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Description
BACKGROUND

1. Field

[0001] The subject matter disclosed herein relates to
electronic devices, and more particularly to methods and
apparatuses for use to support navigation and location
of a mobile device using a wireless communication net-
work.

2. Information

[0002] Obtaining the location or position of a mobile
device thatis accessing a wireless network may be useful
for many applications including, for example, emergency
calls, personal navigation, asset tracking, locating a
friend or family member, etc. Existing position methods
include methods based on measuring radio signals trans-
mitted from a variety of devices including satellite vehi-
cles (SVs) and terrestrial radio sources in a wireless net-
work such as base stations and access points. In some
cases, the radio signals transmitted from the radio sourc-
es are arranged for orthogonal frequency division multi-
plexing (OFDM) so that the radio signals can be trans-
mitted on multiple subcarrier frequencies. In wireless net-
works, the mobile device may be moving, which can
cause a Doppler Effect on the transmitted signals at the
mobile device. The Doppler Effect can cause substantial
reduction in accuracy of the location and navigation cal-
culations based on the transmitted signals. Embodi-
ments disclosed herein address these issues by imple-
menting techniques that mitigate the Doppler Effect on
transmitted signals using OFDM to enable accurate po-
sitioning and location of mobile devices in wireless com-
munication networks.

Attention is drawn to US 2018/091373 A1 relating to
adaptive resource management in new radio operations
that adapts a numerology including a subcarrier spacing
and/or cyclic prefix for a user equipment, UE, traveling
at a high speed. A base station transmits via a plurality
of remote radio heads, RRH, to a UE moving along a
high speed track. The base station transmits, in a first
time period, using a first numerology including a first sub-
carrier spacing and a first cyclic prefix ratio, a first trans-
mission for the UE. The base station transmits, in a sub-
sequent time period, using a second numerology includ-
ing a second subcarrier spacing and a second cyclic pre-
fix ratio, a second transmission for the UE. The second
subcarrier spacing is different than the first subcarrier
spacing or the second cyclic prefix ratio is different than
the first cyclic prefix ratio.

Further attention is drawn to WO 2018/052239 A1 relat-
ing to a method whereby a wireless device performs po-
sition measurement. The method comprises the step of
receiving information including settings for a narrowband
positioning reference signal, NPRS. The information in-
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cludes a list of carriers for the NPRS. The list of carriers
indicates physical resource blocks, PRBs, in which the
NPRS is received. The method comprises the step of
determining that the geometry of the carriers is collocat-
ed. Further attention is drawn to US 2012/094687 A1
relating to a base station, BS, for transmitting a location
measurement reference signal, and a user equipment,
UE, for receiving a location measurement reference sig-
nal. The UE and the BS determine a transmission time
of D-LBS zone configuration information configured to
transmit an LBS location beacon on the basis of an S-
SFH change cycle. In addition, the UE and the BS deter-
mine a transmission start point of the D-LBS zone trans-
mitted according to the configuration information, using
the transmission time of the configuration information

SUMMARY OF THE INVENTION

[0003] The invention is defined by the independent
claims with embodiments of the invention defined by the
dependent claims.

BRIEF DESCRIPTION OF DRAWINGS

[0004] Non-limiting and non-exhaustive aspects are
described with reference to the following figures.

FIG. 1 illustrates a diagram of a communication sys-
tem that may utilize a 5G cellular network to deter-
mine a position for a user equipment (UE), according
to an embodiment.

FIG. 2 illustrates high-level signal structure of an
OFDM signal.

FIG. 3A illustrates a graph representing the ampli-
tude versus the frequency bin of positioning meas-
urement signals as received by a UE using orthog-
onal frequency division multiplexing (OFDM), ac-
cording to an embodiment.

FIG. 3B illustrates another graph representing the
amplitude versus the frequency bin of positioning
measurement signals as received by a UE using
OFDM, according to an embodiment.

FIG. 4 illustrates a table of options of number of slots
per sub-frame to frequency spacing values, accord-
ing to an embodiment.

FIGS. 5A - 5F illustrate a series of graphs each rep-
resenting amplitude versus the frequency of posi-
tioning measurement signals using various symbol
lengths with OFDM, according to an embodiment.

FIGS. 6A - 6F illustrate a series of graphs each rep-
resenting power versus frequency of positioning
measurement signals using various symbol lengths
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with OFDM, according to an embodiment.

FIG. 7 illustrates a flow diagram of a method for se-
lecting symbol lengths for OFDM signals, according
to an embodiment.

FIG. 8 illustrates an embodiment of a UE.

FIG. 9 illustrates an embodiment of a computer sys-
tem.

FIG. 10 illustrates an embodiment of a base station.

FIG. 11 illustrates an embodiment of a functional
block diagram of a receiver.

[0005] Likereference numbers and symbolsin the var-
ious figures indicate like elements, in accordance with
certain example implementations. In addition, multiple
instances of an element may be indicated by following a
first number for the element with a hyphen and a second
number. For example, multiple instances of an element
110 may be indicated as 110-1, 110-2, 110-3 etc. When
referring to such an element using only the first number,
any instance of the element is to be understood (e.g.,
elements 110 in the previous example would refer to el-
ements 110-1, 110-2 and 110-3).

DETAILED DESCRIPTION

[0006] Some example techniques for determining the
location of a user equipment (UE) are presented herein,
which may be implemented at the UE (e.g., a mobile de-
vice or mobile station), a location server (LS), a base
station, and/or other devices. These techniques can be
utilized in a variety of applications utilizing various tech-
nologies and/or standards, including 3rd Generation
Partnership Project (3GPP), Open Mobile Alliance
(OMA) Long Term Evolution (LTE) Positioning Protocol
(LPP) and/or LPP Extensions (LPPe), Wi-Fi®, Global
Navigation Satellite System (GNSS), and the like.
[0007] A UE may comprise a mobile device such as,
a mobile phone, smartphone, tablet or other mobile com-
puter, a portable gaming device, a personal media player,
a personal navigation device, a wearable device, an in-
vehicle device, or other electronic device. Position deter-
mination of a UE can be useful to the UE and/or other
entities in a wide variety of scenarios. There are many
methods already known to determine an estimated po-
sition of the UE, including methods that involve commu-
nicating measurement and/or other information between
the UE and an LS.

[0008] Positioning methods can be based on Ob-
served Time Difference Of Arrival (OTDOA), pseudor-
anges, angle-of-arrival (AoA), angle-of-departure (AoD),
received power level, and/or round-trip time (RTT) of po-
sitioning signals from radio sources. With OTDOA, a UE
measures time differences, referred to as Reference Sig-
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nal Time Differences (RSTDs), between reference sig-
nals transmitted by one or more pairs of base stations.
The reference signals may be signals that are intended
only for positioning, such as the LTE Positioning Refer-
ence Signals (PRS) or may be signals intended also for
serving cell timing and frequency acquisition, such as
LTE Cell-specific Reference Signals (CRS) or the 5G
Tracking Reference Signals (TRS). If a UE is able to
measure two or more RSTDs between two or more dif-
ferent pairs of base stations (typically comprising a com-
mon reference base station in each pair and different
neighbor base stations), the horizontal UE location can
be obtained if the antenna locations and the relative tim-
ing of the base stations are known. In some cases, OFDM
is used and the signals (e.g., PRS, CRS, or TRS) are
arranged on subcarrier frequencies to, for example, sim-
plify channel equalization. However, the Doppler Effect
can cause one subcarrier frequency from one cell sup-
ported by a first base station to interfere with the subcar-
rier frequency of a different cell supported by a second
base station, creating noise in the received signal (e.g.,
PRS, CRS, or TRS). Such inter-carrier-interference (ICI)
may affect the accuracy of the location and/or position
determination of the UE.

[0009] It is expected that fifth-generation (5G) stand-
ardization will include support for positioning methods
based on OTDOA, power measurements, and RTT. The
techniques, methods, and systems described herein can
be applied to 5G wireless communication networks in
addition to existing network infrastructures.

[0010] Embodiments described herein are directed to
techniques for determining the position or location of a
mobile device by disentangling the OFDM signals to mit-
igate the Doppler Effect on positioning determination in
mobile networks.

[0011] FIG. 1 illustrates is a diagram of a communica-
tion system 100 that may utilize a 5G network to deter-
mine a position a UE 105 using OTDOA-based position-
ing methods, according to an embodiment. Here, the
communication system 100 comprises a UE 105 and a
5G network comprising a Next Generation (NG) Radio
Access Network (RAN) (NG-RAN ) 135 and a 5G Core
Network (5GC) 140, which, along with providing OTDOA-
based positioning, may provide data and voice commu-
nication to the UE 105. A5G network may also be referred
to as a New Radio (NR) network; NG-RAN 135 may be
referred to as a 5G RAN or as an NR RAN; and 5GC 140
may be referred to as an NG Core network (NGC). Stand-
ardization of an NG-RAN and 5GC is ongoing in 3GPP.
Accordingly, NG-RAN 135 and 5GC 140 may conform
to current or future standards for 5G support from 3GPP.
The communication system 100 may further utilize infor-
mation from GNSS satellite vehicles (SVs) 190. Addition-
al components of the communication system 100 are de-
scribed below. It will be understood that a communication
system 100 may include additional or alternative compo-
nents.

[0012] It should be noted that FIG. 1 provides only a
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generalized illustration of various components, any or all
of which may be utilized as appropriate, and each of
which may be duplicated as necessary. Specifically, al-
though only one UE 105 s illustrated, it will be understood
that many UEs (e.g., hundreds, thousands, millions, and
so forth) may utilize the communication system 100. Sim-
ilarly, the communication system 100 may include a larg-
er (or smaller) number of SVs 190, gNBs 110, ng-eNBs
114, Access and Mobility Management Functions
(AMFs) 95, external clients 130, and/or other compo-
nents. The illustrated connections that connect the vari-
ous components in the communication system 100 com-
prise data and signaling connections which may include
additional (intermediary) components, direct or indirect
physical and/or wireless connections, and/or additional
networks. Furthermore, components may be rearranged,
combined, separated, substituted, and/or omitted, de-
pending on desired functionality.

[0013] The UE 105 may comprise and/or be referred
to as a device, a mobile device, a wireless device, a mo-
bile terminal, a terminal, a mobile station (MS), a Secure
User Plane Location (SUPL) Enabled Terminal (SET), or
by some other name. Moreover, as noted above, UE 105
may correspond to any of a variety of devices, including
a cellphone, smartphone, laptop, tablet, PDA, tracking
device, navigation device, Internet of Things (IoT) device,
or some other portable or moveable device. Typically,
though not necessarily, the UE 105 may support wireless
communication using one or more Radio Access Tech-
nologies (RATSs) such as using Global System for Mobile
Communications (GSM), Code Division Multiple Access
(CDMA), Wideband CDMA (WCDMA), Long Term Evo-
lution (LTE), High Rate Packet Data (HRPD), IEEE
802.11 WiFi (also referred to as Wi-Fi), Bluetooth® (BT),
Worldwide Interoperability for Microwave Access
(WIMAX), 5G new radio (NR) (e.g., using the NG-RAN
135 and 5GC 140), and so forth. The UE 105 may also
support wireless communication using a Wireless Local
Area Network (WLAN) which may connect to other net-
works (e.g., the Internet) using a Digital Subscriber Line
(DSL) or packet cable for example. The use of one or
more of these RATs may enable the UE 105 to commu-
nicate with an external client 130 (e.g., via elements of
5GC 140 not shown in FIG. 1 or possibly via Gateway
Mobile Location Center (GMLC) 125) and/or enable the
external client 130 to receive location information regard-
ing the UE 105 (e.g., via GMLC 125).

[0014] The UE 105 may comprise a single entity or
may comprise multiple entities such as in a personal area
network where a user may employ audio, video, data I/O
devices and/or body sensors, and a separate wireline or
wireless modem. An estimate of a location of the UE 105
may be referred to as a location, location estimate, loca-
tion fix, fix, position, position estimate, or position fix, and
may be geographic, thus providing location coordinates
for the UE 105 (e.g., latitude and longitude) which may
or may not include an altitude component (e.g., height
above mean sea level, height above or depth below
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ground level, floor level or basement level). Alternatively,
a location of the UE 105 may be expressed as a civic
location (e.g., as a postal address or the designation of
some point or small area in a building such as a particular
room or floor). A location of the UE 105 may also be
expressed as an area or volume (defined either geo-
graphically or in civic form) within which the UE 105 is
expected to be located with some probability or confi-
dence level (e.g., 67%, 95%, or the like). A location of
the UE 105 may further be a relative location comprising,
for example, a distance and direction or relative X, Y (and
optionally Z) coordinates defined relative to some origin
ataknown location which may be defined geographically,
in civic terms, or by reference to a point, area, or volume
indicated on a map, floor plan, or building plan. In the
description contained herein, the use of the term location
may comprise any of these variants unless indicated oth-
erwise.

[0015] Base stationsinthe NG-RAN 135 may comprise
NR Node Bs, which are more typically referred to as
gNBs. In FIG. 1, three gNBs are shown-gNBs 110-1,
110-2, and 110-3, which are collectively and generically
referred to herein as gNBs 110. However, a typical NG
RAN 135 could comprise dozens, hundreds, or even
thousands of gNBs 110. Pairs of gNBs 110 in NG-RAN
135 may be connected to one another (not shown in FIG.
1). Access to the 5G network is provided to UE 105 via
wireless communication between the UE 105 and one or
more of the gNBs 110, which may provide wireless com-
munications access to the 5GC 140 on behalf of the UE
105 using 5G (alsoreferred as NR). In FIG. 1, the serving
gNB for UE 105 is assumed to be gNB 110-1, although
other gNBs (e.g., gNB 110-2 and/or gNB 110-3) may act
as a serving gNB if UE 105 moves to another location or
may act as a secondary gNB to provide additional
throughput and bandwidth to UE 105.

[0016] Base stations (BSs)in the NG-RAN 135 shown
in FIG. 1 may also or instead include a next generation
evolved Node B, also referred to as an ng-eNB 114. Ng-
eNB 114 may be connected to one or more gNBs 110 in
NG-RAN 135 (not shown in FIG. 1), for example either
directly or indirectly, via other gNBs 110, and/or via other
ng-eNBs. An ng-eNB 114 may provide LTE wireless ac-
cess and/or evolved LTE (eLTE) wireless access to UE
105. Some gNBs 110 (e.g., gNB 110-2) and/or ng-eNB
114 in FIG. 1 may be configured to function as position-
ing-only beacons which may transmit signals (e.g., posi-
tioning measurements signals as described herein)
and/or may broadcast assistance data to assist position-
ing of UE 105 but may not receive signals from UE 105
or from other UEs. Itis noted that while only one ng-eNB
114 is shown in FIG. 1, the description below sometimes
assumes the presence of multiple ng-eNBs 114.

