can be accessed by a computer.
By way of example, and not limitation, such non-transitory
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 store desired program code 1008
in the form of instructions or data structures and that can be
accessed by a computer; disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and Blu-ray disc where
disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the
above should also be included within the scope of computer
readable media.

[0123] In addition to storage on computer readable
medium 1020, mstructions and/or data may be provided as
signals on transmission media included 1n a communication
apparatus. For example, a communication apparatus may
include an external interface 1010 having signals indicative
of instructions and data. The instructions and data are
configured to cause one or more processors to implement the
functions outlined 1n the claims. That 1s, the communication
apparatus includes transmission media with signals 1ndica-
tive of information to perform disclosed functions.

[0124] Memory 1004 may represent any data storage
mechanism. Memory 1004 may include, for example, a
primary memory and/or a secondary memory. Primary
memory may include, for example, a random access
memory, read only memory, etc. While 1llustrated 1n this
example as being separate from one or more processors
1002, it should be understood that all or part of a primary
memory may be provided within or otherwise co-located/
coupled with the one or more processors 1002. Secondary
memory may include, for example, the same or similar type
of memory as primary memory and/or one or more data
storage devices or systems, such as, for example, a disk
drive, an optical disc drive, a tape drive, a solid state
memory drive, etc.
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[0125] In certain implementations, secondary memory
may be operatively receptive of, or otherwise configurable to
couple to a non-transitory computer readable medium 1020.
As such, 1n certain example implementations, the methods
and/or apparatuses presented herein may take the form in
whole or part of a computer readable medium 1020 that may
include computer implementable program code 1008 stored
thereon, which 1f executed by one or more processors 1002
may be operatively enabled to perform all or portions of the
example operations as described herein. Computer readable
medium 1020 may be a part of memory 1004.

[0126] FIG. 11 1s a flow chart 1100 1llustrating a process
of relative positioning a UE within the vehicle performed by
a positioning enfity 1n a wireless network 1n a vehicle. The

positioning entity, for example, may be the server 214
illustrated 1n FIGS. 2, 8, and 10, or the UFE 222 1illustrated in
FIGS. 2, 4-9.

[0127] At block 1102, the positioning entity determines a
relative position of the UE with respect to at least one
wireless transcerver 1n the wireless network based at least on
angular measurements of signals having a bandwidth of at
least 500 MHz, the at least one wireless transcerver having
a known position relative to a personal zone that 1s defined
in the vehicle, e.g., as illustrated 1n FIGS. 2-7, and discussed
in stages 6A, 6B, 7TA, 7B, 8A, and 8B of FIG. 8. In some
implementations, the wireless transceivers may be coupled
to the vehicle. The angular measurements, for example, may
include at least one of angle of arrival (AOA) measurements,
angle of departure (AOD) measurements, or a combination
thereol. A means for determining a relative position of the
UE with respect to at least one wireless transceiver in the
wireless network based at least on angle of arrival (AOA) of
signals having a bandwidth of at least 500 MHz, the at least
one wireless transcerver having a known position relative to
a personal zone that 1s defined 1n the vehicle may be, e.g., the
wireless transceiver 910 and one or more processors 902
with dedicated hardware or implementing executable code
or soltware 1nstructions 908 in computer readable medium
920 and/or memory 904 such as the relative position module
922 1n the UE 222 shown 1n FIG. 9 or the external interface
1010 and one or more processors 1002 with dedicated
hardware or implementing executable code or software
instructions 1008 1n computer readable medium 1020 and/or

memory 1004 such as the relative position module 1022 in
the server 214 shown i FIG. 10.

[0128] In some implementations, instead of performing
block 1102, the positioning entity may determine a relative
position of the UE with respect to at least one wireless
transceiver in the wireless network based at least on angular
measurements of signals, wherein each of the wireless
transceivers comprises multiple receive antennas for per-
forming the angular measurements of the signals and the at
least one wireless transceiver having a known position
relative to a personal zone that 1s defined 1n the vehicle, e.g.,
as 1llustrated 1n FIGS. 2-7, and discussed 1n stages 6 A, 6B,
7A, 7B, 8A, and 8B of FIG. 8. The angular measurements,
for example, may include at least one of angle of arrival
(AOA) measurements, angle of departure (AOD) measure-
ments, or a combination thereof. A means for determining a
relative position of the UE with respect to at least one
wireless transcerver 1n the wireless network based at least on
angle ol arrival (AOA) of signals, wherein each of the
wireless transceivers comprises multiple receive antennas
for performing the angular measurements of the signals and
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the at least one wireless transceiver having a known position
relative to a personal zone that 1s defined 1n the vehicle may
be, e.g., the wireless transcerver 910 and one or more
processors 902 with dedicated hardware or implementing
executable code or software instructions 908 1n computer
readable medium 920 and/or memory 904 such as the
relative position module 922 in the UE 222 shown 1n FIG.
9 or the external interface 1010 and one or more processors
1002 with dedicated hardware or implementing executable
code or software instructions 1008 in computer readable
medium 1020 and/or memory 1004 such as the relative
position module 1022 in the server 214 shown in FIG. 10.

[0129] At block 1104, the positioning entity may deter-
mine 1 the UE 1s located 1nside the personal zone of a driver
ol the vehicle based on the relative position of the UE with
respect to the at least one wireless transceiver, e.g., as
illustrated 1n FIGS. 2 and 6 and discussed 1n stages 8 A and
8B of FIG. 8. A means for determining 11 the UE 1s located
inside the personal zone of a driver of the vehicle based on
the relative position of the UE with respect to the at least one
wireless transceiver may be, e.g., the wireless transceiver
910 and one or more processors 902 with dedicated hard-
ware or implementing executable code or software nstruc-
tions 908 1n computer readable medium 920 and/or memory
904 such as the relative position module 922 and the
personal zone module 924 1n the UE 222 shown in FIG. 9
or the external interface 1010 and one or more processors
1002 with dedicated hardware or implementing executable
code or software instructions 1008 in computer readable
medium 1020 and/or memory 1004 such as the relative
position module 1022 and the personal zone module 1024 1n

the server 214 shown 1n FIG. 10.

[0130] At block 1106, the positioning entity may deter-
mine whether to permait at least one functionality of the UE
based on whether the UE 1s determined to be located 1n the
personal zone of the driver of the vehicle, e.g., as discussed
in FIG. 6 and stages 9A and 10 of FIG. 8. A means for
determine whether to permit at least one functionality of the
UE based on whether the UE 1s determined to be located in
the personal zone of the driver of the vehicle may be, e.g.,
the wireless transceiver 910 and one or more processors 902
with dedicated hardware or implementing executable code
or soltware mstructions 908 in computer readable medium
920 and/or memory 904 such as the operation module 926
in the UE 222 shown 1n FIG. 9 or the external interface 1010
and one or more processors 1002 with dedicated hardware or
implementing executable code or software 1nstructions 1008
in computer readable medium 1020 and/or memory 1004

such as the operation module 1026 1n the server 214 shown
in FIG. 10.

[0131] In one implementation, the positioning entity may
restrict at least one functionality of the UE if the UE 1s
determined to be located in the personal zone of the dniver
of the vehicle, e.g., as discussed 1n FIG. 6 and stages 9A and
10 of FIG. 8. A means for restricting at least one function-
ality of the UE 11 the UE 1s determined to be located 1n the
personal zone of the driver of the vehicle may be, e.g., the
wireless transceiver 910 and one or more processors 902
with dedicated hardware or implementing executable code
or soltware mnstructions 908 in computer readable medium
920 and/or memory 904 such as the operation module 926
in the UE 222 shown 1n FIG. 9 or the external interface 1010
and one or more processors 1002 with dedicated hardware or
implementing executable code or software instructions 1008
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in computer readable medium 1020 and/or memory 1004
such as the operation module 1026 1n the server 214 shown

in FIG. 10.

[0132] In one implementation, the positioning entity may
permit operation of the UE 1f the UE 1s determined to be not
located 1n the personal zone of the driver of the vehicle, e.g.,
as discussed 1n FIG. 6 and stages 9A and 10 of FIG. 8. A
means for permitting operation of the UE 1f the UE 1s
determined to be not located in the personal zone of the
driver of the vehicle may be, e.g., the one or more processors
902 with dedicated hardware or implementing executable
code or software instructions 908 in computer readable
medium 920 and/or memory 904 such as the operation
module 926 in the UE 222 shown 1n FIG. 9 or the external
interface 1010 and one or more processors 1002 with
dedicated hardware or implementing executable code or
software nstructions 1008 1n computer readable medium

1020 and/or memory 1004 such as the operation module
1026 1n the server 214 shown in FIG. 10.

[0133] In one implementation, the wireless transceivers
may 1nclude multiple receive antennas for performing the
angular measurements of the signals, e.g., discussed 1n
stages 4A and 4B of FIG. 8. In one implementation, each of
the wireless transceivers may include a single receive
antenna and the UE comprises multiple receive antennas for
performing the angular measurements of the signals, e.g.,

discussed 1n stages 4A and 4B of FIG. 8.

[0134] In one implementation, the positioning entity may
be a server 1n the wireless network 1n the vehicle, and the
server may restrict the at least one functionality of the UE by
sending a message to the UE to restrict the operation of the
UE and may permit the operation of the UE by not sending,
the message to the UE to restrict the at least one function-
ality, e.g., as discussed 1n FIG. 6 and stage 9A of FIG. 8. In
one example, the message sent to the UE to restrict the at
least one functionality of the UE 1s sent via one or more of
the wireless transceivers, e.g., as discussed at stage 9A of
FIG. 8. In one example, the message sent to the UE to
restrict the at least one functionality of the UE 1s sent via a
wired connection between the UE and the server, e.g., as
discussed at stage 9A of FIG. 8. A means for sending a
message to the UE to restrict the at least one functionality of
the UE and a means for not sending the message to the UE
to restrict the operation may be the external iterface 1010
and one or more processors 1002 with dedicated hardware or
implementing executable code or software instructions 1008
in computer readable medium 1020 and/or memory 1004

such as the operation module 1026 1n the server 214 shown
in FIG. 10.

[0135] In one implementation, the positioning entity may
be the UE, and assistance data 1s provided to the UE by a
server 1n the wireless network in the vehicle, the assistance
data comprising information related to the known positions
of the at least one wireless transceiver relative to the
personal zone, e.g., as discussed at stage 1 of FIG. 8. In one
example, the assistance data may be sent with via one or
more of the wireless transceivers, e.g., as discussed at stage
1 of FIG. 8. In one example, the assistance data may be sent
to the UE via a wired connection between the UE and the
server, €.g., as discussed at stage 9A of FIG. 8.

[0136] In one implementation, the signals are transmitted
by the UE and received by the at least one wireless trans-
ceiver 1n the wireless network, e.g., as illustrated 1n FIG. 2

and stage 4A of FIG. 8.
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[0137] In one implementation, the signals are transmitted
by the at least one wireless transceiver in the wireless

network and recerved by the UE, e.g., as 1llustrated in FIG.
2 and stage 4B of FIG. 8.

[0138] In one implementation, the positioning entity may
determine the relative position of the UE with respect to the
at least one wireless transceiver in the wireless network
further based on round trip time (R1T) ranging between the

UE and the at least one wireless transceiver, e.g., as 1llus-
trated 1n FIGS. 5-7, and stages 6A and 6B of FIG. 8.

[0139] In one implementation, the personal zone may be
defined 1n the vehicle based on calibration for vehicle type,
¢.g., as 1llustrated 1n FIG. 2 and discussed 1n stage 1 of FIG.
8.

[0140] In one implementation, the personal zone may be
dynamically adjusted based on a driver seat position, €.g., as

illustrated 1 FIG. 2 and discussed 1n stage 1 of FIG. 8.

[0141] In one implementation, the positioning entity may
detect a change in position or a change in state of the UFE,
¢.g., as discussed 1n reference to FIG. 6 and at stage 12 of
FIG. 8, and may trigger, for a predetermined period of time
in response to detecting the change in position or the change
in state of the UE, a determination of the relative position of
the UE with respect to the at least one wireless transceiver
in the wireless network and a determination 1f the UE 1s
located 1n the personal zone 1n the vehicle, e.g., as discussed
in reference to FIG. 6 and at stage 12 of FIG. 8. A means for
detecting a change 1n position or a change 1n state of the UE
may be, e.g., the sensors 913 and one or more processors 902
with dedicated hardware or implementing executable code
or soltware mstructions 908 in computer readable medium
920 and/or memory 904 such as the change module 928 1n
the UE 222 shown 1n FIG. 9. A means for triggering, for a
predetermmed period of time 1n response 1o detecting the
change 1n position or the change i1n state of the UE, a
determination of the relative position of the UE with respect
to the at least one wireless transceiver in the wireless
network and a determination 1f the UE 1s located in the
personal zone 1n the vehicle, may be, e.g., the wireless
transceiver 910 and one or more processors 902 with dedi-
cated hardware or implementing executable code or sofit-
ware structions 908 in computer readable medium 920
and/or memory 904 such as the trigger module 930 1n the UE
222 shown m FIG. 9.

[0142] In one implementation, the positioning entity may
determine an orientation of the UE within the vehicle, and
may restrict the at least one functionality of the UE 1f the UE
1s determined to be located 1n the personal zone in the
vehicle further based on the orientation of the UE, e.g., as
discussed at FIG. 6 and stage 8 A and 8B of FIG. 8. A means
for determining an orientation of the UE within the vehicle
may be, €.g., may be, e.g., the sensors 913 and one or more
processors 902 with dedicated hardware or implementing
executable code or software instructions 908 1n computer

readable medium 920 and/or memory 904 such as the
change module 928 in the UE 222 shown in FIG. 9.

[0143] In one implementation, restricting the at least one
functionality of the UE 11 the UE i1s determined to be located
in the personal zone in the vehicle may include at least one
of: locking the UE; placing the UE in sleep mode; turning ol
a display of the UE; disabling touchscreen controls of the
UE; pausing an apphca‘[lon on the UE; turning off the
application on the UE; converting an active call to a speaker
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mode, or any combination thereof, e.g., as discussed 1n FIG.
6 and at stages 9A and 10 of FIG. 8.

[0144] In one implementation, the positioning entity
enable driver assistance operations of the vehicle if the UE
1s determined to be located in the personal zone in the
vehicle, e.g., as discussed 1n FIG. 6 and stages 9B and 11 of
FIG. 8. A means for enabling driver assistance operations of
the vehicle 1t the UE 1s determined to be located in the
personal zone in the vehicle may be, e.g., the wireless
transceiver 910 and the one or more processors 902 with
dedicated hardware or implementing executable code or
soltware istructions 908 1n computer readable medium 920
and/or memory 904 such as the operation module 926 in the
UE 222 shown in FIG. 9 or the external interface 1010 and
one or more processors 1002 with dedicated hardware or
implementing executable code or software instructions 1008
in computer readable medium 1020 and/or memory 1004
such as the operation module 1026 1n the server 214 shown
in FIG. 10. For example, enabling driver assistance opera-
tions of the vehicle comprises at least one of: sounding a
warning; automatically engaging one or more advanced
driver-assistance systems (ADAS) comprising at least one of
adaptive cruise control, lane departure warning, forward
collision warning, tratlic signal recognition; automatically

engaging autonomous driving, or any combination thereof,
¢.g., as discussed 1n FIG. 6 and at stages 9B and 11 of FIG.

8

[0145] FIG. 12 15 a flow chart 1200 1illustrating a process
of relative positioming a UE worn by a driver of a vehicle
performed by a positioning entity in a wireless network in
the vehicle. The positioning entity, for example, may be the

server 214 1llustrated in FIGS. 2, 8, and 10, or the UE 222
illustrated 1n FIGS. 2, 4-9.

[0146] At block 1202, the positioning entity determines a
relative position of the UE worn by the driver of the vehicle
with respect to one or more wireless transceivers in the
wireless network based at least on round trip time (RTT)
ranging or angular measurements of signals having a band-
width of at least 500 MHz, the one or more wireless
transceivers having a known position relative to a steering
wheel 1n the vehicle, e.g., as illustrated 1n FIGS. 2-7, and
discussed 1n stages 6 A, 6B, 7A, 7B, 8A, and 8B of FIG. 8.
In some implementations, the one or more wireless trans-
ceivers may be coupled to the vehicle. The angular mea-
surements, for example, may include at least one of angle of
arrival (AOA) measurements, angle of departure (AOD)
measurements, or a combination thereof. A means for deter-
mimng a relative position of the UE worn by the driver of
the vehicle with respect to one or more wireless transceivers
in the wireless network based at least on round trip time
(R1T) ranging or angle of arrival (AOA) of signals having
a bandwidth of at least 500 MHz, the one or more wireless
transceivers having a known position relative to a steering
wheel 1n the vehicle may be, e.g., the wireless transceiver
910 and one or more processors 902 with dedicated hard-
ware or implementing executable code or software nstruc-
tions 908 1n computer readable medium 920 and/or memory
904 such as the relative position module 922 1n the UE 222
shown 1n FIG. 9 or the external interface 1010 and one or
more processors 1002 with dedicated hardware or imple-
menting executable code or software instructions 1008 in
computer readable medium 1020 and/or memory 1004 such
as the relative position module 1022 in the server 214 shown

in FIG. 10.
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[0147] In one implementation, instead of performing
block 1202, the positioning entity may determine a relative
position of the UE worn by the driver of the vehicle with
respect to one or more wireless transceivers 1n the wireless
network based at least on round trip time (R1T) ranging or
angular measurements of signals, wherein each of the one or
more wireless transceivers comprises multiple receive
antennas for performing the angular measurements of the
signals and the one or more wireless transceivers having a
known position relative to a steering wheel 1n the vehicle,
¢.g., as illustrated 1n FIGS. 2-7, and discussed in stages 6 A,
6B, 7A, 7B, 8A, and 8B of FIG. 8. The angular measure-
ments, for example, may include at least one of angle of
arrival (AOA) measurements, angle of departure (AOD)
measurements, or a combination thereof. A means for deter-
mining a relative position of the UE worn by the drniver of
the vehicle with respect to one or more wireless transceivers
in the wireless network based at least on round trip time
(RTT) ranging or angle of arrival (AOA) of signals, wherein
cach of the one or more wireless transceivers comprises
multiple receive antennas for performing the angular mea-
surements of the signals and the one or more wireless
transceivers having a known position relative to a steering
wheel 1n the vehicle may be, e.g., the wireless transceiver
910 and one or more processors 902 with dedicated hard-
ware or implementing executable code or software mnstruc-
tions 908 1n computer readable medium 920 and/or memory
904 such as the relative position module 922 1n the UE 222
shown in FIG. 9 or the external interface 1010 and one or
more processors 1002 with dedicated hardware or imple-
menting executable code or software instructions 1008 in
computer readable medium 1020 and/or memory 1004 such

as the relative position module 1022 1n the server 214 shown
in FIG. 10.

[0148] At block 1204, the positioning entity determines 11
the UE wom by the dniver i1s located within a threshold
distance to the steering wheel based on the relative position
of the UE with respect to the one or more wireless trans-
ceivers and the known position of the one or more wireless
transceivers relative to the steering wheel, e.g., as illustrated
in FIG. 7 and discussed 1n stages 8A and 8B of FIG. 8. In
some 1mplementations, 1f the UE 1s outside the threshold
distance, a determination may be made if the UE 1s outside
the threshold distance for more than a threshold amount of
time. A means for determining 1f the UE worn by the driver
1s located within a threshold distance to the steering wheel
based on the relative position of the UE with respect to the
one or more wireless transcervers and the known position of
the one or more wireless transceivers relative to the steering,
wheel may be, e.g., the wireless transceiver 910 and one or
more processors 902 with dedicated hardware or implement-
ing executable code or software instructions 908 1n com-
puter readable medium 920 and/or memory 904 such as the
relative position module 922 and the personal zone module
924 1n the UE 222 shown in FIG. 9 or the external interface
1010 and one or more processors 1002 with dedicated
hardware or implementing executable code or software
instructions 1008 1n computer readable medium 1020 and/or
memory 1004 such as the relative position module 1022 and

the personal zone module 1024 1n the server 214 shown in
FIG. 10.