[0017] Asnoted, while FIG. 1 depicts nodes configured
to communicate according to 5G communication proto-
cols, nodes configured to communicate according to oth-
er communication protocols, such as, for example, an
LPP protocol or IEEE 802.11x protocol, may be used.
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For example, in an Evolved Packet System (EPS) pro-
viding LTE wireless access to UE 105, a RAN may com-
prise an Evolved Universal Mobile Telecommunications
System (UMTS) Terrestrial Radio Access Network (E-
UTRAN) which may comprise base stations comprising
evolved Node Bs (eNBs) supporting LTE wireless ac-
cess. A core network for EPS may comprise an Evolved
Packet Core (EPC). An EPS may then comprise an E-
UTRAN plus EPC, where the E-UTRAN corresponds to
NG-RAN 135 and the EPC corresponds to 5GC 140 in
FIG. 1. The position measurement signals described
herein for support of UE 105 positioning may be applica-
ble to such other networks.

[0018] The gNBs 110 and ng-eNB 114 can communi-
cate withan AMF 115, which, for positioning functionality,
can communicate with a Location Management Function
(LMF) 120. The AMF 115 may support mobility of the UE
105, including cell change and handover, and may par-
ticipate in supporting a signaling connection to the UE
105 and possibly data and voice bearers for the UE 105.
The LMF 120 may support positioning of the UE 105
when UE 105 accesses the NG-RAN 135 and may sup-
port position methods such as Observed Time Difference
of Arrival (OTDOA) (which can utilize the positioning
measurement signals described herein) and others. The
LMF 120 may also process location services requests
for the UE 105 (e.g., received from the AMF 115 or from
the GMLC 125). The LMF 120 may be connected to AMF
115 and/or to GMLC 125. It is noted that in some em-
bodiments, at least part of the positioning functionality,
including derivation of a UE 105 location, may be per-
formed at the UE 105 (e.g., using signal measurements
obtained by UE 105 for position measurement signals
transmitted by wireless nodes such as gNBs 110 and ng-
eNB 114 and assistance data provided to the UE 105,
for example, by LMF 120).

[0019] The Gateway Mobile Location Center (GMLC)
125 may support a location request for the UE 105 re-
ceived from an external client 130. GMLC 125 may for-
ward such a location request to the AMF 115 for forward-
ing by the AMF 115 to the LMF 120. Optionally, GMLC
125 may forward the location request directly to the LMF
120. A location response from the LMF 120 (e.g., con-
taining a location estimate for the UE 105) may be sim-
ilarly returned to the GMLC 125 either directly or via the
AMF 115, and the GMLC 125 may thenreturn the location
response (e.g., containing the location estimate) to the
external client 130. The GMLC 125 is shown connected
to both the AMF 115 and LMF 120 in FIG. 1 though only
one of these connections may be supported by 5GC 140
in some implementations.

[0020] As noted, while the communication system 100
is described in relation to 5G technology, the communi-
cation system 100 may be implemented to support other
communication technologies, such as GSM, WCDMA,
LTE, and the like, that are used for supporting and inter-
acting with mobile devices such as the UE 105 (e.g., to
implement voice, data, positioning, and other functional-
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ities). In some such embodiments, the 5GC 140 may be
configured to control different air interfaces. Forexample,
in some embodiments, 5GC 140 may be connected to a
WLAN using a Non-3GPP InterWorking Function
(N3IWF, notshown FIG. 1) in the 5GC 140. For example,
the WLAN may support IEEE 802.11 WiFi access for UE
105 and may comprise one or more WiFi APs. Here, the
N3IWF may connect to the WLAN and to other elements
in the 5GC 140, such as AMF 115. In some other em-
bodiments, both the NG-RAN 135 and the 5GC 140 may
be replaced by other RANs and other core networks. For
example, in an EPS, the NG-RAN 135 may be replaced
by an E-UTRAN containing eNBs, and the 5GC 140 may
be replaced by an EPC containing a Mobility Manage-
ment Entity (MME) in place of the AMF 115, an Evolved
Serving Mobile Location Center (E-SMLC) in place of the
LMF 120, and a GMLC that may be similar to the GMLC
125. In such an EPS, the E-SMLC may send and receive
location information to and from the eNBs in the E-
UTRAN and may support positioning of UE 105. In these
other embodiments, positioning of a UE 105 may be sup-
ported in an analogous manner to that described herein
for a 5G network with the difference that functions and
procedures described herein for gNBs 110, ng-eNB 114,
AMF 115and LMF 120 may, in some cases, apply instead
to other network elements such eNBs, WiFi APs, an
MME, and an E-SMLC.

[0021] Position determination of the UE 105 by the
communication system 100 typically involves determin-
ing adistance between the UE 105 and each of a plurality
of base stations 110, 114 (e.g., distances D1, D2, and
D3 between the UE 105 and GNBs 110-1, 110-2, and
110-3, respectively) and using trilateration to determine
the UE’s location. As noted above, to determine these
distances, the UE 105 can measure position measure-
ment signals (including the reference signals discussed
herein below) transmitted by these base stations 110,
114. Position determination using OTDOA based on
RSTD measurements, for example, typically requires ei-
ther synchronization of the transmission of these refer-
ence signals by the base stations 110, 114 or knowledge
obtained in some other way of the RTTs between pairs
of base stations 110, 114. The LMF 120 typically has this
knowledge, and thus, position determination in asynchro-
nous networks based on measurements taken by the UE
105 of the various base stations 110, 114 can involve,
for example, the LMF 120 determining the position of the
UE 105 after receiving the measurements from the UE
105, or the UE 105 determining its own position after
receiving RTT information from the LMF 120. In LTE net-
works, positioning reference signals (PRSs) are typically
used to make these RSTD measurements for OTDOA
positioning.

[0022] FIG. 2 illustrates high-level signal structure of
an OFDM signal showing a multitude of symbols that
define a slot, one (1) or more slots that define a sub-
frame, and a multitude of sub-frames that define a radio
frame. As an example, the description below will use the
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example of and LTE sub-frame sequence with PRS po-
sitioning occasions, provided for reference. In FIG. 2,
time is represented horizontally (e.g., on an X-axis) with
time increasing from left to right, while frequency is rep-
resented vertically (e.g., on a Y-axis) with frequency in-
creasing (or decreasing) from bottom to top, as illustrat-
ed. As shown in FIG. 2, downlink and uplink Radio
Frames 210 are depicted. As an example, in LTE net-
works, the downlink and uplink radio frames 210 are of
10 ms duration each. Continuing the LTE example, for
downlink Frequency Division Duplex (FDD) mode, Radio
Frames 210 are organized into ten sub-frames 212 of 1
ms duration each. Each sub-frame 212 comprises two
slots 214, each of 0.5 ms duration (i.e., slot length is .5
ms). In LTE, these radio frames 210 are transmitted by
base stations similar to base stations 110, 114 of FIG. 1.
PRS may be detected by any UE in the area and are
therefore considered to be "broadcast" by these base
stations.

[0023] In the frequency domain, the available band-
width may be divided into uniformly spaced orthogonal
subcarriers 216. For example, for a normal length cyclic
prefix using 15 kHz spacing, subcarriers 216 may be
grouped into a group of 12 subcarriers or "frequency
bins." Not depicted but as another option, an extended
length cyclic prefix using 15 kHz spacing, subcarriers
may be grouped into a group of 14 subcarriers or fre-
quency bins. Each grouping, which comprises 12 sub-
carriers 216 is termed a "resource block" (or "physical
resource block" (PRB)) and, in the example, the number
of subcarriers in the resource block may be written as

NS =12 o agivenchannel bandwid

. given channel bandwidth, the number
of available resource blocks on each channel 222, which
is also called the transmission bandwidth configuration
222, is indicated as NRB 222. For example, for a 3 MHz
channel bandwidth in the above example, the number of
available resource blocks on each channel 222 is given
by Ngg =15
[0024] Resource blocks therefore can be described as
a unit of frequency and time resources. In the LTE ex-
ample, the resource block comprises one sub-frame 212
(two slots 214) of radio frame 210 and 12 subcarriers.
Each slot 214 comprises 6 (or in some cases 7 in LTE
networks) periods, or "symbols," during which a base sta-
tion (for downlink (DL) radio frames) or UE (for uplink
(UL) radio frames) may transmit RF signals. Each 1 sub-
carrier x 1 symbol cell in the 12x12 or 14x12 grid repre-
sents a "resource element" (RE), which is the smallest
discrete part of the frame and contains a single complex
value representing data from a physical channel or sig-
nal.
[0025] Asignal,like PRS, may be transmitted in special
positioning sub-frames that are grouped into positioning
"occasions." For example, in LTE, a PRS occasion can
comprise a number N of consecutive positioning sub-
frames 218 where the number N may be between 1 and
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160 (e.g., may include the values 1, 2, 4 and 6 as well
as other values). The PRS occasions for a cell supported
by a base station may occur periodically at intervals 220,
denoted by a number T, of millisecond (or sub-frame)
intervals where T may equal 5, 10, 20, 40, 80, 160, 320,
640, or 1280. As an example, FIG. 2 illustrates a perio-
dicity of PRS occasions where N equals 4 and T is greater
than or equal to 20. In some embodiments, T may be
measured in terms of the number of sub-frames between
the start of consecutive PRS occasions.

[0026] PRS can be deployed with a pre-defined band-
width, which may be provided, from a location server via
a serving base station, to a UE along with other PRS
configuration parameters (e.g., N, T, any muting and/or
frequency hopping sequences, PRS ID) and position de-
termination information. Generally speaking, the higher
the allocated bandwidth for PRS, the more accurate the
position determination, so there is a tradeoff between
performance and overhead.

[0027] For the 5G standard, it is anticipated that radio
frames will be similar to the structure for LTE illustrated
in FIG. 2, however, certain characteristics (e.g., timing,
available bandwidth, and so forth) may vary. Additionally,
the characteristics of a new position measurement signal
to replace PRS may vary as well to enable this new ref-
erence signal to provide accurate measurements, be ro-
bust to multipath, provide a high level of orthogonality
and isolation among cells, and consume relatively low
UE power, above and beyond the current characteristics
of PRS.

[0028] FIG. 3A llustrates a graph 300 representing the
amplitude versus the frequency bin of positioning meas-
urement signals as received by a UE using orthogonal
frequency division multiplexing (OFDM). Graph 300
shows amplitude on the Y-axis over frequency bins of -4
through 4 on the X-axis.

[0029] As previously discussed, positioning methods
can be based on Observed Time Difference Of Arrival
(OTDOA), received signal power, and round-trip time
(RTT) of positioning signals from radio sources. With OT-
DOA, a UE measures time differences, referred to as
Reference Signal Time Differences (RSTDs), between
reference signals transmitted by one or more pairs of
radio signal sources (e.g., base stations). Orthogonal
Frequency Division Multiplexing (OFDM) can be used
such that each base station can transmit on a designated
subcarrier frequency at a specific time.

[0030] FIG. 2 is useful in describing OFDM. In FIG. 2,
the available bandwidth is divided into uniformly spaced
orthogonal subcarriers 216. Each uniformly spaced or-
thogonal subcarrier 216 can be considered a frequency
bin or a defined subcarrier frequency spacing. For exam-
ple, each frequency bin (i.e., defined subcarrier frequen-
cy spacing) can be 15kHz. In such an example, each
orthogonal subcarrier 216 is a 15kHz frequency band of
the available bandwidth. Each base station can have a
designated subcarrier 216 such that the base station
transmits the signal on the designated subcarrier 216.
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The base station modulates the signal, and the receiving
UE can demodulate the signal using Fast Fourier Trans-
form algorithms.

[0031] In the time domain, the base stations transmit
a signal during a designated symbol. A symbol can be
described as a specific period of time during which any
given base station may transmit a signal, which may be
received, for example, by a UE (e.g., UE 105). Using the
example of 7 symbols (such as in LTE networks), there
are 7 symbols in each slot (e.g., slot 214). Each slot has
a predefined number of symbols, which can be deter-
mined by a location server or master controller (e.g., 5GC
140). Because, in the LTE example, a slot is .5 ms, each
symbol is .07 ms (71.4 pSec) (i.e., .5 divided by 7).
Therefore, the symbol length is .07 ms (71.4 nSec). For
this example of 7 symbols, the symbols for a slot in an
occasion can be envisioned as "symbol 1," "symbol 2,"
"symbol 3," "symbol 4," "symbol 5," "symbol 6," and "sym-
bol 7" with symbol 1 being the first transmitted symbol
and each of the symbols being in order thereafter through
symbol 7. The specific time values used are for example
explanatory purposes. A slot can be any unit of time, and
a slot can contain any number of symbols.

[0032] Accordingly, when a base station transmits a
signal during a designated symbol on a designated sub-
carrier, a UE can receive the signal. In some network
configurations, a location server can provide information
to the UE defining the designated subcarrier and symbol
for each base station. Based on the information received
from the location server, the UE can listen for the signal
from a given base station. For example, if base station
is designated symbol 2 and subcarrier frequency band 0
- 15kHz, the UE can listen for the signal on that subcarrier
frequency band at the designated time (during the des-
ignated symbol). Further, because the various base sta-
tions are assigned differing subcarriers and/or symbols,
the UE can identify signals from many base stations.
[0033] Returning to FIG. 3A, the graph 300 depicts 7
sinc-shaped functions 305, 310, 315, 320, 325, 330, and
335 representing 7 signals received using OFDM. The
signals are received on different frequency bins (e.g.,
subcarriers 216). The signals may be received during the
same symbol (i.e., same time), but because of the mod-
ulation and differing frequency bins, the interference be-
tween signalsis limited. However, as is discussed herein,
environmental factors and movement of the UE (e.g., mo-
bile phone) can increase the interference of one signal
on another.

[0034] The amplitude of each function in graph 300 is
represented on the Y-axis, and the frequency bin of the
function is represented on the X-axis of graph 300. Func-
tion 305 has a peak amplitude of 1 at frequency bin -3.
In an ideal OFDM arrangement (as depicted by graph
300), every other function 310, 315, 320, 325, 330, and
335 has an amplitude of O (null) at frequency bin -3. Func-
tion 310 has a peak amplitude of 1 at frequency bin -2,
and every other function 305, 315, 320, 325, 330, and
335 has an amplitude of O (null) at frequency bin -2. This
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pattern continues at each frequency bin. This arrange-
ment of every other function null when one function peaks
allows the signal represented by the function to be re-
ceived and interpreted by the receiving UE. Further, as
depicted by graph 300, in traditional OFDM, the next func-
tion peaks at the first null of the previous function. For
example, function 305 peaks at frequency bin -3 and the
first null after the peak for function 305 is at frequency
bin -2. At frequency bin -2 (the first null of function 305),
function 310 peaks. Similarly, at frequency bin -1 (the
first null of function 310), function 315 peaks. Further,
function 305 represents the signal transmitted at frequen-
cy bin -3, and function 310 represents the signal trans-
mitted at frequency bin -2. Frequency bin -3 and frequen-
cy bin -2 are adjacent subcarriers (e.g., 0 - 15kHz and
15 - 30kHz). Therefore, as shown in graph 300, the sig-
nals in adjacent subcarriers result in functions that peak
in the first null after (or before) the other peaks.