[0149] At block 1206, the positioning entity may deter-
mine whether to restrict autonomous operation of the vehicle
if the UE 1s determined to be outside the threshold distance
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to the steering wheel, e.g., as discussed 1n FIG. 7 and stages
9B and 11 of FIG. 8. For example, 1n some implementations,
additional conditions may be checked to determine if the
driver 1s focused on driving, before altering operation of the
vehicle. A means for determining whether to restrict autono-
mous operation of the vehicle 1f the UE 1s determined to be
outside the threshold distance to the steering wheel may be,
¢.g., the wireless transceiver 910 and one or more processors
902 with dedicated hardware or implementing executable
code or software instructions 908 i1n computer readable
medium 920 and/or memory 904 such as the operation
module 926 1n the UE 222 shown 1n FIG. 9 or the external
interface 1010 and one or more processors 1002 with
dedicated hardware or implementing executable code or
soltware instructions 1008 1n computer readable medium
1020 and/or memory 1004 such as the operation module

1026 1n the server 214 shown in FIG. 10.

[0150] In one implementation, the positioning entity may
restrict autonomous operation of the vehicle if the UE 1s
determined to be outside the threshold distance to the
steering wheel, e.g., as discussed 1 FIG. 7 and stages 9B and
11 of FIG. 8. A means for restricting autonomous operation
of the vehicle 11 the UE 1s determined to be outside the
threshold distance to the steering wheel may be, e.g., the
wireless transceiver 910 and one or more processors 902
with dedicated hardware or implementing executable code
or soitware instructions 908 in computer readable medium
920 and/or memory 904 such as the operation module 926
in the UE 222 shown in FIG. 9 or the external interface 1010
and one or more processors 1002 with dedicated hardware or
implementing executable code or software instructions 1008
in computer readable medium 1020 and/or memory 1004

such as the operation module 1026 1n the server 214 shown
in FIG. 10.

[0151] In one implementation, the positioning entity may
permit autonomous operation of the vehicle 1f the UE 1s
determined to be within the threshold distance to the steering
wheel vehicle, e.g., as discussed 1n FIG. 7 and stages 9B and
11 of FIG. 8. A means for permitting autonomous operation
of the vehicle 1f the UE 1s determined to be within the
threshold distance to the steering wheel may be, e.g., the one
or more processors 902 with dedicated hardware or imple-
menting executable code or software instructions 908 in
computer readable medium 920 and/or memory 904 such as
the operation module 926 1n the UE 222 shown 1n FIG. 9 or
the external interface 1010 and one or more processors 1002
with dedicated hardware or implementing executable code
or soitware istructions 1008 1n computer readable medium
1020 and/or memory 1004 such as the operation module

1026 1n the server 214 shown in FIG. 10.

[0152] In one implementation, the UE 1s worn on a wrist
of the driver and the threshold distance to the steering wheel
provides an indication that a hand of the driver 1s on the
steering wheel, e.g., as discussed in FIG. 7.

[0153] In one implementation, the autonomous operation
of the vehicle may include at least one of one or more
advanced driver-assistance systems (ADAS) that includes
adaptive cruise control, lane departure warning, forward
collision warning, traflic signal recognition, autonomous
driving, or any combination thereof, e.g., as discussed 1n

FIG. 7 and stages 9B and 11 of FIG. 8.
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[0154] In one implementation, the positioning entity may
be a server 1n the wireless network 1n the vehicle, e.g., as

discussed 1n FIG. 7 and stages 6A, 7A, 8A, and 11 of FIG.
8.

[0155] In one implementation, the positioning entity may
be the UE worn by the dniver, and the UE may restrict the
autonomous operation of the vehicle by sending a message
to a server 1n the wireless network in the vehicle to restrict
the autonomous operation of the vehicle and may permit the
autonomous operation of the vehicle by not sending the
message to the vehicle to restrict the autonomous operation,
¢.g., as discussed in FIG. 7 and stage 9B of FIG. 8. In one
example, the message to the server 1s sent by the UE to the
server via one or more of the wireless transceivers, €.g., as
discussed at stage 9B of FIG. 8. In one example, the message
to the server 1s sent via a wired connection between the UE
and the server, e.g., as discussed at stage 9B of FIG. 8. A
means for sending a message to a server in the wireless
network 1n the vehicle to restrict the autonomous operation
of the vehicle and a means for not sending the message to the
vehicle to restrict the autonomous operation may be, e.g., the
one or more processors 902 with dedicated hardware or
implementing executable code or software nstructions 908
in computer readable medium 920 and/or memory 904 such
as the operation module 926 1n the UE 222 shown in FIG.
9

[0156] In one implementation, the signals are transmitted
by the UE and received by the one or more wireless

transceivers in the wireless network, e.g., as illustrated in
FIG. 2 and stage 4A of FIG. 8.

[0157] In one implementation, the signals are transmitted
by the one or more wireless transceivers 1n the wireless
network and receirved by the UE, e.g., as 1llustrated in FIG.

2 and stage 4B of FIG. 8.

[0158] In one implementation, the at least one of the one
or more wireless transceivers 1s mounted on the steering
wheel, e.g., as illustrated 1n FIG. 7.

[0159] Reference throughout this specification to “‘one
example”, “an example”, “certain examples”, or “exemplary
implementation” means that a particular feature, structure,
or characteristic described in connection with the feature
and/or example may be included in at least one feature
and/or example of claimed subject matter. Thus, the appear-
ances of the phrase “in one example”, “an example n
certain examples” or “in certain implementations™ or other
like phrases 1n various places throughout this specification
are not necessarily all referring to the same feature, example,
and/or limitation. Furthermore, the particular features, struc-
tures, or characteristics may be combined 1n one or more

examples and/or features.

[0160] Some portions of the detailed description included
herein are presented in terms of algorithms or symbolic
representations of operations on binary digital signals stored
within a memory of a specific apparatus or special purpose
computing device or platform. In the context of this par-
ticular specification, the term specific apparatus or the like
includes a general purpose computer once 1t 1s programmed
to perform particular operations pursuant to instructions
from program software. Algorithmic descriptions or sym-
bolic representations are examples of techniques used by
those of ordinary skill in the signal processing or related arts
to convey the substance of their work to others skilled 1n the
art. An algorithm 1s here, and generally, 1s considered to be
a selif-consistent sequence of operations or similar signal

22 el
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processing leading to a desired result. In this context,
operations or processing involve physical manipulation of
physical quantities. Typically, although not necessarily, such
quantities may take the form of electrical or magnetic
signals capable of being stored, transferred, combined, com-
pared or otherwise manipulated. It has proven convenient at
times, principally for reasons of common usage, to refer to
such signals as bits, data, values, elements, symbols, char-
acters, terms, numbers, numerals, or the like. It should be
understood, however, that all of these or similar terms are to
be associated with appropriate physical quantities and are
merely convenient labels. Unless specifically stated other-
wise, as apparent from the discussion herein, it 15 appreci-
ated that throughout this specification discussions utilizing
terms such as “processing,” “computing,” “calculating,”
“determining” or the like refer to actions or processes of a
specific apparatus, such as a special purpose computer,
special purpose computing apparatus or a similar special
purpose electronic computing device. In the context of this
specification, therefore, a special purpose computer or a
similar special purpose electronic computing device 1s
capable of manipulating or transforming signals, typically
represented as physical electronic or magnetic quantities
within memories, registers, or other information storage
devices, transmission devices, or display devices of the
special purpose computer or similar special purpose elec-
tronic computing device.

[0161] In the preceding detailed description, numerous
specific details have been set forth to provide a thorough
understanding of claimed subject matter. However, 1t will be
understood by those skilled 1n the art that claimed subject
matter may be practiced without these specific details. In
other instances, methods and apparatuses that would be
known by one of ordinary skill have not been described in
detail so as not to obscure claimed subject matter.

[0162] The terms, “and”, “or”, and “and/or” as used herein
may include a variety of meanings that also are expected to
depend at least 1n part upon the context in which such terms
are used. Typically, “or” 11 used to associate a list, such as
A, B or C, 1s intended to mean A, B, and C, here used 1n the
inclusive sense, as well as A, B or C, here used i1n the
exclusive sense. In addition, the term “one or more” as used
herein may be used to describe any feature, structure, or
characteristic 1n the singular or may be used to describe a
plurality or some other combination of features, structures or
characteristics. Though, 1t should be noted that this 1s merely
an 1illustrative example and claimed subject matter 1s not
limited to this example.

[0163] While there has been illustrated and described what
are presently considered to be example features, it will be
understood by those skilled in the art that various other
modifications may be made, and equivalents may be sub-
stituted, without departing from claimed subject matter.
Additionally, many modifications may be made to adapt a
particular situation to the teachings of claimed subject
matter without departing from the central concept described
herein.

[0164] In wview of this description embodiments may
include different combinations of features. Implementation
examples are described 1n the following numbered clauses:

[0165] Clause 1. A method performed by a positioning
entity 1n a wireless network 1 a vehicle for relative posi-
tiomng a user equipment (UE) within the vehicle, the
method comprising: determining a relative position of the
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UE with respect to at least one wireless transceiver in the
wireless network based at least on angular measurements of
signals having a bandwidth of at least 500 MHz, the at least
one wireless transceiver having a known position relative to
a personal zone that 1s defined 1n the vehicle; determining 1f
the UE 1s located inside the personal zone of a driver of the
vehicle based on the relative position of the UE with respect
to the at least one wireless transceiver; and determiming
whether to permit at least one functionality of the UE based
on whether the UE 1s determined to be located in the
personal zone of the drniver of the vehicle.

[0166] Clause 2. The method of clause 1, further compris-
ing: restricting at least one functionality of the UE 1f the UE
1s determined to be located in the personal zone of the driver
of the vehicle; and permitting operation of the UE if the UE
1s determined to be not located 1n the personal zone of the
driver of the vehicle.

[0167] Clause 3. The method of clause 1, wherein each of
the wireless transceivers comprises multiple receive anten-
nas for performing the angular measurements of the signals.
[0168] Clause 4. The method of any of clauses 1-3,
wherein each of the wireless transceivers comprises a single
receive antenna and the UE comprises multiple receive
antennas for performing the angular measurements of the
signals.

[0169] Clause 5. The method of any of clauses 1-4,
wherein the positioning entity 1s a server in the wireless
network 1n the vehicle, wherein restricting the at least one
functionality of the UE comprises sending a message to the
UE to restrict the at least one functionality of the UE and
wherein permitting the operation of the UE comprises not
sending the message to the UE to restrict the at least one
functionality.

[0170] Clause 6. The method of clause 5, wherein the

message to the UE to restrict the at least one functionality of
the UE 1s sent via one or more of the wireless transceivers.
[0171] Clause 7. The method of clause 5, wherein the
message to the UE to restrict the at least one functionality of
the UE 1s sent via a wired connection between the UE and
the server.

[0172] Clause 8. The method of any of clauses 1-7,
wherein the positioning entity 1s the UE, wherein assistance
data 1s provided to the UE by a server in the wireless
network 1n the vehicle, the assistance data comprising infor-
mation related to the known positions of the at least one
wireless transceiver relative to the personal zone.

[0173] Clause 9. The method of clause 8, wherein the
assistance data 1s sent via one or more of the wireless
transceivers.

[0174] Clause 10. The method of clause 8, wherein the
assistance data 1s sent to the UE via a wired connection
between the UE and the server.

[0175] Clause 11. The method of any of clauses 1-10,
wherein the signals are transmitted by the UE and recerved
by the at least one wireless transceiver in the wireless
network.

[0176] Clause 12. The method of any of clauses 1-11,
wherein the signals are transmitted by the at least one
wireless transceiver in the wireless network and received by
the UE.

[0177] Clause 13. The method of any of clauses 1-12,

wherein the angular measurements comprise at least one of
angle of arrival (AOA) measurements, angle of departure
(AOD) measurements, or a combination thereof.
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[0178] Clause 14. The method of any of clauses 1-13,
wherein determining the relative position of the UE with
respect to the at least one wireless transcerver 1n the wireless
network 1n the vehicle 1s further based on round trip time
(RTT) ranging between the UE and the at least one wireless
transceiver.

[0179] Clause 15. The method of any of clauses 1-14,

wherein the personal zone 1s defined 1n the vehicle based on
calibration for vehicle type.

[0180] Clause 16. The method of any of clauses 1-15,
wherein the personal zone 1s dynamically adjusted based on
a driver seat position.

[0181] Clause 17. The method of any of clauses 1-16,
turther comprising: detecting a change 1n position or a
change 1n state of the UE; and triggering, for a predeter-
mined period of time in response to detecting the change in
position or the change 1n state of the UE, a determination of
the relative position of the UE with respect to the at least one
wireless transceiver 1n the wireless network and a determi-
nation 1f the UE 1s located in the personal zone in the
vehicle.

[0182] Clause 18. The method of any of clauses 1-17,
turther comprising determining an orientation of the UE
within the vehicle, wherein restricting the at least one
tfunctionality of the UE 11 the UE 1s determined to be located
in the personal zone 1n the vehicle 1s further based on the
orientation of the UE.
[0183] Clause 19. The method of any of clauses 1-18,

wherein restricting the at least one functionality of the UE 1f
the UE 1s determined to be located in the personal zone in
the vehicle comprises at least one of: locking the UE;
placing the UE 1n sleep mode; turning off a display of the
UE; disabling touchscreen Controls of the UE; pausing an
application on the UE; turning off the application on the UE;

converting an active call to a speaker mode, or any combi-
nation thereof.

[0184] Clause 20. The method of any of clauses 1-19,
turther comprising: enabling driver assistance operations of
the vehicle if the UE 1s determined to be located in the
personal zone 1n the vehicle.

[0185] Clause 21. The method of clause 20, wherein
enabling driver assistance operations of the vehicle com-
prises at least one of: sounding a warning; automatically
engaging one or more advanced driver-assistance systems
(ADAS) comprising at least one of adaptive cruise control,
lane departure warning, forward collision warming, traflic
signal recognition; and automatically engaging autonomous
driving.

[0186] Clause 22. A positioming entity 1 a wireless net-
work 1n a vehicle configured for relative positioming a user
equipment (UE) within the vehicle, comprising:

[0187] Clause at least one wireless transceiver configured
to communicate with entities in the wireless network; at
least one memory; and at least one processor coupled to the
at least one wireless transceiver and the at least one memory,
wherein the at least one processor 1s configured to: deter-
mine a relative position of the UE with respect to at least one
wireless transceiver 1n the wireless network based at least on
angular measurements ol signals having a bandwidth of at
least 500 MHz, the at least one wireless transcerver having
a known position relative to a personal zone that 1s defined
in the vehicle; determine 1f the UE 1s located inside the
personal zone of a driver of the vehicle based on the relative
position of the UE with respect to the at least one wireless
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transceiver; and determine whether to permit at least one
functionality of the UE based on whether the UE i1s deter-
mined to be located 1n the personal zone of the driver of the
vehicle.

[0188] Clause 23. The positioning entity of clause 22,
wherein the at least one processor 1s further configured to:
restrict at least one functionality of the UE 1f the UE 1s
determined to be located 1n the personal zone of the driver
of the vehicle; and permit at least one tunctionality of the UE
if the UE 1s determined to be not located in the personal zone
of the driver of the vehicle.

[0189] Clause 24. The positioning entity of clause 22,
wherein each of the wireless transceivers comprises multiple
receive antennas for performing the angular measurements
of the signals.

[0190] Clause 25. The positioning entity of any of clauses
22-24, wherein each of the wireless transceivers comprises
a single receitve antenna and the UE comprises multiple
receive antennas for performing the angular measurements
of the signals.

[0191] Clause 26. The positioning entity of any of clauses
22-25, wherein the positioning entity 1s a server in the
wireless network 1n the vehicle, wherein the at least one
processor 1s configured to restrict the at least one function-
ality of the UE by being configured to send a message to the
UE to restrict the at least one functlonahty of the UE and
wherein the at least one processor 1s configured to permit the
operation of the UE by not sending the message to the UE
to restrict the at least one functionality of the UE.
[0192] Clause 27. The posmomng entity of clause 26,

wherein the at least one processor 1s coupled to the ereless
transceivers, and wherein the message to the UE to restrict
the at least one functionality of the UE is sent via one or
more of the wireless transceivers.

[0193] Clause 28. The positioning entity of clause 26,
wherein the message to the UE to restrict the at least one
functionality of the UE 1s sent via a wired connection
between the UE and the server.

[0194] Clause 29. The positioning entity of any of clauses
22-28, wherein the positioning entity 1s the UE, wherein
assistance data 1s provided to the UE by a server in the
wireless network 1n the vehicle, the assistance data com-
prising information related to the known positions of the at
least one wireless transceiver relative to the personal zone.
[0195] Clause 30. The positioning entity of clause 29,
wherein the assistance data is recerved by the UE via one or
more of the wireless transceivers.

[0196] Clause 31. The positioning entity of clause 29,
wherein the assistance data 1s received by the UE via a wired
connection between the UE and the server.

[0197] Clause 32. The positioning entity of any of clauses
22-31, wherein the signals are transmitted by the UE and
received by the at least one wireless transceiver in the
wireless network.

[0198] Clause 33. The positioning entity of any of clauses
22-32, wherein the signals are transmitted by the at least one
wireless transceiver 1n the wireless network and received by
the UE.

[0199] Clause 34. The positioning entity of any of clauses
22-33, wherein the angular measurements comprise at least
one ol angle of arrival (AOA) measurements, angle of
departure (AOD) measurements, or a combination thereof.
[0200] Clause 35. The positioning entity of any of clauses
22-34, wherein the at least one processor 1s configured to
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determine the relative position of the UE with respect to the
at least one wireless transceiver 1in the wireless network
turther based on round trip time (R1T) ranging between the
UE and the at least one wireless transceiver.

[0201] Clause 36. The positioning entity of any of clauses
22-35, wherein the personal zone 1s defined 1n the vehicle
based on calibration for vehicle type.

[0202] Clause 37. The positioning entity of any of clauses
22-35, wherein the personal zone 1s dynamically adjusted
based on a driver seat position.

[0203] Clause 38. The positioning entity of any of clauses
22-36, wherein the at least one processor 1s further config-
ured to: detect a change 1n position or a change 1n state of
the UE; and trigger, for a predetermined period of time in
response to detecting the change 1n position or the change in
state of the UE, a determination of the relative position of the
UE with respect to the at least one wireless transceiver in the
wireless network 1n the vehicle and a determination 11 the
UE 1s located 1n the personal zone in the vehicle.

[0204] Clause 39. The positioning entity of any of clauses
22-377, wherein the at least one processor 1s further config-
ured to determine an orientation of the UE within the
vehicle, wherein the at least one processor 1s configured to
restrict the at least one functionality of the UE 1f the UE 1s
determined to be located 1n the personal zone 1n the vehicle
turther based on the orientation of the UE.

[0205] Clause 40. The positioning entity of any of clauses
22-38, wherein the at least one processor 1s configured to
restrict the at least one functionality of the UE 1if the UE 1s
determined to be located 1n the personal zone 1n the vehicle
by being configured to at least one of: lock the UE; place the
UE 1n sleep mode; turn off a display of the UE; disable
touchscreen controls of the UE; pause an application on the
UE; turn off the application on the UE; convert an active call
to a speaker mode, or any combination thereof.