[0035] The functions 305,310, 315, 320, 325, 330, and
335 are sinc-shaped. Such a sinc-shape has a peak (i.e.,
a main lobe), in this example of amplitude 1, and there-
after quickly dissipates to an amplitude of 0 with addi-
tional amplitudes of a maximum of approximately -.2
to .1, in this example, with intermediate nulls (0) until the
function dissipates to 0 (null) amplitude. A sinc-shaped
function results from the equation sinc(x) = sin(zx)/( nx).
Stated differently, a sinc-shaped function is a sine wave
thatdecays in amplitude as 1/x. The sinc-shaped function
and the rectangular pulse are Fourier transform pairs.
The rectangular pulse in the time domain results in a sinc-
shaped function in the frequency domain. As x approach-
es zero (0), the value of the sinc approaches one (1) (i.e.,
sinc(0) = 1). In a perfect sinc function (e.g., with no noise
or Doppler Effect), a trait is the location of the zero cross-
ings. The zero crossings occur at frequencies where an
integer number of the sinusoid’s cycles fit evenly into the
rectangular pulse. This is depicted in the sinc-shaped
functions 305, 310, 315, 320, 325, 330, and 335 of FIG.
3A. As seen in practice, however, the Doppler Effect and
other noise may cause the zero crossings of the sine-
shaped function to vary in relation to the other sinc-
shaped functions represented by other signals received
by a UE, which is depicted and described in more detail
with respect to FIG. 3B.

[0036] Eachfrequency bin,as showningraph 300, can
represent one orthogonal subcarrier. As described with
respect to FIG. 2, the available bandwidth can be divided
into uniformly spaced orthogonal subcarriers. For exam-
ple, each frequency bin can be 15kHz. Other frequency
bins can be used including, for example, 30kHz, 60kHz,
120kHz, 240kHz, 480kHz, and so forth. The frequency
bins can be any suitable frequency, and with 5G networks
the frequency bins can be substantially larger than the
examples above.

[0037] The scenario depicted by graph 300 is an ideal
example of OFDM. In practice, factors can impact the
reception of signals at a UE from base stations. For ex-
ample, environmental factors such as electromagnetic
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interference, distance, and objects that obstruct signals
between the base station and the UE can impact the sig-
nal reception. Further, if a UE is moving, the Doppler
Effect can impact the signal reception. For example, the
Doppler Effect can shift one function away or closer to
another function such that the peak of one function does
not fall on the expected frequency value as seen in FIG.
3B.

[0038] FIG. 3B illustrates a graph 350 representing the
amplitude versus the frequency bin of positioning meas-
urement signals as received by a UE using OFDM. How-
ever, unlike graph 300 of FIG. 3A, graph 350 depicts an
example of signals impacted by the Doppler Effect.
Graph 350 shows amplitude on the Y-axis over frequency
bins of -4 through 4 on the X-axis.

[0039] As an example of the impact of the Doppler Ef-
fect using graph 350, the function 360 can be offset such
that it is not null at frequency bin -3 and/or its peak does
not land at frequency bin -2. Instead, for example as
shown, function 360 can be shifted to the right. In that
case, the signal represented by function 360 can cause
noise orinterference to the signal represented by function
365 because where function 365 peaks, function 360 is
not null so an amplitude from function 360 may register
at the UE in addition to the amplitude of the amplitude of
function 365.

[0040] In traditional OFDM, there is a strict inverse re-
lation between symbol length and subcarrier frequency
spacing. Additionally, there is a requirement that an in-
teger number of cycles be completed for each subcarrier
over some fixed time period (e.g., the fixed period of time
in LTE is 1 slot). This arrangement results in the signal
response depicted by graphs 300 and 350.

[0041] FIG. 4 illustrates an exemplary table 400 of op-
tions of number of slots per sub-frame to frequency spac-
ing values. As discussed with respect to FIGS. 2 and 3,
the symbol length is determined based on the number of
symbols in a slot. In the previously discussed example,
a slot of .5 ms with 7 symbols results in each symbol
having a length of .07 ms (.5/7 ms). Alternatively, the
number of symbols in a slot (where the slot is a defined
period of time) can be determined by the symbol length.
For example, a slot of .5 ms with symbol length of .07 ms
(71.4 n.Sec) has 7 symbols (.5/.07).

[0042] In traditional OFDM for LTE networks, the in-
verse relation between symbol length and subcarrier fre-
quency spacing allows for the maximum number of sym-
bols within each slot. For example, when subcarrier fre-
quency spacing is 15kHz, a maximum of 14 symbols per
sub-frame can be used. Increasing the number of sym-
bols beyond 14 for 15kHz subcarriersina 1 ms timeframe
(the sub-frame duration in LTE) results in too many sym-
bols (too short of a symbol duration). When the symbol
duration is too short, the symbol reception is not feasible
within the system. When calculated out, 14 symbols for
15kHz subcarriers in a 1 ms timeframe results in a symbol
length of .07 ms (71.4 Sec), which is the minimum sym-
bol length because a shorter symbol length is not feasi-
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ble.

[0043] FIG. 4 depicts an exemplary table based on an
LTE network. In table 400, subcarrier frequency spacing
options increase from left to right. From top to bottom,
the number of slots per sub-frame increase. In the ex-
emplary table 400, a slot includes 14 symbols. For that
reason, box 402 shows the traditional OFDM values for
15kHz subcarrier spacing. In that scenario of 14 symbols
per slot, only 1 slot can be used in a sub-frame. For a 1
ms sub-frame, the symbol durationis .07 ms (71.4 nSec).
Boxes 404, 406, 408, 410, and 412 are not available op-
tions for 15kHz subcarrier spacing with a 1 ms sub-frame
because, as described above, the symbol length would
be too short to be feasible. As an example, 2 slots per
sub-frame would equal 28 symbols transmitted over 1
ms within a 15kHz subcarrier. The symbol length would
be .036 ms (35.7 nSec). Such a configuration is not sup-
portable on a 15 kHz subcarrier.

[0044] For a subcarrier frequency spacing of 30kHz, 2
slots per sub-frame is the supported maximum number
of slots because it allows for a minimum symbol length.
Over a 30kHz subcarrier, symbol lengths of .036 ms
(35.7 nSec) are supported. Accordingly, as shown in box
416, 2 slots per sub-frame with 14 symbols per slot and
a 1 ms sub-frame is the maximum supported by a 30kHz
subcarrier. Boxes 418, 420, 422, and 424 are not sup-
ported. In traditional OFDM, 2 slots per sub-frame are
used as shown in box 416. An option of 1 slot per sub-
frame as shown in box 414 can be used. Using such a
configuration results in a symbol length of .07 ms (71.4
wSec) on a 30kHz subcarrier.

[0045] For a subcarrier frequency spacing of 60kHz, a
maximum of 4 slots per sub-frame is supported. Over a
60kHz subcarrier, symbol lengths of .018 ms are sup-
ported. Accordingly, as shown in box 430, 4 slots per
sub-frame with 14 symbols per slotand a 1 ms sub-frame
is the maximum supported by a 60kHz subcarrier. Boxes
432,434, and 436 are not supported. In traditional OFDM,
4 slots per sub-frame are used as shown in box 430. An
option of 1 slot per sub-frame as shown in box 426 or an
option of 2 slots per sub-frame as shown in box 428 can
be used. Using 2 slots per sub-frame results in a symbol
length of .036 ms (35.7 pSec) on a 60kHz subcarrier,
and using 1 slot per sub-frame results in a symbol length
of .07 ms (71.4 nSec) on a 60kHz subcarrier.

[0046] Similar results are shown for subcarrier fre-
quency spacing of 120kHz, 240kHz, and 480kHz. Look-
ing at a subcarrier frequency spacing of 480kHz, in tra-
ditional OFDM, 32 slots per sub-frame is used as shown
in box 472. Options for 1 slot (box 462), 2 slots (box 464),
4 slots (box 466), 8 slots (box 468), and 16 slots (box
470) can be used. Extending the symbol length (reducing
the number of slots per sub-frame) can mitigate the Dop-
pler Effect on UE measurements of position measure-
ment signals as will be discussed further with respect to
FIGS. 5A - 5F and 6A - 6F.

[0047] OFDM signals from any signal source are de-
signed such that the peak of one subcarrier aligns with
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the nulls of the other subcarriers, as shown in FIG. 3A.
Ideally, this means that the intra-cell inter-carrier-inter-
ference (ICl) level is zero. However, as discussed
throughout and explained with reference to FIGS. 3B and
5A - 5F, subcarriers from one cell supported by a first
base station may not align with the subcarriers from an-
other cell supported by a second base station (i.e., inter-
cell) due to, for example, the Doppler Effect and/or a fre-
quency offset between the cell transmit chains. The mag-
nitude of this inter-cell ICI depends on the amount of fre-
quency shift between the two signals, the nominal spac-
ing between the sinc-shaped subcarriers of the signals,
and the nominal null-to-null spacing of the sinc-shaped
subcarriers of the signals, where the null-to-null spacing
of the sinc-shaped subcarrier is determined by its dura-
tion. As shown and discussed with respect to FIGS. 3B
and 5A - 5F, the intra-cell ICI can be seen in the graphs
by a first sinc-shaped function representing a signal from
one cell moving toward (or away) from a second sinc-
shaped function representing the signal from another
cell. As the first sinc-shaped function moves toward (or
away) from the second (adjacent) sinc-shaped function,
the first sinc-shaped function is not null at the peak of the
second sinc-shaped function. The amount of frequency
shift, AF, due to the Doppler Effect, can be found from
the Doppler equation (i.e., AF/F, = AV/c). Optionally, the
level of inter-cell ICI can be determined by observing the
magnitude of a sinc-shaped subcarrier on an adjacent
subcarrier location as the first subcarrier is shifted across
arange of frequencies based on the frequency bins from
the -1 frequency bin through the 1 frequency bin and
multiplied by AF. For signals with a given subcarrier fre-
quency spacing, differing available symbol lengths can
be evaluated (e.g., using a table similar to the table in
FIG. 4) using the Doppler Effect equation and identifying
the level of inter-cell ICI for each available symbol length
by shifting the first subcarrier across the range of fre-
quencies as described above. Optionally, the symbol
length with the lowest level of inter-cell ICI can be select-
ed for use.

[0048] FIGS. 5A - 5F illustrate a series of graphs each
representing amplitude versus the frequency of position-
ing measurement signals using various symbol lengths
with OFDM. Starting with FIG. 5A, graph 500 depicts the
amplitude versus frequency of positioning measurement
signals received at a UE where the subcarrier frequency
spacing is 15kHz, there is 1 slot per sub-frame, each sub-
frame is 1 ms, and there are 14 symbols per slot. This
configuration is considered strict (or traditional) OFDM.
As shown, function 502 peaks at -30kHz and nulls at
-15kHz, OkHz, and every 15kHz thereafter. Function 504
peaks at -15kHz (the first null of function 502) and nulls
at OkHz, 15kHz, and every 15kHz thereafter. Function
506 peaks at OkHz (the first null of function 504) and nulls
at 15kHz, 30kHz, and every 15kHz thereafter. Functions
508 and 510 behave similarly.

[0049] The symbol length used for the signals repre-
sented in graph 500 is 1 ms/14 symbols or .07 ms (71.4
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nSec). This is the minimum symbol length (the maximum
number of symbols) available for this subcarrier frequen-
cy spacing. In FIG. 4, this is represented by box 402.
Graph 500 therefore depicts traditional OFDM for 15kHz
frequency spacing and 14 symbols per slot.

[0050] As seen in graph 500, any Doppler Effect or
other factor that may cause any of functions 502, 504,
506, 508, or 510 to have an offset such that the null does
not fall exactly on each 15kHz increment can cause sub-
stantial noise to the signal that is peaking at that incre-
ment. Because peaks are close together, even relatively
small offsets can make signals difficult to distinguish. For
example, if a small offset of 2kHz for function 504 toward
the peak of function 506 exists, graph 500 would display
an amplitude from function 504 at the peak of function
506. Accordingly, the signal represented by function 504
may interfere with the signal represented by function 506.
The result can be that a UE may incorrectly determine
its position based on the inaccurate reading of the signal
represented by function 506.

[0051] Moving to FIG. 5B, graph 512 depicts sinc-
shapedfunctions 514,516,518, 520,and 522. Eachfunc-
tion represents the amplitude versus frequency of posi-
tioning measurement signals received at a UE where the
subcarrier frequency spacing is 30kHz, there is 1 slot per
sub-frame, each sub-frame is 1 ms, and there are 14
symbols per slot. As shown, function 514 peaks at -60kHz
and nulls at-45kHz, -30kHz, and every 15kHz thereafter.
Function 516 peaks at -30kHz (the second null of function
514) and nulls at - 15kHz, OkHz, and every 15kHz there-
after. Function 518 peaks at OkHz (the second null of
function 516) and nulls at 15kHz, 30kHz, and every
15kHz thereafter. Functions 520 and 522 behave simi-
larly.

[0052] The symbol length used for the signals repre-
sented in graph 512 is 1 ms/14 symbols or .07 ms (71.4
nSec). In FIG. 4, this is represented by box 414. The
minimum symbol length for a 30kHz subcarrier frequency
spacing with 14 symbols per slot and a 1 ms sub-frame
is 2 slots per sub-frame (.036 ms (35.7 pnSec)). This is
represented in FIG. 4 by box 416. Accordingly, the sym-
bol length is longer than minimum symbol length availa-
ble for this subcarrier frequency spacing. Graph 512
therefore depicts disentangled OFDM for 30kHz frequen-
cy spacing and 14 symbols per slot on a 1 ms sub-frame.
[0053] As seen in graph 512, any Doppler Effect or
other factor that may cause any of functions 514, 516,
518, 520, or 522 to have an offset such that the null does
not fall exactly on each 15kHz increment can cause noise
to a signal that is peaking at that increment. However,
because there is a null between each peak where no
function peaks, the impact of any offset is dramatically
reduced. When peaks fall in the first null, as depicted in
graph 500 (or graph 300 of FIG. 3A), because of the sine-
shape of each function the rapid rise in amplitude to peak
can mean that an amplitude of up to 1 from an offset
function could occur. While that may be uncommon, an
offset resulting in an amplitude from an offset function
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of .2 or .3 can be common. However, a small offset when
the peaks skip a null as shown in graph 512 will have a
substantially smaller impact. For example, a small offset
of 2kHz for function 516 can show as amplitude from the
signalrepresented by function 516 on the peak of function
518. However, at the second null, the peak amplitude of
function 516 may be only 2kHz. Therefore, a small offset
may result in an amplitude interference from function 516
to function 518 of only amplitude .05. This smaller inter-
ference is less likely to cause the UE to incorrectly de-
termine its position based on the inaccurate reading of
the signal represented by function 518.