[0206] Clause 41. The positioning entity of any of clauses
22-39, wherein the at least one processor 1s further config-
ured to: enable driver assistance operations of the vehicle 1
the UE 1s determined to be located in the personal zone in
the vehicle.

[0207] Clause 42. The positioning entity of clause 41,
wherein the at least one processor 1s configured to enable
driver assistance operations of the vehicle by being config-
ured to at least one of: sound a warning; automatically
engage one or more advanced driver-assistance systems
(ADAS) comprising at least one of adaptive cruise control,
lane departure warning, forward collision warning, traflic
signal recognition; and automatically engage autonomous
driving.

[0208] Clause 43. A positioming entity 1n a wireless net-
work 1n a vehicle configured for relative positioning a user
equipment (UE) within the vehicle, comprising: means for
determining a relative position of the UE with respect to at
least one wireless transceiver 1n the wireless network in the
vehicle based at least on angular measurements of signals
having a bandwidth of at least 500 MHz, the at least one
wireless transcerver having a known position relative to a
personal zone that 1s defined 1n the vehicle; means for
determining 11 the UE 1s located inside the personal zone of
a driver of the vehicle based on the relative position of the
UE with respect to the at least one wireless transceiver; and
means for determining whether to permit at least one func-
tionality of the UE based on whether the UE 1s determined
to be located 1n the personal zone of the driver of the vehicle
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[0209] Clause 44. The positioning entity of clause 43,
further comprising: means for restricting at least one func-
tionality of the UE if the UE 1s determined to be located in
the personal zone of the driver of the vehicle; and means for
permitting the operation of the UE 11 the UE 1s determined
to be not located in the personal zone of the driver of the
vehicle.

[0210] Clause 45. The positioning entity of clause 43,
wherein each of the wireless transceivers comprises multiple
receive antennas for performing the angular measurements
of the signals.

[0211] Clause 46. The positioming entity of any of clauses
43-45, wherein each of the wireless transceivers comprises
a single receive antenna and the UE comprises multiple
receive antennas for performing the angular measurements
of the signals.

[0212] Clause 47. The positioning entity of any of clauses
43-46, wherein the positioning entity 1s a server in the
wireless network in the vehicle, wherein the means for
restricting the at least one functionality of the UE comprises
means for sending a message to the UE to restrict the at least
one functionality of the UE and wherein the means for
permitting the operation of the UE comprises means for not
sending the message to the UE to restrict the at least one
functionality.

[0213] Clause 48. The positioning entity of clause 47,
wherein the message to the UE to restrict the at least one
functionality of the UE 1s sent via one or more of the
wireless transceivers.

[0214] Clause 49. The positioning entity of clause 47,
wherein the message to the UE to restrict the at least one
functionality of the UE 1s sent via a wired connection
between the UE and the server.

[0215] Clause 50. The positioning entity of any of clauses
43-49, wherein the positioning entity 1s the UE, wherein
assistance data 1s provided to the UE by a server in the
wireless network in the vehicle, the assistance data com-
prising information related to the known positions of the at
least one wireless transceiver relative to the personal zone.
[0216] Clause 351. The positioning entity of clause 30,
wherein the assistance data 1s sent via one or more of the
wireless transceivers.

[0217] Clause 352. The positioning entity of clause 30,
wherein the assistance data 1s sent to the UE via a wired
connection between the UE and the server.

[0218] Clause 53. The positioning entity of any of clauses
43-52, wherein the signals are transmitted by the UE and
received by the at least one wireless transceirver in the
wireless network 1n the vehicle.

[0219] Clause 54. The positioning entity of any of clauses
43-33, wherein the signals are transmitted by the at least one

wireless transceiver in the wireless network 1n the vehicle
and received by the UE.

[0220] Clause 55. The positioning entity of any of clauses
43-54, wherein the angular measurements comprise at least
one of angle of arrival (AOA) measurements, angle of
departure (AOD) measurements, or a combination thereof.
[0221] Clause 56. The positioning entity of any of clauses
43-355, wherein the means for determining the relative posi-
tion of the UE with respect to the at least one wireless
transceiver 1n the wireless network 1n the vehicle determines
the relative position of the UE further based on round trip
time (RTT) ranging between the UE and the at least one
wireless transceiver.
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[0222] Clause 57. The positioning entity of any of clauses
43-56, wherein the personal zone 1s defined 1n the vehicle
based on calibration for vehicle type.

[0223] Clause 58. The positioning entity of any of clauses
43-577, wherein the personal zone 1s dynamically adjusted
based on a driver seat position.

[0224] Clause 59. The positioning entity of any of clauses
43-38, turther comprising: means for detecting a change 1n
position or a change in state of the UE; and means for
triggering, for a predetermined period of time 1n response to
detecting the change 1n position or the change in state of the
UE, a determination of the relative position of the UE with
respect to the at least one wireless transcerver 1n the wireless
network in the vehicle and a determination if the UE 1s
located 1n the personal zone 1n the vehicle.

[0225] Clause 60. The positioning entity of any of clauses
43-59, further comprising means for determining an orien-
tation of the UE within the vehicle, wherein the means for
restricting the at least one functionality of the UE 11 the UE
1s determined to be located in the personal zone in the
vehicle restricts the at least one functionality further based

[

on the orientation of the UE.
[0226] Clause 61. The positioning entity of any of clauses
43-60, wherein the means for restricting the at least one
tfunctionality of the UE 11 the UE 1s determined to be located
in the personal zone 1n the vehicle performs at least one of:
locking the UE; placing the UE in sleep mode; turning ol a
display of the UE; disabling touchscreen controls of the UE;
pausing an application on the UE; turning off the application
on the UE; converting an active call to a speaker mode, or
any combination thereof.

[0227] Clause 62. The positioning entity of any of clauses
43-61, turther comprising: means for enabling driver assis-
tance operations of the vehicle 1f the UE 1s determined to be
located 1n the personal zone 1n the vehicle.

[0228] Clause 63. The positioning entity of clause 62,
wherein the means for enabling driver assistance operations
of the vehicle performs at least one of: sounding a warning;
automatically engaging one or more advanced driver-assis-
tance systems (ADAS) comprising at least one of adaptive
cruise control, lane departure warning, forward collision
warning, tratlic signal recognition; and automatically engag-
ing autonomous driving.

[0229] Clause 64. A non-transitory storage medium
including program code stored thereon, the program code 1s
operable to configure at least one processor 1n a positioning
entity 1n a wireless network 1 a vehicle for relative posi-
tiomng a user equipment (UE) within the vehicle, the
program code comprising instructions to: determine a rela-
tive position of the UE with respect to at least one wireless
transceiver 1n the wireless network in the vehicle based at
least on angular measurements of signals having a band-
width of at least S00 MHz, the at least one wireless trans-
ceiver having a known position relative to a personal zone
that 1s defined 1n the vehicle; determine 1f the UF 1s located
inside the personal zone of a driver of the vehicle based on
the relative position of the UE with respect to the at least one
wireless transceiver; and determine whether to permit at
least one functionality of the UE based on whether the UE
1s determined to be located 1n the personal zone of the driver
of the vehicle.

[0230] Clause 65. The non-transitory storage medium of
clause 64, wherein the program code further comprises
instructions to: restrict at least one functionality of the UE if
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the UE 1s determined to be located 1n the personal zone of
the driver of the vehicle; and permit the operation of the UE
if the UE 1s determined to be not located 1n the personal zone
of the driver of the vehicle.

[0231] Clause 66. The non-transitory storage medium of
clause 64, wherein each of the wireless transceivers com-
prises multiple receive antennas for performing the angular
measurements of the signals.

[0232] Clause 67. The non-transitory storage medium of
any ol clauses 64-66, wherein each of the wireless trans-
ceivers comprises a single receive antenna and the UE
comprises multiple receive antennas for performing the
angular measurements of the signals.

[0233] Clause 68. The non-transitory storage medium of
any ol clauses 64-67, wherein the positioning enfity 1s a
server 1n the wireless network 1n the vehicle, wherein the
instructions to restrict the at least one functionality of the UE
comprise mstructions to send a message to the UE to restrict
the at least one functionality of the UE and wherein the
istructions to permit the operation of the UE comprise
instructions to not send the message to the UE to restrict the
at least one functionality.

[0234] Clause 69. The non-transitory storage medium of
clause 68, wherein the message to the UE to restrict the at
least one functionality of the UE 1s sent via one or more of
the wireless transceivers.

[0235] Clause 70. The non-transitory storage medium of
clause 68, wherein the message to the UE to restrict the at
least one functionality of the UE 1s sent via a wired con-
nection between the UE and the server.

[0236] Clause 71. The non-transitory storage medium of
any of clauses 64-70, wherein the positioning entity 1s the
UE, wherein assistance data 1s provided to the UE by a
server 1n the wireless network 1n the vehicle, the assistance
data comprising information related to the known positions
of the at least one wireless transceiver relative to the
personal zone.

[0237] Clause 72. The non-transitory storage medium of
clause 71, wherein the assistance data 1s received by the UE
via one or more of the wireless transceivers.

[0238] Clause 73. The non-transitory storage medium of
clause 71, wherein the assistance data 1s received by the UE
via a wired connection between the UE and the server.

[0239] Clause 74. The non-transitory storage medium of
any of clauses 64-73, wherein the signals are transmitted by
the UE and received by the at least one wireless transceiver
in the wireless network 1n the vehicle.

[0240] Clause 75. The non-transitory storage medium of
any of clauses 64-74, wherein the signals are transmitted by
the at least one wireless transceiver 1n the wireless network
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in the vehicle and received by the UE.

[0241] Clause 76. The non-transitory storage medium of
any of clauses 64-75, wherein the angular measurements
comprise at least one of angle of arrtval (AOA) measure-
ments, angle of departure (AOD) measurements, or a com-
bination thereof.

[0242] Clause 77. The non-transitory storage medium of
any of clauses 64-76, wherein the mstructions to determine
the relative position of the UE with respect to the at least one
wireless transceiver in the wireless network 1n the vehicle
includes nstructions to determine the relative position fur-
ther based on round trip time (RTT) ranging between the UE
and the at least one wireless transcerver.
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[0243] Clause /8. The non-transitory storage medium of
any of clauses 64-77, wherein the personal zone 1s defined
in the vehicle based on calibration for vehicle type.

[0244] Clause 79. The non-transitory storage medium of
any of clauses 64-78, wherein the personal zone 1s dynami-
cally adjusted based on a driver seat position.

[0245] Clause 80. The non-transitory storage medium of
any of clauses 64-79, wherein the program code further
comprises instructions to: detect a change 1n position or a
change 1n state of the UE; and trigger, for a predetermined
period of time 1n response to detecting the change 1n position
or the change in state of the UE, a determination of the
relative position of the UE with respect to the at least one
wireless transceiver in the wireless network in the vehicle
and a determination 1f the UE 1s located in the personal zone
in the vehicle.

[0246] Clause 81. The non-transitory storage medium of
any of clauses 64-80, wherein the program code further
comprises instructions to determine an orientation of the UE
within the vehicle, wherein the instructions to restrict the at
least one functionality of the UE if the UE 1s determined to
be located 1n the personal zone 1n the vehicle restricts the at
least one functionality further based on the orientation of the
UE.

[0247] Clause 82. The non-transitory storage medium of
any of clauses 64-81, wherein the 1nstructions to restrict the
at least one functionality of the UE if the UE 1s determined
to be located 1n the personal zone 1n the vehicle comprises
instructions to perform at least one of: lock the UE; place the
UE 1n sleep mode; turn off a display of the UE; disable
touchscreen controls of the UE; pause an application on the
UE; turn off the application on the UE; convert an active call
to a speaker mode, or any combination thereof.

[0248] Clause 83. The non-transitory storage medium of
any of clauses 64-82, wherein the program code further
comprises instructions to: enable driver assistance opera-
tions of the vehicle 1f the UE 1s determined to be located in
the personal zone in the vehicle.

[0249] Clause 84. The non-transitory storage medium of
clause 83, wherein the instructions to enable driver assis-
tance operations of the vehicle comprises instructions to
perform at least one of: sound a warming; automatically
engage one or more advanced driver-assistance systems
(ADAS) comprising at least one of adaptive cruise control,
lane departure warning, forward collision warning, traflic
signal recognition; and automatically engage autonomous
driving.

[0250] Clause 85. A method performed by a positioning
entity 1n a wireless network 1 a vehicle for relative posi-
tioming a user equipment (UE) worn by a driver of the
vehicle, the method comprising: determining a relative
position of the UE worn by the driver of the vehicle with
respect to one or more wireless transceivers 1n the wireless
network based at least on round trip time (RTT) ranging or
angular measurements ol signals having a bandwidth of at
least 500 MHz, the one or more wireless transceivers having
a known position relative to a steering wheel 1n the vehicle;
determining 1f the UE worn by the drniver 1s located within
a threshold distance to the steering wheel based on the
relative position of the UE with respect to the one or more
wireless transceivers and the known position of the one or
more wireless transcervers relative to the steering wheel; and
determining whether to restrict autonomous operation of the
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vehicle if the UE 1s determined to be outside the threshold
distance to the steering wheel.

[0251] Clause 86. The method of clause 83, further com-
prising: restricting autonomous operation of the vehicle 1
the UE 1s determined to be outside the threshold distance to
the steering wheel; and permitting autonomous operation of
the vehicle if the UE 1s determined to be within the threshold
distance to the steering wheel.

[0252] Clause 87. The method of clause 85, wherein the
UE 1s worn on a wrist of the driver and the threshold distance
to the steering wheel provides an indication that a hand of
the driver 1s on the steering wheel.

[0253] Clause 88. The method of any of clauses 85-87,
wherein the autonomous operation of the vehicle comprises
at least one of one or more advanced driver-assistance
systems (ADAS) comprising adaptive cruise control, lane
departure warning, forward collision warning, tratlic signal
recognition and autonomous driving.

[0254] Clause 89. The method of any of clauses 85-88,
wherein the positioning entity 1s a server in the wireless
network 1n the vehicle.

[0255] Clause 90. The method of any of clauses 85-89,
wherein the positioning entity 1s the UE worn by the dniver,
wherein restricting the autonomous operation of the vehicle
comprises sending a message to a server i the wireless
network 1n the vehicle to restrict the autonomous operation
of the vehicle and wherein permitting the autonomous
operation of the vehicle comprises not sending the message
to the vehicle to restrict the autonomous operation.

[0256] Clause 91. The method of clause 90, wherein the
message to the server 1s sent by the UE to the server via one
or more of the wireless transceivers.

[0257] Clause 92. The method of clause 90, wherein the
message to the server 1s sent with a wired connection
between the UE and the server.

[0258] Clause 93. The method of any of clauses 85-92,
wherein the angular measurements comprise at least one of
angle of arrival (AOA) measurements, angle of departure
(AOD) measurements, or a combination thereof.

[0259] Clause 94. The method of any of clauses 85-93,
wherein the signals are transmitted by the UE and recerved
by the one or more wireless transceivers 1n the wireless
network 1n the vehicle.

[0260] Clause 95. The method of any of clauses 85-94,

wherein the signals are transmitted by the one or more
wireless transceivers 1n the wireless network in the vehicle

and received by the UE.

[0261] Clause 96. The method of any of clauses 85-95,
wherein at least one of the one or more wireless transceivers
1s mounted on the steering wheel.

[0262] Clause 97. A positioming entity 1n a wireless net-
work 1n a vehicle configured for relative positioning a user
equipment (UE) worn by a driver of the vehicle, comprising:
[0263] Clause at least one wireless transceiver configured
to communicate with entities in the wireless network; at
least one memory; and at least one processor coupled to the
at least one wireless transceiver and the at least one memory,
wherein the at least one processor 1s configured to: deter-
mine a relative position of the UE worn by the driver of the
vehicle with respect to one or more wireless transcervers in
the wireless network based at least on round trip time (R17T)
ranging or angular measurements of signals having a band-
width of at least 500 MHz, the one or more wireless
transceivers having a known position relative to a steering
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wheel 1n the vehicle; determine 11 the UE worn by the driver
1s located within a threshold distance to the steering wheel
based on the relative position of the UE with respect to the
one or more wireless transcervers and the known position of
the one or more wireless transceivers relative to the steering,
wheel; and determine whether to restrict autonomous opera-
tion of the vehicle 1f the UE 1s determined to be outside the
threshold distance to the steering wheel.

[0264] Clause 98. The positioning entity of clause 97,
wherein the at least one processor 1s further configured to:
restrict autonomous operation of the vehicle 11 the UE 1s
determined to be outside the threshold distance to the
steering wheel; and permit autonomous operation of the
vehicle 1f the UE 1s determined to be within the threshold
distance to the steering wheel.

[0265] Clause 99. The positioning entity of clause 97,
wherein the UE 1s worn on a wrist of the drniver and the
threshold distance to the steering wheel provides an 1ndica-
tion that a hand of the driver 1s on the steering wheel.
[0266] Clause 100. The positioning entity of any of
clauses 97-99, wherein the autonomous operation of the
vehicle comprises at least one of one or more advanced
driver-assistance systems (ADAS) comprising adaptive
cruise control, lane departure warning, forward collision
warning, tratlic signal recognition and autonomous driving.
[0267] Clause 101. The positioning entity of any of
clauses 97-100, wherein the positioning entity 1s a server 1n
the wireless network 1n the vehicle.

[0268] Clause 102. The positioning entity of any of
clauses 97-101, wherein the positioning entity 1s the UE
worn by the drwerj wherein the at least one processor 1s
configured to restrict the autonomous operation of the
vehicle by being configured to send a message to a server in
the wireless network in the vehicle to restrict the autono-
mous operation of the vehicle and wherein the at least one
processor 1s configured to permit the autonomous operation
of the vehicle by being configured to not send the message
to the vehicle to restrict the autonomous operation.

[0269] Clause 103. The positioning entity of clause 102,
wherein the message to the server 1s sent by the UE to the
server via one or more of the wireless transceivers.

[0270] Clause 104. The positioning enfity of clause 102,
wherein the message to the server i1s sent with a wired
connection between the UE and the server.

[0271] Clause 105. The positioning entity of any of
clauses 97-104, wherein the angular measurements comprise
at least one of angle of arrival (AOA) measurements, angle
of departure (AOD) measurements, or a combination
thereof.

[0272] Clause 106. The positioning entity of any of
clauses 97-105, wherein the signals are transmitted by the
UE and recelved by the one or more wireless transceivers 1n
the wireless network 1n the vehicle.

[0273] Clause 107. The positioning entity of any of
clauses 97-106, wherein the signals are transmitted by the
one or more wireless transceivers 1n the wireless network 1n
the vehicle and received by the UE.
[0274] Clause 108. The positioning entity of any of
clauses 97-107, wherein at least one of the one or more
wireless transceivers 1s mounted on the steering wheel.
[0275] Clause 109. A positioning entity in a wireless
network 1 a vehicle configured for relative positioning a
user equipment (UE) worn by a driver of the vehicle,
comprising: means for determining a relative position of the
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UE worn by the drniver of the vehicle with respect to one or
more wireless transceivers in the wireless network in the
vehicle based at least on round trip time (R1T) ranging or
angular measurements of signals having a bandwidth of at
least 500 MHz, the one or more wireless transceivers having
a known position relative to a steering wheel 1n the vehicle;
means for determining 1t the UE worn by the driver i1s
located within a threshold distance to the steering wheel
based on the relative position of the UE with respect to the
one or more wireless transcervers and the known position of
the one or more wireless transceivers relative to the steering
wheel; and means for determining whether to restrict
autonomous operation of the vehicle if the UE 1s determined
to be outside the threshold distance to the steering wheel.