[0054] Moving to FIG. 5C, graph 524 depicts sine-
shaped functions 526,528,530, 532, and 534. Each func-
tion represents the amplitude versus frequency of posi-
tioning measurement signals received at a UE where the
subcarrier frequency spacing is 60kHz, there is 1 slot per
sub-frame, each sub-frame is 1 ms, and there are 14
symbols per slot. As shown, function 526 peaks at
-120kHz and nulls at -105kHz, -90kHz, -75kHz, - 60kHz,
and every 15kHz thereafter. Function 528 peaks at
-60kHz (the fourth null of function 526) and nulls at
-45kHz, -30kHz, -15kHz, OkHz, and every 15kHz there-
after. Function 530 peaks at OkHz (the fourth null of func-
tion 528) and nulls at 15kHz, 30kHz, 45kHz, 60kHz, and
every 15kHz thereafter. Functions 520 and 522 behave
similarly.

[0055] The symbol length used for the signals repre-
sented in graph 524 is 1 ms/14 symbols or .07 ms (71.4
nSec). This is represented in FIG. 4 by box 426. The
minimum symbol length for a 60kHz subcarrier frequency
spacing with 14 symbols per slot and a 1 ms sub-frame
is 4 slots per sub-frame (.018 ms). This is represented
in FIG. 4 by box 430. Accordingly, the symbol length is
longer than minimum symbol length available for this sub-
carrier frequency spacing. Graph 524 therefore depicts
disentangled OFDM for 60kHz frequency spacing and
14 symbols per slot on a 1 ms sub-frame.

[0056] As seen in graph 524, any Doppler Effect or
other factor that may cause any of functions 526, 528,
530, 532, or 534 to have an offset such that the null does
notfall exactly on each 15kHz increment can cause noise
to a signal that is peaking at that increment. However,
because there are 3 nulls between each peak where no
function peaks, the impact of any offset is dramatically
reduced even from that of graph 512. At the fourth null,
the peak amplitude of function 526 may be only .1kHz.
Therefore, a small offset may result in an amplitude in-
terference from function 526 to function 528 of only
amplitude .02. This smaller interference is even less like-
ly to cause the UE to incorrectly determine its position
based on the inaccurate reading of the signal represent-
ed by function 528. Rather, the UE is likely to correctly
determine its position based on signals from base sta-
tions as represented by functions 526, 528, 530, 532,
and 534.

[0057] Moving to FIG. 5D, graph 536 depicts sinc-
shaped functions 538,540,542, 544, and 546. Each func-

10

15

20

25

30

35

40

45

50

55

10

tion represents the amplitude versus frequency of posi-
tioning measurement signals received at a UE where the
subcarrier frequency spacing is 120kHz, there is 1 slot
per sub-frame, each sub-frame is 1 ms, and there are 14
symbols per slot. As shown, function 538 peaks at
-240kHz and nulls at -225kHz, -210kHz, - 195kHz,
-180kHz, and every 15kHz thereafter. Function 540
peaks at -120kHz (the eighth null of function 538) and
nulls at -105kHz, -90kHz, -75kHz, 60kHz, and every
15kHz thereafter. Function 542 peaks at OkHz (the eighth
null of function 540) and nulls at 15kHz, 30kHz, 45kHz,
60kHz, and every 15kHz thereafter. Functions 544 and
546 behave similarly.

[0058] The symbol length used for the signals repre-
sented in graph 536 is 1 ms/14 symbols or .07 ms (71.4
nSec). This is represented in FIG. 4 by box 438. The
minimum symbol length for a 120kHz subcarrier frequen-
cy spacing with 14 symbols per slotand a 1 ms sub-frame
is 8 slots per sub-frame (.009 ms). This is represented
in FIG. 4 by box 444. Accordingly, the symbol length is
longer than minimum symbol length available for this sub-
carrier frequency spacing. Graph 536 therefore depicts
disentangled OFDM for 120kHz frequency spacing and
14 symbols per slot on a 1 ms sub-frame.

[0059] As seen in graph 536, any Doppler Effect or
other factor that may cause any of functions 538, 540,
542,544, or 546 to have an offset such that the null does
not fall exactly on each 15kHz increment can cause noise
to a signal that is peaking at that increment. However,
because there are 7 nulls between each peak where no
function peaks, the impact of any offset is dramatically
reduced even from that of graph 524. At the eighth null,
the peak amplitude of function 538 may be only .05kHz.
Therefore, a small offset may result in an amplitude in-
terference from function 538 to function 540 of only
amplitude .005. This smaller interference is even less
likely to cause the UE to incorrectly determine its position
based on the inaccurate reading of the signal represent-
ed by function 538. Rather, the UE is likely to correctly
determine its position based on signals from base sta-
tions as represented by functions 538, 540, 542, 544,
and 546.

[0060] Moving to FIG. 5E, graph 548 depicts sine-
shaped functions 550, 552, 554, 556, and 558. Each func-
tion represents the amplitude versus frequency of posi-
tioning measurement signals received at a UE where the
subcarrier frequency spacing is 240kHz, there is 1 slot
per sub-frame, each sub-frame is 1 ms, and there are 14
symbols per slot. As shown, function 550 peaks at
-480kHz and nulls at -465kHz, -450kHz, - 435kHz,
-420kHz, and every 15kHz thereafter. Function 552
peaks at -240kHz (the sixteenth null of function 550) and
nulls at -225kHz, -210kHz, -95kHz, 80kHz, and every
15kHz thereafter. Function 554 peaks at OkHz (the six-
teenth null of function 552) and nulls at 15kHz, 30kHz,
45kHz, 60kHz, and every 15kHz thereafter. Functions
556 and 558 behave similarly.

[0061] The symbol length used for the signals repre-
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sented in graph 548 is 1 ms/14 symbols or .07 ms (71.4
nSec). This is represented in FIG. 4 by box 450. The
minimum symbol length for a 240kHz subcarrier frequen-
cy spacing with 14 symbols per slotand a 1 ms sub-frame
is 16 slots per sub-frame (.0045 ms). This is represented
in FIG. 4 by box 458. Accordingly, the symbol length is
longer than the minimum symbol length available for this
subcarrier frequency spacing. Graph 548 therefore de-
picts disentangled OFDM for 240kHz frequency spacing
and 14 symbols per slot on a 1 ms sub-frame.

[0062] As seen in graph 548, any Doppler Effect or
other factor that may cause any of functions 550, 552,
554, 556, or 558 to have an offset such that the null does
notfall exactly on each 15kHz increment can cause noise
to a signal that is peaking at that increment. However,
because there are 15 nulls between each peak where no
function peaks, the impact of any offset is dramatically
reduced even from that of graph 536. At the sixteenth
null, the peak amplitude of function 550 may be
only .005kHz. Therefore, a small offset may result in an
amplitude interference from function 550 to function 552
of only amplitude .0005. This smaller interference is un-
likely to cause the UE to incorrectly determine its position
based on the inaccurate reading of the signal represent-
ed by function 550. Rather, the UE is likely to correctly
determine its position based on signals from base sta-
tions as represented by functions 550, 552, 554, 556,
and 558.

[0063] Moving to FIG. 5F, graph 560 depicts sine-
shaped functions 562,564,566, 568, and 570. Each func-
tion represents the amplitude versus frequency of posi-
tioning measurement signals received at a UE where the
subcarrier frequency spacing is 480kHz, there is 1 slot
per sub-frame, each sub-frame is 1 ms, and there are 14
symbols per slot. As shown, function 562 peaks at
-960kHz and nulls at -945kHz, -930kHz, - 915kHz,
-900kHz, and every 15kHz thereafter. Function 564
peaks at -480kHz (the thirty-second null of function 562)
and nulls at -465kHz, -450kHz, -435kHz, -420kHz, and
every 15kHz thereafter. Function 566 peaks at OkHz (the
thirty-second null of function 564) and nulls at 15kHz,
30kHz, 45kHz, 60kHz, and every 15kHz thereafter. Func-
tions 568 and 570 behave similarly.

[0064] The symbol length used for the signals repre-
sented in graph 548 is 1 ms/14 symbols or .07 ms (71.4
nSec). This is represented in FIG. 4 by box 462. The
minimum symbol length for a 480kHz subcarrier frequen-
cy spacing with 14 symbols per slotand a 1 ms sub-frame
is 32 slots per sub-frame (.0022 ms). This is represented
in FIG. 4 by box 472. Accordingly, the symbol length is
longer than the minimum symbol length available for this
subcarrier frequency spacing. Graph 560 therefore de-
picts disentangled OFDM for 480kHz frequency spacing
and 14 symbols per slot on a 1 ms sub-frame.

[0065] As seen in graph 560, any Doppler Effect or
other factor that may cause any of functions 562, 564,
566, 568, or 570 to have an offset such that the null does
not fall exactly on each 15kHz increment is unlikely to
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cause noise sufficient to impact the reading of the signal.
The 31 nulls between each peak where no function peaks
reduces the impact of any offset to practically zero. The
UE is likely to correctly determine its position based on
signals from base stations as represented by functions
562, 564, 566, 568, and 570 regardless of some offset.
[0066] Note the dramatic difference between graph
500 and graph 560. Where within graph 500 the functions
514, 516, 518, 520, and 522 are somewhat difficult to
distinguish (i.e., entangled), the functions 562, 564, 566,
568, and 570 of graph 560 are easily distinguished (i.e.,
disentangled). As such, selecting a longer symbol length
than the minimum symbol length allowable for the des-
ignated subcarrier frequency spacing results in disentan-
gled OFDM signals. Stated differently, selecting fewer
slots per sub-frame than the maximum allowable slots
for the subcarrier frequency spacing results in longer
symbol lengths that result in disentangled OFDM signals.
Entangled signals may be described as signals that are
difficult to distinguish or that otherwise impact each other.
For example, when signal 502 and signal 504 of FIG. 5A
are obtained by a UE, signal 502 may have sufficient
amplitude when signal 504 is received to impact the
measured value of signal 504. While signal 502 should
be null (i.e., zero) when signal 504 has a peak value, the
Doppler Effect caused by, for example, UE movement or
other signal noise may cause signal 502 to have an am-
plitude other than zero when signal 504 has a peak. Dis-
entangled signals may be described as signals that are
distinguishable or that have little to no impact on each
other. For example, when signal 550 and signal 552 of
FIG. 5E are obtained by a UE, signal 550 has an ampli-
tude of zero or very near zero when signal 552 is received
and therefore has little to no impact on the measured
value of signal 552.

[0067] FIGS. 6A - 6F illustrate a series of graphs each
representing power versus frequency of positioning sig-
nals using various symbol lengths with OFDM. Starting
with FIG. 6A, graph 600 depicts the power versus fre-
quency of positioning measurement signals received at
a UE where the subcarrier frequency spacing is 480kHz
and the symbol duration is 2.2 pSec. This is represented
in FIG. 4 at box 472. As shown, function 602 peaks at
-480kHz and nulls at every 480kHz increment (e.g., OkHz
and 480kHz). Function 602 gradually reduces in power
as frequency increases (or decreases away from the
peak of -480kHz). Function 604 peaks at OkHz (the first
null of function 602) and nulls at every 480kHz increment
(e.g., -480kHz and 480kHz). Function 604 also gradually
decreases in power the further away it is from the peak
frequency of OkHz. Function 606 peaks at 480kHz (the
first null of function 604) and nulls at every 480kHz spac-
ing.

[0068] The symbol length used for the signals repre-
sented in graph 600 is 1 ms/32 slots of 14 symbols
or .0022 ms (2.2 nSec). This is the minimum symbol
length (the maximum number of symbols) available for
this subcarrier frequency spacing. In FIG. 4, this is rep-
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resented by box 472. Graph 600 therefore depicts tradi-
tional OFDM for 480kHz frequency spacing and 14 sym-
bols per slot.

[0069] As seen in graph 600, any Doppler Effect or
other factor that may cause any of functions 602, 604, or
606 to have an offset such that the null does not fall ex-
actly on each 480kHz increment can cause substantial
noise to the signal that is peaking at that increment. For
example, a small offset of 20kHz for function 602 can
create noise in the signal represented by function 604.
The result can be that a UE may incorrectly determine
its position based on the inaccurate reading of the signal
represented by function 604.

[0070] MovingtoFIG. 6B, graph 608 depicts the power
versus frequency of positioning measurement signals re-
ceived at a UE where the subcarrier frequency spacing
is 480kHz and the symbol duration is 4.5 pnSec. This is
represented in FIG. 4 at box 470. As shown, function 610
peaks at -480kHz and nulls at every 240kHz increment
(e.g., -240kHz and OkHz). Function 610 gradually reduc-
es in power as frequency increases (or decreases away
from the peak of -480kHz). Function 612 peaks at OkHz
(the second null of function 610) and nulls at every
240kHzincrement (e.g., - 240kHz and 240kHz). Function
612 also gradually decreases in power the further away
itis from the peak frequency of OkHz. Function 614 peaks
at 480kHz (the second null of function 612 and the fourth
null of function 610) and nulls at every 240kHz spacing.
[0071] The symbol length used for the signals repre-
sented in graph 608 is 1 ms/16 slots of 14 symbols
or .0045 ms (4.5 tSec). The minimum symbol length (the
maximum number of symbols) available for this subcar-
rier frequency spacing is 2.2 n.Sec as discussed with re-
spect to FIG. 6A. In FIG. 4, this is represented by box
472. Graph 608 therefore depicts disentangled OFDM
for 480kHz frequency spacing and 14 symbols per slot.
[0072] As seen in graph 608, any Doppler Effect or
other factor that may cause any of functions 610, 612, or
614 to have an offset such that the null does not fall ex-
actly on each 240kHz increment can cause noise to the
signal that is peaking at that increment. For example, a
small offset of 20kHz for function 610 can create noise
in the signal represented by function 612, although the
impact can be substantially reduced over the same offset
when using the symbol length depicted in FIG. 6A. As
shown in FIG. 6B, the peak for functions 610 and 614
around OkHz is over -20dB. Accordingly, a small offset
can result in noise of -30dB or more.

[0073] Movingto FIG.6C, graph 616 depicts the power
versus frequency of positioning measurement signals re-
ceived at a UE where the subcarrier frequency spacing
is 480kHz and the symbol duration is 8.9 pnSec. This is
represented in FIG. 4 at box 468. As shown, function 618
peaks at -480kHz and nulls at every 120kHz increment
(e.g., -360kHz and -240kHz). Function 618 gradually re-
duces in power as frequency increases (or decreases
away from the peak of -480kHz). Function 620 peaks at
OkHz (the fourth null of function 618) and nulls at every
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120kHz increment (e.g., 120kHz and 240kHz). Function
620 also gradually decreases in power the further away
itis from the peak frequency of OkHz. Function 622 peaks
at 480kHz (the fourth null of function 620 and the 8th null
of function 618) and nulls at every 120kHz spacing.
[0074] The symbol length used for the signals repre-
sented in graph 616 is 1 ms/8 slots of 14 symbols or .009
ms (8.9 nSec). The minimum symbol length (the maxi-
mum number of symbols) available for this subcarrier
frequency spacing is 2.2 p.Sec as discussed with respect
to FIG. 6A. In FIG. 4, this is represented by box 472.
Graph 616 therefore depicts disentangled OFDM for
480kHz frequency spacing and 14 symbols per slot.
[0075] As seen in graph 616, any Doppler Effect or
other factor that may cause any of functions 618, 620, or
622 to have an offset such that the null does not fall ex-
actly on each 120kHz increment can cause noise to the
signal that is peaking at that increment. However, the
peak power of functions 618 and 622 around OkHz is
approximately - 20dB, so the impact of an offset of signals
represented by functions 618 or 622 may be - 40dB or
less. The impact of the offset with a symbol length of 8.9
wSec can be substantially reduced over the same offset
when using the symbol length of 2.2 pSec as depicted
in FIG. 6A.

[0076] MovingtoFIG. 6D, graph 624 depicts the power
versus frequency of positioning measurement signals re-
ceived at a UE where the subcarrier frequency spacing
is 480kHz and the symbol duration is .018 ms. This is
represented in FIG. 4 at box 466. As shown, function 626
peaks at -480kHz and nulls at every 60kHz increment
(e.g., -420kHz and -360kHz). Function 626 gradually re-
duces in power as frequency increases (or decreases
away from the peak of -480kHz). Function 628 peaks at
OkHz (the eighth null of function 626) and nulls at every
60kHz increment (e.g., 60kHz and 120kHz). Function
628 also gradually decreases in power the further away
itis from the peak frequency of OkHz. Function 630 peaks
at 480kHz (the eighth null of function 628 and the six-
teenth null of function 626) and nulls at every 60kHz spac-
ing.

[0077] The symbol length used for the signals repre-
sented in graph 624 is 1 ms/4 slots of 14 symbols or .018
ms (17.9 Sec). The minimum symbol length (the max-
imum number of symbols) available for this subcarrier
frequency spacing is 2.2 p.Sec as discussed with respect
to FIG. 6A. In FIG. 4, this is represented by box 472.
Graph 624 therefore depicts disentangled OFDM for
480kHz frequency spacing and 14 symbols per slot.
[0078] As seen in graph 624, any Doppler Effect or
other factor that may cause any of functions 626, 628, or
630 to have an offset such that the null does not fall ex-
actly on each 60kHz increment can cause noise to the
signal that is peaking at that increment. However, the
peak power of functions 626 and 630 around OkHz is less
than -20dB, so the impact of an offset of signals repre-
sented by functions 626 or 630 will likely be less than
that of a similar offset for shorter symbol lengths as de-
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picted in FIGS. 6A, 6B, and 6C. The impact of the offset
with a symbol length of 17.9 nSec can be substantially
reduced over the same offset when using the symbol
length of 2.2 uSec as depicted in FIG. 6A.

[0079] MovingtoFIG. 6E, graph 632 depicts the power
versus frequency of positioning measurement signals re-
ceived at a UE where the subcarrier frequency spacing
is 480kHz and the symbol duration is .036 ms (35.7
nSec). Thisisrepresented in FIG.4 atbox464. As shown,
function 634 peaks at -480kHz and nulls at every 30kHz
increment (e.g., -450kHz and -420kHz). Function 634
gradually reduces in power as frequency increases (or
decreases away from the peak of -480kHz). Function 636
peaks at OkHz (the sixteenth null of function 634) and
nulls at every 30kHz increment (e.g., 30kHz and 60kHz).
Function 636 also gradually decreases in power the fur-
ther away it is from the peak frequency of OkHz. Function
638 peaks at 480kHz (the sixteenth null of function 636
and the thirty-second null of function 638) and nulls at
every 30kHz spacing.

[0080] The symbol length used for the signals repre-
sented in graph 632 is 1 ms/2 slots of 14 symbols or .036
ms (35.7 nSec). The minimum symbol length (the max-
imum number of symbols) available for this subcarrier
frequency spacing is 2.2 n.Sec as discussed with respect
to FIG. 6A. In FIG. 4, this is represented by box 472.
Graph 632 therefore depicts disentangled OFDM for
480kHz frequency spacing and 14 symbols per slot.
[0081] As seen in graph 632, any Doppler Effect or
other factor that may cause any of functions 634, 636, or
638 to have an offset such that the null does not fall ex-
actly on each 30kHz increment can cause noise to the
signal that is peaking at that increment. However, the
peak power of functions 634 and 638 around OkHz is
approximately - 40dB, so the impact of an offset of signals
represented by functions 634 or 638 will likely be less
than that of a similar offset for shorter symbol lengths as
depicted in FIGS. 6A, 6B, 6C, and 6D. The impact of the
offset with a symbol length of 35.7 wSec can be substan-
tially reduced over the same offset when using the symbol
length of 2.2 uSec as depicted in FIG. 6A.

[0082] Movingto FIG. 6F, graph 640 depicts the power
versus frequency of positioning measurement signals re-
ceived at a UE where the subcarrier frequency spacing
is 480kHz and the symbol duration is .07 ms (71.4 nSec).
This is represented in FIG. 4 at box 462. As shown, func-
tion 642 peaks at -480kHz and nulls at every 15kHz in-
crement(e.g.,-465kHz and -450kHz). Function 642 grad-
ually reduces in power as frequency increases (or de-
creases away from the peak of -480kHz). Function 644
peaks at OkHz (the thirty-second null of function 642) and
nulls at every 15kHz increment (e.g., 15kHz and 30kHz).
Function 644 also gradually decreases in power the fur-
ther away it is from the peak frequency of OkHz. Function
646 peaks at 480kHz (the thirty-second null of function
644 and the sixty-fourth null of function 642) and nulls at
every 15kHz spacing.

[0083] The symbol length used for the signals repre-
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sented in graph 640 is 1 ms/1 slot of 14 symbols or .07
ms (71.4 nSec). The minimum symbol length (the max-
imum number of symbols) available for this subcarrier
frequency spacing is 2.2 p.Sec as discussed with respect
to FIG. 6A. In FIG. 4, this is represented by box 472.
Graph 640 therefore depicts disentangled OFDM for
480kHz frequency spacing and 14 symbols per slot.
[0084] As seen in graph 640, any Doppler Effect or
other factor that may cause any of functions 642, 644, or
644 to have an offset such that the null does not fall ex-
actly on each 15kHz increment is unlikely to affect the
UE measurement of the signal that is experiencing the
noise from another signal. The peak power of functions
642 and 646 around OkHz is less than -40dB, so the im-
pact of an offset of signals represented by functions 642
or 646 will likely be less than that of a similar offset for
shorter symbol lengths as depicted in FIGS. 6A, 6B, 6C,
6D, and 6E. The impact of the offset with a symbol length
of 71.4 nSec can be substantially reduced over the same
offset when using the symbol length of 2.2 uSec as de-
picted in FIG. 6A.

[0085] Note the dramatic difference between graph
600 and graph 640. Forexample, the chances of an offset
of a small kHz value still landing on or near a null of the
adjacent or any other signals is increased substantially
when the symbol length increases as shown in FIG. 6F
as compared to FIG. 6A. Further, the power of adjacent
signals when the symbol length increases is less at the
peaks for each signal than when the symbol length is
shorter. As such, selecting a longer symbol length than
the minimum symbol length allowable for the designated
subcarrier frequency spacing results in disentangled
OFDM signals. Stated differently, selecting fewer slots
per sub-frame than the maximum allowable slots for the
subcarrier frequency spacing results in longer symbol
lengths that result in disentangled OFDM signals.
[0086] FIG. 7 illustrates a flow diagram of a method
700 for selecting symbol lengths for OFDM signals. The
method 700 can be performed by a location server or
other master controller that is capable of providing con-
figuration information to components on a wireless net-
work. For example, the LMF 120 of FIG. 1 can be the
location server (or master controller). Such a location
server can provide, for example, the symbol length to be
used for positioning measurement signals using OFDM
to all components on the network. For example, compo-
nents such as a UE (e.g., UE 105 of FIG. 1) or a base
station (e.g., gNB 110 of FIG. 1) can receive the symbol
length information from the location server for use in po-
sitioning determination communications to transmit po-
sitioning measurement signals.

[0087] At block 705, the location server can define a
subcarrier frequency spacing for dividing a predeter-
mined frequency band into a plurality of subcarrier fre-
quency bands. As discussed with respect to FIG. 2, the
available bandwidth (the predetermined frequency band)
can be divided into uniformly spaced orthogonal subcar-
riers. The uniform spacing can be the defined subcarrier
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frequency spacing. For LTE, as described in FIG. 2, the
subcarriers can be 15kHz, so the uniform spacing is
15kHz and each subcarrier frequency band is 15kHz
wide (e.g., OkHz - 15kHz). Other example defined sub-
carrier frequency spacings used in FIGS. 5A - 5F and 6A
- 6F include 30kHz, 60kHz, 120kHz, 240kHz, and
480kHz. For 5G networks, the subcarrier frequency
bands are expected to be much larger, such as, for ex-
ample, 60GHz.

[0088] Means for performing the functionality at block
705 may comprise one or more components of a com-
puter system, such as a bus 905, processing unit(s) 910,
working memory 935, operating system 940, applica-
tion(s) 945, and/or other components of the computer
system 900 illustrated in FIG. 9 and described in more
detail below.

[0089] Atblock 710, the location server can determine
a symbol length in the time domain, where the symbol
length is greater than a minimum symbol length deter-
mined based on the defined subcarrier frequency spac-
ing. For example, as described with respect to FIG. 4,
the minimum symbol length for a 15kHz subcarrier fre-
quency spacing is .07 ms (71.4 nSec), which is shown
in box 402. As the subcarrier frequency spacing increas-
es, the minimum symbol length decreases. As an exam-
ple, the minimum symbol length for a 480kHz frequency
spacing is 2.2 nSec as depicted in box 472 of FIG. 4. As
an example, when the subcarrier frequency spacing is
480kHz, the minimum symbol length is 2.2 nSec, and
the selected symbol length can be greater than the min-
imum symbol length. Further, the selected symbol length
can be an integer multiple of the minimum symbol length.
The selected symbol length can further be an even inte-
ger multiple of the minimum symbol length. For example,
as shown in FIG. 4, the symbol length options for sub-
carriers of 480kHz are 2, 4, 8, 16, and 32 times the min-
imum symbol length. Therefore, the selected symbol
length can be, for example, 35.6 nSec or 71.4 pSec as
shown by boxes 464 and 462 respectively of FIG. 4. Se-
lection of the symbol length may not modify or change
the subcarrier frequency spacing. In traditional OFDM,
increasing the symbol length would shrink the subcarrier
frequency spacing. The described solution causes the
symbol length to change without changing the subcarrier
frequency spacing to correlate to traditional OFDM.
[0090] Means for performing the functionality at block
710 may comprise one or more components of a com-
puter system, such as a bus 905, processing unit(s) 910,
working memory 935, operating system 940, applica-
tion(s) 945, and/or other components of the computer
system 900 illustrated in FIG. 9 and described in more
detail below.

[0091] At block 715, the location server can provide
instructions to a first base station to transmit, on a first
subcarrier frequency band of the plurality of subcarrier
frequency bands, at least a portion of a first wireless po-
sition measurement signal during a symbol of the symbol
length, wherein the atleast the portion of the first wireless
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position measurement signal has a first sinc-shaped
function in the frequency domain, and wherein the first
sinc-shaped function has a plurality of ordered null points
as frequency increases past the main lobe. For example,
as shown in FIG. 5F, function 566 can represent a wire-
less position measurement signal (or a portion of the wire-
less position measurement signal) sent by a base station
on a subcarrier frequency band with spacing 480kHz dur-
ing a designated symbol of length 71.4 pSec. Function
566 has a sinc-shape in the frequency domain as shown
in graph 560. Function 566 has a main lobe at OkHz and
null points at 15kHz, 30kHz, 45kHz, and so forth every
15 kHz. The null points are ordered where the first is at
15kHz, the second is at 30kHz, the third is at 45kHz, and
so forth. Because position measurement signals may be
transmitted over more than one symbol as defined by the
resource block, only a portion of the wireless position
measurement signal may be transmitted by the base sta-
tion during the symbol.

[0092] Means for performing the functionality at block
715 may comprise one or more components of a com-
puter system, such as a bus 905, processing unit(s) 910,
working memory 935, operating system 940, applica-
tion(s) 945, and/or other components of the computer
system 900 illustrated in FIG. 9 and described in more
detail below.

[0093] At block 720, the location server can provide
instructions to a second base station to transmit, on a
second subcarrier frequency band of the plurality of sub-
carrier frequency bands, at least a portion of a second
wireless position measurement signal during the symbol,
wherein the second subcarrier frequency band is adja-
cent to the first subcarrier frequency band, and wherein
the at least the portion of the second wireless position
measurement signal has a second sinc-shaped function
in the frequency domain, and wherein the main lobe of
the second sinc-shaped function is at a null point of the
first sinc-shaped function after the first ordered null point
of the first sinc-shaped function. Looking again at FIG.
5F, function 568 represents a signal transmitted by a
base station (which can be a second base station) on an
adjacent subcarrier frequency band to that of function
566. Function 568 also has a sinc-shape and the main
lobe of function 568 is at 480kHz. Since the first null of
function 566 is at 15kHz, the main lobe of function 568
at 480kHz is not at the first null of function 566.

[0094] Means for performing the functionality at block
720 may comprise one or more components of a com-
puter system, such as a bus 905, processing unit(s) 910,
working memory 935, operating system 940, applica-
tion(s) 945, and/or other components of the computer
system 900 illustrated in FIG. 9 and described in more
detail below.

[0095] Asdescribed with respectto FIG. 7, the location
server can provide the instructions to base stations for
transmitting the wireless position measurement signals
at designated subcarrier frequency spacings with desig-
nated symbol durations. The base stations are then re-
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sponsible for transmitting the signals as instructed over
the wireless network. The UE can receive the signals
from the base stations, and also can receive the instruc-
tions from the location server so that the UE knows which
symbol lengths to listen for and the subcarrier frequency
spacings to utilize. Once the UE receives the signals, the
UE can demodulate the modulated wireless position sig-
nals that were transmitted by the base stations and in-
terpret the payload. FIG. 11 provides more detail with
respect to this process. The payload can provide, as dis-
cussed above, time values and other information that the
UE can use to calculate RTT for the base stations to
identify the distance between the UE and the base sta-
tion. Once the UE determines the distance between the
UE and the base stations, knowing the location of the
base stations, the UE can calculate a position of the UE.
The UE can provide the position information to other com-
ponents ofthe network including the location server, base
stations, other UEs and so forth. Additionally, various
software applications executing on the UE, such as map-
ping applications, dating applications, navigation appli-
cations, social media applications, and so forth, can re-
ceive the position information to use within the applica-
tion.