[0276] Clause 110. The positioming entity of clause 109,
turther comprising: means for restricting autonomous opera-
tion of the vehicle 11 the UE 1s determined to be outside the
threshold distance to the steering wheel; and means for
permitting autonomous operation of the vehicle 1f the UE 1s
determined to be within the threshold distance to the steering
wheel.

[0277] Clause 111. The positioning entity of clause 109,
wherein the UE 1s worn on a wrist of the driver and the
threshold distance to the steering wheel provides an indica-
tion that a hand of the driver 1s on the steering wheel.

[0278] Clause 112. The positioning entity ol any of
clauses 109-111, wherein the autonomous operation of the
vehicle comprises at least one of one or more advanced
driver-assistance systems (ADAS) comprising adaptive
cruise control, lane departure warning, forward collision
warning, tratlic signal recogmtion and autonomous driving.

[0279] Clause 113. The positioning entity of any of
clauses 109-112, wherein the positioning entity 1s a server 1n
the wireless network 1n the vehicle.

[0280] Clause 114. The positioning enftity of any of
clauses 109-113, wherein the positioning entity 1s the UE
worn by the driver, wherein the means for restricting the
autonomous operation ol the vehicle comprises means for
sending a message to a server in the wireless network in the
vehicle to restrict the autonomous operation of the vehicle
and wherein the means for permitting the autonomous
operation of the vehicle comprises means for not sending the
message to the vehicle to restrict the autonomous operation.

[0281] Clause 115. The positioning entity of clause 114,
wherein the message to the server 1s sent by the UE to the
server via one or more of the wireless transceivers.

[0282] Clause 116. The positioning entity of clause 114,
wherein the message to the server 1s sent with a wired
connection between the UE and the server.

[0283] Clause 117. The positioning entity of any of
clauses 109-116, wherein the angular measurements com-
prise at least one of angle of arrival (AOA) measurements,

angle of departure (AOD) measurements, or a combination
thereof.

[0284] Clause 118. The positioning enfity of any of
clauses 109-117, wherein the signals are transmitted by the
UE and received by the one or more wireless transceivers in
the wireless network 1n the vehicle.

[0285] Clause 119. The positioning entity of any of
clauses 109-118, wherein the signals are transmitted by the
one or more wireless transceivers in the wireless network 1n

T 1

the vehicle and received by the UE.
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[0286] Clause 120. The positioning entity of any of
clauses 109-119, wherein at least one of the one or more
wireless transceivers 1s mounted on the steering wheel.

[0287] Clause 121. A non-transitory storage medium
including program code stored thereon, the program code 1s
operable to configure at least one processor 1n a positioning
entity 1n a wireless network in a vehicle for relative posi-
tioming a user equipment (UE) worn by a driver of the
vehicle, the program code comprising instructions to: deter-
mine a relative position of the UE worn by the driver of the
vehicle with respect to one or more wireless transceivers in
the wireless network 1n the vehicle based at least on round
trip time (RTT) ranging or angular measurements of signals
having a bandwidth of at least 500 MHz, the one or more
wireless transceivers having a known position relative to a
steering wheel 1n the vehicle; determine 11 the UE worn by
the drniver 1s located within a threshold distance to the
steering wheel based on the relative position of the UE with
respect to the one or more wireless transceivers and the
known position of the one or more wireless transceivers
relative to the steering wheel; and determine whether to
restrict autonomous operation of the vehicle if the UE 1s
determined to be outside the threshold distance to the
steering wheel.

[0288] Clause 122. The non-transitory storage medium of
clause 121, wherein the program code further comprises
istructions to: restrict autonomous operation of the vehicle
if the UE 1s determined to be outside the threshold distance
to the steering wheel; and permit autonomous operation of
the vehicle 1t the UE 1s determined to be within the threshold
distance to the steering wheel.

[0289] Clause 123. The non-transitory storage medium of
clause 121, wherein the UE 1s worn on a wrist of the driver
and the threshold distance to the steering wheel provides an
indication that a hand of the driver 1s on the steering wheel.

[0290] Clause 124. The non-transitory storage medium of
any of clauses 121-123, wherein the autonomous operation
of the vehicle comprises at least one of one or more
advanced driver-assistance systems (ADAS) comprising
adaptive cruise control, lane departure warning, forward
collision warning, traflic signal recognition and autonomous
driving.

[0291] Clause 125. The non-transitory storage medium of

any of clauses 121-124, wherein the positioning entity 1s a
server 1n the wireless network 1n the vehicle.

[0292] Clause 126. The non-transitory storage medium of
any of clauses 121-1235, wherein the positioning entity is the
UE worn by the drniver, wherein the instructions to restrict
the autonomous operation of the vehicle comprises instruc-
tions to send a message to a server in the wireless network
in the vehicle to restrict the autonomous operation of the
vehicle and wherein the instructions to permit the autono-
mous operation of the vehicle comprises nstructions to not
send the message to the vehicle to restrict the autonomous
operation.

[0293] Clause 127. The non-transitory storage medium of
clause 126, wherein the message to the server 1s sent by the
UE to the server via one or more of the wireless transceivers.

[0294] Clause 128. The non-transitory storage medium of
clause 126, wherein the message to the server 1s sent with a
wired connection between the UE and the server.

[0295] Clause 129. The non-transitory storage medium of
any of clauses 121-128, wherein the angular measurements
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comprise at least one of angle of arrtval (AOA) measure-
ments, angle of departure (AOD) measurements, or a com-
bination thereof.

[0296] Clause 130. The non-transitory storage medium of
any of clauses 121-129, wherein the signals are transmuitted
by the UE and recetved by the one or more wireless
transcervers 1n the wireless network in the vehicle.

[0297] Clause 131. The non-transitory storage medium of
any of clauses 121-130, wherein the signals are transmitted
by the one or more wireless transceivers in the wireless
network 1n the vehicle and received by the UE.

[0298] Clause 132. The non-transitory storage medium of
any of clauses 121-132, wherein at least one of the one or
more wireless transcervers 1s mounted on the steering wheel.
Therefore, 1t 1s intended that claimed subject matter not be
limited to the particular examples disclosed, but that such
claimed subject matter may also include all aspects falling

within the scope of appended claims, and equivalents
thereof.

What 1s claimed 1s:

1. A method performed by a positioning entity in a
wireless network 1n a vehicle for relative positioning a user
equipment (UE) within the vehicle, the method comprising:

determining a relative position of the UE with respect to

at least one wireless transceiver 1n the wireless network
based at least on angular measurements of signals
having a bandwidth of at least 500 MHz, the at least one
wireless transceiver having a known position relative to
a personal zone that 1s defined i the vehicle;

determining if the UE 1s located inside the personal zone
of a driver of the vehicle based on the relative position
of the UE with respect to the at least one wireless
transceiver; and

determiming whether to permait at least one functionality of
the UE based on whether the UE 1s determined to be

located 1n the personal zone of the driver of the vehicle.
2. The method of claim 1, further comprising:

restricting at least one functionality of the UE 1f the UE
1s determined to be located in the personal zone of the
driver of the vehicle; and

permitting operation of the UE 1f the UE i1s determined to
be not located 1n the personal zone of the driver of the
vehicle.

3. The method of claim 1, wherein each of the wireless
transceivers comprises multiple receive antennas for per-
forming the angular measurements of the signals.

4. The method of claim 1, wherein each of the wireless
transceivers comprises a single recerve antenna and the UE
comprises multiple receive antennas for performing the
angular measurements of the signals.

5. The method of claim 1, wherein the positioning entity
1S a server 1n the wireless network 1n the vehicle, wherein
restricting the at least one tunctionality of the UE comprises
sending a message to the UE to restrict the at least one
functionality of the UE and wherein permitting the operation
of the UE comprises not sending the message to the UE to
restrict the at least one functionality.

6. The method of claim 1, wherein the positioning entity
1s the UE, wherein assistance data 1s provided to the UE by
a server 1n the wireless network 1n the vehicle, the assistance
data comprising information related to the known position of
the at least one wireless transceiver relative to the personal
Zone.
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7. The method of claim 1, wherein the signals are trans-
mitted by the UE and received by the at least one wireless
transceiver in the wireless network.
8. The method of claim 1, wherein the signals are trans-
mitted by the at least one wireless transceiver 1n the wireless
network and received by the UE.
9. The method of claim 1, wherein the angular measure-
ments comprise at least one of angle of arrival (AOA)
measurements, angle of departure (AOD) measurements, or
a combination thereof.
10. The method of claim 1, wherein determiming the
relative position of the UE with respect to the at least one
wireless transceiver 1n the wireless network 1s further based
on round trip time (RTT) ranging between the UE and the at
least one wireless transceiver.
11. The method of claim 1, wherein the personal zone 1s
defined 1n the vehicle based on calibration for vehicle type.
12. The method of claim 1, wherein the personal zone 1s
dynamically adjusted based on a driver seat position.
13. The method of claim 1, further comprising;:
detecting a change 1n position or a change 1n state of the
UE; and

triggering, for a predetermined period of time 1n response
to detecting the change in position or the change in state
of the UE, a determination of the relative position of the
UE with respect to the at least one wireless transceiver
in the wireless network and a determination 1f the UE
1s located 1n the personal zone in the vehicle.

14. The method of claim 1, further comprising determin-
ing an orientation of the UE within the vehicle, wherein
restricting the at least one functionality of the UE 11 the UE
1s determined to be located in the personal zone in the
vehicle 1s further based on the orientation of the UE.

15. The method of claim 1, wherein restricting the at least
one functionality of the UE 1f the UE 1s determined to be
located 1n the personal zone 1n the vehicle comprises at least
one of:

locking the UE;

placing the UE 1n sleep mode;

turning ofl a display of the UE;

disabling touchscreen controls of the UE;

pausing an application on the UE;

e T

turning ofl the application on the UE;

converting an active call to a speaker mode; or any
combination thereof.

16. The method of claim 1, further comprising;:

enabling driver assistance operations of the vehicle 1t the
UE 1s determined to be located in the personal zone in
the vehicle.