[0096] FIG. 8 illustrates an embodiment of a UE 105,
which can be utilized as described herein above (e.g., in
association with FIGS. 1 - 7). For example, the UE 105
can perform one or more of the functions of method 700
of FIG. 7. It should be noted that FIG. 8 is meant only to
provide a generalized illustration of various components,
any or all of which may be utilized as appropriate. It can
be noted that, in some instances, components illustrated
by FIG. 8 can be localized to a single physical device
and/or distributed among various networked devices,
which may be disposed at different physical locations
(e.g., located at different parts of a user’s body, in which
case the components may be communicatively connect-
ed via a Personal Area Network (PAN) and/or other
means).

[0097] The UE 105 is shown comprising hardware el-
ements that can be electrically coupled via a bus 805 (or
may otherwise be in communication, as appropriate).
The hardware elements may include a processing unit(s)
810, which can include without limitation one or more
general-purpose processors, one or more special-pur-
pose processors (such as digital signal processing (DSP)
chips, graphics acceleration processors, application spe-
cific integrated circuits (ASICs), and/or the like), and/or
other processing structure or means. As shown in FIG.
8, some embodiments may have a separate Digital Sig-
nal Processor (DSP) 820, depending on desired func-
tionality. Location determination and/or other determina-
tions based on wireless communication may be provided
in the processing unit(s) 810 and/or wireless communi-
cation interface 830 (discussed below). The UE 105 also
can include one or more input devices 870, which can
include without limitation a keyboard, touch screen, a
touch pad, microphone, button(s), dial(s), switch(es),
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and/or the like; and one or more output devices 815,
which can include without limitation a display, light emit-
ting diode (LED), speakers, and/or the like.

[0098] The UE 105 might also include a wireless com-
munication interface 830, which may comprise without
limitation a modem, a network card, an infrared commu-
nication device, a wireless communication device, a
chipset (such as a Bluetooth® device, an IEEE 802.11
device, an IEEE 802.15.4 device, a WiFidevice, a WiMax
device, cellular communication facilities, and so forth),
and/or the like. The wireless communication interface
830 may enable the UE 105 to communicate via the net-
works described above with regard to FIG. 1. The wire-
less communication interface 830 may permit data and
signaling to be communicated (e.g., transmitted and re-
ceived) with a network, eNBs, gNBs, ng-eNBs, other net-
work components, computer systems, and/or any other
electronic devices described herein. The communication
can be carried out via one or more wireless communica-
tion antenna(s) 832 that send and/or receive wireless
signals 834.

[0099] Depending on desired functionality, the wire-
less communication interface 830 may comprise sepa-
rate transceivers to communicate with base stations
(e.g., ng-eNBs and gNBs) and other terrestrial transceiv-
ers, such as wireless devices and access points. The UE
105 may communicate with different data networks that
may comprise various network types. For example, a
Wireless Wide Area Network (WWAN) may be a Code
Division Multiple Access (CDMA) network, a Time Divi-
sion Multiple Access (TDMA) network, a Frequency Di-
vision Multiple Access (FDMA) network, an Orthogonal
Frequency Division Multiple Access (OFDMA) network,
a Single-Carrier Frequency Division Multiple Access
(SC-FDMA) network, a WiMax (IEEE 802.16) network,
and/or so forth. A CDMA network may implement one or
more radio access technologies (RATs) such as
CDMA2000, Wideband CDMA (WCDMA), and so forth.
CDMA2000 includes IS-95, 1S-2000, and/or IS-856
standards. A TDMA network may implement GSM, Dig-
ital Advanced Mobile Phone System (D-AMPS), or some
other RAT. An OFDMA network may employ LTE, LTE
Advanced, 5G NR, and so forth. 5G NR, LTE, LTE Ad-
vanced, GSM, and WCDMA are described in documents
from the Third Generation Partnership Project (3GPP).
CDMAZ2000 is described in documents from a consortium
named "3rd Generation Partnership Project 2" (3GPP2).
3GPP and 3GPP2 documents are publicly available. A
wireless local area network (WLAN) may also be an IEEE
802.11x network, and a wireless personal area network
(WPAN) may be a Bluetooth network, an IEEE 802.15x,
or some other type of network. The techniques described
herein may also be used for any combination of WWAN,
WLAN, and/or WPAN.

[0100] The UE 105 can further include sensor(s) 840.
Sensors 840 may comprise, without limitation, one or
more inertial sensors and/or other sensors (e.g., accel-
erometer(s), gyroscope(s), camera(s), magnetome-
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ter(s), altimeter(s), microphone(s), proximity sensor(s),
light sensor(s), barometer(s), and/or the like), some of
which may be used to complement and/or facilitate the
position determination described herein.

[0101] Embodiments of the UE 105 may also include
a GNSS receiver 880 capable of receiving signals 884
from one or more GNSS satellites (e.g., SVs 190) using
an antenna 882 (which could be the same as antenna
832). Positioning based on GNSS signal measurement
can be utilized to complement and/or incorporate the
techniques described herein. The GNSS receiver 880
can extract a position of the UE 105 using conventional
techniques from GNSS SVs of a GNSS system, such as
Global Positioning System (GPS), Galileo, Glonass,
Quasi-Zenith Satellite System (QZSS) over Japan, Indi-
an Regional Navigational Satellite System (IRNSS) over
India, Beidou over China, and/or the like. Moreover, the
GNSS receiver 880 can be used with various augmen-
tation systems (e.g., a Satellite Based Augmentation
System (SBAS)) that may be associated with or other-
wise enabled for use with one or more global and/or re-
gional navigation satellite systems, such as, forexample,
Wide Area Augmentation System (WAAS), European
Geostationary Navigation Overlay Service (EGNOS),
Multi - functional Satellite Augmentation System (MSAS),
Geo Augmented Navigation system (GAGAN), and/or
the like.

[0102] The UE 105 may further include and/or be in
communication with a memory 860. The memory 860
can include, without limitation, local and/or network ac-
cessible storage, a disk drive, a drive array, an optical
storage device, a solid-state storage device, such as a
random access memory (RAM) and/or a read-only mem-
ory (ROM), any of which can be programmable, flash-
updateable, and/or the like. Such storage devices may
be configured to implement any appropriate data stores,
including without limitation, various file systems, data-
base structures, and/or the like.

[0103] The memory 860 of the UE 105 also can com-
prise software elements (not shown in FIG. 8), including
an operating system, device drivers, executable libraries,
and/or other code, such as one or more application pro-
grams, which may comprise computer programs provid-
ed by various embodiments, and/or may be designed to
implement methods, and/or configure systems, provided
by other embodiments, as described herein. Merely by
way of example, one or more procedures described with
respect to the method(s) discussed above may be im-
plemented as code and/or instructions in memory 860
that are executable by the UE 105 (and/or processing
unit(s) 810 or DSP 820 within UE 105). In an aspect,
then, such code and/or instructions can be used to con-
figure and/or adapt a general purpose computer (or other
device) to perform one or more operations in accordance
with the described methods.

[0104] FIG. 9 illustrates an embodiment of a computer
system 900, which may be utilized and/or incorporated
into one or more components of acommunication system
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(e.g., communication system 100 of FIG. 1), including
various components of a 5G network, such as the NG-
RAN 135 and 5GC 140, and/or similar components of
other network types. FIG. 9 provides a schematic illus-
tration of one embodiment of a computer system 900 that
can perform the methods provided by various other em-
bodiments, such as the methods described in relation to
FIGS. 5 and 6. It should be noted that FIG. 9 is meant
only to provide a generalized illustration of various com-
ponents, any or all of which may be utilized as appropri-
ate. FIG. 9, therefore, broadly illustrates how individual
system elements may be implemented in arelatively sep-
arated or relatively more integrated manner. In addition,
it can be noted that components illustrated by FIG. 9 can
be localized to a single device and/or distributed among
various networked devices, which may be disposed at
different physical or geographical locations. In some em-
bodiments, the computer system 900 may correspond to
an LMF (e.g., LMF 120 of FIG. 1), agNB (e.g., gNBs 110
of FIG. 1), an ng-eNB (e.g., ng-eNB 114 of FIG. 1), an
eNB, a location server (e.g., an E-SMLC, a SUPL SLP,
and so forth), and/or some other type of location-capable
device.

[0105] The computer system 900 is shown comprising
hardware elements that can be electrically coupled via a
bus 905 (or may otherwise be in communication, as ap-
propriate). The hardware elements may include process-
ing unit(s) 910, which can include without limitation one
or more general-purpose processors, one or more spe-
cial-purpose processors (such as digital signal process-
ing chips, graphics acceleration processors, and/or the
like), and/or other processing structure, which can be
configured to perform one or more of the methods de-
scribed herein, including the methods described in rela-
tion to FIGS. 5 or 6. The computer system 900 also can
include one or more input devices 915, which caninclude
without limitation a mouse, a keyboard, a camera, a mi-
crophone, and/or the like; and one or more outputdevices
920, which can include without limitation a display device,
a printer, and/or the like.

[0106] The computer system 900 may further include
(and/or be in communication with) one or more non-tran-
sitory storage devices 925, which can comprise, without
limitation, local and/or network accessible storage,
and/or can include, without limitation, a disk drive, a drive
array, an optical storage device, a solid-state storage de-
vice (e.g., a random access memory (RAM) and/or a
read-only memory (ROM)), any of which can be program-
mable, flash-updateable, and/or the like. Such storage
devices may be configured to implement any appropriate
data stores, including without limitation, various file sys-
tems, database structures, and/or the like.

[0107] The computer system 900 may also include a
communications subsystem 930, which can include sup-
port of wireline communication technologies and/or wire-
less communication technologies (in some embodi-
ments) managed and controlled by a wireless communi-
cation interface 933. The communications subsystem
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930 may include a modem, a network card (wireless or
wired), an infrared communication device, a wireless
communication device, and/or a chipset, and/or the like.
The communications subsystem 930 may include one or
more inputand/or output communication interfaces, such
as the wireless communication interface 933, to permit
data and signaling to be exchanged with a network, mo-
bile devices, other computer systems, and/or any other
electronic devices described herein. Note that the terms
"mobile device" and "UE" are used interchangeably here-
in to refer to any mobile communications device such as,
but notlimited to, mobile phones, smartphones, wearable
devices, mobile computing devices (e.g., laptops, PDAs,
tablets), embedded modems, and automotive and other
vehicular computing devices.

[0108] In many embodiments, the computer system
900 will further comprise a working memory 935, which
can include a RAM and/or or ROM device. Software el-
ements, shown as being located within the working mem-
ory 935, can include an operating system 940, device
drivers, executable libraries, and/or other code, such as
application(s) 945, which may comprise computer pro-
grams provided by various embodiments, and/or may be
designed to implement methods, and/or configure sys-
tems, provided by other embodiments, as described
herein. Merely by way of example, one or more proce-
dures described with respect to the method(s) discussed
above, such as the methods described in relation to
FIGS. 5 and 6, may be implemented as code and/or in-
structions that are stored (e.g., temporarily) in working
memory 935 and are executable by a computer (and/or
a processing unit within a computer such as processing
unit(s) 910); in an aspect, then, such code and/or instruc-
tions can be used to configure and/or adapt a general
purpose computer (or other device) to perform one or
more operations in accordance with the described meth-
ods.

[0109] A setofthese instructions and/or code might be
stored on a non-transitory computer-readable storage
medium, such as the storage device(s) 925 described
above. In some cases, the storage medium might be in-
corporated within a computer system, such as computer
system 900. In other embodiments, the storage medium
might be separate from a computer system (e.g., a re-
movable medium, such as an optical disc), and/or pro-
vided in an installation package, such that the storage
medium can be used to program, configure, and/or adapt
a general purpose computer with the instructions/code
stored thereon. These instructions might take the form
of executable code, which is executable by the computer
system 900 (e.g., by processing unit(s) 910) and/or might
take the form of source and/or installable code, which,
upon compilation and/or installation on the computer sys-
tem 900 (e.g., using any of a variety of generally available
compilers, installation programs, compression/decom-
pression utilities, and so forth), then takes the form of
executable code.

[0110] FIG.10illustrates an embodimentof a base sta-
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tion 1000, which can be utilized as described herein
above (e.g., inassociation with FIGS. 1 -7). For example,
the base station 1000 can perform one or more of the
functions of method 700 of FIG. 7. It should be noted that
FIG. 10 is meant only to provide a generalized illustration
of various components, any or all of which may be utilized
as appropriate. In some embodiments, the base station
1000 may correspond to an LMF 120, a gNB 110, and/or
an ng-eNB 114 as described herein above.

[0111] The base station 1000 is shown comprising
hardware elements that can be electrically coupled via a
bus 1005 (or may otherwise be in communication, as
appropriate). The hardware elements may include a
processing unit(s) 1010 which can include without limi-
tation one or more general-purpose processors, one or
more special-purpose processors (such as digital signal
processing (DSP) chips, graphics acceleration proces-
sors, application specific integrated circuits (ASICs),
and/or the like), and/or other processing structure or
means. As shown in FIG. 10, some embodiments may
have a separate Digital Signal Processor (DSP) 1020,
depending on desired functionality. Location determina-
tion and/or other determinations based on wireless com-
munication may be provided in the processing unit(s)
1010 and/or wireless communication interface 1030 (dis-
cussed below). The base station 1000 also can include
one or more input devices 1070, which can include with-
out limitation a keyboard, display, mouse, microphone,
button(s), dial(s), switch(es), and/or the like; and one or
more output devices 1015, which can include without lim-
itation a display, light emitting diode (LED), speakers,
and/or the like.

[0112] The base station 1000 mightalsoinclude a wire-
less communication interface 1030, which may comprise
without limitation a modem, a network card, an infrared
communication device, a wireless communication de-
vice, and/or a chipset (such as a Bluetooth® device, an
IEEE 802.11 device, an IEEE 802.15.4 device, a WiFi
device, a WiMax device, cellular communication facili-
ties, etc.), and/or the like, which may enable the base
station 1000 to communicate as described herein. The
wireless communication interface 1030 may permit data
and signaling to be communicated (e.g., transmitted and
received) UEs, other base stations (e.g., eNBs, gNBs,
and ng-eNBs), and/or other network components, com-
puter systems, and/or any other electronic devices de-
scribed herein. The communication can be carried out
via one or more wireless communication antenna(s) 1032
that send and/or receive wireless signals 1034.

[0113] The base station 1000 may also include a net-
work interface 1080, which can include support of wire-
line communication technologies. The network interface
1080 may include a modem, network card, chipset,
and/or the like. The network interface 1080 may include
one or more input and/or output communication interfac-
es to permit data to be exchanged with a network, com-
munication network servers, computer systems, and/or
any other electronic devices described herein.
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[0114] In many embodiments, the base station 1000
will further comprise a memory 1060. The memory 1060
can include, without limitation, local and/or network ac-
cessible storage, a disk drive, a drive array, an optical
storage device, a solid-state storage device, such as a
RAM, and/or a ROM, which can be programmabile, flash-
updateable, and/or the like. Such storage devices may
be configured to implement any appropriate data stores,
including without limitation, various file systems, data-
base structures, and/or the like.

[0115] The memory 1060 of the base station 1000 also
can comprise software elements (not shown in FIG. 10),
including an operating system, device drivers, executa-
ble libraries, and/or other code, such as one or more ap-
plication programs, which may comprise computer pro-
grams provided by various embodiments, and/or may be
designed to implement methods, and/or configure sys-
tems, provided by other embodiments, as described
herein. Merely by way of example, one or more proce-
dures described with respect to the method(s) discussed
above may be implemented as code and/or instructions
in memory 1060 that are executable by the base station
1000 (and/or processing unit(s) 1010 or DSP 1020 within
base station 1000). In an aspect, then, such code and/or
instructions can be used to configure and/or adapt a gen-
eral purpose computer (or other device) to perform one
or more operations in accordance with the described
methods.

[0116] FIG. 11 illustrates an embodiment of a function-
al block diagram of a receiver 1100. The receiver 1100
may be used to process wireless position measurement
signalsinaccordance withembodiments described here-
in. The receiver 1100 may be, for example, incorporated
into a UE such as UE 105. For example, the receiver
1100 may be included in the wireless communication in-
terface 1030 and/or the DSP 1020 as described with re-
spect to FIG. 10. The receiver 1100 illustrates a flow of
data through modules within the receiver 1100. The mod-
ules indicate processing steps that may be performed by
software and/orhardware components of areceiver (e.g.,
a DSP). Initially, the receiver 1100 may receive a time-
domain signal 1105. The time-domain signal 1105 may
be, for example, a wireless position measurement signal.
The fast Fourier transform module 1110 may perform a
fast Fourier transform on the time-domain signal 1105 to
transform the time-domain signal 1105 into the frequen-
cy-domain signal 1115. The fast Fourier transform mod-
ule 1110 may then send the frequency-domain signal
1115 to the correlation module 1120. The correlation
module 1120 may receive the frequency-domain signal
1115 as well as a descrambling sequence 1125. The
descrambling sequence 1125 may include the subcarrier
frequency spacing information and the symbol length in-
formation over which the time-domain signals 1105 are
transmitted from base stations. The correlation module
1120 may use the descrambling sequence 1125 on the
frequency-domain signal 1115 to generate the frequen-
cy-domain representation of the channel impulse re-
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sponse 1130. The correlation module 1120 may then
send the frequency-domain representation of the chan-
nel impulse response 1130 to the inverse fast Fourier
transform module 1135. The inverse fast Fourier trans-
form module 1135 may perform an inverse fast Fourier
transform on the frequency-domain representation of the
channel impulse response 1130 to generate the time-
domain representation of the channel impulse response
1140. The inverse fast Fourier transform module 1135
may then send the time-domain representation of the
channel impulse response 1140 to the earliest peak de-
tection module 1145. The earliest peak detection module
1145 may analyze the time-domain representation of the
channel impulse response 1140 to detect the earliest
peak, which may indicate the time-of-arrival 1155. In one
embodiment, the earliest peak detection module 1145
may reprocess the channel impulse response (CIR) into
a channel energy response (CER) for example by multi-
plying the CIR by its complex conjugate. The earliest
peak detection module 1145 may operate on the CIR
and/or the CER when detecting the earliest peak. After
detecting the earliest peak, the earliest peak detection
module 1145 may share the detection indication 1150
and the time-of-arrival 1155 with a positioning engine.
The positioning engine may additionally need access to
cell-specific information, such as but not limited to, the
location of the transmit antennas and their antenna beam
orientation and antenna beam openings, for cell opera-
tion. Further, upon receiving detection indication 1150
and the time-of-arrival 1155 associated with the time-
domain signals 1105 from multiple base stations, the po-
sition engine may use multi-lateration or multi-angulation
to determine the position of the receiver 1100. The posi-
tioning engine may be hosted on the same user device
as receiver 1100, and this may be referred to as a UE-
based approach. Alternatively, in a UE-assisted ap-
proach, the user device containing receiver 1100 may
send the measurement information to a positioning en-
gine hosted on a different component of the network,
such as a Serving Mobile Location Center (SMLC) or a
Secure User Plane Location Platform (SLP).

[0117] It will be apparent to those skilled in the art that
substantial variations may be made in accordance with
specific requirements. For example, customized hard-
ware mightalso be used and/or particular elements might
be implemented in hardware, software (including porta-
ble software, such as applets or the like), or both. Further,
connection to other computing devices, such as network
input/output devices, may be employed.

[0118] With reference to the appended figures, com-
ponents that can include memory can include non-tran-
sitory machine-readable media. The terms "machine-
readable medium," "computer-readable medium," "com-
puter-readable memory device," and "machine readable
media" as used herein, refer to any storage medium that
participates in providing data that causes a machine to
operate in a specific fashion. In embodiments provided
hereinabove, various machine-readable media might be
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involved in providing instructions/code to processing
units and/or other device(s) for execution. Additionally or
alternatively, the machine-readable media mightbe used
to store and/or carry such instructions/code. In many im-
plementations, a computer-readable medium is a phys-
icaland/ortangible storage medium. Such a medium may
take many forms, including but not limited to, non-volatile
media, volatile media, and transmission media. Common
forms of computer-readable media include, for example,
magnetic and/or optical media, punchcards, papertape,
any other physical medium with patterns of holes, RAM,
PROM, EPROM, EEPROM, FLASH-EPROM, any other
memory chip or cartridge, a carrier wave as described
hereinafter, or any other medium from which a computer
can read instructions and/or code.

[0119] The methods, systems, and devices discussed
herein are examples. Various embodiments may omit,
substitute, or add various procedures or components as
appropriate. For instance, features described with re-
spect to certain embodiments may be combined in vari-
ous other embodiments. Different aspects and elements
of the embodiments may be combined in a similar man-
ner. The various components of the figures provided
herein can be embodied in hardware and/or software.
Also, technology evolves and, thus, many of the elements
are examples that do not limit the scope of the disclosure
to those specific examples. For example, future networks
beyond fifth generation (5G) networks may implement
embodiments herein.

[0120] It has proven convenient attimes, principally for
reasons of common usage, to refer to such signals as
bits, information, values, elements, symbols, characters,
variables, 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 otherwise, as is apparent from the discussion
above, it is appreciated that, throughout this Specifica-
tion, discussions utilizing terms such as "processing,"
"computing," "calculating," "determining," "ascertaining,"
"identifying," "associating," "measuring," "performing," or
the like refer to actions or processes of a specific appa-
ratus, such as a special purpose computer or a similar
special purpose electronic computing device. In the con-
text of this Specification, therefore, a special purpose
computer or a similar special purpose electronic comput-
ing device is capable of manipulating or transforming sig-
nals, typically represented as physical electronic, elec-
trical, or magnetic quantities within memories, registers,
or other information storage devices, transmission de-
vices, or display devices of the special purpose computer
or similar special purpose electronic computing device.
It is understood that a general purpose computer can
become a special purpose computer by virtue of instal-
lation and execution of software/code/executable in-
structions that perform such above described actions or
processes, such as, for example, the methods described
in FIGS. 5-7.
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[0121] The terms "and" and "or" as used herein may
include a variety of meanings that may depend, at least
in part, upon the context in which such terms are used.
Typically, the term "or," if used to associate a list (e.g.,
A, B, or C), is intended to (and may) mean A, B, and C,
here used in the inclusive sense, as well as A, B, or C,
here used in the exclusive sense. Similarly, the term
"and," if used to associate a list (e.g., A, B, and C), is
intended to (and may) mean A, B, and C, here used in
the inclusive sense, as well as A, B, or C, here used in
the exclusive sense. In addition, the term "one or more"
as used herein may be used to describe any feature,
structure, or characteristic in the singular or may be used
to describe some combination of features, structures, or
characteristics. However, it should be noted that this is
merely anillustrative example and claimed subject matter
is not limited to this example. Furthermore, the term "at
least one of" if used to associate a list, such as A, B, or
C, can be interpreted to mean any combination of A, B,
and/or C, such as A, AB, AA, AAB, AABBCCC, and so
forth.

[0122] Having described several embodiments, it is
understood that various modifications, alternative con-
structions, and equivalents may be used without depart-
ing from the scope of protection defined by the claims.

Claims

1. A method for reducing effects of motion of a mobile
device on wireless position measurement signals
over a wireless communication network, the method
comprising:

defining (705) a subcarrier frequency spacing
fordividing a predetermined frequency band into
a plurality of subcarrier frequency bands; the
method characterised by

determining (710) a symbol length in a time do-
main, wherein the symbol length is greater than
a minimum symbol length determined based on
the subcarrier frequency spacing, wherein the
minimum symbol length is based on an inverse
of the subcarrier frequency spacing;

sending instructions (715) to a first base station
to transmit, on a first subcarrier frequency band
of the plurality of subcarrier frequency bands, at
least a portion of a first wireless position meas-
urement signal during a symbol of the symbol
length, wherein the at least the portion of the
first wireless position measurement signal has
a first sinc-shaped function in a frequency do-
main, and wherein the first sinc-shaped function
has a plurality of ordered null points as frequen-
cy increases past a main lobe of the first sinc-
shaped function; and

sending instructions (720) to a second base sta-
tion to transmit, on a second subcarrier frequen-
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cy band of the plurality of subcarrier frequency
bands, at least a portion of a second wireless
position measurement signal during the symbol,
wherein the second subcarrier frequency band
is adjacentto the first subcarrier frequency band,
and wherein the atleast the portion ofthe second
wireless position measurement signal has a
second sinc-shaped function in the frequency
domain, and wherein a main lobe of the second
sinc-shaped function is at a null point of the first
sinc-shaped function after a first ordered null
point of the first sinc-shaped function.

The method of claim 1, wherein the minimum symbol
length is calculated by dividing a slot length by the
subcarrier frequency spacing.

The method of claim 1, wherein the symbol length
is an integer multiple of the minimum symbol length.

The method of claim 3, wherein the integer multiple
is an even integer multiple.

The method of claim 1, wherein determining the sym-
bol length in the time domain comprises:

calculating the minimum symbol length based
on the subcarrier frequency spacing; and
selecting the symbol length greater than the min-
imum symbol length.

The method of claim 1, wherein determining the sym-
bol length does not change the subcarrier frequency
spacing.

The method of claim 1, wherein determining the sym-
bol length comprises selecting the symbol length
such that the second sinc-shaped function is at least
at a fourth or greater ordered null point of the first
sinc-shaped function.

A location server for reducing effects of motion of a
mobile device on wireless position measurement
signals over a wireless communication network, the
location server comprising:

a memory; and
one or more processors communicatively cou-
pled to the memory and configured to:

define (705) a subcarrier frequency spacing
for dividing a predetermined frequency
band into a plurality of subcarrier frequency
bands; the location server characterised
by being further configured to

determine (710) a symbol length in a time
domain, wherein the symbol length is great-
er than a minimum symbol length deter-
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mined based on the subcarrier frequency
spacing, wherein the minimum symbol
length is based on an inverse of the subcar-
rier frequency spacing;

sendinstructions (715) to afirst base station
to transmit, on a first subcarrier frequency
band of the plurality of subcarrier frequency
bands, at least a portion of a first wireless
position measurement signal during a sym-
bol of the symbol length, wherein the atleast
the portion of the first wireless position
measurement signal has afirst sinc-shaped
function in a frequency domain, and where-
in the first sinc-shaped function has a plu-
rality of ordered null points as frequency in-
creases past a main lobe of the first sinc-
shaped function; and

send instructions (720) to a second base
station to transmit, on a second subcarrier
frequency band of the plurality of subcarrier
frequency bands, at least a portion of a sec-
ond wireless position measurement signal
during the symbol, wherein the second sub-
carrierfrequency bandis adjacentto thefirst
subcarrier frequency band, and wherein the
at least the portion of the second wireless
position measurement signal has a second
sinc-shaped function in the frequency do-
main, and wherein a main lobe of the sec-
ond sinc-shaped function is at a null point
of the first sinc-shaped function after a first
ordered null point of the first sinc-shaped
function.

The location server of claim 8, wherein the minimum
symbol length is calculated by dividing a slot length
by the subcarrier frequency spacing.

The location server of claim 8, wherein the symbol
length is an integer multiple of the minimum symbol
length.

The location server of claim 10, wherein the integer
multiple is an even integer multiple.

The location server of claim 8, wherein the one or
more processors configured to determine the symbol
length in the time domain are further configured to:

calculate the minimum symbol length based on
the subcarrier frequency spacing; and

select the symbol length greater than the mini-
mum symbol length.

The location server of claim 8, wherein determining
the symbol length does not change the subcarrier
frequency spacing.
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The location server of claim 8, wherein determining
the symbol length comprises selecting the symbol
length such that the second sinc-shaped function is
at least at a fourth or greater ordered null point of
the first sinc-shaped function.

Anon-transitory, computer-readable medium having
stored thereon computer-readable instructions con-
figured to cause a location server according to claim
8 to perform the method of any of claims 1-7

Patentanspriiche

1.

Ein Verfahren zum Verringern von Bewegungseffek-
ten einer Mobileinrichtung auf Drahtlospositions-
messungssignale (ber ein Drahtloskommunikati-
onsnetzwerk, wobei das Verfahren Folgendes auf-
weist:

Definieren (705) einer Subtragerfrequenzbeab-
standung zum Aufteilen eines vorbestimmten
Frequenzbandes in eine Vielzahl von Subtra-
gerfrequenzbandern;

wobei das Verfahren gekennzeichnet ist
durch

Bestimmen (710) einer Symbolldnge in einem
Zeitbereich, wobei die Symbollange grofer als
eine minimale Symbollange ist, die basierend
auf der Subtragerfrequenzbeabstandung be-
stimmt wird, wobei die minimale Symbollange
auf einem Inversen der Subtragerfrequenzbe-
abstandung basiert;

Senden von Instruktionen (715) an eine erste
Basisstation zum Senden bzw. Ubertragen, auf
einem ersten Subtragerfrequenzband der Viel-
zahl von Subtragerfrequenzbandern, wenigs-
tens eines Teils eines ersten Drahtlospositions-
messungssignals wahrend eines Symbols der
Symbollange, wobei wenigstens der Teil des
ersten Drahtlospositionsmessungssignals eine
erste Sinc-formige Funktion in einem Frequenz-
bereich hat, und wobei die erste Sinc-férmige
Funktion eine Vielzahl von geordneten Null-
punkten hat, wahrend die Frequenz Uber eine
Hauptkeule der ersten Sinc-férmigen Funktion
hinaus zunimmt; und

Senden von Instruktionen (720) an eine zweite
Basisstation zum Ubertragen, auf einem zwei-
ten Subtragerfrequenzband der Vielzahl von
Subtragerfrequenzbandern, wenigstens eines
Teils eines zweiten Drahtlospositionsmes-
sungssignals wahrend des Symbols, wobei das
zweite Subtragerfrequenzband benachbart
bzw. angrenzend zu dem ersten Subtragerfre-
quenzband ist, und wobei wenigstens der Teil
des zweiten Drahtlospositionsmessungssignals
eine zweite Sinc-formige Funktion in dem Fre-
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quenzbereich hat, und wobei eine Hauptkeule
der zweiten Sinc-formigen Funktion an einem
Nullpunkt der ersten Sinc-formigen Funktion
nach einem ersten geordneten Nullpunkt der
ersten Sinc-formigen Funktion ist.