17. A positioning entity 1n a wireless network 1n a vehicle
configured for relative positioning a user equipment (UE)
within the vehicle, comprising:

at least one wireless transceiver configured to communi-

cate with entities 1n the wireless network;

at least one memory; and

at least one processor coupled to the at least one wireless
transceiver and the at least one memory, wherein the at
least one processor 1s configured to:
determine a relative position of the UE with respect to at
least one wireless transceiver in the wireless network
based at least on angular measurements of signals
having a bandwidth of at least 500 MHz, the at least one
wireless transceiver having a known position relative to
a personal zone that 1s defined in the vehicle;
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determine 11 the UE 1s located inside the personal zone of
a driver of the vehicle based on the relative position of
the UE with respect to the at least one wireless trans-
ceiver; and

determine whether to permit at least one functionality of
the UE based on whether the UE 1s determined to be
located 1n the personal zone of the driver of the vehicle.

18. The positioning entity of claim 17, wherein the at least
one processor 1s further configured to:

restrict at least one functionality of the UE if the UE 1s
determined to be located in the personal zone of the
driver of the vehicle; and

permit operation of the UE 11 the UE 1s determined to be

not located in the personal zone of the driver of the
vehicle.

19. The positioning entity of claim 17, wherein each of the
wireless transceivers comprises multiple receive antennas
for performing the angular measurements of the signals.

20. The positioning entity of claim 17, wherein each of the
wireless transceivers comprises a single receive antenna and
the UE comprises multiple receive antennas for performing
the angular measurements of the signals.

21. The positioning entity of claim 17, wherein the
positioning entity 1s a server 1n the wireless network in the
vehicle, wherein the at least one processor 1s configured to
restrict the at least one functionality of the UE by being
configured to send a message to the UE to restrict the at least
one functionality of the UE and wherein the at least one
processor 1s configured to permit the operation of the UE by
not sending the message to the UE to restrict the at least one
functionality of the UE.

22. The p051t1011111g entity of claim 17, wherein the
positioning entity 1s the UE, wherein assistance data 1s
provided to the UE by a server in the wireless network 1n the
vehicle, the assistance data comprising information related
to the known position of the at least one wireless transceiver
relative to the personal zone.

23. The positioning entity of claim 17, wherein the signals
are transmitted by the UE and received by the at least one
wireless transceiver in the wireless network.

24. The positioning entity of claim 17, wherein the signals
are transmitted by the at least one wireless transceiver 1n the
wireless network and recerved by the UE.

25. The positioning entity of claim 17, wherein the
angular measurements comprise at least one of angle of
arrival (AOA) measurements, angle of departure (AOD)
measurements, or a combination thereof.

26. The positioning entity of claim 17, wherein the at least
one processor 1s configured to determine the relative posi-
tion of the UE with respect to the at least one wireless
transcerver in the wireless network further based on round

trip time (RT'T) ranging between the UE and the at least one
wireless transceiver.

27. The positioning entity of claim 17, wherein the
personal zone 1s defined 1n the vehicle based on calibration
for vehicle type.

28. The positioning entity of claim 17, wherein the
personal zone 1s dynamically adjusted based on a driver seat
position.

29. The positioning entity of claim 17, wherein the at least
one processor 1s further configured to:

detect a change 1n position or a change 1n state of the UE;
and
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trigger, for a predetermined period of time in response to
detecting the change in position or the change in state
of the UE, a determination of the relative position of the

UE with respect to the at least one wireless transceiver

in the wireless network and a determination if the UE

1s located in the personal zone i the vehicle.

30. The positioning entity of claim 17, wherein the at least
one processor 1s further configured to determine an orien-
tation of the UE within the vehicle, wherein the at least one
processor 1s configured to restrict the at least one function-
ality of the UE 11 the UE 1s determined to be located 1n the
personal zone 1 the vehicle further based on the orientation
of the UE.

31. The positioning entity of claim 17, wherein the at least
one processor 1s configured to restrict the at least one
tfunctionality of the UE 1f the UE i1s determined to be located
in the personal zone 1n the vehicle by being configured to at

least one of:
lock the UFE;

place the UE 1n sleep mode;
turn off a display of the UE;
disable touchscreen controls of the UFE;
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pause an application on the UE;
turn ofl the application on the UE;

convert an active call to a speaker mode, or any combi-
nation thereof.

32. The positioning entity of claim 17, wherein the at least
one processor 1s further configured to:

enable driver assistance operations of the vehicle 11 the
UE 1s determined to be located in the personal zone 1n
the vehicle.

33. A method performed by a positioning entity 1 a
wireless network 1n a vehicle for relative positioning a user
equipment (UE) worn by a driver of the vehicle, the method
comprising;

determining a relative position of the UE worn by the

driver of the vehicle with respect to one or more
wireless transceivers in the wireless network based at
least on round trip time (RIT) ranging or angular
measurements of signals having a bandwidth of at least
500 MHz, the one or more wireless transceivers having
a known position relative to a steering wheel in the
vehicle:

determining 1f the UE worn by the driver 1s located within
a threshold distance to the steering wheel based on the
relative position of the UE with respect to the one or
more wireless transceivers and the known position of
the one or more wireless transceivers relative to the
steering wheel; and

determining whether to restrict autonomous operation of
the vehicle 1t the UE 1s determined to be outside the
threshold distance to the steering wheel.

34. The method of claim 33, further comprising:

restricting autonomous operation of the vehicle if the UE
1s determined to be outside the threshold distance to the
steering wheel; and

permitting autonomous operation of the vehicle if the U.
1s determined to be within the threshold distance to the
steering wheel.

35. The method of claim 33, wherein the UE 1s worn on
a wrist of the driver and the threshold distance to the steering
wheel provides an indication that a hand of the driver 1s on
the steering wheel.
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36. The method of claim 33, wherein the autonomous
operation of the vehicle comprises at least one of one or
more advanced driver-assistance systems (ADAS) compris-
ing adaptive cruise control, lane departure warming, forward
collision warning, tratlic signal recognition, autonomous
driving, or any combination thereof.

37. The method of claim 33, wherein the positioning
entity 1s a server in the wireless network 1n the vehicle.

38. The method of claim 33, wherein the positioning
entity 1s the UE worn by the driver, wherein restricting the
autonomous operation of the vehicle comprises sending a
message to a server in the wireless network in the vehicle to
restrict the autonomous operation of the vehicle and wherein
permitting the autonomous operation of the vehicle com-
prises not sending the message to the vehicle to restrict the
autonomous operation.

39. The method of claim 33, wherein the angular mea-
surements comprise at least one of angle of arrival (AOA)
measurements, angle of departure (AOD) measurements, or
a combination thereof.

40. The method of claim 33, wherein the signals are
transmitted by the UE and received by the one or more
wireless transceivers in the wireless network.

41. The method of claim 33, wherein the signals are
transmitted by the one or more wireless transceivers 1n the
wireless network and received by the UE.

42. The method of claim 33, wherein at least one of the
one or more wireless transceivers 1s mounted on the steering
wheel.

43. A positioning entity in a wireless network 1n a vehicle
configured for relative positioning a user equipment (UE)
worn by a driver of the vehicle, comprising:

at least one wireless transceiver configured to communi-

cate with entities 1n the wireless network;

at least one memory; and

at least one processor coupled to the at least one wireless
transceiver and the at least one memory, wherein the at
least one processor 1s configured to:

determine a relative position of the UE worn by the driver
of the vehicle with respect to one or more wireless
transcervers 1n the wireless network based at least on
round trip time (R1T) ranging or angular measurements
of signals having a bandwidth of at least 500 MHz, the
one or more wireless transceivers having a known
position relative to a steering wheel 1n the vehicle;

determine 1f the UE worn by the driver 1s located within
a threshold distance to the steering wheel based on the
relative position of the UE with respect to the one or
more wireless transceivers and the known position of
the one or more wireless transceivers relative to the
steering wheel;

determine whether to restrict autonomous operation of the
vehicle 1if the UE 1s determined to be outside the
threshold distance to the steering wheel.

44. The positioning entity of claim 43, wherein the at least

one processor 1s further configured to:

restrict autonomous operation of the vehicle 1f the UE 1s
determined to be outside the threshold distance to the
steering wheel; and

permit autonomous operation of the vehicle if the UE 1s
determined to be within the threshold distance to the
steering wheel.

45. The positioming entity of claim 43, wherein the UE 1s

worn on a wrist of the driver and the threshold distance to
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the steering wheel provides an indication that a hand of the
driver 1s on the steering wheel.

46. The positioning entity of claim 43, wherein the
autonomous operation of the vehicle comprises at least one
of one or more advanced driver-assistance systems (ADAS)
comprising adaptive cruise control, lane departure warning,
torward collision warming, traflic signal recognition, autono-
mous driving or any combination thereof.

47. The positioning entity of claim 43, wherein the
positioning entity 1s a server in the wireless network 1n the
vehicle.

48. The positioning entity of claim 43, wherein the
positioning entity 1s the UE worn by the driver, wherein the
at least one processor 1s configured to restrict the autono-
mous operation of the vehicle by being configured to send a
message to a server 1n the wireless network 1n the vehicle to
restrict the autonomous operation of the vehicle and wherein
the at least one processor 1s configured to permit the autono-
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mous operation of the vehicle by being configured to not
send the message to the vehicle to restrict the autonomous
operation.

49. The positioning entity of claim 43, wherein the
angular measurements comprise at least one of angle of
arrival (AOA) measurements, angle of departure (AOD)
measurements, or a combination thereof.

50. The positioning entity of claim 43, wherein the signals
are transmitted by the UE and received by the one or more
wireless transceivers in the wireless network.

51. The positioning entity of claim 43, wherein the signals
are transmitted by the one or more wireless transceivers 1n
the wireless network and received by the UE.

52. The positioning entity of claim 43, wherein at least
one of the one or more wireless transceivers 1s mounted on
the steering wheel.
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