Verfahren nach Anspruch 1, wobei die minimale
Symbollange berechnet wird durch Teilen einer
Schlitzlange durch die Subtragerfrequenzbeabstan-
dung.

Verfahren nach Anspruch 1, wobei die Symbollange
ein ganzzahliges Vielfaches der minimalen Symbol-
lange ist.

Verfahren nach Anspruch 3, wobei das ganzzahlige
Vielfache ein geradzahliges ganzzahliges Vielfa-
ches ist.

Verfahren nach Anspruch 1, wobei Bestimmen der
Symbollange in dem Zeitbereich Folgendes auf-
weist:

Berechnen der minimalen Symbollange basie-
rend auf der Subtragerfrequenzbeabstandung;
und

Auswahlen der Symbollange, so dass sie grofRer
ist als die minimale Symbollange.

Verfahren nach Anspruch 1, wobei Bestimmen der
Symbollange die Subtragerfrequenzbeabstandung
nicht andert.

Verfahren nach Anspruch 1, wobei Bestimmen der
Symbollange Auswahlen der Symbollange so auf-
weist, dass die zweite Sinc-formige Funktion we-
nigstens ein vierter oder grofRerer geordneter Null-
punkt der ersten Sinc-férmigen Funktion ist.

Ein Standortserver zum Verringern von Bewegungs-
effekten einer Mobileinrichtung auf Drahtlospositi-
onsmessungssignale uber ein Drahtloskommunika-
tionsnetzwerk, wobei der Standortserver Folgendes
aufweist:

einen Speicher; und

einen oder mehrere Prozessoren, die kommu-
nikativ an den Speicher gekoppelt sind und kon-
figuriert sind zum:

Definieren (705) einer Subtragerfrequenz-
beabstandung zum Teilen eines vorbe-
stimmten Frequenzbandes in eine Vielzahl
von Subtragerfrequenzbandern; wobei der
Standortserver dadurch gekennzeichnet
ist, dass er weiter konfiguriert ist zum

Bestimmen (710) einer Symbollange in ei-
nem Zeitbereich, wobei die Symbollange
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groRer als eine minimale Symbollange ist,
die basierend auf der Subtragerfrequenz-
beabstandung bestimmt wird, wobei die mi-
nimale Symbolldnge auf einem Inversen
der Subtragerfrequenzbeabstandung ba-
siert;

Senden von Instruktionen (715) an eine ers-
te Basisstation zum Senden bzw. Ubertra-
gen, auf einem ersten Subtragerfrequenz-
band der Vielzahl von Subtragerfrequenz-
bandern, wenigstens eines Teils eines ers-
ten Drahtlospositionsmessungssignals
wahrend eines Symbols der Symbollange,
wobeiwenigstens der Teil des ersten Draht-
lospositionsmessungssignals eine erste
Sinc-férmige Funktion in einem Frequenz-
bereich hat, und wobei die erste Sinc-formi-
ge Funktion eine Vielzahl von geordneten
Nullpunkten hat, wahrend die Frequenz
Uber eine Hauptkeule der ersten Sinc-for-
migen Funktion hinaus zunimmt; und
Senden von Instruktionen (720) an eine
zweite Basisstation zum Ubertragen, auf ei-
nem zweiten Subtragerfrequenzband der
Vielzahl von Subtragerfrequenzbandern,
wenigstens eines Teils eines zweiten Draht-
lospositionsmessungssignals wahrend des
Symbols, wobei das zweite Subtragerfre-
quenzband benachbart bzw. angrenzend
zu dem ersten Subtragerfrequenzband ist,
und wobei wenigstens der Teil des zweiten
Drahtlospositionsmessungssignals  eine
zweite Sinc-férmige Funktion in dem Fre-
quenzbereich hat, und wobei eine Haupt-
keule der zweiten Sinc-férmigen Funktion
an einem Nullpunkt der ersten Sinc-férmi-
gen Funktion nach einem ersten geordne-
ten Nullpunkt der ersten Sinc-férmigen
Funktion ist.

Standortserver nach Anspruch 8, wobei die minima-
le Symbolldnge berechnet wird durch Teilen einer
Schlitzlange durch die Subtragerfrequenzbeabstan-
dung.

Standortserver nach Anspruch 8, wobei die Symbol-
lange ein ganzzahliges Vielfaches der minimalen
Symbollange ist.

Standortserver nach Anspruch 10, wobei das ganz-
zahlige Vielfache ein geradzahliges ganzzahliges
Vielfaches ist.

Standortserver nach Anspruch 8, wobei der eine
oder die mehreren Prozessoren, die konfiguriert sind
zum Bestimmen der Symbolldnge in dem Zeitbe-
reich, weiter konfiguriert sind zum:
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Berechnen der minimalen Symbollange basie-
rend auf der Subtragerfrequenzbeabstandung;
und

Auswahlen der Symbollange, so dass sie grofRer
als die minimale Symbollange ist.

Standortserver nach Anspruch 8, wobei Bestimmen
der Symbollange die Subtragerfrequenzbeabstan-
dung nicht andert.

Standortserver nach Anspruch 8, wobei Bestimmen
der Symbollange Auswahlen der Symbollange so
aufweist, dass die zweite Sinc-formige Funktion we-
nigstens ein vierter oder grofRerer geordneter Null-
punkt der ersten Sinc-férmigen Funktion ist.

Ein nicht transitorisches computerlesbares Medium
mit darauf gespeicherten computerlesbaren Instruk-
tionen, die konfiguriert sind einen Standortserver
nach Anspruch 8 zu veranlassen das Verfahren nach
einem der Anspriiche 1-7 durchzufihren.

Revendications

Procédé pour réduire des effets d'un mouvement
d’un dispositif mobile sur des signaux de mesure de
position sans fil sur un réseau de communication
sans fil, le procédé comprenant :

la définition (705) d’un espacement de fréquen-
ce de sous-porteuse pour diviser une bande de
fréquence prédéterminée en une pluralité de
bandes de fréquence de sous-porteuse ;

le procédé étant caractérisé par

la détermination (710) d’une longueur de sym-
bole dans un domaine temporel, dans lequel la
longueur de symbole est supérieure a une lon-
gueur minimale de symbole déterminée sur la
base de I'espacement de fréquence de sous-
porteuse, dans lequel la longueur minimale de
symbole est basée sur l'inverse de I'espace-
ment de fréquence de sous-porteuse ;

I'envoi d’instructions (715) a une premiére sta-
tion de base pour transmettre, sur une premiere
bande de fréquence de sous-porteuse de la plu-
ralité de bandes de fréquence de sous-porteu-
se, au moins une partie d’un premier signal de
mesure de position sans fil pendant un symbole
de la longueur de symbole, dans lequel I'au
moins une partie du premier signal de mesure
de position sans fil a une premiére fonction en
forme de sinus dans un domaine fréquentiel, et
dans lequel la premiére fonction en forme de
sinus a une pluralité de points nuls ordonnés
lorsque la fréquence augmente au-dela d’un lo-
be principal de la premiére fonction en forme de
sinus ; et
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I'envoi d’instructions (720) a une deuxiéme sta-
tion de base pourtransmettre, surune deuxiéme
bande de fréquence de sous-porteuse de la plu-
ralité de bandes de fréquence de sous-porteu-
se, au moins une partie d’'un deuxiéme signal
de mesure de position sans fil pendant le sym-
bole, dans lequel la deuxiéeme bande de fré-
quence de sous-porteuse estadjacente a la pre-
miere bande de fréquence de sous-porteuse, et
dans lequel 'au moins une partie du deuxiéme
signal de mesure de position sans fil a une
deuxiéme fonction en forme de sinus dans le
domaine fréquentiel, et dans lequel un lobe prin-
cipal de la deuxieme fonction en forme de sinus
est a un point nul de la premiére fonction en
forme de sinus aprés un premier point nul or-
donné delapremiére fonction enforme de sinus.

Procédé selon la revendication 1, dans lequel la lon-
gueur minimale de symbole est calculée en divisant
une longueur de créneau par I'espacement de fré-
guence de sous-porteuse.

Procédé selon la revendication 1, dans lequel la lon-
gueur de symbole est un multiple entier de la lon-
gueur minimale de symbole.

Procédé selon larevendication 3, dans lequel le mul-
tiple entier est un multiple entier pair.

Procédé selon la revendication 1, dans lequel la dé-
termination de la longueur de symbole dans le do-
maine temporel comprend :

le calcul de la longueur minimale de symbole
sur la base de I'espacement de fréquence de
sous-porteuse ; et

la sélection de lalongueur de symbole plus gran-
de que la longueur minimale de symbole.

Procédé selon la revendication 1, dans lequel la dé-
termination de la longueur de symbole ne modifie
pas I'espacement de fréquence de sous-porteuse.

Procédé selon la revendication 1, dans lequel la dé-
termination de la longueur de symbole comprend la
sélection de la longueur de symbole de sorte que la
deuxiéme fonction en forme de sinus soit au moins
a un quatrieme point nul ordonné ou supérieur de la
premiére fonction en forme de sinus.

Serveur de localisation pour réduire des effets d’'un
mouvement d’un dispositif mobile sur des signaux
de mesure de position sans fil surun réseau de com-
munication sans fil, le serveur de localisation
comprenant :

une mémoire ; et
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un ou plusieurs processeurs reliés en commu-
nication a la mémoire et configurés pour :
définir (705) un espacement de fréquence de
sous-porteuse pour diviser une bande de fré-
quence prédéterminée en une pluralité de ban-
des de fréquence de sous-porteuse ;

le serveur de localisation étant caractérisé en
ce qu’il est en outre configuré pour

déterminer (710) une longueur de symbole
dans un domaine temporel, dans lequel la
longueur de symbole est supérieure a une
longueur minimale de symbole déterminée
sur la base de I'espacement de fréquence
de sous-porteuse, dans lequel la longueur
minimale de symbole est basée sur l'inver-
se de I'espacement de fréquence de sous-
porteuse ;

envoyer des instructions (715) a une pre-
miére station de base pour transmettre, sur
une premiére bande de fréquence de sous-
porteuse de la pluralité de bandes de fré-
quence de sous-porteuse, au moins une
partie d’'un premier signal de mesure de po-
sition sans fil pendant un symbole de la lon-
gueur de symbole, dans lequel I'au moins
une partie du premier signal de mesure de
position sans fil a une premiére fonction en
forme de sinus dans un domaine fréquen-
tiel, et dans lequel la premiére fonction en
forme de sinus a une pluralité de points nuls
ordonnés lorsque la fréquence augmente
au-dela d’un lobe principal de la premiére
fonction en forme de sinus ; et

envoyer des instructions (720) a une
deuxiéme station de base pour transmettre,
sur une deuxiéme bande de fréquence de
sous-porteuse de la pluralité de bandes de
fréquence de sous-porteuse, au moins une
partie d’'un deuxieme signal de mesure de
position sans fil pendant le symbole, dans
lequel la deuxiéme bande de fréquence de
sous-porteuse est adjacente a la premiéere
bande de fréquence de sous-porteuse, et
danslequel 'au moins une partie du deuxié-
me signal de mesure de position sans fil a
une deuxieme fonction en forme de sinus
dans le domaine fréquentiel, et dans lequel
un lobe principal de la deuxiéme fonction
en forme de sinus est a un point nul de la
premiére fonction en forme de sinus aprés
un premier point nul ordonné de la premiére
fonction en forme de sinus.

Serveur de localisation selon la revendication 8,
dans lequel la longueur minimale de symbole est
calculée en divisant une longueur de créneau par
I'espacement de fréquence de sous-porteuse.
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Serveur de localisation selon la revendication 8,
dans lequel la longueur de symbole est un multiple
entier de la longueur minimale de symbole.

Serveur de localisation selon la revendication 10,
dans lequel le multiple entier est un multiple entier
pair.

Serveur de localisation selon la revendication 8,
dans lequel les un ou plusieurs processeurs confi-
gurés pour déterminer la longueur de symbole dans
le domaine temporel sont en outre configurés pour :

calculer la longueur minimale de symbole surla
base de I'espacement de fréquence de sous-
porteuse ; et

sélectionner la longueur de symbole supérieure
a la longueur minimale de symbole.

Serveur de localisation selon la revendication 8,
dans lequel la détermination de la longueur de sym-
bole ne modifie pas I'espacement de fréquence de
sous-porteuse.

Serveur de localisation selon la revendication 8,
dans lequel la détermination de la longueur de sym-
bole comprend la sélection de la longueur de sym-
bole de sorte que la deuxieme fonction en forme de
sinus soit au moins a un quatrieme point nul ordonné
ou supérieur de la premiére fonction en forme de
sinus.

Support lisible par ordinateur non transitoire sur le-
quel sont stockées des instructions lisibles par ordi-
nateur configurées pour amener un serveur de loca-
lisation selon la revendication 8 a exécuter le procé-
dé selon 'une quelconque des revendications 1 a 7.
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Define a subcarrier frequency spacing for dividing a
predetermined frequency band into a plurality of subcarrier
frequency bands

- 205

}

Determine a symbol length in the time domain, wherein
the symbol length is greater than a minimum symbol length
determined based on the sub-carrier frequency spacing

\. 710 )

!

4 3
Send instructions to a first base station to transmit, on a
first subcarrier frequency band of the plurality of subcarrier
frequency bands, at least a portion of a first wireless
position measurement signal during a symbol of the symbol
length, wherein the at least the portion of the first wireless
position measurement signal has a first sinc-shaped
function in the frequency domain, and wherein the first
sinc-shaped function has a plurality of ordered null points
as frequency increases past the main lobe of the first sinc-

shaped function 715

\. —

|

4 )
Send instructions to a second base station to transmit, on a
second subcarrier frequency band of the plurality of
subcarrier frequency bands, at least a portion of a second
wireless position measurement signal during the symbol,
wherein the second subcarrier frequency band is adjacent
to the first subcarrier frequency band, and wherein the at
least the portion of the second wireless position
measurement signal has a second sinc-shaped function in
the frequency domain, and wherein the main lobe of the
second sinc-shaped function is at a null point of the first
sinc-shaped function after the first ordered null point of the
first sinc-shaped function

720

\_ J

FIG. 7
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